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∫∑§—¥¬àÕ

§—¥·¬°√“™—ÈπµË”®”π«π 10 ‰Õ‚´‡≈µ ®“°„∫‰¡â

µ“¡·À≈àß∏√√¡™“µ‘ 26 ·À≈àß„πª√–‡∑»‰∑¬ æ∫«à“

 “¡“√∂º≈‘µ°√¥‰¢¡—π∑’Ë¡’®”π«π§“√å∫Õπµ—Èß·µà 14-

20 Õ–µÕ¡‰¥â ®÷ß§—¥‡≈◊Õ°√“ 4 ‰Õ‚´‡≈µ ∑’Ë √â“ß

°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—« “¬¬“« ÷́Ëß‡ªìπ°√¥‰¢¡—π®”‡ªìπ

„πª√‘¡“≥ Ÿß ‰¥â·°à √“‰Õ‚´‡≈µ PB2001 ·≈– PB2002

º≈‘µ°√¥‰¢¡—π γ-linolenic acid 10.70%, ·≈– 11.28%

µ“¡≈”¥—∫ √“‰Õ‚´‡≈µ FAO001 º≈‘µ°√¥‰¢¡—π

arachidonic acid 12.48% ·≈– √“‰Õ‚´‡≈µ PLL31

º≈‘µ°√¥‰¢¡—π arachidonic acid 4.26% ·≈–

eicosapentaenoic acid 4.24% µ“¡≈”¥—∫ ®“°°“√

»÷°…“≈—°…≥– —≥∞“π«‘∑¬“¢Õß√“‰Õ‚´‡≈µ PB2001

·≈– PB2002 æ∫‚§√ß √â“ß sporangium √Ÿª√à“ß

°≈¡‡°‘¥Õ¬Ÿà∑’Ëª≈“¬°â“π sporangiophore ´÷Ëß§“¥«à“πà“

®–Õ¬Ÿà„π °ÿ≈ Mucor √“‰Õ‚´‡≈µ FAO001 ·≈–

PLL31 æ∫‡ âπ„¬ ’¢“«‡®√‘≠‡ªìπ·π«√“∫§≈â“¬°≈’∫

¥Õ°‰¡â §“¥«à“πà“®–Õ¬Ÿà„π °ÿ≈ Pythium ‡¡◊ËÕπ”‡™◊ÈÕ√“

∑—Èß 4 ‰Õ‚´‡≈µ ¡“ °—¥¥’‡ÕÁπ‡Õ·≈–‡æ‘Ë¡ª√‘¡“≥¬’π

18S rRNA (SSU), 28S rRNA (LSU) ·≈–∫√‘‡«≥ ITS

¥â«¬‡∑§π‘§æ’´’Õ“√å ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫≈”¥—∫‡∫ °—∫

¢âÕ¡Ÿ≈≈”¥—∫‡∫ „π∞“π¢âÕ¡Ÿ≈ GenBank æ∫«à“√“‰Õ

‚´‡≈µ PB2001 ·≈– PB2002 ¡’≈”¥—∫ ITS ·≈– LSU

§≈â“¬§≈÷ß°—∫√“„π °ÿ≈ Mucor ∂÷ß 99% ¢âÕ¡Ÿ≈≈”¥—∫

‡∫ ∑’Ë∫√‘‡«≥ ITS, SSU ·≈– LSU ¢Õß√“‰Õ‚´‡≈µ

FAO001 ¡’§«“¡§≈â“¬§≈÷ß°—∫‡™◊ÈÕ√“„π °ÿ≈ Pythium

93%, 91% ·≈– 93% µ“¡≈”¥—∫  à«π¢âÕ¡Ÿ≈≈”¥—∫

‡∫ ∑’Ë∫√‘‡«≥ ITS ·≈– SSU ¢Õß√“‰Õ‚´‡≈µ PLL31

¡’§«“¡§≈â“¬§≈÷ß°—∫ °ÿ≈ Pythium 97% ·≈– 95%

µ“¡≈”¥—∫
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Abstract

Ten isolates of lower fungi that were able to

produce C14-C20 fatty acids were isolated from

leaves of 26 natural sources in Thailand. Four

isolates that could highly synthesize long-chain

essential unsaturated fatty acids were selected.

Isolates PB2001 and PB2002 produced γ-linolenic

acid 10.70% and 11.28%, respectively; isolate

FAO001 produced arachidonic acid 12.48%; and

isolate PLL31 produced arachidonic and

eicosapentaenoic acids 4.64% and 4.24%, respectively.

Morphological studies of isolates PB2001 and

PB2002 found globular shape of sporangium on top

of sporangiophore, which could be expected for the

genus Mucor. Isolates FAO001and PLL31 showed

white and flat colony and flower-like growth, which

could be expected for the genus Pythium. DNA

extraction and PCR amplification of 18S rRNA

(SSU) and 28S rRNA (LSU) genes and ITS region

of the 4 isolates reviewed partial sequences of ITS,

SSU and LSU. The comparison of ITS and LSU

sequences to the GenBank database indicated that

isolates PB2001 and PB2002 were similar to Mucor

sp. up to 99%. The ITS, SSU, and LSU sequences

of isolate FAO001 were similar to Pythium sp. at

93%, 91%, and 93%, respectively. The analysis for

ITS and SSU sequences of isolate PLL31 were

similar to Pythium sp. 97% and 95%, respectively.

