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ABSTRACT 

Screening and isolation of thraustochytrids from fallen senescent leaves of 5 

mangrove trees collected from Chachoengsao Province. A total of 687 thraustochytrid isolates 

were obtained, classified into 2 genera and 3 species, namely, Aurantiochytrium mangrovei 

(Schizochytrium mangrovei), Aurantiochytrium limacinum (Schizochytrium limacinum} and 

Ulkenia visurgensis. The dominant species found in this area was A.mangrovei, followed by A. 

limacinum and Ulkenia visurgensis, respecially. Considering with mangrove trees, Excoeoaria 

agallocha had the highest frequency of occurrence of thraustochytrids (43 %), followed by 

Avicennia marina (39 %}, Thespesie populnea (35 %), Rhizophora mucronata (34 %), and 

Rhizophora apiculata (27 %), respectively. The most abundance of A. mangrovei found in 

Avicennia marina (53.33 %), while A. limacinum and Ulkenia visurgensis were highest in 

Rhizophora mucronata (38.33 %), andRhizophora apiculata (18.33 %), respectively. 

For the fatty acid composition in thraustochytrids, high levels of DHA 

(Docosahexaenoic acid) were found in A. limacinum and A. mangrovei which represented as 

0.93-197.02 mg/g dry weight (0-42.44 % of total fatty acid) and 5.12-195.18 mg/g dry weight 

(2.76-41.14 % of total fatty acid), respectively. ArA (Arachidonic acid) and EPA 

(eicosapentaenoic acid) was the highest fatty acid found in U. visurgensis as 0-6.93 mg/g dry 

weight (0-10.48 % of total fatty acids) and 0-2.63 mg/g dry weight (0-3.24 % of total fatty acids), 

respectively. High levels of DPA (Docosapentaenoic acid) were revealed in A. limacinum and A. 

mangrovei as 0-35.19 mg/g dry weight (0-9.46 % of total fatty acid) and 0-40.58 mg/g dry 

weight (0-11.92 % of total fatty acid), respectively. For the biomass of these 3 thraustochytrids, it 

was showed that the biomass of A. mangrovei was 6.05-21.55 g/L, while A. limacinum and 

U. visurgensis was revealed as 3.83-21.18 g/L, and 6.73-19.86 g/L, respectively. It is indicated 

that these strains possesses the applicability for the production of polyunsaturated fatty acids in 

aquaculture. 

Key words: Thraustochytrids, Polyunsaturated fatty acid, Docosahexaenoic acid (DHA), 

mangrove forest 
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1J'Yl'Ul 

fl 111J 11 '1 lf1'11 '17 l'J'U o .:i ,i i!t.1 Yll V'l'I ::;rn i t.1 iJ 7'lf71'Jt'1 'W ri1t.1111 wvl rnu fffl'lfl i t.1 n ri lJ 
• u • 

ddi .do' tQ/d Ct. do' .ct 1 ... t 1/j .dQ.lllJ•lljVo ~ 
U1Jfl'l'Jl'jl'J 'il U'1:::l'Jff\91 U\?ll'J.:JlJ~('l'W'l'J'jl'J'l'J::;monmnml'J 'WlJ'.i::;l'l'lft' t'l'll'J'l'll'J.:J Ill !~'l'llf17'.ift'f11fl 

.J,o t111:11, 1111 ~,/ .J~ ~ ,,,_,1 .d .,~ 
'H'W.:J 'W117'W'J'W'W'W t~llf1'1'1'iOff 'l'I tflm~ff (Thraustochytrids) CJf.:JllJ'W~'1'W'l'l'il'J'l'l::;m'Yllrll'J1l~l1J'W 

I _d, I~ QI QI •, O q, 

mprnt.1-:J'UO.:J'il'l'l::;m ll\?11J1l~1J'WQf1'il~O~ 'W Kingdom Straminipila (Moss, 1986) Ul'H'.i1J 

" 
m1ffnmfl111J11 mn11 '171'J'UO.:J'l'I mu 1 'l'l i fl\?11~rl'111mmri.:i~1.:i"l 11.:i,i 1n~1nh ::;rnmrn::; 1h::;1'1'1ft' 

l'l'll'JlJUOl'JlJlf1 (Jaritkhuan et al., 2004, 2005; Chatdumrong et al., 2004) i~m'ilvn::;imh::;1'Ylft' 
I I ' ' JJ I f 

l'l'll'J~lJ'.i ll'J.:Jl'Wlf11'J'Jfl1JYl'j0ff 1 'l'I i fl\91 !~rl'iii1nt.1 10 iJ~f-il'WlJlUlfl.:J i.:i1ilt.11!0.:ivhliut.1 i 110.:i 

m11J11 mn11 '171'J'UO.:J'l'l rnff 1 'l'l i fl \91 !~ rl'u! nw il1'lf1t11'1'W i t.11.h::;mft'l 'Yll'J 1~milt.1 i 1u-u' OlJcl 'l'll.:J 

1'1flf17'.i~ffli'iill 1 u~l'Wfl'J7:IJ'H"7t1'11"71'J'l'll.:Ji1ill'Vi'UO.:J E .:in;i\911 u 1.h ::;l'l'Jft'l'Yll'J~O i 1J u 

'W Of1,Jlf1Ut11'Yll'Jlft'lff\91 {1 ttfl'JllJ UtJ i 'il!~l'J'Jfl1Jfl'JllJ'H "7f1'H r!ll'J'U 0-:J'l'l'JOU l '1'1 i fl\911~ff 

m\
1

1 E.:i~~.:i~~fl'JllJU'W 1111md:if1111Jii1ritYmm'iit.1fit.1tio 'Ylrnff 1 'Vl lfl\?11~rl'mm'.it1Hil\?lm~ 

l'UiruiiitlJ~'Jff.:J (Highly unsaturated fatty acid, HUFA) i~iu'l.J!mwff.:i i~m'ilvn::;nril.l 
. __ q,a ' <u q 

1 rJ) Q.I l!Jj./ Id .:::!.cl 

O!lJf17-3 OtJ t~!!f1 ~lfl'lflO (DHA, docosahexaenoic acid) uri::;O'VlW (EPA, eicosapentaenoic 

' 1 V 111 V • ,I ""- 'jJ .J l'J ., l'J ,~ ., 
acid) mI::;f1'1lJ O!lJf17-6 t~llf1!00l'ilel (ARA, arachidonic acid) Of1~11'J CJf.:Jm~ t'UlJtJ tlJOlJWJff.:J . ., 

i~11't.1Ul'i 07'117'.i~lJ'l.h::; il'J'lflJ~Off'Ufll'Vi'UO.:JlJtJ1:JV ffllJl'j(llJ 1m i 'M'Vll.:Jf17'.i U'Vi'YIO!~ oil1u~1rn::: • • 
fo1:11 hfl~7.:J"l U'1:::mmrnoonqY1iiwi.:ii10.:ifit.1 hfl1m::;m1::;~~1Jn~rn.:i'lfu~1iu hr1tt1h 

1rn:::i'l'10~!ilo~ 1J::;1~.:i hm!o U('I::; l'.ifl~!~l'J'J-u'o.:irium11J'lf'ilill'Vi (Yongmanitchai and Ward, 

1989) hrnft'1n 1:1 ~i-hu 1J11J1i 1:16t-m'.f tJ r1111J tl1ri qj'IJ o.:i n·Hi l 'Uirlrn rjlJ iomfll-3 mn~u 

1~1'Jm'Vi1:::0~1.:it.:i~rn'lfm 1~1'JiiH'1'Vll lttf11'.i;.:jfl'j'j n1rn:::f11'.iflclel~1Jlel'.ilil'W i 'l.Jmh.:i'l.Jn~ '.i1lllf .:i • 
., did.,,., d 

f17'.i'ViWJl-.!7f17'i'UO.:JfflJU.:i1rn:::mnrn-:m-rn ~l'J,1::;mt.1H'1'lf~!'iltJ tJ11'J'Vl7rntrn:::t~f1 (Uauy-Dagach, 

111 :i/d ~ " 1~ d , ,;I-I O d " I O ., d d V " I "" V 
1996) 1rn::; !~lJf11'.ilff'jlJ1J'jlJltlJ~!V'lflel tJ'WlJH.:im:::1JO.:jUll'J,l'juffl'H'j1J!~f1elf1~11'J uf1\91U'11f1'.i~ ., 

l'IJ irt.1 iii t1J~Tt1.:i'lfu~~rn'lfrn'Vi1Jmt11 'W ri1t.1 'U u.:i LYm:i.:i u'1:;;1 '.i ~'W 1 u~ i H flll'J iii mm rn ., 

' " 
U1J~1 it.1i1.:imm!t.1mmrnriw'Vlei~11!uri.:i~om-nh.:i hiom11 i~ 

" . . 
u~1-:i i '.i~\?111J~-:iu~o~\?1G-:iih1 ,iut.1 u11 ci-:i'Uo-:im~ i 'llir'W iii;1J~1LY-:iliu1mH~\?l '1 t.11;h . ., 

jl JJ ,, ' ' 

'VllW'lfV'U 'W fftl~ ,J 1 fl'W 1irt.11J in1rn:;;u 1irt.1 ~mJ m U~! uo~ ,llf1'1fl4~'lJ0-:j '11'11~ 'U 1m fff)~ f1'.i ~ i 'Uir'W 

111Jii-m mi~1rn~q~t11"1~ :O'U ihrn1,1oil1mwu"1~'lf'W~'UtM t1H1 'l 'IJ1JtJ '1'11 'l 11 mnnmp-111wm'Vi 



2 

,, 
1.h t -cM rf 'II v ~ ~ 1J ! fo r11J 1-unh.1 mi t ih ir lJ thn ifo rn l '11 ir lJ 1-nn mnn t1 'll''W ~ vi 1 i 1f m fl~ v m rnt1 fl .. . 

' .,, ,, 
m~ i 'llirlJ'll'U ~vi~v~ fll'j i 1f u! iy'Ylnl~ m1t1hirm.hnli~Qfltlt:iflcii~ci1i~41t1vi1 i MfJWmvrn~ 

" """ ~ "" .,,, ,1., .,... .,,1 lJtltl'tHltlfl~1tl (Sargent et al., 1999) 1llflutylfl'IIH9llJl'll m.J'lfl:ltllflJlJlfl~mt:ifllflffltl'V'llJ~ 

~~iii19l~iitl!111wm~ l'llir1-Jhitl.Ji1~~ t~mi:11-J1mri~'YIN1lfofl imj'llv~m~ i'llirui~flri11 

Q c:to' I i "I ~ ./ I 

1rllJ'YIW'YltmmJ1J'Y11Vff 'YI tfl9lrnff t'll'lJ Schizochytrium spp. urit Thraustochytrium 

spp. t~1i:11-JrlJ111111t1~ftlflty 1~t1ii'jltl~llJfll'jfftff1J l'llirlJfllt1ilJtC)fr!il~~a~ 30 % tmtiir1111J 

lf rllfllfrlltl'lltl~'ll'U~fl'j~ l 'llirlJ hjmfl u~iitl!mw 'lltl~ttrn1{rn v-rlrn lf 1tl~W'll'Wflt:ilJ'l11~ "I~ ,, 
i~t1m'V'11t~m'll'rn iitl!mw"l~O~ 30 - 40 % 'llt:i~m~i'llirlJ'tl~lflJ~ (Bajpai et al., 1991a, 1991b; 

Li and Ward, 1994; Barclay and Zeller, 1996, Bowles et al., 1999; Jaritkhuan et al., 2004, 2005) 

~~,l1,itil1m1tlu1mri~'Yl~U'YllJ m~ i 'lliru i~t1Ji1~ ~,:nmf 1irutlm l~ti:lu vd1~~ lJ t:ifli1m:f u 
' ' ,, 

'Yl'jt:Jff i 'YI lrl911~-&'iin~utl'vt1mrnifotvit11Jtimhirutlm mmrnrl11Jrl1JflWm'V'l'llt:i~m~ i 'lliru i~ • • ' ,, 
uritiitl!mw~tv'll'W"l~fl1ll1'V'l1JilJ1hirutlmvfl~'Jtl (Nakahara et al., 1996) iuu4'11t:i~fll'j 

fl 11JfllJfJWfll'V'l'lltl~Hil9lfiW C}1UrJ~ fll'l' Hil9lflltl i ~ff.fll1: rnmp.J i lJ 'ttt:i~tl6 'U9ifll'j it ffllJl'j tl yj 11 tt 
""1"" '1o"J!V• ,,;.,1 fll'jJ:-lrJ9l lJt'll'~fll'jfll'Yll l~~ltlUr!~fft~1fltl~'ll1-J ,, ,, 

i1,i ,iulJ i~iifll'jlJl'YIHlff i 'YI lfl91!~-&'mtl'jtt1n;1 il lJfll'jt'V'lltt~v~ii'911tl 1 1~t1tl 1m • • 
,iv~v1fvitiit1 m\'1u1V1{vi,iit1~tl~1Jltl~1a~tV'IUVili1.hia~rimi'~uritrifltlr11 iii:-imhlMriflf1~ 

q 'U q '¥ 'U q 

urit(J fltl r11iitl!mw ~rn'll'rnf! ~flllJ i tl~1t11 info'l:lw t'II v ~ m1 cl 1t1n t:i~9l ll.Jlf 1~ i 9fflllf n urit 

ffllJl'j(l'lJl'YIWff L 'YI ifl9l~~ffl iJHfflJti:11-J t)llfl'jt"~ i 1-Jfll'jtiit1~rlflf1~flrll~l'lt1ilJ t~mvhnJ!mw cu q q q ,, 
Cl i o, '1 1 j/ ~ "J j/CICI j/ 

~m'll'rn lJ911fJ~ lf\l~'lllJ l~~tlfl~1V (Jaritkhuan et al., 1998; Jaritkhuan and Jones, 1999; 

Jaritkhuan and Jones, 2001, Jaritkhuan, 2002; fflJ01rl 'il!9lfl'J'j Urlt Jones, 2550) 

ri1tti'1Jfll'jfffl'l:llt:i'4m 1J11il1-J'llt:i~'Yl'j t:iff 1 n lrl1P11~-&'lui1,i1u1-Jo~iitl'vamfl 1~a 

mtYai~ ~ 1u un ,i lfl "fl'l:!Wt'YI nJw ! 11-J inaittl lJ mfo t'lflJ ., "i ... rlfl'l:!WttC!frlrl 1-J'jtfJtfll'H'iJ'jUf ., 

(vegetative cells) mnY!1~rnrl L9l'V'lrllffiiflt1-J'YI (ectoplasmic net lf1tl EN) '1'm1w~11vLYiJv{­

UHt~VlJ (zoosporangium) fll'jfff N1 lvmfo{ (zoospores) 1tlu1J1Jfll'jiJciva11trniJv{mm'illfl 

'I' .I ,/ Cl " ., ~ j/ 

ci{ 1VffumUHt'iltllJ fll'jff'j HHfl11vltJ tlJlJ\ollJ (Goldstein & Belsky, 1964; Ulken, Jackie, & Bahnweg, 

1985; Ranghukumar, 1988; 1992; Ranghukumar & Geartner, 1992; Moo, Douck and Rinkevich, 2002; 

Leander et al., 2004) 

ilflfln~tl'jtt'Ylffl nt1iim1fffl'lfl'YIHJLY 1 n lfllvl!~iftl' t:it11J1fl 11~ve11'ilnri11 lf111~-rnd 
" , SI , ii SI V 

1 lJ 'jttlttllJ~lJ 11lJ'tl~~~'ll1~ur1 ri 1m vi U'tlfl'l:l~ttri~r1111J'l1llJ 1w 1 lJ~ltJ u i~tl'lJ 1 u fll '.ifffl'l:llfl1.:J . .. 
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V ' 

i1t-:i~-uuuiatnmil-:i'lfii~urn::i.l1mw'llo-:iV1HJff 1 'VI i r11o11~iY'il 1n i 1J i "li 'i 'N l1 riu 1J1 l 1W ii l'lflmct u 
• V 

Liifodju 11u-u't1\jct~1u VI i' vw1m 1i'.i rn'lfl~ if1tti'1J l i'l u m1 iatnm,iu "J-:I~ o i ,J 

.., ., 4 'I' -'O>QJ 

1Vlt,J'U1!:tf ..:ifl'UB..:i I fl 1..:itl111itl 

1. l~fliYll'J'ilUct::fl~lWflYl':iflff lYI ir11o11~tl'illfl l1J i"ill'lfll'.Jl'1U'lf'W~~1-:) "l 'illfl1Jll1W 

i11'lf1m'1u i-:iwl~\1::t;-:im11 1rn::i~~1uuflY1j Off 1 'YI ir1\911~if 1o11mfo11w::m-:i-&w11u1V1m 

,,i . I',! ... . I .. d .. 1 "I "" .. 'I "I ,., .'I I "' ., 
2. l'V'lfllUW1Jl'YllJ1Jl1JflW!fUl>lflWVi'IJVl'iflff VI lfl\91':i~ff'illfl l1J llJul'lfll:Jlc\U\911-:I'lfU~flU 

3. ,~mi~1ilvntt1V11t1ff LVI ir1\911~ilfflll'WU1i'lu,Jj::LV1ff~i'.imrn·::m1m~ i'lliru ilit:1Ji1 
• 

1. l1J i"ill'lflf.11'1'1.J~l-:I'lfU~flU 'il::l"i'IJ'lfU~'llfl-:IVl':i Off 1 VI ir11o11~if l-i1-:i'lfii~nu 

2. Lilt1{1~u1o1m1l"i1J'Yljflff 1 'YI ir1\911 ~ a'111n l 1J iJj'iJ1'lfwmu~1-:i'lfii~nui'.im1:1Ju\oln~1-:inu 

I 

. I 'I' 4"' ' , ,.,.., ""' .., 
u1:: m,runr11~1rn:: ~1umnrn11'ilf.l 

V ' 

1. i~i;';v'Yl':iflff l'YI im,11~ifli,rluffw'Wu,fiuil1::mrYimJ m1~u1mri-:i'llt1-:inrn i 'Uiru iii 

t:JJi1ff-:Iflt'l:IJ lfll:IJfil - 3 ~i'.ifl11:1JfflflWi~uri1i~rn ~~rn trn::~rn'lfrn 1m:: 1m11n1 - 6 i~uri 
~ • Q 

.. 
lflfll'ilfl 

"J ,., o' "'I I ,., ,., "> d a, "' 

2. t~ fl-:)flfl 11:IJl t l'l 11~1'1.J j l'I.J'll fl\J'1'Yll-:I 1'lflfllj lfllJ1fl1Jfl 11:IJl'I c\lfll'l '1 lll'Vll-:I'lf1flll"i 

'Ufl-:I'Ylj off l 'YI i r11o11 ~fl'il rnil1'lfwrn u i u 1h ::l 'Vlffi Vil! l~fl'U':i:: Lll'lftJi u fllj fl'W i' m1irn:: i~m '.i 
• 