§” ”§—≠: √“™—ÈπµË” °√¥‰¢¡—π‰¡àÕ‘Ë¡µ—« Õ“√å‡ÕÁπ‡Õ‰√

‚∫‚´¡

Keywords: lower fungi, unsaturated fatty acid,

ribosomal RNA (rRNA)

∫∑π”

°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—«§◊Õ°√¥‰¢¡—π “¬µ√ß∑’Ë¡’

æ—π∏–§Ÿà ´÷Ëß‡ªìπ°√¥‰¢¡—π®”‡ªìπµàÕ√à“ß°“¬ µâÕß‰¥â

√—∫®“°°“√∫√‘‚¿§Õ“À“√ °“√‡æ‘Ë¡°√¥‰¢¡—π‰¡àÕ‘Ë¡

µ—«‡¢â“‰ª„πÕ“À“√·≈–¬“ ¡’ª√–‚¬™πåµàÕÀ—«„®

 “¡“√∂ªÑÕß°—π§«“¡º‘¥ª°µ‘¢ÕßÀ≈Õ¥‡≈◊Õ¥ ¡–‡√Áß

°“√Õ—°‡ ∫ ·≈–¬—ß‡ªìπ “√µ—Èßµâπ„π°“√ —ß‡§√“–Àå

eicosanoid ¥â«¬ (Dong and Walker, 2008) „π

∏√√¡™“µ‘æ∫ arachidonic acid (ARA, C20:4 n-6) „π

µ—∫¢Õß —µ«å·≈–‰¢à·¥ß¢Õß‰¢à‰°à ´÷Ëß¡’ª√‘¡“≥πâÕ¬

πÕ°®“°π’È¬—ßæ∫ eicosapentaenoic acid (EPA, C20:5

n-3) „ππÈ”¡—π®“°ª≈“∑–‡≈ ·µàπÈ”¡—πª≈“∑–‡≈¡’

§«“¡§“« Ÿß ·≈–Õ“®¡’°“√ – ¡¢Õßª√Õ∑ (Dong

and Walker, 2008) πÕ°®“°π’È¬—ßæ∫°“√ √â“ß EPA

·≈– ARA ‚¥¬√“ °ÿ≈ Mortierella ·≈– Pythium √“

∑—Èß Õß °ÿ≈ “¡“√∂º≈‘µ°√¥‰¢¡—πÕ‘Ë¡µ—«π’È‰¥â ‚¥¬

‡≈’È¬ß¥â«¬°≈Ÿ‚§ ‡ªìπ·À≈àß§“√å∫Õπ ·≈– “√ °—¥

®“°¬’ µå‡ªìπ·À≈àß‰π‚µ√‡®π ¡’À≈“¬ª√–‡∑»∑’Ëπ”√“

∑—Èß Õß °ÿ≈¡“„™âº≈‘µ EPA ·≈– ARA „π√–¥—∫

Õÿµ “À°√√¡ ‚¥¬°“√‡≈’È¬ß„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë¡’°“√

‡µ‘¡πÈ”¡—π∑’Ë‰¥â®“°‡¡≈Á¥æ◊™‡æ◊ËÕ„™â‡ªìπµ—« àß‡ √‘¡„Àâ

 √â“ß EPA ·≈– ARA ‡æ‘Ë¡¢÷Èπ (Dong and Walker,

2008) Õ’°∑—Èß¬—ß “¡“√∂º≈‘µ γ-linolenic acid (GLA,

C18:3 n-6) ·≈– ARA „πª√‘¡“≥∑’Ë Ÿß (Certik and

Shimizu, 1999)  ”À√—∫·À≈àß¢Õß docosahexaenoic

acid (DHA, C22:6 n-3)  à«π„À≠à¡“®“°πÈ”¡—πª≈“

∑–‡≈ ·≈–¡—°æ∫°“√ªπ‡ªóôÕπ polychlorinated

biphenyls (PCBs), dioxin ·≈–‚≈À–Àπ—°µà“ßÊ ‚¥¬ “√

‡À≈à“π’È¡—° – ¡Õ¬Ÿà∑’Ëµ—∫·≈–Õ«—¬«–µà“ßÊ ¢Õßª≈“

∑“ß À√—∞Õ‡¡√‘°“®÷ß‰¡àÕπÿ≠“µ„Àâ‡µ‘¡πÈ”¡—πª≈“≈ß

„πÕ“À“√‡¥Á°∑“√° (Ratledge, 2004) „πªí®®ÿ∫—π¡’°“√

‡µ‘¡ DHA ·≈– polyunsatturated fatty acids (PUFAs)

Õ◊ËπÊ ≈ß‰ª„πº≈‘µ¿—≥±åÕ“À“√·≈–‡§√◊ËÕß¥◊Ë¡ ‡™àπ

¢π¡ªíß ‡π¬·¢Áß ·≈–π¡‡ª√’È¬« (Ward and Singh,

2005) ¥—ßπ—Èπ°“√À“·À≈àß∑“ß‡≈◊Õ°„À¡à ”À√—∫º≈‘µ

°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—«®÷ß‡ªìπ∑’Ëπà“ π„® ®“°°“√»÷°…“

æ∫«à“¡’®ÿ≈‘π∑√’¬åÀ≈“¬™π‘¥∑’Ë “¡“√∂º≈‘µ PUFAs ‡™àπ

 “À√à“¬ ·∫§∑’‡√’¬ ·≈–√“ ‡ªìπµâπ ‚¥¬‡©æ“–√“™—ÈπµË”
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´÷Ëß “¡“√∂‡æ“–‡≈’È¬ß„π ¿“«–∑’Ë§«∫§ÿ¡ßà“¬·≈–‡®√‘≠

‡µ‘∫‚µ‰¥â¥’ µ—«Õ¬à“ß‡™àπ√“„π Order Mucorales  “¡“√∂

 – ¡ EPA ·≈– ARA ‰¥â (Yongmanitchai and

Ward, 1989; Stinson et al. 1991; Zhu et al. 2003)

¥—ßπ—Èπß“π«‘®—¬π’È®÷ß¡ÿàß‡πâπ‡æ◊ËÕ§—¥·¬°√“™—ÈπµË”®“°„∫‰¡â

„π·À≈àß∏√√¡™“µ‘„πª√–‡∑»‰∑¬ ∑’Ë “¡“√∂º≈‘µ

°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—« ‡æ◊ËÕπ”‰ª Ÿà°“√§âπæ∫·À≈àß¢Õß

 “√Õ“À“√∑’Ë¡’§ÿ≥§à“µàÕ∑—Èß¡πÿ…¬å·≈– —µ«åµàÕ‰ª

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

°“√§—¥·¬°√“™—ÈπµË”®“°„∫‰¡â

‡°Á∫µ—«Õ¬à“ß„∫‰¡â®“°ªÉ“™“¬‡≈πÀ√◊Õ™“¬∑–‡≈

µ—¥„∫‰¡â‡ªìπ™‘Èπ¢π“¥ 0.5 × 0.5 ‡´πµ‘‡¡µ√ ≈â“ß¥â«¬

πÈ”°≈—Ëπ∑’Ëº ¡‡æππ‘́ ‘≈≈‘π·≈– ‡µ√ª‚µ¡—¬ ‘́πª√‘¡“≥

0.01% 3 §√—Èß π”„∫‰¡â 4-5 ™‘Èπ «“ß≈ß∫π®“π

Õ“À“√‡≈’È¬ß‡™◊ÈÕ glucose peptone yeast extract (GPY:

0.1% yeast extract, 0.1% peptone, 1% glucose, 1.5%

agar ·≈– 1.6% sea salt)  à«πµ—«Õ¬à“ß„∫‰¡â∑’Ë‡°Á∫

¡“®“°·À≈àßπÈ”®◊¥„™â potato dextrose agar (PDA)

‡ªìπÕ“À“√‡≈’È¬ß‡™◊ÈÕ π”®“πÕ“À“√‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 25-

30 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 3-5 «—π ·¬°√“™—ÈπµË”

¿“¬„µâ°≈âÕß®ÿ≈∑√√»πå ‚¥¬ —ß‡°µ®“°‡ âπ„¬∑’Ë‰¡à¡’ºπ—ß

°—Èπ ·≈â«π”√“™—ÈπµË”∑’Ë§—¥·¬°‰¥â‰ª‡≈’È¬ß„πÕ“À“√

„À¡àµàÕ‰ª®π‰¥â‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï

°“√‡æ“–‡≈’È¬ß√“™—ÈπµË”·≈–°“√‡°Á∫‡´≈≈å

‡¡◊ËÕ√“‡®√‘≠∫π®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ‰¥âª√–¡“≥

3-5 «—π µ—¥Õ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë¡’√“‡®√‘≠¢π“¥ 1.5 × 1.5

‡´πµ‘‡¡µ√  —∫„Àâ≈–‡Õ’¬¥„ à≈ß‰ª„πÕ“À“√‡À≈« potato

dextrose broth (PDB) ·≈– GPY ª√‘¡“µ√ 25

¡‘≈≈‘≈‘µ√ „π¢«¥√Ÿª™¡æŸà¢π“¥ 250 ¡‘≈≈‘µ√ π”‰ª

∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 25 Õß»“‡´≈‡ ’́¬  ‡¢¬à“∑’Ë§«“¡‡√Á« 200

√Õ∫µàÕπ“∑’ ‡ªìπ‡«≈“ 5 «—π À≈—ß®“°π—Èππ”¡“°√Õß

¥â«¬°√–¥“…°√Õß Whatman No. 1 ≈â“ß‡ âπ„¬∑’ËÕ¬Ÿà

∫π°√–¥“…°√Õß¥â«¬πÈ”°≈—Ëπª≈Õ¥‡™◊ÈÕ ·≈â«π”¡“∑”

·Àâß‡¬◊Õ°·¢Áß‡ªìπ‡«≈“ 3 «—π À≈—ß®“°π—Èππ”‡´≈≈å·Àâß∑’Ë

‰¥â¡“ °—¥·≈–«‘‡§√“–Àå°√¥‰¢¡—π

°“√ °—¥·≈–«‘‡§√“–Àå°√¥‰¢¡—π

™—ËßπÈ”Àπ—°‡´≈≈å·Àâß∑’Ë‰¥âª√–¡“≥ 50 ¡‘≈≈‘°√—¡

„ à„πÀ≈Õ¥ °—¥ ‡µ‘¡ “√¡“µ√“∞“π heptadecanoic

acid (C17:0) ª√‘¡“µ√ 100 ‰¡‚§√≈‘µ√ ·≈–°√¥ —́≈

øŸ√‘° 4% „π‡¡∑“πÕ≈ ª√‘¡“µ√ 2 ¡‘≈≈‘≈‘µ√ º ¡

„Àâ‡¢â“°—π‚¥¬„™â‡§√◊ËÕß vortex π”‰ªÕÿàπ∑’ËÕÿ≥À¿Ÿ¡‘ 95

Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ∑‘Èß‰«â®π‡¬Áπ‡µ‘¡πÈ”