VI i'mnm t1tii-:iiiilniYV1n fl ll"ilrn::t-:itimrn::mmH1tl 1 i ,Jl %1 u m11itJ,f u t1-:iLrn::'Ll'.i ::~m1'1 %1 u 
V 

fl1>1fflttmrnim::m11l"i1::1ifo-:i~t1 i ,J 
• 

. 
"' 0 tJ u 1 u n n 1 m 1 n mrn ..:J 

11fl-:)'U ijtl~fll'.i .fllfl1'lf1111'lffflc\'l,l { flW:: 1'Yltllfflff \91 { :IJ l111'Yltll'1ll1,J'i l"i1 



11'Ifli.Jlnifl~~vtil (Thraustochytrids) 

' ""' 'U'fl'fl 2 

t11':iif'l~lU'Wf1Vl':iflff l'Vl 1fl~lf'lff it11~mnn Sparrow h1il 1973 i~if'IVl':iflff l 'Vl lfl~lf'lff 

1pli 1 'j ,~., 'j ti .-d .. ti' ~ d .;_ .c1 

11 'Wf1'Jll Oomycetes (Saprolegniales) tf'ltt 'ln'lf1'1:1Wt'llfl-:JCU tflff fJ':i'Vllll '.il-:Jflcllttlll'1f'ltl1U'1tll 

ui,fom,rnm 2 nf'W u"1::ilhfih~1nf'lfl1111Hi1 d'.lm1rjm1vi::m~iifl1111~v-:Jm'.imtio '¥1"1Emrlo 

Q QI o' I QI' ?I o'~ QI o' Cl f I o' 4 'JI i 
rn ·ay l'l 'W1fUl -:J ff 1 'W 'ii:: fl \sll 'W l llJ m CJf '1 '1 ff 'U 'V'l 'W ~ ( eucarp ic) 11 ff 1 'W '.i 1-:J u '11 m tt 'W fl m GJf ci '1 '11 rn l ff 'W tJ 

ltlfl l~l'l'1lffiifl'tt~fllflfl l~'V'l'1lffiifll'W'Vl (ectoplasmic net) fff 1-:J lf'lttGJfl~l'Wl'il'W (sagenogen) fftlo{ 

d 'JI GI t~ d ~ o' 
ll Hl'ilfJll (sporangium) tl':itf1fl'Uf11fJH'W-:J'11'1ltt'lf'Wf-m~cu 1 fJfftlO'.i (zoospore) '11 '.i flfltl'l '11 l 'W ffilfl'.i 

(aplanospore) ijj'V'l'Unl'.iff'U'Vl'Wl!U'U'Ufllffttl'V'lfl'll'1tf11':i'Vlf1i1 (Alderman et al., 1974) ~fllll 
,, 

Olive (1975) ilif'IVl'.iflff lVI lfl~lf'lfffltji'W hlE11 Labyrinthulidae lf'lfJii'ri'WJl'Wfl-:Jfl'U':itf1fl'U'¥1H 

lflii'llfl-:Jfl'W-:JlCJf'1'1ll'1t lflHfff1-:JmfJimcirm1 (ultrastructure) t1J'Wi1if'l~lU'Wf1 (Honda et al., 1998) 
' 'JI ,, ,, 

111'.i if!~ 1ll 'W f1'¥1 '.i flff l '¥1 i fl~l f'lfftliim '.i l 'U~fJ'WU 11"1-:J~ '1 flfll 1'11'\'l -:J'W~'W fltjnu '111-:J'.i tfJtl 1'11 

cS. 'JI ~Cl ~ f j.101 o I 

'.i lfJ'1ttflfJfl'llflll'1'¥11llllf1'll'WU'1tf1"11lH'ilfl'illU'Wf1 (Porter, 1989) l'lf'W .. . .. ,, 
Moss (1986) i~~1U'Wf1Hi-:J'W 

Superkingdom Eucaryota 

Kingdom Stramenopila 

Phylum Labyrinthulomycota 

Order Labyrinthulida 

Family Thraustochytriidae 
,, 

ff1tJ Cavalier-Smith (1994) and Cavalier-Smith et al. (1994) l~~lU'Wfi i ~\Pl-:J'W 

Kingdom Chromista 

Phylum Heterokonta 

Subphylum Labyrinthista 

Class Labyrinthulea 

Family Labyrinthulidae 

Labyrinthurids 

Family Thraustochytridae 

Thraustochytrids 



" ffTW Dick (2001) 1~i1U'Wn11'i~u 

Kingdom Stramenopila (Straminipila) 

Phylum Heterokonta 

Class Labyrinthista 

Order Thraustochytriales 

F amity Thraustochytriaceae 

Order Labyrinthulales 

Family Labyrinthulaceae 

" ffll1i'1J Honda (200 l) 1~lllfll'lifli1U'Wflfl~lJ'Vl'ltHY 1'VI 1tt911flffi~u 

Kingdom Chromista 

Phylum Sagenista 

Class Labyrinthulea 

Order Labyrinthulales 

Family Thraustochytriaceae 

1. '1fl'!::1W::at11 tJ'UO~'Vl';i tl'fl 1 'VI 1tt\911~ff 

5 

'Vl'l Off 1 'VI 1 tl\911 ~ if ij 1 tJ 'i Ht1'l 'W 'Vl'l ~ fl '1 lJ t~ 01"'] (monocentric) tJ ';it fl O'U ~ 101.11'1.J 

'' " 
mtt 1\9l-W'11ffilttt'W'VI (ectoplasmic net) vivuv11ooflm~,itmt~'Wfh ffll1i''I.Jmrn,ici1lJ1i1\9101'Hl';i ., . 
Ui'lt'U'Wff ,:uou 1cirJJto'W 1cinf1"1~fl (lytic) 1tJii'~cir'Ufft\9l'l'VI ttA'1~eWff'11V~flCJflJfflrn1tt 11tv1o 1 tJ 

" 
t~tl~i11'W\911~ "'] 'Ufl~l1'1'1ff (Perkin, 1973 cited in Bowles, 1997) tflfl 1~-wmffilm'W'VI flf l~lJl'illfl 

ff1'W~t1tlfl11ttf1~1'Wl'il'W (Sagenogen) (Alderman, Harrison, Bremer & Jones, 1974; Chilton, 1995; 

Honda et al., 1998) ri1u~t1'l'Wtflfl 1\9l-W'11ffilmu'Vlhmr1u~tttfm1 trntOOtttl'WUl.1'1 (l-'l'W1Vt~fl "l ~ 
''I "1 1 <ii .- o V .d .,i &I ~ "' .- ' "1 1 <ii 

0~ t'W tttf ~'W'11ffttflJ'Ufl~tttf'1'1'Vlll-'l'Wl'VltfllJfl'Wl-'l'W~tu'Wfl1tl1t'IJflWlf'1'1) flTW tcif 'Vl'V"rnlflttflJ 

'IJfl~l1'1'1ff'ilttWfl'il1flltlJ'W'Ufl~mri 1\9l-W'11ffilmu'VI 1,iv1tJ11lJt1'1.JCJf1~1ut'il'W (Moss, 1986) ~~ 

t;ju'1'fl11wt'ritff11'U o~'VI 1 flff 1 'VI 1r1~1 ,i if u"'i1'iltii'~ 1"mm1 t1vuvu 11-w' 1~'\J o~CJfl~ 1 m,1u 1~ 

i',it 'il'W u~m,111-w l'iltd'.lu ri1u d11'ity~'lht1 hnt'U'U m1vi 1~ 1u 'IJ eHrnf11 ~ rrn 1uilm u 'VI tt'1t'lf1tl 

ilfl~fi'W 1"1ttoflUfl'WU'W'1flltJ1 'Wl1'1'1ff1 l-'1'1itJii'~rnr11~-wmffilrnu'VI (Bowles, 1997) EmJWt'IJO~ 

mr11 \9lmffilm u 'VIU\91'1t'lfW ,ijjr111lJu~ fl\917~ nu 
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tll'j fl1J'WtJ'{'lrn-rnHHY 1 'VI i fWI !~ff I ilu tll'j fl1J'Wt..!'(u111J himrlm-wrr (asexual 

reproduction) 1~t1J1hh1,nfo· (vegetative thallus) 'ilti@rn1iu1ilu,n.fo111Ht~f.llJ (sporangium) 

'1'n1-:1 W~fll'j l!U-l'IJO,HY1fo1uHt~r.JlJU\Plfl~l-lf1U i Ull~'1~ fffJ '1flO ffl1Jl'j um.h bipartitioning 11 !o 

"" i .I .. "" "" 1 .I .. ..k "" I f1'111'VI (cleavage) ftlf.l 'UffuOrnHrnr.JlJ (sporangium) llcif Offufl'j (zoospore) 9f-llfl~'illflfllrn1J-I 

1cit'1"'1U1J1J 11111Pl;ff 'll'U 1~'110-111omJo111H1~v110111ii'llm~1~nJ-iu~ s 111 lfl'HlJ\PJ'j11!00111ii 

'll'Ul~ 111oii1-i 120 1111mmm '!f1-!fll'jfff H9f 1omJofr11viuCJf 1omJo1uHt~r.Jlll'l1J hh l\Pl-
u .. .. 

.i:i ~ .c1 0 4 Q ~ .d 1·' 1 ~ 1 " ' Q .c1 'W '11 ffCJflJU '1 t 'U 11fl {l ti ff 'ill 'U 'J'U 1Jl fl urn 111 HlJ l\Pl lJ 'VI u 'j \Pl 'W '11ffC)flJ'ilt1101111 U\Pl {l t 'U 'Jlfl {l fJ ff 

" 
'illflU'Uf-lU Wlrn tl' 1lt U\Pl noomrn~url OfJCJf 1 omJ o100fl1Jl ii nH H fl{llJ 11 ! 01\PlllJU u 1f.ll1 11? 0 .. .. 
., 'JI cl .:, 'JI 'JI "" . .I 'JI • .I 'JI "" •'JI 'JI ?I 
'1flllW~f1'1lf.lllJ'1~tl1 ~l'U'lll-llJUTI'1fll11'11 2 lff'U U TI'1fll 'il'1'1l!ff'UU 'jfllJ'IJ'Ul~rJ110fJ~l'U'H 'Ullu'U .. 

" ' . QI A .c:l Q.I t 'j) ,IJ}o Q.I .t:!1 .c1j/ QI 

'1flllW~1W1JlJ'll'Ul~ff'Ufl11tffUU7fl 'll'ffl'H71Jlf1'10'U'Vlf.JO'Ufl'11J (Alderman et al., 1974; Porter, 

1989) 

II 

. 
fll'Vfn 2-1 (I) '1'flllWt'll'UU1J1Jll'UtCJf'1 (II) f-lU-119f'1"'1'Vlrnff l'VI lflvi!~ff (Honda et al., 1998) 
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m11l,h1t.111mYi.lfl1tnfl 'il1nm11nfl<J1fl.:t i 'Vi1flt111ii tl'Ul~ ~i1Jff"11t.l'Ufl.:tP-n! .:i 
,, ,, ,, 

t9l'"1"1'Ufl.:tci{ lflffilv{uHt;mJ (Alderman et al., 1974) 'illtlU'Wci{ lflffi.lfl{'i)d1t.1th l'W'l':::t.1:::'Yll.:tff'W 

ci 1rlm·rui1Jm1P11'V1~1m,n:::m1 1 lflmfo{ 'i);::mt~m.:i'V1.:i t1fl'Wfl.:t1t11:::CH1Jff!IPl'l''Vltm:::1 'i) 1i1Jtrl'Wt9l'"1"1 

,Jn~ (vegetative cell) trn:::1-u'1~1.:t'i)'l''M11/1'111.:t~fll'U (Bowles, 1997) fll';i'ij~~lU'Wtl'lfU~'Ufl-1 

1 1/i ""_, ,!ii !ii .I' l .I_, _, '' ., "' 'VJ'j flff 'VI l fll/l'jfl ffffllJl';i ti 'lftll 'j ff';il.:ttrn::: tll';i ufl flt.lei{ flffufl'j 'i)l tlt9l'"1"1!1lJ';i 11.J fl'l.J "1 tl'i:IW:::'Vll-1 

ffWjl'Wl'Vlt.11 t'lf'W i1H1-:i 'U'Wl~'Ufl-:Jt9l'"1'cl U"1:::1.:t'i)'l''M1~ (Gaertner, 1972 cited in Bowles, 1997) 

'Vl'l' fl ff l 'Vl l tl\Pl 1 WffU~ "1:::'lfi1 ~ 'i) ~ ii fll';i ff'l.Ji'W (u1,1n~ Hf1'W 1'11'W Thraustochytrium 

kinnei 1rlfl rlU .:t t9l'"1 'cl ffil fl{u Ht;t.llJ UIPI tl 'i) ~,J ri flt.11 l fl ff'Ufl { fl fl tllJl u~ ir.:im ii fl''11'W ~t~ t.ltl 11 

,k ., 1/i. I ?I . I _, "" 1/i !ilc< t .k ., "" , ,1 
poriferous body 9l'.:tff11Jl';i(l'WWJ'W1 lU!U'Wffufl';iU';i.:l!'i)t.llJ l~fltlt'IH 9l'-:J"1tl'i:IW:::'Wm'lll'lf'W'W'i)~'W'l.J 

d Q,I o'. ! Q.I ti d ll)Y • .:i ' 
m t.l.:t'l.J H fflt.l'W 'W 11 l'Vl l'W 'W Ufl:::'l.J 1.:tff lt.l'W'W ~ mm rn lJ poriferous body 1~ mnn1 rn 'W .:i t'lf'W 

,:9 eio . ~ .l t d t 

Thraustochytrium multirudimentale 9l'.:lfll';ilJ'i)llJ1'W ponferous body tl'llJlJlfl'U'W'W'W 'i);::l.Jf,lfl\Plfl 

., ,. I ='t . I _, "" ,1 ' "' "' ' l ' fll';il'lWJ'Wl utu'Wffufl';iU';i.:l!'i)t.llJlJlfl'U'Wt'lf'Wfl'W (fll'W'Vl 2-2) ff1'W Thraustochytrium roseum 'i);:: lJ 
,, 

fi'1mJW~t'if'W'W (Alison, 2000) 

fll'V'f~ 2-2 1.:l'i)'l'fll'Jfl'l.J11'W{mmi1hnrlm'Wff (asexual reproduction) 'Ufl.:t'Vl'l'flff1'Vllfl1P11~ff 

(Moss, 1986) 
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y ' 

Porter (1989) '.i1t.l-:!1'U11'Yl'Hlff irt ifl1vt~1rff'W'UVl-:J'l1ll'fl 7 fffJcl (mwvi 2-3) 

1. Thraustochytrium Sparrow emend. Johnson 

2. Schizochytrium S. Goldst, et Belsky emend. Booth et Miller 

3. Ulkenia A. Gaertn. 

4. Labyrinthuloides F.O. Perkins 

5. Japonochytrium Kobayasi et M. Ookubo 

6. Aplanochytrium Bahnweg et Sparrow 

7. Althonia E.B.G. Jones et Alderman 

y 

Thraustochytrium Vlclil ffiil 1.Ji H flcllJ'U'Ul'flt~ fl N'W-:Jt91cl '1ii'l1 cllt.l'M'U VI clil ffff1'W cli-:iii 

ri1u'Uo-:ium 11v1vimt1iifinrn l il u fll'.i 011~11ti'Uci'1Jm1v1 ·rnci1-:i iiit~o1,i'o-:it11Jfll'Hfl~fl'W ~ i:-ii\1v11110 
- y 

_911;l'I-Jt'il'U (Alderman et al., 1974; Porter, 1989) mt.il '1-.!11ot11.Jo{uHt;t.1lliifll'.ifff HN'W-:Jt1'U 

t1t.iflff1'Wi111virni\t'rfoi't11Joi (proliferous body) (m'W~ 2-4) cJ1-:io01i'Jutl'm1w:tfl'W'Ufl-:!fffJcli1 

uci: Thraustochytrium u1Picit'lf'U~Hltii~1'1-J1'U'W'rniltvloi'ffttlvlfl1Pi1-:it1'UiiJ1iu Thraustochytrium 

kinner virn'Vit.1-:i l virniltvloi'ff ulPi T. multirudimentale 'WlJ'W'.ifliltvloi'mh'W1'UlJlflUclt'U1-:J'lf'U'fl 

QI "l' 9/ "' • .I QI ' 1 ., o' "' mllJ tlJ'W'Ufll'.iff'.iHt'WO'.itnfl'.ifftclt.l t'lf'W T. roesum 1 flff1Jfl'.iUHnlt.llJ'Ufl-:J Thraustochytrium 

i:-ii\1v1911om.Jo1 50-1 oo 911mY11o1 m'.iiJclot.1911 ot11.Jo1tn'fl 'il1ifluHiumt.1l uvl11-n'Htl'-:it91ci'1mi .. .. .. 
umrnon (Alderman et al., 1974) i'flt.1l1'1-:Jfl1'.iiJciot.191lmY11ofo~1 'W'U1lff1'U'Ufl-:J'W'.ifl~tvloi'ff .. 

y 

U-:Jfi-:Jflcitrn:fff 1-:!911ot1iJ01uHt;t.lll~'Wlll lm.i (Honda, 2001) Janonochytrium Vl'1'1fflh1.JiH cu cu r cu 

flclll ff1'U cl1-:io11~'fl fl'UCM'UfftVI '.i 'YI 1 'flt.lff1'U '110-:Jtflfil vivm lffiifit 'W 'Yl~ii it fl'l:l w t'U 1lJ'W fl-:! flflfl O mi'Ju 
y y ' 

ilflEIWttfl'U'Ufl-:!fffJclU t1t.1flri1uil110: 1-wvliff (apophysis) cg it:miJo1m ~t;t.llJH~vicg 1ot11.Jofviii 

. .I 91 .I' 1 .I.,,,. "' I I 1 _,., "' 
UTI'1flt'ili'Hll 2 tff'W fll'.i1Ji"lflt.1cg flff1Jfl'.itfl'fl1l1flll1'.ifl'lffl-:!1l~'Ufl~1 flff1JflUHt,JtJlJ (Alderman 

eta/., 1974) 
y 

fffJcl Ulkenia Q fl i-:i l 'fl tJ Gaertner (1977) 
?j I .d 9/ 

t 1J 'W fl 't'J lJ 'Yl t.11 t.llJ H 1 fl ff fJ cl 

Q ... I I QI d' ~ QI d' ,I ' 'J,I ~ ,I a' 
Thraustochytrium 1J '.i 1J'.i 1~ flcllJ N'U Wlfclcl'Ul~ fll'.i fflJ'W'W 1i 191'1 clUlJ ,i: ff'.i 1~ o: lJ'U 0t.l'flt91cl '1Uclt .. . 