°≈—Ëπ ·≈–‡Œ°‡´πÕ¬à“ß≈– 1 ¡‘≈≈‘≈‘µ√ π”‰ªÀ¡ÿπ

‡À«’Ë¬ß∑’Ë§«“¡‡√Á«√Õ∫ 1000 √Õ∫µàÕπ“∑’ ‡ªìπ‡«≈“ 5

π“∑’ ®“°π—Èππ” à«π„ ∑’Ë‰¥â‰ª «‘‡§√“–ÀåÕß§å

ª√–°Õ∫°√¥‰¢¡—π¥â«¬‡§√◊ËÕß gas chromatography

(GC) ‚¥¬„™â§Õ≈—¡πå Omega waxTM 250 °“√µ√«®

 Õ∫æ’§®–¢÷ÈπÕ¬Ÿà°—∫‡«≈“∑’Ë —¡æ—π∏å°—∫ “√¡“µ√“∞“π

fatty acid methyl ester °“√«‘‡§√“–Àå™π‘¥¢Õß°√¥

‰¢¡—π∑”‚¥¬°“√‡ª√’¬∫‡∑’¬∫°—∫‚§√¡“‚µ√·°√¡

¢Õß “√¡“µ√“∞“π ·≈–§”π«≥‡ªÕ√å‡´Áπµå (w/w)

¢Õß°√¥‰¢¡—π

°“√»÷°…“¢âÕ¡Ÿ≈≈”¥—∫‡∫ ¢Õß¬’π 18S rRNA (SSU),

28S rRNA (LSU) ·≈–∫√‘‡«≥ ITS

°“√ °—¥¥’‡ÕÁπ‡Õ (¥—¥‡ª≈ß®“°«‘∏’¢Õß Oû

Donnell et al., 1997) „ àµ—«Õ¬à“ß‡´≈≈å·Àâß¢Õß√“

ª√–¡“≥ 1 „π 4  à«π ≈ß„πÀ≈Õ¥‰¡‚§√øî«®å¢π“¥

1.5 ¡‘≈≈‘≈‘µ√ ‡µ‘¡ lysis buffer (Tris HCl 10 ¡‘≈≈‘≈‘µ√

1M EDTA 50 ¡‘≈≈‘≈‘µ√ ‚´‡¥’¬¡§≈Õ‰√¥å 1.16 °√—¡

ª√—∫ª√‘¡“µ√„Àâ‡∑à“°—∫ 1 ≈‘µ√) ª√‘¡“µ√ 700 ‰¡‚§√≈‘µ√

®“°π—Èππ”À≈Õ¥‰ª«“ß„π heat block ∑’ËÕÿ≥À¿Ÿ¡‘ 65

Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß À¡ÿπ‡À«’Ë¬ß∑’Ë

§«“¡‡√Á« 12,000 √Õ∫µàÕπ“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 25 Õß»“

‡´≈‡´’¬  ‡ªìπ‡«≈“ 20 π“∑’ ¥Ÿ¥ à«π„ „ àÀ≈Õ¥

‰¡‚§√øî«®å„À¡à ‡µ‘¡ phenol:chloroform:isoamylalcohol

(24:25:1) ≈ß‰ª 1 ‡∑à“¢Õß “√≈–≈“¬ æ≈‘°À≈Õ¥‰ª

¡“‡∫“Ê 20 §√—Èß ªíòπ‡À«’Ë¬ß∑’Ë ¿“«–‡¥‘¡Õ’° 10 π“∑’ ∂â“

 “√≈–≈“¬¬—ß¢ÿàπ„Àâ‡µ‘¡ chloroform:isoamylalcohol
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(1:1) ≈ß‰ª 1 ‡∑à“¢Õßµ—«Õ¬à“ß ‡æ◊ËÕ °—¥Õ’°§√—Èß ¥Ÿ¥

 à«π„ „ àÀ≈Õ¥‰¡‚§√øî«®å„À¡à ‡µ‘¡·Õ¡‚¡‡π’¬¡Õ– ’́

‡∑µª√‘¡“µ√§√÷ËßÀπ÷Ëß¢Õß à«π„  ‡µ‘¡‡Õ∑“πÕ≈ —¡∫Ÿ√≥å

ª√‘¡“µ√‡∑à“°—π æ≈‘°À≈Õ¥‰ª¡“‡∫“Ê 1 §√—Èß ‡°Á∫

À≈Õ¥∑’ËÕÿ≥À¿Ÿ¡‘ -20 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“1-3 ™—Ë«‚¡ß

À√◊Õ∑‘Èß‰«â¢â“¡§◊π ®“°π—Èπ‰ªªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á«

12,000 √Õ∫µàÕπ“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬  ‡ªìπ

‡«≈“ 10 π“∑’ ‡∑ à«π„ ∑‘Èß ≈â“ß¥â«¬‡Õ∑“πÕ≈ 75%

∑”„Àâ·Àâß‚¥¬º÷Ëß‰«â 1 §◊π ≈–≈“¬¥’‡ÕÁπ‡Õ¥â«¬ Elution

buffer NE (MACHEREY-NAGEL GmbH & Co.KG,

Germany) 20-40 ‰¡‚§√≈‘µ√

°“√‡æ‘Ë¡ª√‘¡“≥¬’π 18S rRNA (SSU), 28S

rRNA (LSU) ·≈–∫√‘‡«≥ ITS ‚¥¬‡∑§π‘§æ’´’Õ“√å

°“√‡æ‘Ë¡ª√‘¡“≥¬’π 18S rRNA (SSU), 28S rRNA

(LSU) ·≈–∫√‘‡«≥ ITS „™â§Ÿà‰æ√‡¡Õ√å®”‡æ“– ‰¥â·°à

¬’π 18S rRNA „™â§Ÿà‰æ√‡¡Õ√å NS1 (5û GTA GTC

ATA TGG TTG TCT C 3û) °—∫ NS6 (5û GCA TCA

CAG ACC TGT TAT TGC CTC GAG GCA ATA

ACA GGT CTG TGA TGC 3û) ¬’π 28S rRNA „™â

§Ÿà‰æ√‡¡Õ√å JS1 (5û CGC TGA ACT TAA GCA TAT

3û) °—∫ JS8 (5û CAT CCA TTT TCA GGG CTA 3û)

·≈– ∫√‘‡«≥ ITS „™â§Ÿà‰æ√‡¡Õ√å NS5 (5û AAC TTA

AAG GAA TTG ACG GAA G 3û) ·≈– ITS4 (5û

TCC TCC GCT TAT TGA TAT GC 3û) „πªØ‘°‘√‘¬“

æ’́ ’Õ“√å∑—ÈßÀ¡¥ 50 ‰¡‚§√≈‘µ√ ª√–°Õ∫¥â«¬ 10xbuffer

35.2 ‰¡‚§√≈‘µ√, 25 mM MgCl2 5 ‰¡‚§√≈‘µ√, 1 mM

dNTP 1.5 ‰¡‚§√≈‘µ√, øÕ√å‡«‘√å¥·≈–√’‡«‘√å ‰æ√‡¡Õ√å

(10 µM) Õ¬à“ß≈– 4 ‰¡‚§√≈‘µ√ ¥’‡ÕÁπ‡Õ 1.5 ‰¡‚§√≈‘µ√

(§«“¡‡¢â¡¢âπ 20-100 π“‚π°√—¡) ddH20 0.3 ‰¡‚§√≈‘µ√

·≈– Taq DNA polymerase (Fermentas, Canada) 1

‰¡‚§√≈‘µ√ ∑”ªØ‘°‘√‘¬“æ’´’Õ“√å ¥—ßπ’È √Õ∫∑’Ë 1 Õÿ≥À¿Ÿ¡‘

94 Õß»“‡´≈‡´’¬  5 π“∑’ √Õ∫∑’Ë 2-33 Õÿ≥À¿Ÿ¡‘ 94

Õß»“‡´≈‡´’¬  30 «‘π“∑’ Õÿ≥À¿Ÿ¡‘ 55 Õß»“‡´≈‡ ’́¬ 

30 «‘π“∑’ ·≈–Õÿ≥À¿Ÿ¡‘ 72 Õß»“‡´≈‡ ’́¬  1 π“∑’

·≈–√Õ∫ ÿ¥∑â“¬ Õÿ≥À¿Ÿ¡‘ 72 Õß»“‡´≈‡ ’́¬  10 π“∑’

µ√«®«‘‡§√“–Àåº≈‘µ¿—≥±åæ’´’Õ“√å ‚¥¬«‘∏’‡®≈Õ‘‡≈Á°‚∑√

‚ø√’´‘ ∫π‡®≈Õ–°“‚√  1%

°“√»÷°…“¢âÕ¡Ÿ≈≈”¥—∫‡∫  π”º≈‘µ¿—≥±åæ’́ ’Õ“√å

¢Õß√“·µà≈–‰Õ‚´‡≈µ ∑”„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬„™â™ÿ¥ ”‡√Á®

PCR clean-up: Nucleo spin extract II (MACHEREY-

NAGEL GmbH & Co.KG, Germany)  àßº≈‘µ¿—≥±åæ’

´’Õ“√å‰ª«‘‡§√“–ÀåÀ“≈”¥—∫‡∫ ∑’Ë∫√‘…—∑ Macrogen

(Korea) ®“°π—Èππ”≈”¥—∫‡∫ ∑’Ë‰¥â¡“‡¢â“§Ÿà·≈–

ª√–°Õ∫°—π‚¥¬„™â‚ª√·°√¡ Bio edit V.7.0.5 (Hall,

1999) π”≈”¥—∫‡∫ ‰ª‡ª√’¬∫‡∑’¬∫¢âÕ¡Ÿ≈„π∞“π¢âÕ¡Ÿ≈

GenBank ‡æ◊ËÕÀ“§«“¡§≈â“¬§≈÷ß (similarity) ¢Õß¬’π

18S rRNA (SSU), 28S rRNA (LSU) ·≈–∫√‘‡«≥ ITS

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

®“°µ—«Õ¬à“ß„∫‰¡â∑’Ë‡°Á∫¡“®“°·À≈àß∏√√¡™“µ‘

„πª√–‡∑»‰∑¬∑—ÈßÀ¡¥ 26 ·À≈àß §—¥·¬°√“™—ÈπµË”∑’Ë

º≈‘µ°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—«‰¥â 10 ‰Õ‚´‡≈µ (Table 1)

®“°π—Èπ§—¥‡≈◊Õ°√“™—ÈπµË”∑’Ëº≈‘µ°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—«∑’Ë

‡ªìπ°√¥‰¢¡—π∑’Ë®”‡ªìπ ·≈–‡ªìπ°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—« “¬

¬“« 4 ‰Õ‚´‡≈µ ‰¥â·°à √“‰Õ‚´‡≈µ FAO001 ∑’Ë§—¥·¬°

‰¥â®“°µ—«Õ¬à“ß„∫‰¡â∑’Ë‡°Á∫¡“®“° ‡°“–∑à“‰√à ®.