I Cl d' d' i ~ d' d' V ,. d'd,=s 'J,I 

1hrnt.1 o:lJ'LIOt.1'fltCJ1c1 c1 oo fl1J1 'il 1 fl'U u o:1J'LI o t.i'flt91'1 cl 'il: ff '.i 1 ~91 1 o ff'Uo '.i 'Ylmnfo m ,i c1 '11 2 1 ff'W .. 
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' m""vi 2-3 ',},3'i)'j~nyll'Ufl-3'Yl'HHYi'YllrWl1fl'ffU'1~'11U1tn.;i'imf (Honda, 2001) 
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Aplanochytrium 11h.J~nntj11~~ltllJl~lflflrjlJ Thraustochytrium '¥1('1'1ffiii1.H1..:imrn 

1 . I d' "' V . I _. . I ' III ' ' .. I "' ' L . I d' cu offuo·rn 'l' ..:it ~t.111 ff'l'l..:J ff1Hl'l'l1J 'l' Hfl('llJ tll'l'ii.Jff1'W ,i o..:iu TI" m ~ ""1 t 'l' t.1n11 tit'l'im 'W ffum 

0 .I _. .k .,. .?I ., ' ,! 
(aplanospore) ~TW1'W 50-100 ffuO'J Glf..:Jt1611JlJ('lfl1JW::l~'W'llO..:JffQ('l'W (Alderman et al., 1974) fll'J 

.I' L .I d'""" .I _. ., d' ' 
1J('l6f.l1 Offu O'J lfl~ ~lflfll'J'll f.llf.l'll'Wl~'ll O..:J ffu O'J ~lJ Ht.! ..:J1Glf('l '1UlJ U(ol flOOfl (Porter, 1989) 

., ., "' . I ' "' ' l """ ,k GJ VG) Labyrinthuloides Vl('l('lfflJl1J'l'Nfl('llJ llff1lJ'llO..:JWfl (ol'l'i('llfflJflllJVIG!f..:J t'lf tt.!fll'J 

1flg6t.!~ (Honda, 1998; Leander & Porter, 2000) fll'Jlflg6t.1~1iluuuu~mrn1uci1..:iiimrlt.1'1fl1JW:: 

1,1u,io..:ifffJ"il CU fo1;1tlo{11H1~a11H~(ol,r 1u1;1tlof ~iiui,fom~""1 2 lff'W 1to191m1rn!t!J1;1.J L(ol 

d d d ... I I o' t 

lfllJVlfl~::\}flu('!Of.lOOfl~1fU9f('l('!UlJ (Porter, 1989; Leander & Porter, 2000) 

~om Leander and Porter (2000) fffl1J1'1t11JW::V11..:iiw~1u1V1t11U'1::ow LlJ1"fl('l 'llO..:J "" ., . 
., ' ?I ., "' ., ~ III V V, "' 

ffQ('l Aplanochytrium fli.J Labylinthuloides 'l'i'I.J1111JlJ'lf'W~l~f.l1fllJ ~..:i t~Ufl 'll'Jltl('l::tof.l~'ll6..:J 

Aplanochytrium hni 1~t.J'J1llff1'W'll0..:J Labylinthuloides 'l'Jfl'lf'W~ 1m:: 1 'lf'W~'llO..:J Labyribthula, L. 

thais B.A. Cox et Mackin. 1~1~1t.l 

Althonia 9f 101;1tlofm..:i1lv111htli1..:ifl"1Jcio..:i"omilt.1flff'Jt 'llt.11~1fft.1~1u1rnvnm..:i ., ., ., 

20-120 111 Lfl'HlJ(ol'J ili'l'i1.Jri1u,io..:iwr111o1'l"lmffiir11ur1 HU..:JtCJt('lt1iir11rn11u1 3-8 111mo'W 

(Alderman and Jones, 1971) ,r101;1tlu{11Htll'.JllH~lol,rhrntlu{~iiuvfom~""12 tfft.! ~lt.!11-l 

10-1 oo ,r 1u1;1tlo{ m'l'tlciov,r 1u1;1tlo{10~ ~lflfll'l't~o:wffmv,io..:iHt! ..:it9f""1101;1tlo{m ..:i1lv11 

'11 '1..:J ti ci Ot.10 0 fl~ 1 fl19f('l '1111i9f t O fftl 6 f ~ t 1 fl g O 'W ~t iJ 'Wt 1'111ii'WOt.lfl11 3 6 i1 t :W ..:J 1to'l'i 'I.J ., . . ., 
CUi.J ffllol 'l'Vll11'11 m:: ff:W ~::ff'1 ~ 111..:ioo rnrnt 1 ~ ! t!Jtil 'W19f '1 '1 ti fl; 91..:J ff Q('IU 11i'l'i1J'J:: v:: ('l ..:J tfllt (Jones 

& Alderman, 1971) 

o' ... I C\ct .. I' i~I t1d .t:!.I " 
Schizochytrium 191('1 ('l ufl(ollJl u'Jl..:Jfl('l :w 01~0 ~t u'Wt9f('l m~l'.l1"7 '11 rn'H (llfHCJf('l('ltfll:: 

'l'1:Wt1'Wtilufltj:w ihht.1'llO..:JlOfl t\Pl'l'i'11ffiiflrn'YIV~1fl1~t1i.JCU1Jff!(ol'JVI (Raghumar, 1988) 

1 ... I ,/ d .:1 1 ~ o' ,=t O ! d-
91 OffuOrn'l' ..:it~t.l:W:Wfllrnu..:im ..:Jt9f('l('!Ui.Ji.JVl1flW (successive binary division) ~llJ1lJ 4-5 fl'J ..:i cit..:i ., ., 

· .. """ 1 ... I " q C\ , rla. a., C\ " U(ol('ltlcil('l('l~:;H'1(ol1 Offu6'J trn:: tWlf'W~ S. limacinum 'l'i1J111.J1..:Jtcit('l('l:IJ('lfl1JWtU1.J1JO:::IJ'l.J61'.J~ 

_. .,. _,.,. . I ' ,f QI ~ • ' QI 

tG!f'1'1 (amoeboid cell) fl61ci/'1('1:Wl1J'l'1W11'll'W (elongate) U'1~'11~\911tlJ'WVIHfl'1lJ flO'WU1.J..:J(ol1 

1;1!1..:icit 101;1tlo{ (Honda et al., 1998) 9f 101;1tlofii'l'tli1..:iln!mtioummihnfom~'1m 2 tff'W\'11..:J ., ., ., 

~1mi'1..:i ill'Jtlciov1101;1tlo{10~~1mr1utl"1t1'l10..:J1101;1tlo{m ..:Jl~l'.J:W~fl'lll~OOfl (Alderman 

et al., 1974; Honda, 1998) (fll'Yil12-4) 



' 
flTV'l'vi 2-4 (I) Lflfil 1\PlYH'llfflJfill'UYl,llfWb'cHl'!Jn~ (II) "mH.u::11umfo{ 

q ,I .. 

(III) Ut1J1JUtlf!!G1HHl'Ufl~ Shizochytrium limacinum (Honda et al., 1998) 

(IV) 11um.JofoHt~tl1J'Ufl~ Schizochytrium mangrovei (C = Mature Cell, 

T = Tetrad, 0 = Octad) (Leano, 2001) 

,/111 dj/ 
1. 19>''1'11 HW11'.ifil'11tlmtff1tl ...................................... . 

,/ 'U I 1. 19>''1'11 '.il~fl'11J ...................................................... . 

, Id ,. q 

2. 1J1Jlflfil 1\Pl'WcllfflJfilL'UYI ............................................. . 

d "i' q 

2. 1Jlflfil l'Y'l'W'11ff1Jfll'UYI .................................... ; ........... . 

j/ _f ,t.d"J Id _J 
3. ff'.il~ffufJ'.iYI l1J1J!LTI'1fl11l'1'11 ...................................... . 

jl _ f ,1.dd _J 
3. ff'.il~ffufJ'.iYl1JU TI '1fll'1'1'11 .......................................... . 

,. c:tt, ,d Q,I 

4. Lflfl 1\Pl'W'11ff1Jfil1'UYl1J'1fflHUt1J11J'WfJL ......................... . 

4. Lflfl 1\Pl'WcllfflJflL'UYI iJ.i1J11J'YW~ ..................................... . 

d I ,/ 

5. 1Jfl1'.iLL1J~L9l''1'1U1J1J Binary Division .............................. . 

, Id I ,/ 

5. 1J1Jfl1'.iU1J~L9l''1'1U1J1J Binary Division ........................... . 

jl q ,I ,I ' jl 1 ,J .. 
6. ff'.il~Ut1J1JUtlfl19l''1'1flfl'U ff'.iH1 m'I' fl'.i ....................... . 

"J I j/ q ,I ,I I jl ,. _f ,/ 
6. l1Jff'.il~flt1J1Jfltlfll9l''1'1flfl'Uff'.iH1! lflffufl'.i .................... . 

d ~ ,..J QI 

7. 1J'Wfl'1LTifl'.iff ......................................................... . 

Labyrinthu/a 
jl 

~'Ufl 2 

Althonia 
jl 

~'Ufl 3 

Ap/anochytrium 
jl 

fl'Ufl 4 ., 

Japonochytrium 
jl 

~'Ufl 5 

Schizochytrium 

fl'Ufl 6 ., 

U/kenia 

Thraustochytrium 

7. iiiih-rnih'Vlofn....................................................... Labyrinthu/oides 

fil'W~ 2-5 ~v~'li'lunnifl~lU'Ufl'VJ'jflff1Yllfl\Pl1flff'j~~1JfffJ'1 (Honda, 2001) 

11 
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mh~ 1 ':in~ 11J fll':i ~ 1u um :i 'LI UfJ'1Vm 11ff ~iHJ qJ'VI 1 rd tH 'i11ni1 flrJ w:l'l l~ff w ! l'W 11'1 tn 

" d o '1 Q.I 

'\!fl~ Thraustochytrium llfl1lllcif19Hl'Wfl'W (Booth and Miller,1968; Sparrow,1969 ; Alderman 

t ~ d o' lflYt 
et al.,1974) 1.Jflfl'i1lfllJ1.Jfl:ll'IJfltl~lcif'1'1ffllllH'l'Vl'IJ t~l'l~ Ulkenia 1m: Schizochytrium sento lato . " . 

,ii d d i 'JI d 

':i11Jf:H Thraustochytrium l'lt'1tl~ 'W'IJHfffll'VlU1~'1fllJ (fll'Vl'YI 2-6) (Yokoyama and Honda, 2007) 

0 9/QI QI 

Yokoyama and Honda (2007) 'i11U'WflfffJ'1 Schizochytrium ~1tl'1flrJW:'t'll~ffWJl'W 

c, c, ti"" II) o, "'1 d "'1 I 1l'ltll 'lf'I.J~U'1: ':ilJlW't.lfl~flrn t'UlJ'I.J U'1:fll':i ':i'YllJfltl~ ~tl'Vl'IJ1lfffJ'1 Schizochytrium ffllll':if:1 

lW mm fl 1 ~ l i:l u 3 ff fJ '1 i ~ ll f1 Schizochytrium sensu stricto i I "I 
11'1: fffl'1 'VllJ 2 fffl'1rlfl • • 

Aurantiochytrium R. Yokoy. et D. Honda 1m: Oblongichytrium R. Yokoy. et D. Honda l~tl 

" .. ., "' 
fl 'li'IJltl~~lJ 

Q.I Q.IGJ"dQ/ dj,! o' 
Aurantiochytrium R. Yokoy. et D. Honda '1flrJW:'Yl'1'1ffllrl'I.J~'IJl~ l'lHfll'llJ ffffll tcifi'll'I 

iiuvu~111cifunu i1fi1flttcif'I.Jli'I.J ur1u~ 1ucifunu1m:m~1ufl 11viu 1m:iirnm{rntl'vt1 u~ii~rn•nv 

i ti"' 1 1 dd ~ d I a' 1 c, lJ ':illlWtl~ fl l'l1.Jll'U'Wl~mmm:1Jmrnm1cif'1l'IU'IJ'IJ binary division nm 'Vl'Vil'llffllfltlJ'YI 

o, II) Id 1 ti o'd .J 'JI d • I I d ,ii II) I 

'Vl\PlllJl tll~ 1! flff fl':illllTI'1fll'i1'1m 2 lff'W trn:lllu':il~':i'i1'Wfl~'YIHfll'lll m1: tll'Vi'IJ resting spores 

"' (fll'Wl'l 2-7) 

Schizochytrium S. Goldst. Et Belsky emend. R. Yokoyama et D. Honda t1flrJW:l'li'lt1ff 

d QI d. 4 t o'd. .ct. 'j/ 1 d d a' ti 1 1 d 
llrl'I.J~'Ul~ l'lHfli'llJ fft'11i'lfl~flfl'W tcifl'li'lllt'Vil'J~tll~lllrl ':i'Yl'I.J m1:1Jtflfll':ilfl 1:mw 20 % fl '1'W 

.,, i . d. • " ,:::t 1 ~ d QI d 1 .,,. 
ll'U'I.Jl~ l1qJUi'l:llfll':iU'!Nlcif'1i'lll1J'IJ binary division lJWfl 'W'Vi'1T'11Jfll'W'Yll'l'W\Pll'I.Jl~ 1! vutlvrn 

mfom'i1l'll'll 2 tfflJ trn:ii1tli1~U1J1J'Yl':i ~fl'11JU'1:1m hi'Vl'IJ resting spores (fll'Vi~ 2-8) 

Q.I Q/Q/dQ/ 

Oblongichytrium R. Yokoy. et D. Honda, gen. nov. '1flrJW:'Yl'1'1ffllrl'I.J~'IJl~ 'YIHfl'1ll 

A 4 I t/e:::t jl a. j/ 1 d ,::t d. d td .c::l d jJ 

fftmrn~flfl'I.J lcif'1'1lJUrl'I.J~lUC)flJ'li'Wtm:t1J~lllrl ':il'l'W m1:rn n-3 ~'V'IWlllfl U~ll n-6 ~'V'IW'I.Jfltl 

lrl fouij'U'I.Jl~ i'Vltytrn:nmrnu~tcifm1t11J1J binary division nrnfl l'Vi'Vl'11fflJfltlJl'l~r1\Pll'Wl~ °l! lfl 

utlv{ijmfom'i1'1'112 tfflJ trndhtli1~tt'IJ1J':i'U1tt!mtl1~ hi'Vl'IJ resting spores (fll'Vi~ 2-9) 
~ ~ ~ 



d 'J/ ,/ I ,/ O a, I ,/ ,,9 ?j 'I 
fl l'VfYI 2 -6 fl l'Y'l,l 1 f1 mm ,:i ~ t'l 'YI n ffU U 'ff~ ,:i fHJ 1H GJHH'l f11 t'I ,:i U'IN U 'U 'lJLClf ,rn 'il 1 f1 l'l 'W ,:it 1J 'W 'ff O ,:i 1 lJ 

Oll'll'J-!O'lf (rnedium-H) (Yokoyama and Honda, 2007) 

a. Aurantiochytrium limacinum; 

c. Aurantiochytrium sp. SEK 217; 

e. Schizochytrium sp. SEK 210; 

g. Oblongichytrium sp. SEK 347; 

b. Aurantiochytrium sp. SEK 209; 

d. Schizochytrium aggregatum; 

f. Schizochytrium sp. SEK 326; 

h. Ob/ongichytrium sp. SEK 34 7 

13 



. 
fll'Vftl 2-7 fl1Vi'Yl'Hlff1Tiifl~l~ff'UtN Aurantiochytrium spp. (Yokoyama and Honda, 2007) 

,, " "~ ~ '1 : ct 1 "' 'JI a-c m'Vi 'il 1 n mw.:i ~ ,rn n ft''U u ff~ .:it CJHH'l'YI m v.:i , 'U 'Wl'Yl ~mu m:>Jtofl ~mnm.mt 'U 'YI 'U cWlJl n 

(t,f1ft''i) 

d-f fll'Vl,llf1f1~fl,:j~('l'Yl'j'jft'lJ Uff~Wl! 1mnfo{ii1i.J-i1.:i1tlt.111.J1,i 
'JI _,,,. d 

g-1 fll'Vi,llf1f1?1fl.:!~?l'Yl'i'iff'Utl1"fl~'ifl'UUff~H electron-dense body trn~ para-nuclear body (PA) 

lmCH?l~,Jn~ 

(a, d Aura11tiochytrium limacinum NIBC SR2 l; b, e, g, j, l Aurantiochytrium sp. SEK 209; 

c, f, h, i, k Aurantiochytrium sp. SEK 217). 

EDB, electron-dense body; G,Golgi body; Mt, mitochondria; N, nucleus; V, vacuole. 

14 



. 
fll'Yili 2-8 fll'Yi'Vl'Hlff l'Vl lfl~~~il'lltl~ Schizochytrium sensu stricto (Yokoyama and Honda, 

2007) 

'j} fl G'.d V ?f f i I el : ~ 
a-c m'Yi 'il1nmrn~'ill;'l'Vlnff'Wt1ff~w1nrn'Vltm~m-H1J'Wfrnll mu rnt.1~ i'W'Wl'Vl~rn Ul;'l~ll 

• • <I 

mr11~Timffi1flt'W'Vl~-W~'Wl~ (l;'lflffi) ., 

d-f fll'Yi'illflfl~fl~~l;'l'Vlnfl'u mi'~~, 1mnfo{jjiiJi1~tilu1111~ 
<JJ _,,,,. d 

g-m fll'Yi'illflfli;'ltl~~i;'l'Vl'j'jff'Wflmfl~'jtJ'Wttff~~ electron-dense body trn~ para-nuclear body 

<i1~nff'j) htt9fi;'lrl'iln~ 

(a, d, g, j, m Schizochytrium aggregatum ATCC 28209; b, e, h, k Schizochytrium sp.SEK 210; 

c, f, i, l Schizochytrium sp. SEK 346). 

EDE, electron-dense body; G, Golgi body; K. kinetosome; Mt, mitochondria; N, nucleus; 

V,vacuole. 