π§√»√’∏√√¡√“™ æ∫«à“¡’°“√ √â“ß°√¥‰¢¡—π®”‡ªìπ§◊Õ

linoleic acid (C18:2) 12.38% eicosatrienoic acid

(C20:3) 7.00% ·≈– arachidonic acid (C20:4) 12.48%

·µà‰¡àæ∫°√¥‰¢¡—π eicosapentaenoic acid √“‰Õ‚´

‡≈µ PLL31 ́ ÷Ëß§—¥·¬°®“°„∫‰¡â∑’Ë Õ. æ√– ¡ÿ∑√‡®¥’¬å

®.  ¡ÿ∑√ª√“°“√  “¡“√∂º≈‘µ°√¥‰¢¡—π arachidonic

acid (C20:4 n-6) ‰¥â 4.64% ·≈–‡ªìπ‡æ’¬ß‰Õ‚´‡≈µ

‡¥’¬«∑’Ëæ∫°√¥‰¢¡—π eicosapentaenoic acid (C20:5n3)

4.24%  à«π√“‰Õ‚´‡≈µ PB2001 ·≈– PB2002 ·¬°

‰¥â®“°„∫‰¡â∑’Ë‡°Á∫®“° Õ. ª“°∫“√“ ®.  µŸ≈ º≈‘µ

°√¥‰¢¡—π γ-linolenic acid (C18:3 n-6) ‰¥â 10.70%

·≈– 11.28% µ“¡≈”¥—∫

®“°°“√»÷°…“≈—°…≥–∑“ß —≥∞“π«‘∑¬“æ∫«à“

‡¡◊ËÕ‡≈’È¬ß√“™—ÈπµË”ª√–¡“≥ 7-10 «—π √“‰Õ‚´‡≈µ

FAO001 ·≈– PLL31 æ∫‡ âπ„¬ ’¢“« ≈—°…≥–

‡ âπ„¬‡®√‘≠‡ªìπ·π«√“∫‰ª°—∫Õ“À“√‡≈’È¬ß‡™◊ÈÕ ¡’°“√
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‡®√‘≠‰¡à ¡Ë”‡ ¡Õ ∑”„Àâ‡°‘¥≈—°…≥–¢Õß‡ âπ„¬´âÕπ

°—π§≈â“¬°—∫°≈’∫¥Õ°‰¡â (Figure 1a ·≈– 1b) ®“°

°“√»÷°…“¢âÕ¡Ÿ≈≈”¥—∫‡∫ ¢Õß¬’π 18S rRNA (SSU),

28S rRNA (LSU) ·≈–∫√‘‡«≥ ITS æ∫«à“√“‰Õ‚´‡≈µ

FAO001 ¡’≈”¥—∫‡∫ ∫√‘‡«≥ SSU, ITS ·≈– LSU ∑’Ë

¡’§à“‡ªÕ√å‡´Áπµå§«“¡§≈â“¬§≈÷ß°—∫√“„π °ÿ≈ Pythium

91%, 93% ·≈– 91% µ“¡≈”¥—∫ ·≈–√“‰Õ‚´‡≈µ

PLL31 ¡’≈”¥—∫‡∫ ∑’Ë∫√‘‡«≥ SSU ·≈– ITS ∑’Ë¡’§à“

‡ªÕ√å‡´Áπµå§«“¡§≈â“¬§≈÷ß°—∫√“„π °ÿ≈ Pythium 95%

·≈– 98% µ“¡≈”¥—∫ (Table 2) √“ Pythium ®—¥Õ¬Ÿà„π

°≈ÿà¡ Oomycetes (Moreau et al., 1998)  “¬æ—π∏ÿå∑’Ë¡’

√“¬ß“π°“√ √â“ß°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—« ‰¥â·°à P. irregulare

(Gandhi and Weete, 1991) P. ultimum (Stinson et al.,

1991) ·≈– P. acanthicum (Singh and Ward, 1998)

´÷Ëß “¡“√∂ √â“ß°√¥‰¢¡—π™π‘¥µà“ßÊ ‰¥â·°à ARA, EPA

·≈– docosapentaenoic acid (DPA; C22:5) ´÷Ëß√“ P.

ultimum  “¡“√∂ √â“ß°√¥‰¢¡—π EPA ‰¥â 3.4%

(Certik and Shimizu, 1999) √“ P. irrgulare  √â“ß°√¥

‰¢¡—π ARA ‰¥â 8.2% (Walker et al., 1999) ·≈–

 “¡“√∂ °—¥°√¥‰¢¡—π DPA 2.2% ‰¥â®“° P.

acanthicum (Singh and Ward, 1998)  ”À√—∫√“

Pythium ∑’Ë§—¥·¬°‰¥âπ—Èπ  “¡“√∂ √â“ß∑—Èß ARA ·≈–

EPA ‰¥â‡™àπ°—π ‚¥¬ “¡“√∂ √â“ß ARA ·≈– EPA

„πª√‘¡“≥ 4-12% ·≈– 4% µ“¡≈”¥—∫

√“‰Õ‚´‡≈µ PB2001 §—¥·¬°®“°„∫‰¡â∑’Ë‡°Á∫

®“° Õ. ª“°∫“√“ ®.  µŸ≈ æ∫°√¥‰¢¡—π linoleic acid

(C18:2) 8.59% ·≈– γ-linolenic acid (C18:3 n-6)