15 
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.J 'i i "' .. fll'VfYl 2-9 fll'V'IYl'Hlff lYI rl9l'J~ff'IJ0<l Oblongichytrium sp. SEK 347. (Yokoyama and Honda, 

2007) 

JI d' d'.:d Q,I ~ ' i ' ,1 i : "" 
a. fll'Vi,Jli1flft0<l~ft'Yl'J'JfltJmrn.:itCJHHl'Yllf)l~fl'WlU'Wfl~lJ 'Ht)! rnt.1-:i tJtJlYl~rn Uft~ll 

mri l91'ViftlfflJrltt.1'Yl~iwm1~ ('Jflfl''J) 

b. mV1,11nn~0.:i~ft'Ylnftu ui1~.:i1 lmnfo{ii11li1,:a,'.lu 11l1 

~ ,1.,. d 
c. fll'V'l1llflflm}<l~fl'Yl'J'Jfl''W0t'1rl91'Jtl'WUff~<l electron-dense body 

d. fll'V'I\Pl~'IJ'Jlsllcifft~,Jn~ Uff~M para-nuclear body. G, Golgi body; Mt, mitochondria; N, nucleus; 

PA, para-nuclear body; V, vacuole. 
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IIJ'1o 'i II) .c, o' 'i ,,,., ,d 
Yokoyama et al. (2007) 1~\lllllJf1'Vl'Hlff l'Vl lrWl1~fffffJ'1 Ulkenia !~ti 'lf'1fftHUt'Vl'VfU 

'i" I 'i o' i ' .. "" IIJ '1<9 ,;. "" i ' ltt.lt rn1 !\Pl'V'lillff\91 (Protoplast stage) lJ'lf1-:i'lfJ\91 !lilt l~fl'f11.llt'V'l1H\91lJ lJff1lJ'IHJ-:i 18S rRNA 

f d. O cl I ~ .J I I .c::S I QJ' 

'V'l1J11 Ulkenia 'Vl'Vllf111ft'f11.11111J-:it1t1m1JlJ 4 monophyletic groups CJf-:ill1P1'1tf1'3lJlJfl1llJII\Plf1\911-:if1lJ 

" 
i lJ ri11J'llt1-:i'lfu ~,rn-:im ~ 1 'lllJlJn1111r1111vilJ vt1t 11lJ11 H101.1w:::'Vl1-:i uw JllJ 1'Vl1:J1'1JV~1CJfi1 '11rn::: 

lr11"1'W l'lflJf1lrn~111ilV'IJV~H'W~ICJf'1'1 (sporangial wall) clf11.IWtf111Ut.i~tCJfml (cell cleavage) ilJ 

,, 'i -• o' ., 'i "" <9 ., ' II),, ' 
f1l'j ff'j l~ci! ! VfflJ fl'j 11'1tf111'V'lWJlJ1'1JV-:i!Vfl 1\Pl'V'l '1lfflJfl! lJ 'VI \llf1f1l'jflf11.ll~~ f1 '111 1~111J~ fffJ'1 

Ulkenia hnivvmiJlJ 4 fffJ'1 irn:::i~fffJ'1 hnj 3 fffJ'1 i~wi Ulkenia sensu stricto, Botryochytrium, 
.i::i .c::SQJ' Q.I .e:f 

Parietichytrium trnt Sicyoidochytrium gen. nov. CJf~lJ'1f1'1:lWt~-:ilJ 

Q.I Q.I ! d d 
Ulkenia A. Gaertn. Emend. R. Yokoyama, B. Salleh et D. Honda 'Vl'1'1ff'V'l1J'Vl-:i'Vlt1fo 

epibiotic, endobiotic II '1t interbiotic 'n '1 cl irii H'W -:i 1J Hi lJ 'lf1-:i ~ ii f1l 11 \'Ii t\j lJl f1'1 ii 

lt:lfl 1'V'l'V'l'1lfflJfltlJ'Vl (rhizoidal system) l1'1clffii1u'h~'VJ'j-:if1'1lJ ~,:i'V}'j~f1'11ll1!V~f111'V'll ii'lllJl~~ 

U\Plf1~Hf1lJlJlf1ilJ1tl11l~l1WllJlf1U 1r1 fo-wii'lllJl~l~f1 iimfl ivrrrn1fflJflllJ'Vl~l1WllJlilir1vt1~ 

i lJ 1 :::t.1:::rnitYilJ if \'I::: 11iiiHir -:itCJfilri' vh i ihh 11P1TI"11ff 1-11liiiHir-:i,.Y1111!viim1 fl1Jfl IlllJ fl~ wvii . ., 
'U 1 v v n \l lf1 Hir ~ ff'LI o{u 1 ~tl t.JlJ'Vl H l 1~ n47 ii v ~'LI "1 um lJ 'll v -:i ff'LI v 1u 1 -:i1l t.J lJ 11 ct-:i 'il 1nir lJ 

1.1 'i " ?I 1 . I " .. .J • I ' 1 .1 " .,,. " "" IJ11\91'1'l'1lff\91'iltf1'11lt.ll1JlJci! VffIJV111Hl'ilt.llJ CJf-:J'ilt1J'1Vt.JCU Vff1JV1 tCJf'1'11111Vff\91111CJflJ1ilJ 

vJfi1fl-llCJflJ1llJ rnfl 1fli11omrn:::1mi'mfl hvilJ (m'l'l~ 2-10) 

"-1 """" Q Sicyoidochytrium R. Yokoyama, B. Salleh et D. Honda gen. nov. ICJf'1'11Jf1\91lJ'lllJlW1'1f1 

lr11"1-w1rlvnfiornvirl'Uii'llmw1~n iimfl 1'V'l'V'l'1lfflJflllJ'Vl~l1WJlJ111irivo~ i1J1:::o:::1'ilit1JimfHir-:i ., ., 
tCJfm1 deliquescing mh-:iff111J1W 11111\91'V'l'1lff\9111iiiHir-:i,.Ymrn:::ut.i-:i\?i111I11t.1fli'-:i i1Jm1ut.i~fli'-:i 

,rnn'w CJf 1vuiJv11n~'il1nm1uw\?i1um:~-:i\?i1 1CJfi1ri'ii11fllJ~111CJflJfilJ mfl ifl-w1u1JuI1:::m~1ufl h . .. 
.. ,d 
'Vl'U (fil'V'l'Vl 2-11) 

Botryochytrium R. Yokoyama, B. Salleh et D. Honda gen. nov. 1fl hiutrlvi'LI~l.l'l.H'ntl1J 

ii'lllJl~ i 11aj iimfl 1 'V'l'V'lillfflJflllJ 'VliWJlJl~ i 'U1ttt~rnitiJilJ ,f Hir-:i1CJf,Hl deliquescing '¥11 i 'H 
'i.1 'i ""1 ,,. ., '1 <!I ,. <!I '1 ,. ., • I " ,. c: ,;. 
i IJ1 i \Pl'V'l '1lff lPI tlJ lJ HU ~l! lJ'H 1 v11 mm 11r1 i1 nrn "1 lt.lVlJ'UlV vn \'I 1 n HlJ ~fflJ u1 u 1 ~1 \ll.lll'Vl Hl rn nc:i 'VI 

., ' 
tl~U'1lt.l1JlJ'lltl-:Jff'Utlll11~1lt.111 11mlff'V'l1Jll~vitillJ epibiotic, endobiotic 11'1~ interbiotic l1'1cliYii 

HU-:11Jl-:J i1Ji1-:i~iim11'ilit\jlJlf1'1 (rhizoidal system) -nmfoii1ili1-:i'VlHf1'1lJ ~-:J'VlHf1'1lJl1~tl~ f1 

uTI1 ii'lllJ 1w~11m1~ H fimnn i lJ 1 :::1111-:iiwi u 1m1 i1rnfl 1 'V'lvrn1uiJru u 'Vl~iwiu 1 ili rioo~ 

., i 1-1 1 o' ?I 1 . I " ,. .J . I ' 1 . I " .,,. ,, l1'1-:J'illf1lJlJ lJ'j \Pl'l'l'1lff\91'il~f1'11lt.llulJcu flffutJ'Hl'j-:Ji'iJtllJ CJf,:J'il~U'1tltlCU tlffum ICJf'1'11ll!Vff\911 

UCJflJfilJ vJu1flllCJflJfilJ !Vfl ifli11tilJU'1tl'U\9llllfl hvilJ (m'l'l~ 2-12) 
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.J , .. .. 
fll'VfYI 2-10 fll'Vl'Yl'H)ffl'Yl rWl1~ff'Ufl.:.I Ulkenia clade strains [a-r U. amoeboidea SEK 214; 

s- u Ulkenia sp. (deposited as Japanochytrium sp.) ATCC 28207]. (Yokoyama et al., 

2007) 

a. fll'VI 111nn-a'fl.:i~c1'Y111 r1uu~.:.11CJfB ci'~dv.:i 1 uil1'Yltrn uBdhoTl L\Plrrn1uiJT11U'Yl (~flff1) 

b. oihrntJ'f11CJfc1c1 c. 11offi.lfl{ 

'JI " ' " "" " " "'?I ,I d-i fl l'VHllflflcl fl.:.l 1lcl'Yl 11 ffll ff~ .:.I flllll '!Nl 9fcl cl'U 0.:.1 OlJ'U OfJ~l9f'1 cl ( d. l CJfcl'11 ll'U 1 ll'Yl H f1 clll; . ~ 

rid ,.,I' .c::i, 

e. lCJfclcllll1J1HOff1t; f. binary cell division; g two daughter cells; h binary cell divisions; 

i four daughter cells) 

"' " "' 'JI 1 , I "' "', I "' ,J .., ,1 j-q. OlJ'UOV~lCJfclclUcl~flllfflH1 iflffllell Li lCJfclclllfl\PI; k, 1 protoplast 'YIOtlfl1Jl,Jlf1HU.:JlC)fclcl 

(111clflff1); m. Oij'UOV;lCJfcl'1f11".:JtiJ~VU11lfl t'l.l1 t\Pl'Vlcllff\9l; n. Oij'UOV;l9fcl'1~0~f1'1.J~; 
~ ~ 

0. fl11U'U.:.llCJfcl; p. eight daughter cells; q. n1i;i'nlrimJ11off'l.lfl{] 

" r. 19fcl'1TJ1Jfl~1Jnu 1 uil l'Yltrnuc1tfooT1 L\Pl'Vlcllffllflttrnl.lln ( ~nft'1) 

s. OlJ'UOV~l9fclcl t. 11t1u'l.lu{ 
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' 
fll'Vftl 2-11 flll'fYl'Hl~ hi irt911fHY'llO-I Sicyoidochytrium clade strains (a-j S.minutum SEK 354; 

k-v S. minutum NBRC 102975). (Yokoyama et al., 2007) 

a, k L'llcH1~tia.:ihn11'Yl:m1 ua~iirn!'l 1,rrrn1ftiil'lL'U'Yl~1liulllmL'llm (~flffl) 

b. vih.JelfJflL9HH1 c, m 'I! 1e1cr1.fo{ 

· ., 'i .I .,,'i ' .,, .I .,, "' 'i d "' • .,, 
d-1, n-u num1.:i1 telftul:n l~WflllU'lNl'llcHl[d. ftuelrnl.:Jl'IH.lll lillLillll1fJ; e. fllrn'lNL'llM; f eight daughter 

t ,./ I I ~ dd. QJ ~ .di : GI 

cells; g. fll'HL1.J~L'IH'H'leJUl~illell'Uel.:iu1.11.1 binary cell division 'Ylm1tniru::amrn'U'YlfJfl'UTl1'Ufl; 

h. 16 m.Je1{~'1litl'l~fllJ~; i. 'I! 1eim.Jei{~ii'l1'U1fl 2 Lff'U Lrn~n1"'-nlci1rn; n. l'llt1'1'Un~i; 

d ,./ " .. I ,./ d. 'l d QI ,.i I ' rl 
o.elll1.lelfJ11L'lrna; p. ftuemLHt'iH.ll.J tilllillll'll.J iunrnall; q. mrnmt'l!aa; r. eight daughter 

I " t • ~ ~d QI ~ d : QJ 

cells; s. flllLL'lNL'llclclell.Jl.:JilleJL'Uel.:JU1.11.I binary cell division 'Yl'l.mm.1tu~L'l1llel'Ul1tlfll.ll'l1'Ufl; 

I. 16 ft'Uell~'1li1111~m.J~; u. 'I! 1eimfo{~ii'l1'U1~ 2 lff'U t)lft.:J'UclelfJ!Lrl~l'l.:Jl'l1neJ proliferous 

body; (111~flffl)] 
. . ~ 

I r/ ,::t,::t a., d d. O QI 

j, v f1THL'lNL'llclt1LL1.l'I.J binary cell division 'Vlllclfllltu~LlUJel'U'YlfJfl\.lll1'Ufl 
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' 
fll'Vfvi 2-12 fll'V'l'Yl'Hlff l 'Yl ifl~!~ff'llfl-:i Bollyochytriwn clade strains (a-n B.radiatum SEK 353) 

(Yokoyama et al., 2007) 

a. l'llftft1iv.:ihnfTm:rn iimln1mzjmrw1fl 1-naj 1m::iirnr11~YlfllfflJflltJ'Yl~~wrw1~ (\Jflffl) 

b. elii-ueJt.Jf11CJ1,Hl c. 1 hn,-,.JeJf 
., 1 . I " • I " d 1 d ~ 1· I 1 " ~ " d " " d-j tll'Hl'.iWij eHfoeJ'j ld. ffueJ'jU'J-mlmJ ~l~lnlJ; e. u'J ~rrn1mrneit1'illllr-ll,l.:JICJHH1Ul~'l; [ ellJ1Jel{Wlt'lfcrn 

1fl~eJ'U~; g. mJvf1m1lm.J hu~lJ1V itH1.:it1flll h. flllUU.:Jl91flftVU1.:iflmilti.:iu'U'Ui'ffii (radiated cell 

, , 4:::lt. i " gt , 1 " 
division) 1rn::u'1n-nue1e1v1.:imnmnru,i1 (multipolar budding); i. 11m:nfornle'Jll~fl,Jfle1V; j. °I! mYi.JeJl 

\l m.J ci ew hw '1,j ii Yl ,! .:i I CJrn; m ii eJ v tj 
t ,I t I ~ QJ .:S t t .::::.. t 

k, I. lL'lHl91flfleJVl.:J'1elll-Hl.:Jll'U'IJHYll (radiated cell division) m1::11~mrne1mmlllfl'IJ'H'Jtl.\'\J'J (multipolar 

budding); 

m, n 1 h:r11,Je1f\jm,-!1.:i 1f1Vfll'iVfll>l1Ufl~tlll~.:J\>11 (pinching and pulling) 
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Parietichytrium R. Yokoyama, B. Salleh et D. Honda gen. nov. 1fl 1'1thrimu1t.1rnfit.111 

ii'lltnfl lmij iimfl 1ViV'lmffi1flttJ'Vliwn-.11~ H'W.:Jt9f'1"ffm.:im~t111~.:i,nnurltw 1 U'i 1~V'lmff\9lm\'1 

hh 1~Vi'11ff\9lUU.:J~1Ullll centripetal division vi1lir1nf111li1n~mii1 m\'1ii1ui1.:i1ili1iufll1 

I .,. ,, ,, "I .. .,,,, ,, ,, "' "' ~ .., 'I 
flfllJ'Vl'1t'ff'il.:J1 Lflffufl'i 19f'1'11H'U~1Ufl L'i'YllJU'1~1Jflrn L'UlJlJ C22:4 (docosatetraenoic acid) Lil 

u!mw'ff.:i (m'Vi~ 2-13) ., 

fll'Vi~ 2-13 fll'Vi'Yl'iflff 1 'VI lfl~~flff'Ufl.:J Parietichytrium clade strains 

(a- 1 P. sarkarianum SEK 351; m- x P. sarkariamun SEK 364) (Yokoyama et al., 2007) . . . 
a, m lCJfn~lat1~1t.1Ul'l'l::H'! iJf1l'.iYllJnrl1J llft::iJIOfl 1,mmi:YiiflltJ'l'lfi'VlvlJ'Wl~ (ftnff'.i) . .. 

b, n fJlJ'!HHJ~l'1HHl c, o . ,i 1-cHl'UfJ{ 
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-• ,I ,:::s "i d QJ d' I QJ a., ,:::s ii 
d, p. 1:1'1JO'HtH11lVlJ i,H~lJ1V e, t: q, r. 191lHlH'IHtll1U'lJ'IJ'afflJ (radiated cell division) g-1, s-x mnn1~ 

"'i" ,. I it ... I t1 ,:::s <-- rz Q,I .t::t ,1 ,1 , r1 _ f d'.:::i\l) , 4 d: 'lf ttlff1JO°a [g. 1Jtl°aU'H1,Jl.llJ l~1~lJ1U; h. Ol.J'IJOV~!'lfclcl; i. fll'a'U'IH191cll;I; j. ft1Je.l'd'YI ll.Jtfil;IO'U'YI; 

k. 'lf 1e.Jn'U07\)0Ufte.JU; I. fn!~t"lll;lcl~1'11ae.J ('111~0rl''d); s. ffUe.1fa-a ,H~UlJ 1~1~lJ1tl ; t. 1 U'd 1~VH11fl~Oe.ln'il10 

QI t1d cu ,- 4 d d r1 " .e1 c.. d QI • 

fl'W~t'lfcll;l'Yll'lt.11 (l'l1~f1ff1) 1~Wtfll;le.J'W'YIU'IJ'I.Je.JJJ'I.Je.JU'1; u. t'l'tle.11u1<11,iul.J l,u~mu itln:imrn; 

"' ' ., ~ 'i .I .; 'i .I .; .I' ., .; "" 1' ' ., 
v. 191cll;IU'IH~11U'U'lf ltlfllJ01; W. 'l! ltlft1Je.}'j~f11Jl;\eW X, fl'U~!'lfcll;lll'lcle.l!'ll-:Jtl~ (l'l1~0ff'd)]. 

~1Hi1mrluuc!f l 'W'J hJ\91 (saprophyte) iirnr1 lfl'Wlllffi1mu Vl'tlll'IU 1~ri-mrn iC!fJ.JeHJnmrhw 

irnwirn fllJV11o~nh1tlm.1'illf1 llJ1"f1c\ i 11rui ir1rlu llJ1"f1c\~1gf1 u"' 1~~C)flJf1'11J, ,J fJ.:J'nc\tlff 
q u q cu 

l~fliiium'Jl'illqJtrn:::l~lJ~llJ'JlJ!Clfc\" (lJ.:Jtlf1'1:lW ~'J'J'JWVIU'il 1rn:::m'lf1 ~'J'J'JWVIU'il, 2544) 

Vl'Jflff 1 VI iflfll~HY~.:Jl11l1Ul~~fl(Jffc\WfllJl'l1om'J ~.:itrlum'J t~mrn:::'ttljlJtiauu 'j1i11PJ~l.:J 'l i lJ 

" 'J:::1J1JUt1rl' (Naganuma et al., 1998) U'1:::'Y'l1J111J1•:mtjlJ1r!u'I.J'JiY~1.Jiu mrn l1lJf1 1rn:::vfo-nl1 

(Alderman & Jones, 1971) t'i1fl.:1'illf1Vl'Jflffl'Yliflfll~ffij'I.J!mw~rn'lf!fl");.:Jt1.:J 30-40 1'1.Ju{1ClflJ\PI 

,rn.:inrn i,nJulY.:iMlJfl i.:i111iiri1m11Jfflt1qJiuu~,rn.:i1mrl.:im~ i,nJuiu1i'Jrn'lf1~ ci1.:im~ 1,nJu 

" mrl1ijffllJlrnrlwV1flfl 1 'I.JflllJl11.:J hit11m'J 'tll iirtnf!fl'JllJ~~lJfflJ\j'JWl lJ 'J:::1J1JUl'Jrl'lJ (Findlay 

et al., 1986 cited in Bremer, 2000) 

'U't1tn't1'UtH't1'nltl l Tiir1vi~v1tT1um-a1vn:::1t1u.:i11vi1J1 1m rl .:i ,rn .:in rn i 'l.llJU 1~ tmi1ntj lJ 
. " 

1m1Jn1-3 i],i~uuvii-Nium.:im'Jti'1'1.J'J:::nu1Ji'I.J~1v 3 1mrl.:ii11aj 'l fiu tl1,ju'I.Jm mMiw'l.lm~ 

lgf1 U'1:::Vl'Jtlff lVI it1fll~ff ~.:J'W1J1l'Yl'Jflff lVI it1~1~uni~ri1u~tfl'lf!fl"J: .:lf111flW!fl 'I.IW:::~J,,ju~ 
ti ' ' ,, 

L~'il1n'I.J'1Twuiii~,hw~rn'l11t1~1n11~vhv 1~v-n1i'I.Jif11u1i'.it111ii~v~m'J'I.J1ii1ru~rn'lfrn~~ 

(11V.:I 1ifl l'Y'li\rn, 2542) f.:ii~i'.im'J'Ull'l'Jflffll'lifllol1~fflJlii1u~\olffll'lm'JlJfll'jti'll:::tia.:ifffl1 
jJ 1 f f I 

'Ul l'Wflt'rllJflWfil'Yll.:Jflll'll'Jiirn1Jh~1Ylv{1rn:::m{vi1i1v 1Y1ulirii'I.J1mw n-3 PUFAs ff.:j rivuvi . .. 
,, .eh ,, 

'il:::'Ul i ui ii lJ f11'J fl'U1Jl'1fffl1'U11VflfllJ~fl i'I.JC!f .:if1rn i '1.1,j'lJtlf ci 1Ui'.i1Jl'l1J1Vlfflflt1J~flf11'J !'i11t1J 
• u u 

" ,, " 
1~1J lfltrn:::im lf11'J'jt)~'IJtl.:lff\ol1lJ 11VUO'I-J i.:JlJlJfll'j 1~1lJ'I.J1mw~rn'lfrn l ttf11Jff\ol1'U 1omrlu 

m'J ciwl'lo~~rn'lfrn i i1~11.Jli1.:i 19iornn 1~m~m1~fllff~llu1mw ~rn'lfrn 1 -n n1Jmf1:J vm.:iooii 

(Barclay & Zeller, 1996) 



fl11U'W'lfl1:::'ilUJ't1'UltJ1TI1~H1l1~iI 

,tnl'n»fltr,.,i 1J»11,irmi't11Jnn 
lt.Utl'Utf,i f)J~f)-:, I Yr11J'J 201 )f 
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' . ~ ~ 

'YI HHY hi i mi!~ i11 r!1.J ~ il'I.J 'Yll 6vivrn i~ i 1 hi \917 l.l U '11 ci .:Ju 11~ 11 1 'lf'I.J iJ 1trn11 u 1 

'lfltl~.:J'Yl:::m 61'JU'1:::l.1'111ffl.j'Y11i'J hn (Bremer, 1974; Bahnweg, 1979; Chilton, 1995; Nakahara 
,, ,, ' 

et al., 1996, Naganuma et al., 1998) l~tl'V'l1Ji.:J1'1.J~'I.J 'Wl ~'lf ff7'11'iltl CJ1lml.h1ilot1 (Porter, 1989; 
,, . 

Chilton, 1995) hW'V'l1J'Yll Off ll'l ,~\9lj~ff,'1.J1Jj1'Jt1Jl11nu11u TvHjms O'I.J'Yll VO~l.lffl.11J1Wl.11f1fl11 
q .. 

" ' t • u 1vi ollttH'lfltl~.:Joon 1,J U'1t'Vl1J11~'lfviiht1J1Jvimh1~ ti.:J 1'lf'I.J ff1wi ltl'Yltmu'1t'11Wl'Yltm .. u 

i~1r!1.J1mrl.:J~0~~1:hi'iqJ'IJ 0-:J'YISOff l 'YI 1 ~9l!~ff (Alexopoulos, 1996) ~.:Jf11SU'V'l-imt,rn.1'1JeM 

'Ylrnff l 'YI i ~\9Jj~ffU~'1t 'lfU~ 'OtU\9lf1~1.:Jt1'1.J911l.111'!1ci.:J~OOOlfftt (Bremer, 2000) U'1~1JN'lfU~1rJ1.J .. 
" 

i1sff\9l'IJO.:J'l10tt 11ifo U'1~'WO.:J'Wl (Alderman & Jones, 1971; Porter, 1989) mrn'V'l-im~'illtl'IJtM 

'Ylrnff t 'YI i~9l!~iiimstrnmi.:J911SN~ 2-1 

' .. ., .. 
References 'lf'I.J~ 911Jff1911'YI fff.11'1.J'YI 

I 

Thraustochytrium ffl'1117tt'Yltm Woods Hole, Sparrow (1936) cited in 

proliferlum (Bryopsis plumose) Massahusetts, USA Behnweg (1979) 
,, 

Schizochytrium aggregatum 
0 

'I.Jl'Yl~m Long Island Sound, Goldstein and Belsky 

New Heaven, Connecticut, (1964) cited in 

USA Behnweg (1979) 

Althornia crouchii '110tl'I.Jl.:Jrn Althome Creek, River Jones and Alderman 

(Ostrea edulis) Crouch, Essex, UK (1971) 

I 

Ulkenia visurgensis m '111 ltl 'YI~ m Baga, Goa, India Ranghukumar (1988 a) 

(Cladophora) 

Thraustochytium striatum 
d 

Raghukumar (1992) llJj;'!~fflJ Mangrove, Goa, India 

1m~ S. mangrovei (pine pollen) 

I 

Ulkenia visurgensis U'1~ ff 1'11 1 1 tl'YI ~ m Dona Paula Jetty, Goa, Sharma,Ranghukumar, 

Labylinthuloid minuta (Sargassum India Sathe-Pathak, & 

cinereum) Chandramohan, ( 1994) 

:55355 
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. 
"' 

., ,,. 
References 'lf'U~ CJl'm.mra1 fft:11'1-J'YI 

., 
S. /imacinum 

0 

Mangrove area in, Honda et al. (1998) lJTYJ:::m 

West Pacific Ocean 

T. roseum "' ~lJ Lang Island, Ulken (1981a) 

Papua New Guinei 

S. mangrovei, T. striatum 
, "' V 1J'J ,:lfl:::U'YI Mai Po, Three Fathoms Fan, Chan, Jones and 

mt::: U/kenia KF-13 (Kandelia candel) Cove and Tingkok, Hong Vrijmoed (2000b) 
-~ 

Kong 

Schizochytrium mangrovei, 1 , Vd I I 1 
1J lJ'Yl'J1~lH'llJ lJ Panay island, Philippines Leana (2001) 

Schizochytrium sp. m1::: iJ 1 'lf lt.11"1 lJ 

Thraustochytrium sp. 

Schizochytrium sp. (N-1, 1 "' V 1J'J~fl:::U'YI Mangrove area in, Kamlangdee and Fan 

N-2, N-5, N-6 tm::: N-9) (Kande/ia candel) Hong Kong (2003) 

Ap/anochytrium sp. SC l - 1 1 u 1Jj'iJ1'!f1tmrn Sweetings Cay, Bahamas Leander, Porter and 

Leander (2004) 
,, 

Thraustochytrium striatum 
0 

Atlantic Canadian Burja(2006) l!l'Yl:::m 

thraustochytrid strain 12B 
, , Vd. • 't 
u lJ 'YI n ~ 1nm u Okinawa, Japan Perveen et al. (2006) 

Ul'lflf.lt(llJ 

Schizochytrium mangrovei 1 QI V 
'ln~fl:::U'YI intertidal zone from local Fan, Jiang, Faan & 

FB3 (Kandelia candel) mangrove in Sai Keng, Chen (2007) 

Hong Kong 

"" Aurantiochytrium sp. ~u~:::mm coast of Madeira, Portugal Jakobsen, Aasen, 
., 

strain T66 
0 

Josefsen & Strom tm:::m'Yl:::m 

(2008) 

Aurantiochytrium mangrovei 
, QI V 
'UHfl:::tt'Yl Mai Po Nature Reserve in Wong, Tsui, AU & 

MP2 (Kandelia candel) Hong Kong Vrijmoed (2008) 
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ih1mmru 
I d ' QI ct d.J' ' t .de1 QI 

ih'll'lfml'I.J (Mangrove Forest) d'.h..1 m:pJ ff ·UUJ'V'l'll''Vl'U'l.J fl~9'lllJU'l.J 'J'll'lf.lr1~'Vl1H1fl11 w:: 
,, . ,, 

~m tlu ~ umu ucidhl 1Y1::tirri1llo~ ffii ll'illJfl vru i,i' 1J ! nw ti lfluihl 1 tl1 flVl'J 'Vl::m 'il11J uci:: 

1.J!nwrnrnm::~l~"l 1::1J1JUnffill'll'lf.ltcl'l.Jttl'l.J'i::1J1J'Ut'Jff~t~fllJ ivn::11-:i1~1Jflfl1J'Vl::m tn1utl1..1 

s::1J1J'Ut'Jff~ihfo11tu::m'V'l1: i~n;19'l~'V'l1J'l.Jflfl'illfli'Wfl"'il1'll'lf.lH\'l.J'lf'U~~l~"1 t'lf'l.J imm~ UfflJ 

~1,:ittl'W~'W ir~iiii~iii19'ltumivi1mil1..1~1tnmnfl t'lf'W ~~1.J'Vl10 ff111iw uvnMfl9'lfl'W ttlu~u 

ih i f.lfflflt!J~l11 i ,.Vi11'lflf.ltcl'U ~~l.J ffl.l\J'i w ti'.1 fl~ 'ill fliifl 'Jll.J '11 ell fl'l1 cllf.l'U fl~ au~ fltjm1:: fl'Jll.J ~~lJ 

ffl.l\J s w 'U fl~ fl 1111 s ~ i ,i' 'ii lfl ms dflvffci lf.l'U fl~ CJfl fl~'ll'CJfl fl ff 9'11 tff11 i 1J i"i 1 ~ 11 ri 1..1 mnmtl 'Wtm ri~ ,, 
01'111SU)ll!:Jllff1'11i'1J~1Jnflfl'U'U~'U i m-h~ i C)1fl1'11 lS'Ufl~ill'll'lf.ltcl'U (ff1 '1'fll:l w 'lf'JfJ'V'IU ~, 2543) 

il 1'!l'1mciu 'UO~tls:m~1 'Vlf.liifldm:: i~ m:: 'ii lt!9'lllJ'll'lf.l~~ 'Vl::m.n 11111~ fl lfl fl~ 1 ~ u ci::fl 1 fl9'1:: iu oo fl 
,, ' ,, 

1h::rnffi'Vlvii~uviil1'lf1vmu'ti~11l.J~'lh::mw 1,054,194 ii mriflm~ 2.2% mri9'1::iumlfl 7. 7% 

uci:mrii~ 89.1% (~'Vinw Vff'JITTt~ff, 2541) 

i:ifl11w: ff~ fllJ~'ll''lf'U ~if; ~ii O'VI ii 'V'I cl'U o ~fl 1 s l u ci ~'U o~ J 1t ii 'U il 'ii i f.lfl 11.Jfl "~ d1 ti w~ ii . ., 

J:-lcl~flt,'.10~ i UO~U'ilif.lt'l.J "1 i~m'i!'Vil::fl'JllltfilJ'UO~J1 ~~Y'l1J11fl'JllltfilJ'UO~t111J! t'JW Ulflmjtl7 
,k ,, ,, ,, ,, ,, 

iiri 'Jll.JU U'J P11..1 od1~l.Jlfl C)f ~'U 11J1 t 'JW tl1rntfrw lU 'Wtn~ 'ii lflfll'j ~fflJfl 'U 'j:: '111 nu 1 ~~'ii 1 flmJ 'U ltm:: 
,, 

tl1t~lJ'illfl'Yl::m i~vi1 i ,.Vii,J!mwu i ti WJtm:m'Jm11 is~1~ "1 l.Jl'J 'JlJfl'Wl.Jlfll.Jlf.l 1 u tl'J::mffi 'Ylf.l 

il1'lf1t1tci'U'il:'Virn11u i~9'111J1J1nw'!f1o~~Y1::m iJ1flmjJ, uci:1J1nw 'Jornm: ~~ttluiu~~J, 

,.:g, QQ/ 'j} 

'Vl::tci'Vl'JlJtM ( ff1.J'Vl Ofl'lJ'JUfl1, 2541) 

ill'lflf.ltcl'UiJ'J ::mm~'Jfj~'lf'l1 cllf.l'lf'U ~ iu ii"i ~ fJ ff'J'U 111 ruttl'U iu iiJj'hi'V'I i;i~ i 1.J . ., . 
. ',, 

A Q.I .cs. .ei, .... t Q.I QI i 9,1 ~ 'j) -c9 QI ..:9, A ,::9 •G) .... 'I 
Ucl:lJ cl fl'lJW:'Vll~ ff'j 'J :1'Vltl1Ucl::fllS u'J1J9'1 'J'Vll ~ m ~ ff'j l~'Vlfl cllf.lfl Mfl'U Vi 'lf'Yl'U'U fl~ i 'U ul'lflf.l 

tcl1.Jttl'U'Vi'Jfl~'Yl1.J'Vll'U~Off .fll'Vifl11l.JtfilJ i~~ ( ff'U'VI flfll:lrnn\ 2541) 

ms m: 111 f.l'U o~wu ii"i u il l'lf1mciu iiri11lJ U9'1 fl~ 1 ~ 'ii lflW 1..1 ii"i u il11J flod1~-i'f1 
• • 

. ' "' ,., 
t'ill.J t'UO~'illflill'lfltltci'Uiii111it1mnvod1wu'1mtnv1-u'o~ ,~wi fll'j;jl.Jcl~'UO~tll'Vl::m fllHl'JlJO~ 

,., "' ' ,., 
'\JO ~tl 1Y1:mu~ci:~'W vi i:ifl'lJW::'llo~~'W rJWm'V'ltl 1ri11mfilJl tlu~u ( ffii 'VI flfl'lJ 'J uti\ 2541; 

wu11f9'lu tlm1ff'Vliuci:flw:, 2546) mrnli~t'U9'1W'Wi1Jj'iJ1'!l'wm1..1'Uo~tl'J:tY1ffiY1v iim'Jfffll:11 
. ,, 

'illfl1J!nw'lf1t1r1~~miu'1i,J~11..1'11..1iy~'il~ihufl 'Viflffl,Ji~i~-u 

tCJfuurn ttlurnnil!ih 1mm~ J~ 1mm~irn~mm~ 1mm~iu'111ru ~~t~uu!nw 
u . . ,, 

11iflafl1J'Jf1t1rJcJ'Ul 
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,- d c;1 c. "'"' llt'JJi' d11tY o,,J ic;1 
1CJf'U'VltH:i..:J ttlm.rn1w'Vlt:1~'il1n 11J 1n..:Jm..:J ttlu 11JUff1Jtrnt1htffn CJf..:JUff1J1JNflHn 

y • y 

vm11;iufld~~f11J'lf1tJrl..:Ju1 
,. d ='t ,d.,g 'J) Ill ,. 0, I Ill 'J) ,1 I 

1CJf'U'Vlffl1J mu 1CJfu'Vlc1m'IJ1 nl'il1n 1CJf'UUfl1Juc1t1htffn 'l'l1Jt1c11J 11J\vlt1J'U'll'UflcJ1..:J . ., 
, t ~ Q eft:1. Q,I d 

'tt'UlU'U'U 'V'l1J1l~'U1J'H1W'U1JclffiJWtU'IJ..:J 

,- 'JJ =1t ,l d .J ='t -=- c;1 =1t -=- .,...,. t , .,g ~ i 
L CJf'U ty~ 'VlltJ tlJ'U 'V'l'U 'VICJf ..:JtlJ 'U ~'Utcl'UU 'IJ ..:J lHl t tlJ'U 1J 'H 1W 'VI 1J'U l'VI 11J tl ..:J L 'U 1J N fl H 

id Q,I : J , t d. 91 d J • 1 .,.A ~do 

t\1'V'lltt1cll'Vl':it~1J'Ul'Vlttcl'IJ'U~ ..:Jty~t'Vll'U 'U flfl 1 CJf'U'IJfl..:J 11Jtfl1J~ 'ilt'IJ'U fltJl..:J'tt'U lU'U'U 9f ..:J 1 CJf'U'U tlfl 

1iluuu1~~~fl1t1111..:Jil1'lfwrnuuc1til11Jn (ff'W'Vl on1:J1un\ 2541) ~..:Jm'V'l~ 2-14 

Bn.tgui9ra 

th 

X,WC¥pli&, Lumilitte,1 

Hffllifra. Ex~ 
11:vu. th#!, .wou1n: •n~'N 

l!lf'1gllMi ~, 

luu,a11111ui'H 

d J Q.I !"I jl...'I o Q,I Q,I " Q,I ...'I 
.fll'V'IVI 2-14 U'U1t'IJ9lt11':i'IJ'U'llfl..:J'V'ltJ'Ii 11l1Jl'lflf.ltcl'U (ffl'Ut1fltJ':ifi'l:l'Vl':il'Wlfi'.i1Jl'lfltllcltJ, 2550) • • 

• y 

rl'lfvimfftJflV1 u il1'lfwrn m\'1uu~dJw~ Hii1v1,iu ~ u 1 u 1 t 1J 1J u t 1ftm ..:J'VI trn 'il 1 mhu ., ., 

'IJ fl ..:J 11J ~ -i 1 ..:J 11 ri u YJ 1.J o 1J nu n 11dfltJffc11 tJ I ft'l:l CJf l nu u 'Vl 10191 Q 'll fl ..:Ju 1J fl vi 11 tJ u" t 1 1 ii o ,j 1 ij 

fl111Jtllf'lty1um':it~1J'IiWJfll'ttl'JIPiO':i~1J1JflV1..:JlJlt1 (Sharma & Vittal, 2000) 'V]'jflff1n1fllvl1~ff" 
'Jl.dd ,,, ~ Q.lo'4d. , Gt ..::i .c::1 , 