10.70% ·µà‰¡àæ∫°√¥‰¢¡—π arachidonic acid ·≈–

eicosapentaenoic acid  à«π√“‰Õ‚´‡≈µ PB2002 §—¥

·¬°®“°„∫‰¡â∑’Ë‡°Á∫®“° Õ. ª“°∫“√“ ®.  µŸ≈ ¡’°√¥

‰¢¡—π linoleic acid (C18:2) 11% ·≈– γ-linolenic

acid (C18:3 n-6) 11.28% ´÷Ëß≈—°…≥–‡ âπ„¬¢Õß√“

‰Õ‚´‡≈µ PB2001 ·≈– PB2002 ∑’Ë‡®√‘≠‡µÁ¡®“π

Õ“À“√‡≈’È¬ß‡™◊ÈÕ‡ªìπ‡«≈“ 3-5 «—π ¡’ ’¢“«§≈â“¬°—π

·≈–≈—°…≥–‡ âπ„¬‡®√‘≠™’ÈøŸ Ÿß ¡’°“√‡®√‘≠Õ¬à“ß

 ¡Ë”‡ ¡Õ πÕ°®“°π’È¬—ßæ∫«à“¡’°“√ √â“ß ªÕ√å‡¡◊ËÕ√“

‡®√‘≠‰¥âª√–¡“≥ 3-4 «—π ‚¥¬ ¡’≈—°…≥–¢Õß

sporangium √Ÿª√à“ß°≈¡ ‡°‘¥Õ¬Ÿà∑’Ëª≈“¬°â“π¢Õß

sporangiophore ‡ âπ„¬‰¡à¡’ºπ—ß°—Èπ (non-septate

hyphae) ‰¡à¡’ rhizoid ‡¡◊ËÕ‡ âπ„¬‡√‘Ë¡·°à¡’°“√ √â“ß

ºπ—ß°—Èπ (septum) µ√ß∫√‘‡«≥∑’Ë¡’°“√ √â“ß ªÕ√å (Figure

1c ·≈– 1d) ·≈–®“°°“√»÷°…“¢âÕ¡Ÿ≈≈”¥—∫‡∫ ∑’Ë∫√‘‡«≥

ITS ·≈– LSU ¢Õß√“‰Õ‚´‡≈µ PB2001 ¡’§à“‡ªÕ√å‡´Áπµå

§«“¡§≈â“¬§≈÷ß°—∫√“ „π °ÿ≈ Mucor 99% ·≈– 99%

µ“¡≈”¥—∫ ·≈–‡¡◊ËÕ»÷°…“¢âÕ¡Ÿ≈≈”¥—∫‡∫ ∑’Ë∫√‘‡«≥ ITS

·≈– LSU ¢Õß√“‰Õ‚´‡≈µ PB2002 ¡’§à“‡ªÕ√å‡´Áπµå

§«“¡§≈â“¬§≈÷ß°—∫√“ „π °ÿ≈ Mucor 99% ·≈– 82%

µ“¡≈”¥—∫ (Table 2) √“ Mucor ®—¥Õ¬Ÿà„π Order

Mucorales (Singh et al., 2008) ¡’√“¬ß“π«à“√“„π°≈ÿà¡

π’È ‰¥â·°à Mortierella, Mucor ·≈– Cunninghamella

 “¡“√∂º≈‘µ γ-linolenic acid (GLA) ‰¥â„πª√‘¡“≥

 Ÿß 7-11% (Certik et al., 1997, Conti et al., 2001,

Xian et al., 2003) ªí®®ÿ∫—π¡’°“√π”√“™π‘¥π’È¡“º≈‘µ

‡ªìπ single cell oil „π∑“ß°“√§â“ ‡™àπ ∫√‘…—∑ JE

Sturge ª√–‡∑»Õ—ß°ƒ… º≈‘µ GLA ®“°√“ Mucor

circinelloides ́ ÷Ëß√“™π‘¥π’È “¡“√∂º≈‘µ GLA ‰¥â 15%

¢Õß°√¥‰¢¡—π∑—ÈßÀ¡¥ (Ward and Singh, 2005) „π

¢≥–∑’Ë√“ Mucor ∑’Ë§—¥·¬°‰¥â®“°ß“π«‘®—¬§√—Èßπ’È  “¡“√∂

 √â“ß GLA ‰¥â Ÿß∂÷ß 10-11% ∑—ÈßÊ ∑’Ë¬—ß‰¡à‰¥âª√—∫

¿“«–„π°“√º≈‘µ ∂â“À“°‰¥â¡’°“√ª√—∫¿“«–„Àâ‡À¡“–

 ¡ ‡™àπ ¿“«–°“√‡≈’È¬ß·≈–Õ“À“√‡≈’È¬ß‡™◊ÈÕ πà“®–„Àâ

º≈¢Õß°“√ °—¥‰¢¡—π Ÿß¢÷ÈπÀ√◊Õ‰¥âª√‘¡“≥ Ÿß°«à“

 “¬æ—π∏ÿå∑’Ë„™â„π∑“ß°“√§â“

 √ÿªº≈°“√∑¥≈Õß

®“°°“√§—¥·¬°√“™—ÈπµË”∑’Ë¡’ ¡∫—µ‘ √â“ß°√¥‰¢

¡—π‰¡àÕ‘Ë¡µ—«®“°„∫‰¡â·À≈àßµà“ßÊ ¢Õßª√–‡∑»‰∑¬

®”π«π 26 ·À≈àß æ∫√“™—ÈπµË”®”π«π 10 ‰Õ‚´‡≈µ ®÷ß

‡≈◊Õ°‰Õ‚´‡≈µ∑’Ë “¡“√∂ √â“ß°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—«°≈ÿà¡