'11 lJ TVHrl'W Ht.lOtJCJf lt1'1'l 'lf CJflfi ff\vl 1 CJ$..:J1J1J'Vl1J ll'I fl tJN1Jlt1 LU fll'j t'll cl tJ'Wmfo ..:J 'Vl N lfl1J 'illt1 m·rnm.1 ., 

ffclltJ 1~f.lm'V'l1~fld1..:it..:i 11J 1"~-i1..:i11riu 1 uil1'lf1mc1u ~..:J'l'l1J1l'VlHJff 1 'Vl ifl1v11~-&'1ilunrirnrrn~ • . . 
'j/ o t I .c::I d I ~ d.d' I 4!!9, 

t'lll'Vllt11WOf.lfl"1fJ nou l'l 'il~lJt11Wt:itJffclltJ'illt1~cl'W l'l':i f.ln ~1JO'W (Raghukumar, 1988; Chilton, 

1995) uc1t Ulken (1981b) ':iltJ..:Jl'Wt11':i'V'l1JrnuiCJf1Jfl~imc1ff 1ci1c1mc1ffuc1~ 1'V'l~mtrnm11muff ~ ., ., 

Schizochytrium mangrovei '1 ~1 u n 11 d fl fJ ff" 1 tJ '1 u 1 "iJ 1 'Jf 1 fJ I c1 u 11 "'..:i n 11 d fl fJ ff" 1 f.l 
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i II) <> o' _, _, I G) _, a, "1 o'"! I <V i II) a, o' 
Vl'Hltl VI lfl\9\'j 'fl il,Jt 1J'1'fl1JcH:HJ1i 1~ fl1'1111 l 'U ';i 1J tll';i fl'UVI 'HJffW tl1t1J1JU'1t\911VI ';ifltl VI l fl\Pl';i 'fl tY . ~ ~ . . ,, ' 
m-:iff,uilum'ttl'S'U0-3ff-3ijii;iouhJ'U~rJWU'Uflfl~-;m (Honda, 2001) ~-3flTVfri 2-15 

mw~ 2-15 1-3,i-s 1CJ1orn1-stuil1'lfwrnu (ff'W'Vl un1:1-sun'1, 2541) 

t11~i,nru (fatty acids) 

m'fll'Ul1'ui~uilum~m{'UoflCJfilfl (carboxylic acid) ~ij'Htj -COOH tvit1-3'Htjt~rn 

won'IJ l31~rn1{1Jouuwt111tifum-3 nm l'Ul1u ~W'IJ i 'U1i'S'Sll'lfl~l1ni1i1u1um{uou o~;iolJ 

tiluill.11'1.J~ 'S~l11H 4-24 0~,10:IJ trn~vmiurum~i'Ul1lJOff'St (free fatty acid) tgmrori uw 

ri1uimyw1JiuiiJ~ritmriiu l'Uir'W (saponifiable lipid) 

fll'H~tlfl.;tlfll~,'UaJ'U 

1. m~ l'Ul1Ug:1Ji1 tilum~ l'Ul1u~i1rn~'U1itti m-s(fon~ot-3t1tlfl,lllJfll'Sl~lJ 
~ 

0 .,, j/11) ! 
,JllJ1lJfll'S'IJOl!l'Ul 1iJnHrtt 2 Ot\Plflll t'lflJ mysteristic acid (14:0), palmitic acid (16:0) Urtt 

stearic acid (18:0) ti!lJ~'U 

2. m~ l'Ul1u hig:1Ji1 m.i.:itilu 2 flrl:1Jr10 m~ i 'Ul1U'lf'W~ ilitlli1t;-3t~ri1uftt'lfu~ • 
' ~ 

11io:1Ji1t;-3~0'U i111i1um-stl''Uv11U'HU-3~-3U 

m-s U'IJ\911mnl-:i'U cJ-:J n 1{ rnrnt~o1Jonv11u ml-:i'tiu lit tit u Ult.I 13 h1 rn 1 { 'IJ fl'W'U cJ .:i 
~ 
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1. 'W1J'illfl'lhrn.1 -COOH 1m:u1J'Vlfl~1u'ttil-:i'1Ju,nn{m:rwi1urn~ii'Yfu1i:fi . ., 

li-&w~m1wm1umi:11.J A (delta) ., 

2. 'W1J'il1m.hrn.1 -CH3 1m:ut11J'W1J~1u 'ttil-:ir11{1Ju1.J'Uu-:i'Vf u1i:~u 1 m'Viti-:i 

" ' 
~11mil-:i1~t111-ri1uu 1-uu-:i'il1n'Yfu1i:fiti'~ i,J'il:vi1-:inu 3 m{1Juum1Ju l-N-&w~m1w11'.lu n 'tt!u ., ., 

~ " " 
ro (omega) CJ1-:imn:1.J~11mil-:iuii,J1: iti'lfu i~t1vi11ir'V1111J11nrn i'lliru'lfum!u "l u~lun~" 

1~tl1f1lJ 'ttlfliifl111JfflJVilJ1i'Vl1-:J~1lJ1lJ\Pl11Jfl~9flJ (metabolism) 'ttlfl hi (fffii ffflffl, 2536) nn 
• 

m·HhuumJ1:l.flTI'llB-:lmv1i'll11imu-:itrnfl1~1i'Ju 2 ·1.h:mTino 

1. fllvl,'ll1J'U1f'Uvl~ilil (saturated fatty acid) ti:lum~ i 'llir'W~iit'Vitl-:JTI'W1i:t~tl1 ii 

" ' 
himm, iim{1JU'Wff'W 1'Ufl-:J'il1fl hiiii'W1itfi (double bond) t-:ivi1 l irii'il~'IHlfllJ1lHl1tH (:IJ1flfl11 

.. 'U • 'U 

" " 60 u-:ir111CJ1m;t1ff) ihu l 'ttty'iltl'rn l u i 'llir'W 'fl\Pl11rn~il 1iru'ri'l$1JH'lfU~ i~tim Vi 1~il 1iru1J:'V'lf 11 

1m:tl1iru,J1;1J (11t1-:i 1:ffu i'V'li\rn, 2542) ~-:ififfm'V'l11'.lu i'll'tt!uu~-:ii11rluuumm'.i~1 . ., 

6 10 9 8 7 6 5 4 3 2 l 

n or ro l 2 3 4 5 6 7 8 9 l 0 

COOH 

linoleic acid (18:2, 6 9,12; n-6) 

COOH 

linolenic acid (18:3, 6 9,12, 15; n-3) 

COOH 

(arachidonic acid (20:4, 65,8, 11, 14; n-6) 

(i~U'U'1-:J'il1fl lJ'W\PI~ ~W'l1~'W'Vl'1U'1:fltU:, 2542) 
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2. n·rn1'111YU'ti'Uvl,ii~ll~1 (unsaturated fatty acid) 1ilum~ l'Ul!'I.J~nw'I.Jlit~nm:i~ 
y y 

~1rJ 1~vn~'tJ1itt1t1a1u h1mmw1.:i11\9i l-6 ti llclt 1ciimf 'I.Jti'I.JrJ11 18-22 mf 'I.Jti'I.J m~ l'IJl!umh.1u 
'U cu q cu q 

d ; ~ J t QI O ef O QI 'GI ,. 0 I 

lJ1~11rltllJ1lHl1,11 CU.:J'll'I.J tl~fl'I.J'il1'1.J1'1.J rl111Jtl'I.J tJt,JtJlJ 'il1lJ1'1.Jl'l'I.J1itt1 t 'I.J tlJ!clflr!Urit,111111'1.J.:J 

'1Jt1.:iwu1itt1 (vriu,io ih1nmm, 254 l) m~ 1'1ll1u iijt1J9T1mm1amh i~1ilmrn.:inrl1Jflt1 
~ . 

, CV Q .. l~cve\J .i:6.:::sa., I 

2.1 fl'ivl 'llllU'tiUvl &ll0lllil1&'ti.:i1vl£11 (monounsaturated fatty acid) CU.:Jl.Jl'l'I.Jlitt1 

l fl ~ff1it1.1ur1t't'mlJlflij 2 'lf'W~fltl 16:ln-7 (palmitoleic acid) Urlt 18:ln-9 (oleic acid) 'Y'l1Jl~1u 
~ .. 

, 'IJ "lJ u 'Vl 'U 'tJ fl 'if'W ~ 
14v .,.,,~Q.IQ.j/ ci.c::1a1 •• 

2.2 fl'ivl &'llllU'tiUvl ll0lllil11'ti.:.ICU0U (polyunsaturated fatty acid) CU.:JlJl'llJlittltl~ 

! ' ,,1 , ,! , QI .,;,,. • o' i ' o' ,1 iu 1lJ1rlflri,l.:JU,J 2 t1'lllJ ,J lJtlfl'illfllJflrn 'IJlJ'I.J'VllJ'il1lJ1lJfll'j1JfllJ,J.:JU,J 20 fll'j'lJfl'I.JtJt,101.J'IJ'I.J 

iiJ11vn11 polyunsaturated fatty acid (PUFA) hwi1 iiJ'iltii11t1nm~ l'IJl!ulunrjlJ lml.ln'l-3 
y 

i.:iiru 1ml.ln'1-3 HUFA i.:iiJ1tflt11JiiJ~1v 20:3n-3, 20:4n-3, 20:5n-3 urit 22:6n-3 m~i'IJl!lJ 1u 

flril.Jif'ij'il~11 mllJtl1r11~1 Urlt 'il~11 rl't:llJtl1 rl1'1J 0-:im~ l 'IJl!tJu\9irit 'lJ''W~tlJ fl'I.J ~1'1.J 1'1.J'll ti.:im{ 'UtllJ • • • 
0tm1lJ ~1u1uiu1itt11u ll.lmflri ur1t~1uml.:i'1Jt1.:iwu1itfl (m1rr m:i.:irn~, 2535) cu q 'U q 

1~vi1, ,Ju"'1m~ i 'lJl!lJ iij~lJ911nnmw11JlJ'lltJ.:it11r11~'e,lW'l1 lJllMtl>'l Urlt'Ul>'l"lf'W~ 
' ' y 

V>'liN11JlJ'lltl>'l111rl1'n1~1U0fl11~>'l 1'lflJ m~1ri 1u~'Wrl (18:3n-3) m~i'IJl!uiijolJ911l1fl'Y'l'UV1'11lJ 
jl ,, i,I i/ I 'JI 

ihl!u'il1n-ri'lf (vm1uihl!ulJtl'lf11) 1iu 1hl!u~111'Y'I~ 1.hl!m11m~t1>1 ihl!ui1 ,iJuiu 1rnt 

J1Jju 'il1nu,11 du J1l!u9T1J1fo1 urit~'WfJlJ'U 1mi1o~m ~ i 'lll!untjlJ 1011Jn'1-3 mn~~~fltJ 
y 

tl1l!uiJm 

" QI ~-,::tQ,I ,a. 
fll'j'lJt)lJ,11111 fl'YllJ'Y'l'I.J 1i tt1 flt! 

1. ntl1.1n1v1l0nt1fl (oleic acid series) 11!t1nrilJ 1mlJn'1-9 (o-9 11!0 ro-9) m~ i'IJJj'I.J .. . 
flTI1Jd'i1nnl1i1.J1iJunrn iv~Ofl (18:lo-9) ~>'l'WfJlJ'WllJl 1iu >'ltml~l1flrn l'Ul!'Ut'U '7 l'lf'I.J • 

' y 

l8:2o-9, 20:lo-9 (gadoleic acid) Urlt 20:2o-9 i~f.lV11lU'W'I.JlJ1flilJff,J11Jfl l'lf'I.J 'Ull!lml;,! 
y 

(lerd oil) untthl!u11 (beef tallow oil) 1iJuiu 

2. ntli1,ttluntir1 (linoleic acid series) 11!0mfo 10mn'1-6 (o-6 11!t1 ro-6) m~ .. . 
i'UJj'I.Ji'I.JflTI:1Jd'iim1l.:iiu1iJunrn iri h.1~or1 (18:20-6) ~>'l'WllJlff>'l1rl1ltl1flrn l'IJl!'U'lfU~g'I.J '7 • 
l'lf'I.J 18:3n-6 (y-Iinoleoic acid), 20:30-6 (dihomo-y-linolenic acid) trnt 20:40-6 (arachidooic acid) 

y y 

1iJmi'u u,11u1iir111:1Jmmlt1 i umlff >1tm1tlf m~ i'lll1uu~n\9i1,1ou 9T1t1a1>11iu iJr11u1i~ urit 

: , .c:::t. QI ti ct V .c:::t. .c:::t. tqil 
ur11u1m0t11JH'lfUf"lfflmrnn.:itr111t11 18:2n-6 11rnn11>1m~v~11r1 i~ur1 (20:40-6) t~ 
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t 'W'UWt~U'11'Vltm~tJ~ isli'i' u hw\PIH'illfHJ1111'Hl11i!lJ ('l'Wrl 'Ylt1nt1~. 2535) 1~t1'¥1'1 ium~ 
., ., ,k ., 

,'lJ1J'Wfl~lJUVmt1-Ju1irlJVi'lflllflfl'Jl ,'UirlJ 'illflff\911 CJf~Ulir'lJW'iHl1'lJ l 11ty'il::iim~ 1'1 l 'lJilVfl 
., " 

lllflfl11fl'.i~l'1 l'UilUfl 87-99 t'Vh (t1tl~ t;tl l'V'lfil1fl, 2542) 

3. mjiiit1h.1~i'it1 (linolenic acid series) 11!t1ntjll ltJtlJOl-3 (n-3 11!t1 ro-3) nm 

1'lliruluntjiiiliiinii~l>i'mtll.lnrn '1" h,1ilufl (18:3n-3) ci1~u1m-a'~tm1::11m~ 1'llirwlfu~i'lJ '1 

t'lf'lJ 18:4n-3, 20:3n-3, 20:4n-3, 20:5n-3 tm:: 22:6n-3 tr!'lJ~'lJ 

i ,. dA 'l j/o, d'dd d ,S ~. ..., I 'l I 

m~ '1 ilJrtlJfl'iltflfl t'iHY~lflllt11tl'VHtlUrttfltel'lHtl CJf~lulJtl~flUJtfltJUff1'lJ i11UI ., .. 
~ 'I Q.I .c!t : , Q,I 11: ,.. t d cv ,I 

'lltl~ n-3 PUFA C}f~'V'IUlJlfl tlJ1'lf'V'l'lf'lJ1 ffl'ttjltJ Urttff\PITWl ifltHQ'V'llttltlNtl~'illflff\Pl1'Yltm 
., ., 

(marine oil) 1sli'un u1irlJU'1l (fish oil) tm::u1irmiuU'1l (fish liver oil) ttl'W~lJ m~ l'UlJ'lJhi 
. ., ' 

fl1Ji1~~h1'1'UirmY\Pl1u"1::il1ir1-Jw'lfvi1~ '1 mrn~L'lJ\Pll1wvi 2-3 ('lvirl 'Vlt1-:i1t1~, 2535) 

m~ l'UlJ'lJfltj:w lt11:wti'1-3 iilum~ i'lliru~,httlu~e:i11-:inw ti1t1-:i'il1n11-:imttilJmm1fl 

ff-:itm1::l1~'Wtt1-:i ,~ i1d'Ju~e:i-:i ,~i' 1J 'illfltlll1 ll Ol'Ul~ i i.Jt11'ilf1tl L tttn~ hfl11!t1t11f1U Hfli.Jfl~ 

(1Jt!ji1ti:IJ ,hdfo1tfJ'1, 2542) ;-:it1t1ni~11ttltJmfll'lJirtJ~l!tl'W (essential fatty acid) fll:IJ11fl'V'IU 

i~tu l'UlJtJ 'illflW'iHmtff\9111 uiJ~mw~n\Pln~1-:iou '1 ,J 

.. 
ttJflljltJ 

"' 'l V ~ • ,k ='t 
(ArA) lJU'YIUl'Yl i'Wfl11ff1N!m::fllW1Ufl11lJ'il11::t1::ttl1'Utl-:!'YlllflCJf-:J!1J'W 

., ' 
W'WJllJ'Ut1-:im111 vui' -ii1mvi:wfl11:w i 1'Ut1-:im1 i'uuff -:it u ri1u11~'lJ 1'1Jt1-:i~n\Pl1 1m::r111:wmm1 o 

ium11Jv-:ii11u tilv-:i'illfl rnv1{rn;{vmflt'lliruilJt:w1v11m ~1iluri1ui.J1::nvumfo'Ut1-:icium,1,JCJf ., 

., ' 
mo tmCJ1"1 'Wtifl'illfl'Wrnmf rn v~'lf1mvi11f111111~ 1 l u m1 ri ~ffU1w1w1h::mTI1::1-d1w1rnt .... 
. I .,i O j/ ~ ,V'l ,S ~, I I A .I A A 

u 1 ::fll'Yl'Utl-:J'Yllj fll't'Hl'W l'U tll.!'1llltfl1J 1 i 'W fflJtJ,:j C}f ,:j !U'lJ fllj'lf'Jtlff ~mrnu1:: ff'VI 'Ii fll'V'l'lJtl-:J 

m ::u1um1 t1 au!ur1::r111:w~1 i u 1::t1::t111 .. 

(http://apichoat.spaces.live.com/blog/cns!989 l 083BDDC313 l l !395.entry?sa=? 14862788) 

V'Viltl (EPA) VTimtiluii1~rivm'illfl eicosapentaenoic acid (20:5n-3) tilum~ l'UlJtJ~ii 

QI~ Q.I cv d ~ 'V ..do9YV ~ <l.'ltfj/.:S.ci .J 
flWfflJU\Pl '1~fl11'il1J\Pl1'UV-:itmw1mvfl tm::ff11-:iffWYl'Yll imffurnv~'llt11t1\Pl1 tfl~ 'il~rtflr111mfftt-:i 
• 

L\Jfl11tf1~ hr1111 L'il'Ul~t~tlfl l~ 'illflfflJlJ~jltJ'Yll-:JflllH'V'IYlV'UO-:Jfll1tf1~ hr1111 l 'ilfJ~\vl'U'V'l1J11 

fl11tfi~~lJt~tl~ (thrombogenesia) 1tlumm~illflt!JVflU1tfl11'11~-:J'Ut1-:itlt!j111 l rn111 l 111m::11"1t1~ 

tilu~ fl'1 lfl ium1i1u-:io'lJ hr1111 i'ilur1::11"1t1fltilufliimimna1h::m1 i~t1iimf1 l'U1J'lJtlJt:w1v11ff-:i .. ., 
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' dd 'JI <!I , t 'JI t 'JI .k t'JI~ i 'JI 'JI , t 
2 fl'lll'Yltflt.11'\JO~flO fl'Jll Olllfll-6 mu: Otllfll-3 91~\l:::\]fl 'lflll'Wffl'.i\91~\91'W'IJO~fl1'Hfn~ 0 fl911 

'WOtJ; (eicosanoid) ~ii1m~ffr1~lm\'1~tJ~fl'WlJlf1 u~io tfl91l'WOO;~,~\llf1f1'.i1li'lll1'WlY~ffO.:JflzjlJ 
., . 

dA " ,:fl " QI ' ,, ~1 .,. 0 l 'JI .,. 
lJll'tt'Wl'YI lJ'Yll.:J\91H'lllllfl'W l'lf'W f11'.iff'.il.:J thromboxanes A2 \llf10::'.ilfl \ol'Wfl 'Yll 'ttlfl\olf11'.i 

, d .a ~ QI ! 'JI d 'JJ .ct ct d.::s vC\ v 
'.i1lJfl'3ll'llO.:J1fl cl 111" 01191~ \l:: \]fl01W~\ol10 thromboxanes A3 'YI ff '.i l.:J lJl \llfl O'VHO'YI lJfJ ill fflJlJ\ol\oll'W 

QI d a .Q QI 4 4 ~ ,1 ?I a., d' o l 'JI 
f11'.i'.i1ll\911'1J0~1flcl\olH'Hl\ol1J'.i11Wf-l'W~'ttcl0\ol1"0\ol (1\olO'W'Yl'VW uornu, 2538) 'Yll 'tti'l'llJl'H)c111 

4 .a t ~ a., l a, d d, Ql'C\~ 

r1111Jtt'W\ol'llO~mo11c1~ 1m::"lf1mV'lm:::\ol1J'llO.:imm m111J11nu \ol~fll'Vi'Yl 2-17 ci1.:ir1mff1J1J\ol'W • ., ., ., 
ffllll'.it1V'l1Ji~uil1l!u,Jm'lf'W\ol~l.:J "l t\oltJ'VJ~i.Jmil1i111m::uc1rn::m~1~ii~rh01i:luo.:iri'u1:::mJ1J 

Cl ,iC::11 ~ o'd ,/ d'd o' O QI QI i 
luurn1w~~ fl\olllJ'I.J 5.9 1i.JO'.i191'1.J\ol uc1:: 8.1 tiJO'.i191lJ\vl \vlllJrll\ollJ (Hepher, 1988) 11.:J'W'I.Jfll'.i 

1J!1flfl'Urlll,:Jt,t,J'.i::~1riom111r1111J1~0.:i~om11n111 '.if\111 l \l'IJ11!1B011 ,~ 

' ' SI SI 

\9'11'.il.:i'Vi 2-2 nm L'lll1t.t'lf'W\ol iiiflllloi'1~.:ilt.ti'lll!tJfl\ol11m:::il1l!uv."!f~1.:i "l (% famlim!n) 

(iy'fiff 'YIO~'.iO\ol, 2535) 

, .,.,,1 

'1JlJtJff\vl1: 

l1\j 

11 

Um1lJllUT111'W (menhaden) 

umUij1 .:i (herring) 

U "1 ll'IH'l lJ fl 'W 

u,nn11mn.:i 

• 'JI 
H\111 

-G'11lm1 

llJ~fl~lU 
., <!I 

mm" fl .:i 

lJ:::non 

., 
0 ., <!I 

'1.JllJ'I.JVi'lf: 

ll.O 

2.0 

3.9 

3.3 

5.0 

26.3 

14.9 

32.1 

455.0 

5l.l 

54.4 

27.5 

14.5 

9.0 

9.0 

l.6 

0.6 

0.5 

23.9 

16.8 

26.4 

6.4 

23.2 

l.4 

0.5 

0 

7.0 

0.0 

56.0 

0.0 

0.1 

0.3 

8.4 

5.1 

5.3 

0.2 

1.6 

0.0 

0.0 

0.0 

0.1 

0.0 

3.9 

0.0 
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~rn'lfrn (DHA) d'.h-.1i11~dmJ1'illf1 docosahexaenoic acid (22:6 n-3) 
.. 
lJ 

fl111JiY1fi'w'lu-i1~mt1ur1:iii:-ir1 i~t1~1 ~wioff'llfll'VUJ'I.J'l:IV l'IU 1~~u!ntut 1~'1.J 1 ~rn'lfrnii 
u • • 

im~i1!wn1~1fli1m~1t1nuflvlm i~miJue1~r1u1tne1rn1~'1.J1'Ue1~~1~mur1tm!w1rn'1J1-i1~mt1 

vh i ir1'1fr1'1i1fl111J l 1\Pie1m1 f mltlltlllW 'U Jtfll't'I Urlt~ fflfltll~ ff ~fi el 1iJmi1u 'UJ t flel'IJ'Uel~ l'1frl'1 
" r., tJ q 

di 'l - I"" • "" ,d '1 l'L 11 "" '1 fflJtM'lf~l'IU 'I.J1J1"1W"J~ (Ba.ipai et al., 1991a) ~rn'lfrn't'lt'Ul m '1.JfflJeJ~'il:1i1rni111~m1 

t'il!ty1~1J i~'llfl~'Umo1h:m'Vl~i1vn111~'1.Jl~11v1 (dendrite) ~~vi111tl'1~riwm:i~iltyty1wur1t 

1 I 'J/ t 'J/ a., O'liJ'c:t. .::S <JI O f'l 

ff ~i:-t1'1.J'Ufl]Jrl1t1111~ff1Je1~~1t1n'I.J m 11 m~m11 wuim1tfl111J'il1 uritl'lu11 '1.Jffm.M'Ufl~mrn 

'lum1 .ni1~rn"lfrn1iJu ri1uu1:nflue1dfl~ n1rl ~rieiuflriei~ ri1u~mile11~i"u 'il1nm1111 'l mh~iJ ., 
QI ! Q ,=i 4d O GI 1 I ,::I i ,I 'JI 
~~uu~m"lfrn'il~lJfl111Jfflfltye101~mn~e1ff~1 'lu 1tt1t~~fl11 fl ur1tm1m 'l 'I.J 'Jtot 'l '11'1.JlJ . ,, . 

1J~1 t'Ufl~ 'ill fl 'l mhu1Jmrn1i1~rn'lfrn 'l uu!mw iJ ~ ;~1;e111~m'lfrniii:-ir1\Pie1nnTiwimi11Je1~ nn 

1Jfl~t-.l'I.Jur1tm1t'il!tyt~'IJ i~e1d1~fflJ'IJHU'lmh~~1iJumrn (Barclay, 1992) 'I.Jelf1'illfli!'I.J8'~'!f1fJ 

i1tHnum11n~ 1 rnl'l1~111 'l 'ilur1:11 r1e1~1ile1~ i1ffu1u~ hfl~t~t11-Ufl~f1Ufl111J'lf11m-w uritiif-lri 
,, 

vi1'lirm11-i'~m1.nur1:mrnrifl~'lJ~11iJu1,J1~t1un~ ('U1tff~r1 tl1tl'I.J1Jty, 2543; 111w-w1 in in, 

2545) ~rn'lfrntiJum~ L'UJ!'I.J 1ijt1Jl-i1mi1J ie11mi'1-3 'U1tne1u~1vmfue1u 22 e1t~e11J mv'lu • 
iiTI'I.J1it~ 6 TI'I.J1it ~~'Wt11J1;it1'1.Ji'I.J1'U C22: 6 -i1~fl1fJlJ'I.J'l:IVffllJl'j(l!'U~fJ'I.Jfl'j~inu~'Wfl ~'WU ., ., . ,, 
'lwlnih~v1 ihl!'I.JW'lf uri:tlJ~~W'lf 1ir1iJ'I.J~!el'lftt/l~i~fJfll'j!'j ~,Jijn! fJl'Uel~!el'I.J l '1f1J'illtl 2 

m:t11'1.Jfl11 fia elongation i~t1fll1t~m:1t~fl1Jfll{u0u 2 0:~mJ ~ acyl chain mt1'l'1.JllJ im .. 
flfl'I.Jt~mmt !el'I.J l~l'lrllff1Jflt1~fiHllJ ur1tm:u1'1.Jfl11 desaturation 1iJum11~mi'I.J1it~ ., ., 

Jt'l11l~TI'I.J1it~~iioa'lu acyl chain tlrl ltlfll'j!f)~'Uflfl!Vl'iltt:)tlmtl-i''I.J l~tl acyl - coA desaturases 
'V cu ~ cu q 

A 6 A 5 A 4 .Ji • _I-=--=-= ., • "l ., "" "" ., •, • 
(Ll ,Ll urit Ll) '1f~'ilt't'll1J~mmnu11]Je1t~fl1J'U0~m~ 1'U1J'I.J'lf'I.J~t~a1nu u~ '1.Jfffl11t'JHfllfJ .. 
"m 1 ff t ff lJ m ~ 

""i """" -I"' _ t "l ., .. ri 'I.JrltlfllJlf) (linoleic acid) mtu1um11ur1f.J'I.JU1Ja~m~ 1'U1JU~rn•1Ht1'il: 

..,j 
rl~rl~ !'I.Jel~'illflfll~ in 'I.J ~'WflUrltm~in 'I.J ~~fliiffn1J1-i'0~nnrn'I.J l'1f1J'lf'W~!~f.J1f1'1.J (Hunt, 

,, . " 
i-n!'I.Jm~ i 'UJ!u~rn'lft0ri1umn;~ i~f um'il1nmm1vi1J'4'!:IV1J~lflm'li'1 i ,Ji!urn~ 



natural food chain 

acetyl-co A 

oleic acid 

18:1 

vegetable foods 

metabolism in human 

linoleic acid ------• arachidonic acid --+ prostaglandin G2 

20rn-6) A 18:2 (n-6) 

l 
U-linolenic acid leukotrienes4 

18:3 r-3) marinealgae leukotrienes5 PGI3 TXA3 

T zooplankton t ' / 
+- fish marine foods I V 

eicosapentaenoic acid ----eicosapentaenoic acid --..prostaglandin G3 

20:5 (n-3) . T manne algae 
20:5 (n-3) 

T zooplankton 

T fish 

docosahexaenoic acid 

22:6 (n-3) 

ml'l~ 2-17 10,iti~m•nyf 1-mrn 1,il!imtjll 1mmi'1-3 m1:::t:1J\Pll1Jtii;tif:1Jlu:1J~1:J6 

(1$itiitvil'l6 ilaf 1v1u, 2538) 

tn'lff~Afl'll:::..fmv1,61J,lu~m,ml1un·rntl'1rt,flvl~vl~ U'U~ltllJ 210 i~if 
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I. 1flfll'HY~1m1:::ttfl'H-l 1'lll!it~rn'!frnuuu 1itim1irnu (aerobic pathway) 1tll..!1flfll'j 

ff ~ttn1:::tt~9i'ti~fll'j 11mrnri'llt1WtiflCMt 'ilwtlu 1 l'ltt 'Wflt\91 t111 um :u1itfll'j l'l1Jfll'j ff ~tl'l·n:tt1iHf • 
" 

11~1u~'lf ff\911 trn:::~i;uY116 'illflfll'jfffll:lll'lU11 Thraustochytrium iim:::u1umrn~\PlmY11'Ul!u 

~rn'lfrn~1u1i:lt11'jlititit1cifrnu1iw~rntiu 1i1Jm:::111ut11'j 1Y1at1rn i'lll1ui;1u~t11'1 (18: 3) 1ilu 
,, j/ • ' • 

ffn~~~lJ 'illtl'W'Ut~miull:::ti1Y1a ~6 desaturase t'U~V'U'illtl 18: 3 ttlu 18: 4 tvilltn11JfllJ 
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2 fltl>lfllJ N1'WmtU1'Wfll'j elongation l'U~tl'W 18: 4 1tl'W 20: 4 11ii'11vi1J'W'W1it~i~t1 L15 

desaturase l'U~tl'W'il1fl 20: 4 1ilu 20: 5 1vimnfu0u 2 Ot"10lJ N1'WmtU1'Wfll'j elongation l'U~tl'W 

20: 5 1-i'.lu 22: 5 (DPA) ll(ltl'Yilli'Wlit~hw L14 desaturase l'U~tl'I.J'il1fl 22: 5 1-i'.lu 22: 6 (DHA) 

~ .d ' ~ "' .. "' "' "' 'l ''l "' .. • CJMmtU1'Wl'Jfl(l11lJ111J'Wfl1Hl'1lm1tl1m~ l'\JlJ'W~rn•JHO l'W Thraustochytrium ll"1 l'Wff"11'V'IU11 

m:u1tJfl1'j'iltll"1fl~1w0n "l,J~fo 'il1fl 20: 5 lllfll'jtvillm{uou 4 Ot"10ll 1,J~uu 20: s 1-i'.lu 24: 5 

1'Vi1J'W'W1it~1~u L16 desaturase l'U~U'W'illfl 24: 5 1ilu 24: 6 1rn:"~~1u1mn{mrn 2 Otl>lfllJ 'il1fl ., 

,Jijmm p -oxidation 1-i'.Junrn i'lllJ'W~lfl'lflfl (22: 6) (fll'V-1~ 2-18) 

2. 1f.1fll'jff '1tmltttflrn i'llir'W~lfl'lflflll'U'U i:wli00nirn'W (anaerobic pathway) 1ilu 

1f.1fl1HY '1lfl'j 1:1-1~ i:wlvi'fl'1fll'j 1lllr.'lfJ'1'\Jfl'1 flOflC!fl'il'Wltl'W 1flll'Wfl1"10{l 'W fl'jt1J1'W f)l'j 'V'l'lJfll'j 

QJ o'~d ~ d d 1/J ~ o' Q.I o' 
ff '11 fl 'j 1 t l11 U 1-J l 'W 11 'U fl l'l 1 'W 'j l 11 '1: l'l 'j Off h1 l fl \>I 'j ~ ff ff fJ '1 Schizochytrium fl l'l" tH l fl 'j 1: l1 

,, 
m~ i'lllJ'WNl'W1f.1'UfllfftJfll'jl1Hl'W'U0'1lfl'W iCJflJ polyketide synthase (PKS) fll'jff '1lfl'jl:ttlfl~'illfl 

mn11Ji1fi'W'Ufl'1 acyl - ACP 1rn: malonyl - ACP 1~mo'W i9f1J 3 - ketoacyl - ACP synthase 1n~ 
,, 

1-i'.Ju 3 - ketoacyl - ACP 'illfl'W'WNl'WmtU1'Wfll'j ketoreduction l~tllfl'W iCJrlJ 3 - hydroxyacyl -

ACP reductase til'U 3 - hydroxyacyl - ACP lflflfl'j:'lJ1lJfll'j dehydration 'illfl 3 - hydroxyacyl -

ACP 1i'.lu unsaturated enoyl -ACP 11"tlflf!m:'U1'Wfll'j reduction 1tlu saturated acyl chain (fll'V-1 

' ' " 
Vl 2-19) lt~l'W0'1'illflfl'jt'lJ1'1-Jfll'jff '1lfl'jltlifl'jfl i'lllJ'Wlt'U'U i:wl imlflC!fl'il'WlJfllflfl i:wffrnl1'11'1'ilj 

4 oCI fJJ O j,I .c\ GI o' J,:::j. 

flflfll'illflflflll'\Jlllmt'U1'1-J fill dehydration 1rn: reduction ml mrn"1flW CV! 'illflmt1J1'Wflll'W lJ 

<JJ,. ,, ~ Q,I d'.:::itq~Q,1 ... 1 g., ' 1 

fl11lll1'11fll1'11Ul'll'1~1'W tm'1ff'jHlli:ltH'11>1flWCVll'l lfllJfl1J'j:flO'Ufl1ffl1l.J keto 'YI].! hydroxyl 1rn: 

'W'Wlit~ (Qui, 2003) 



FAS (18: 0) 

! ~ 9 desaturase 

18: 1 - 9 

! ~ 12 desaturase 

18: 2-9, 12 

! ~ 15 desaturase 

18: 3 - 9, 12, 15 

! ~ 6 desaturase 

18: 4 - 6, 9, 12, 15 

! fatty acid elongase 

20: 4 - 8, 11, 14, 17 

! ~ 5 desaturase 

20:5-5,8, ll, 14, 17 

22: 5 - 7, 10, 13, 16, 19 

! ~ 4 desaturase 

22: 6 (DHA) 

Thraustochytrium 

24: 5 - 9, 12, 15, 18, 21 l l'i4desaturase 

24: 6 - 6, 9, 12, 15, 18, 21 l p • oxidation 

22: 6 (DHA) 

mammal 
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.d ~d QI r/ \I) Q.I d , 9J "> 

fll'ViVI 2-18 1illll'HY.:itfl:il~l1m~ t'UlJ'U~n:l'lHflU1J1J 'l5tlflfl9H1l'U (desaturation mi~ elongation) 
QJ o'el '.ii iu Thraustochytrium Ut'l~ff~1rnt:J.:i~fl~1tl'UlJ (Qui, 2003) 



Acyl-ACP 

co,ACP-SH 

Enovl-ACI 
3-Ketoacyl-ACP 

3-Hydroxyacyl-ACP 

flll'i~ 2-19 10fl1'j'ff .:Jlfl'jl~l1m~ it1ir'W~ttl'l!UHt1J1J iinimJflCJfl'il'W'IJtl.:! Schizochytrium 

(ACP, acyl carrier protein: KS, 3 - ketoacyl - ACP synthase: 

36 

KR, 3 - hydroxyacyl - ACP reductase, D/1, bifuntional dehydrase/isomerase: 

(Qui, 2003) 

fll 'j ff '11 ti f)'j ~ , 'IJ ii' 'W '11 ! ti fll 'j l vl 1 vH'l 1 QI f1'j ~ 1 'IJ ii' 'W m.n ti a .:i fl1 nh f1'j ~ l 'IJ ii' 'W lJ1 
u 

tltlf19fl~ff l~tl h1i~v.'1.:i.:i1mrnm.n l~tltll'illfl~ i~J.:i l 'W lll l'¥lflfl'Wl~1t1 (mitochondria) uri~ 

ma1titif19flCUll (peroxisome) i.:imv.~ 2-20 

fl1'jff'11tlf1'rn i'llir'Wt~ll'illflm~ 1 'llirlJ'j 1lltl'U 1 flttl'U i9J'lJttl (coenzyme A) 1 ~ li~I 'W 
" . 

uvJ~9irn9f"1 l flttl'W l9J'lJrn (fatty acyl-coA) 'il 1mfouvJ919irnCJfr11 flttl'W 1 culf rn 'il~lU~tllJltjlJU"W~9itt1-

cirim { iHi 'W (fatty acylcamitine) 1 ~ti tl1rimti'W19J'lJ m{ iHi 'W rn CJfr! YI ·nt.H vJ tit 'j ff (camitine 

acyltransferase) ti'.h.J\911'1.Jlf)'j~ i t1l1'Wt,Y1m! .:i ill 1 mrnm~1t1 ua1f .:if1'1'Ullll'l1'Wtt'W~~ltl9fr! lfl-

111 ., "' t ,k • •. I "' "' l 1 ., o ''I. I 'l Ill l "" l lfl'U l9l'1llfltlflflH'11'1H ~tlll1HTI~91ltl9J''1 flttl'W 9f1lttl'il~\Jfl'U1 rnff'11tl t'U U.J 'Yll'ltl'Wlmtl ~ti 

"' .;, "I 'JI "'"' 1 "I ., .,k • 'JI 
m~'U1'Ufl1'jl'lJ~1-m)f19fl~6lf'U (P-oxidation) t~t1~9f~'1 l'lltl'W t9fl.Jttl (acetyl-coA) 9J'.:J'il~\Jfl'Ull'IJ1 

. " 
i't1imiwrn1{1rnnci1i11'1 (TCA cycle) rvfo hri~v.5.:inwmmm lum.:irri'.:it1~CJ1~'11flrnui95lfrn 

hihfonff'1W l 11ifi~v.5.:i.:irn vii l 11t1~CJ1~'11 fllffW lCJflJrn 2 1v11'j111tiw,ju t1~ci11~o~ci1~'1 .. 