ω-3 §◊Õ eicosapentaenoic acid (EPA; C20:5 n-3) ·≈–

°≈ÿà¡ ω-6 §◊Õ γ-linolenic acid (GLA; C18:3 n-6) ·≈–

arachidonic acid (ARA; C20:4 n-6) ®”π«π 4 ‰Õ
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Figure 1 Colony morphology and fungal hyphae of isolate FAO001 (a), PLL31 (b), PB2001 (c) and PB2002

(d) appearance under microscope 200X magnification.
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‚´‡≈µ ‰¥â·°à √“‰Õ‚´‡≈µ FAO001, PB2001, PB2002

·≈– PLL31 æ∫«à“√“‰Õ‚´‡≈µ FAO001 ·≈– PLL31

´÷Ëß √â“ß°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—« ARA ·≈– EPA ‡ªìπ√“

„π °ÿ≈ Pythium ‚¥¬√–∫ÿ‰¥â®“°≈—°…≥– —≥∞“π«‘∑¬“

∑’Ë∫àß™’È ·≈–§à“‡ªÕ√å‡´Áπµå§«“¡§≈â“¬§≈÷ß¢Õß≈”¥—∫

‡∫ ∫√‘‡«≥ ITS ·≈– LSU  à«π√“‰Õ‚´‡≈µ PB2001

·≈– PB2002  “¡“√∂ √â“ß°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—« GLA

‰¥â ‡ªìπ√“„π °ÿ≈ Mucor ‚¥¬√–∫ÿ‰¥â®“°≈—°…≥–

 —≥∞“π«‘∑¬“∑’Ë∫àß™’È ·≈–§à“‡ªÕ√å ‡´Áπµå§«“¡

§≈â“¬§≈÷ß¢Õß≈”¥—∫‡∫ ∫√‘‡«≥ ITS, SSU ·≈– LSU

®“°º≈°“√»÷°…“· ¥ß„Àâ‡ÀÁπ§ÿ≥§à“¢Õß√“

™—ÈπµË”∑’Ëæ∫„πª√–‡∑»‰∑¬ „π°“√ √â“ß°√¥‰¢¡—π‰¡à

Õ‘Ë¡µ—«´÷Ëß‡ªìπ “√∑’Ë¡’§ÿ≥§à“ Ÿß·≈–¡’§«“¡®”‡ªìπµàÕ

¡πÿ…¬å·≈– —µ«å Õ¬à“ß‰√°Áµ“¡°“√æ—≤π“»—°¬¿“æ¢Õß

√“™—ÈπµË”‡À≈à“π’È‡æ◊ËÕ„Àâ‡ªìπ·À≈àß¢Õß°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—«

¡Ÿ≈§à“ Ÿß ®”‡ªìπµâÕß»÷°…“¿“«–∑’Ë‡À¡“– ¡∑—Èß¿“«–

·«¥≈âÕ¡ ·≈–Õ“À“√∑’Ë‡À¡“–µàÕ°“√‡®√‘≠·≈–°“√

 √â“ßº≈‘µ¿—≥±å √«¡∑—Èß°√–∫«π°“√º≈‘µ„π√–¥—∫∂—ß

À¡—°‡æ◊ËÕæ—≤π“‰ª ŸàÕÿµ “À°√√¡µàÕ‰ª

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥§ÿ≥π—∞«ÿ≤‘ ∫ÿ≠¬◊π ºŸâ™à«¬π—°«‘®—¬

·≈–§ÿ≥®“√ÿ«√√≥ ‡™◊ÈÕ ’À√≥™—¬ ‡®â“Àπâ“∑’Ëª√–®”

ÀâÕßªØ‘∫—µ‘°“√ Phylogenetic »Ÿπ¬åæ—π∏ÿ«‘»«°√√¡

·≈–‡∑§‚π‚≈¬’™’«¿“æ·Ààß™“µ‘ (»™.)  ”π—°ß“π

æ—≤π“«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’·Ààß™“µ‘ ( «∑™.)

·≈–¢Õ¢Õ∫æ√–§ÿ≥∑ÿπ π—∫ πÿπ®“° »™.  «∑™.

Table 2 Percentage of similarity and base sequences of four fungal isolates.

Isolate Region Genbank                 Closest species Similarity Size

no. accession no. (%) (bp)

FAO 001 ITS EF418925.1 Pythium helicoides CBS 286.31 93 843

EF418924.1 Pythium ostracodes CBS 768.73 93 843

SSU EF418925.1 Pythium helicoides CBS 286.31 91 1348

AY742756.1 Pythium splendens 91 1348

LSU AY598637.1 Pythium insidiosum CBS 574.85 91 1442

AY598661.1 Pythium mastophorum CBS 375.72 90 1442

PLL 31 ITS AB217668.1 Pythium pyrilobum IFO32560 97 1430

AY742755.1 Pythium aphanidermatum 98 1430

SSU AY742755.1 Pythium aphanidermatum 95 829

AF442497.1 Pythium insidiosum 94 829

PB 2001 ITS EU793999.1 Mucor sp. EIM-10 99 1200

AF548078.1 Mucor plumbeus UPSC 1492 99 1200

LSU EU195421.1 Mucor racemosus PTCC 5305 99 1277

SSU AY213710.1 Mucor circinelloides UWFP 1079 99 1277

PB 2002 ITS AF113429.1 Mucor indicus 99 1196

AY054699.1 Mucor indicus SDM-13 99 1196

LSU AF113469.1 Mucor indicus NRRL28634 82 1562

AF113466.1 Mucor amphibiorum NRRL28633 28S 83 1562
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