Dep9t lipid Diet 

Fal acid 

Fatty acyl-CoA 

1, 
Fatty acylcamitine 

i 
Fatty acylcamitine 

i 
Fatty acyl -CoA 

~ 

CYTOSOL 

M ITOCHONDRION 

Acetyl -CoA 

/t 

' " 

PEROXISOME 
Fatty acyl·CoA 

Acetyl ·CoA 

,I 
Acetylcamitine 

·2 

Acetyl-CoA 

Acetoacetyl -CoA ~ 

6 l ~MG·CoA 

acetoacetate 7 
, l Ketone bodies 

3-hydroxybutyrate 
_J 

fll'Vfvi 2-20 itJ'1'el'Wf11'HHrn.1m,11'\.1'1'W (Henderson & Sargent, 1985) 

vJ 
--.l 
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it1-1fllJ,CJflJ1fl (acetoacetyl-coA) t'Vfil::'UlfltHlflCJfl foti::9rt\Pl'VI (oxaloacetate) if1tJfl11111li'lnlJ 
JI 

tllfttJttllJ 1CJf1Jt1::cifi1P1t1::CJf~'1 it1rnlJ iCJflJttl hi immY (acetoacetyl-coA thiolase) 'illfl'WlJt1::cifi1P1·-

"'"' i tq ,I ' i tq ,/ cl "' i tq ,I "' "' t:1::CJf\P1'1 fl1fllJ tCJf1JW'il::\}m1~ fltlttllJ tCJflJ!tl'lHfllJ'il- fl!tllJ tCJfllttlCJflJ'Ylt'Ylff (HMG-coA systhetase) 

1rJmt1'lftg1J~it1tfllJ,CJflJtfl (HMG-coA) trn::t'U~tJ1JtrJ1Jfl::CJfi1P1t1::CJft\Pl'YI (acetoacetate) trn:: 

, "'"' , .J .., zll "'i "' i "'i 3- ijf11flfl-CJf'lJ'J Ylt1YI (3-hydroxybutyrate) CJf~'ilfltulJfflrn \PllJ1Jtlf1 (ketone body) fJtJfl \PllJ-

1Jfl~'il::\}flff ~~llJ 1 'UfJ~ m::umflflflt~l~tCJfm1 !~fl i 'tttfl~'Uijfl!tJlflflflCJft~i'umh~ ffll\11 wi u 

i{limtmrnf (~~m'V'I~ 2-21) iJn~t~fl~'il::i1iJ!mwtii9lu1Jfl~~1mn iu'Uw::~iHmtJ'lll~ 

'V'l'1~~1u 'il1nm1 m1111iJ1::mY1mfi 1J 1ijt~rn ~vi~ 'ii:: t1fl~flt1iYrnmrJunrn 1 'Ul!ut~ml 11 iJi ii u .. 
" .., 

0 i "- 1"' "'"' i tq .. "' i "- 1""' "'i "' .l fl11tfiH'V'lr.'IHllJ'Yl~U'YllJYl1 l1u11J1Wfl::9f\Plcl fltfllJ tCJflJ-tflff~ mm l1u11J1Wfl \PllJ1Jfl~ff~'UlJ .. .. 
" " cl. I"' cl t "' ' 'I "' o i " "' "'i ""' ., " ~'JtJ tlll11fl1Ju11J1Wfl \PllJ1Jfl~ff::ff1Jfl~1J1fl rnrnfl~'il::'Yll mn~m1::t1 \PICJfff (ketosis) (~11'1tJ 

~llti, 2538) 

acetyl CoA 

+ 

nrn1'1l21u 

l 
nCHFOCoA ◄ "'n CH3COCH2COCoA 

2 

w w w 
CH

3
-C-CoA + CoA-C-CH2-C-CH

3 

CoAtJ !-cH -COOH 
2 I 2 

CH3 

cleavage enzyme 

0 

II 
CoA-C-CH

3 

acetoacetate 

NADH+H+ 

.. 
II 4 

flt'IUU'U8 

CoA1 

2CH3COCoA acetyl CoA 

ATP CO2+ Hp 

o-p-hydroxybutyrate 

m'V'I~ 2-21 m1i~1t111::111m::mw-n~mrut1i1P11J1Jfl~ (~nfo~ ilmi, 2538) .. .. 
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I 4 d tJ' d QI' ,/ ll) Q./ j.l QI' GI Q ,:::IQ~ 

ff'.nJ h.1 ~'1'1..1 'Vl'HJ'il:::ll m:::111u m·nf-11m 1::: 'YI u'c1:::innam ~ i 'Ull'W fl "11t1flt1 i u ff-lll'll'191 

'U'Wl~ 1 'ttaj 1~am:::t11um1t1-11wn:::ttm~ 1 'Ul!Uii'U'l.JTUflll elongation (l~ll~1'1..11'1..1fl1{ mrn) 

d "t .~ G.I J 4 d. o Q.I t J G.I ,::! 
1m:::'Ut11'1..1fl11 desaturation (llfl11ll tllflll91TQ;-l'U'Wflflll'il1\..11'UV.U1i:::~ll1fl'U'W) ~-imwvi 2-22 

stearic acid (18:0) 

l 69 

oleic acid (18: l) 

66!.----

octadecadienoic acid (18:2) 

l 612 

linoleic acid (18:2) ---•• a-linolenic acid (18:3) 

EL l l 66 166 
eicosadienoic acid (20:2) Y-linolenic acid (18:3) octadecatetraenoic acid (18:4) 

6 5 l l EL l EL 

eicosatrienoic acid (20:3) dihomo-Y-linolenic acid (20:3) eicosatetraenoic acid (20:4) 

l 65 l 65 
arachidonic acid (20:4) eicosapentaenoic acid (20:5) 

l EL l EL 

docosapentaenoic acid (22:5) 

l 

docosapentaenoic acid (22:5) 

l 6 4 

n-9 route n-6 route docosahaxaenioc acid (22:6) 

l 
n-3 route 

mv.~ 2-22 m:::'l.l1'Wfl1lff,Ufl':i1:::ttm~ 1'1JlJ'I..IL'W~il'W'Vl~tJ (elongation-desaturation) 

(Hunt, 2000) 
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U'tt'1.:J~ tlUlW'Ue) .:a fl'j vi, 'UlJ'W fl'1il l e>litfll-3 
u Q 

., . . 
l11iriaJm (fish oil) v~111 ,J~1tmrn i'llir'W 1"01Ji1u .:imi111m11n1-3 'lf'U~vi-w11uc1: . ... . . ., 

iifl1llJUlrit11fio 1rnc1-rl1-lei 1 'W~'Ufl o-wrnuc1:~rn6lfrn l'llir'Wvii1mi1'UruviJc11'ilt1r1'W,h'Wi11tflV'U ., .. 
<I ' 't <I .,. ' ' _!If .., d .., , .., 'I 'J/ <!I 

'lltJWlfclMIH "') L~Vllll'llt19fclc!UlJtJ.:J lJU1lJ'lf1tflJV.:Jfl'Wf111U'lJ.:J\Pl1'lJO.:J 'lllJlJ L'Wtff'W!clV~ . ., . 
ri1'U1\P11i1uuc1: u -i lill-J fiij o~1 iJrw v,J" l'il :ri111~11m1 vi1.:i1u 'IJ o.:i -i 1.:i mtt 1 -n'vi rntl11vi 1 ~\P1111,J n~ 

., 
(h-w.:iff 1wliuni't1, 2536) 'WOfl'illfl'W'IJ'U1'Wfl1111J\Pll'UOilci111'1JtJ.:JiJmni1,humh.:i111n 1'Wfl11 • • ., . . 
t1!1.:itm:i'mnm~ l'Uirim1ci1uH lUO.:J'illfliJmiiiJ!mwm~ l'llir'Wl"fl1Ji11unci11 im11n1-3 ff.:j . .. 
vi11-n'i'lliruiJmu\P'ln~1.:i'il1n L'llirmY\P11'lfU~t'W 1 flV i1t1ml'ltr1t-.1'llt1.:imc11~~W11,Qi1~1 i1Y1c1vi1 l-n' 

..i 'JI <I ?I •'J 'V'I 't d ~ • ~ , "' ,- I 
WtJl!lJ19fclcl'IJO.:JiJmri.:iffflll'l11J'W'IJtl.:Jll1cl1tl~ L~ LlJ'WlU'IJ.:J ,Jm'il.:JffllJ11tltftltfUclt~~9flJ 'IJlJlJ 1J 

,;,~ t.:ivh l-n'iJml'ltmir.:iri.:ii11t111Jm~ l'llir'U hit111-i1~ .:jlJlfl 'illflfl11fffl1Jl!~tf1fl'UiJ!mworlm 

Uclt~lfl'lfrni'WiJm<Jf'U~~H "') fl'W Y'l'U11 ij,J!mWO'WltlUclt~lfl'lfltl1tl111.:J 4-37 1,Jv{1~lJ,l'IJtN 
., 

m~ l'llirt-.1l'l.:Jl11J~ (i'ffi1 f!.flff1, 2536 flHfl.:J'illfl Kinesella, 1986) 

~ "t ... I If) 91Ja ' ~ ' 0 Q.I , .., , .~ QI I " 

u.:iu111111ml'ltrn'ilt , ~<J1011muu11c1.:imrit11'llt1.:inrn 'lllJlJ 11011mnc1111omm-3 ., . 
., ., ,l 

u~,J1mw m1ot l 'Uirt-.1mal ui1,Jc11ni1m1m1,J11Jnufioui i.:i-g .:i l'l.:J'W'IJlJ O~fl'UU'il itt~l.:J 1 . ., ., 
'll'U1ot'llt1.:itfo1 t'V'lff q~mc1 11!om!u~1mci.:ivio~v1ffa ,,Y.:ilu1i1111'Jl'1~uc1:m11Y11::1~a.:i 

SI ' I I SI 

(i'ffi1 f!flffl 2536; Sargent et al .. 1999) 1111,,Y.:i nilu 1u uc1:~wmrivic1~c1.:i 1ut1.:i'il1mhirmfo1 

tlfltltlfl9fl~9f, ~ ~wt .:ivh, 111"1 r1'W ~'UcllJ'IJ O.:J~'Un.nri .. ... 

~ qde\ i ~ f ,I I 

'illflU.:JlJ'lf1\Pl'lf'U\P'll 'W1flffll11ltll1"tUY'lcl.:Jfl\PlO'W\PlH "') Yongmanitchai and Ward (1989) 1lcl.:Jl'U 

11 ffll1'JlcJ'lllJ1~1gflffltt~'Wi Isochrysis spp. iim~i'llir'W<Jf'W~ 18:4 Uclt~rn6lfm1u,J!mw-g.:i u~ii 

.... t~ d ct cl d " G) d 
1111J1Wtl'V'llfl1'Wtf.:J1"fl'I.Jtlcl L'W'lJW::l'l Monochrysis /uteri, Coccolithus huxleyi 1rn:: Cricosphaera 

.c.:s Q d.::::i ,Id " , a., z & <Cl 

elongata 11iJ1mwo'V'lrn 17-28 l'UflWlfW\Pl'IJO.:Jm~ 'UlJ'Wl'l.:J'lUJ~ 1m::,11nnnfl'nmiJ1mwm~ 

l'llir'Wlllg11i1-g.:iluu111-i1mttfc1rl'1~t11l'l'U11 Chaetoceros sp., Isochrysis sp. Uclt Tetraselmis sp . 
., 

ij,J1mwo-wrntl'1lfl1J 8.43±0.29, 0.41± 0.21 1rn:: 3.34± 0.04 i1c1~flllJ~Ofll1Jtl111ifou-n'.:i 

mmhiu 1~a Chaetoceros sp. 1m:: Isochrysis sp. iiu!mw~LO'lfLO!l'llfl'U 0.70±0.03 1m:: 
., 

7 .13±0.23 "" i'ini'll~ uni' ll'U 111 unu 11' .:i \Pl rn"1iu ,J!mw 11:1Joiirnuc1t~1v'lfrn-wu-g.:i~~ 1 u 

Chaetoceros sp. 1Yi1ti1J 9.13±0.32 rn.:ic1.:im;iv lsochrysis sp. iii.J!mw 8.54±0.44 llcl~fli'lJ~O 
., 

QIO QI 'JI~ Q.I~ 

fl1lJlJl'HlJfl!!l1.:J (fl'1111W 1Y'l'lf1fllJ'IJ\Pl, 2541) 
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., . ., 
'I.HJfl'illfl'W1~HJt~fllJ1J1~'ll''Wfll'lf'W Phaeodactylum tricornutum 'i11i1rmtl'W'Jtl.ltrrn1 

., 
7 11.A mmrnHil~flvirn1~ 3 ni'm:irnum1lf~~flil~'J lll;'lt~~ihw~1u~1whifl iumfonrnmm,1 

lHlll.l'lf'Wfl'1'1lJl'Jt1Hil~fl'rirnul;'lt~rn'll'm 1~ ri1u i 'Wll 'Ufl'\1t1l.J'lf'Wfl Shewanella purtefaciens ~1Wfl 

1~'illflG111~,Jm'Yl:mmmrnHil~fl'rim 11~1frvn.1~m'll'm (1H'l'il'I.J "!'Wl'lHl'll, 2541) 'IJW:~iiff~ 

'111;'11ttfffJl;'ll6lf'W Candida, Crytococcus, Hansenula, Lipomyces Ul;'lt Rhodotorula ttl'Wtmcl~Hill-1 

nm 1'lliru1lltt1i11~uri fl'jfl ," iu~ari1m:nrn ," iui1-ur1 (Zelles, 1997 ~1~u.:ilu Bowles et al., 

1999) ~flm 1~ium llf ri111Jff'W i'il~iluY116Y1:m hmtjt1'Ylrnff 1 'Yl 1FJ~s~rl' 11ifl.:i'il1nij,J!mwmfl 

1 ,nJu hitt1i1nclt11 mmi'i-3 1~m1u V'lltfl'rimtrn:~rn'lfrn l ui.Jsmw iH 1flm'i!V'llt~rn•1Hflij . ~ 

~ ~ o'd o' "I QI t I QI o' 
i.J"Jl.llWff~tl.:J 30-40 ti.JflWb''W~'llfl~mfl t'IJlJ'W'Yl~'l1lJfl t'lf'W Thraustochvtrium aureum ffll.J'Vl'W1i 

~ ✓ • 

""' cl <9 
ATCC 34304 tm: Thraustochytrium aureum ATCC 28211 mmrn~m~~m'll'lfl~.:ia~ 47.4 tm: 

o'd cl II) a., ! ow 

52.3 ti.JflWb''W~'llfl~mfl t'lllJ'Wl'l~'l1lJfll-lllJ"1fl'U (Bajpai et al., 1991a, 1991b, Bowles et al., 1999) 

tm: Schizochytrium mangrovei illl.JTI'W'lf KF5 1rn: KF6 ij,J!mw~rn'Jfm 41.1 111;'1: 40.5 
f/ d J lfl QI t O QI Q ,,,. II) Cl o' 

ti.JflWlf'Wl-l'llfl~flrn t'lllJ'W'Yl.:J'l1lJfl~llJ"1fl'U (Fan et al., 2001) 'il:mu fl11l'lrnff1l'l tfll-l'Jflff 
., ., 

'1;l7lJl'ji1Hil~~lt)'Jj'lfl ,~1 ui.Jsmw ff~ 'j'JlJ-n'~ 1llrifl l MtflflUW'l111'lf'U l mhiru,Jl;'ll '1.:Jl'l 1 l lf tn~ 
~ u 

.-!I 61 ,d QI 1 3,/ Cl d" • "1 Cl a' 
m.:imflfl mt1'Yl'iltffflfl fltl.lm-3 'illfl'ill;'l'W'YlW'Yl:rnn"ll'Ylrnff 1 l'l tfl~rnff 

' 1 
AV.et.et !i/ 

-:J nrrn a 'YI mu 16ll 0-:J 

• • 

'Yl'Jflff 1 'Yl ,fl~!~rl'1iJ1..1 ~~'l..l'Yl~ O'Yltm~V'l'U ,~lfl£Jl"1, i.Jusnwill'lfll.Jtl;'l'Wi111;'1fl t'lf'U 

V'l..lt~rJ (Raghukumar, 1992) ~~'1..1 (Honda et al., 1998) ~fl.:Jf1.:J (Fan, Vrijmoed & Jones, 2000) 

vrni.Jt11..1rl' (Leano, 2001) lJltl;'ltCJ1£J (Bremer, 1995) 1tlmi1..1 lflrJiifl11lJillfit)j lflflt~uiuri11..1'\lfl.:J 
. " 

fll'j fftffl.lm ~ 1 'lliJU 11iat1iT'J: ~'ll''Ufl~tfl'lftfl i~~ .:JO~ 30-40 ti.Jfl{lCU'U~'IJfl~flrn i 'lliJ'l..li.:J'l1 lJfl 
., . . 

(Bowles, 1997) trndjm'J i.l ll.llt tlu fl m n if 1-11i.l 1111 flt'nl.lflW ri ll'l 7.:Jfll'l1 l'J flVl.:iuwi '11 l;'llf.l ( ffl.l a 11;'1 • 
'ilS l-lfl1'J 1m: Jones, 2551) vi1 l M 'I.Jfl1'Ylf.llfflff~ {ijri,ll.lff'I..I l 'ilfffl'lfl'Ylrnff 1 'Yl ifl~S flff 1..imil1..1 

l'!Ht~flfl l11iil1..1m"JH~1-1mfl i'lliru 1iitt1i1~~ntjll ifltt1ti'1- 3 

Watson and Raper (1957) fi~1Wfl Labyrinthula minuta 'illflffll1iltl'Yltrn iflrJ'Wll.11 

1if v.:i i1..1mm'J~iici1i'lJ V'l'U11 vegetative colony i.J"J:m11J 1iJ~1mciim11~t11~t~fllJ~Ofl'U~1tl 

. " 
mri i1-1TI1;'1lfl1Jflt'Wl'l 11!o'Vi11 c1n11tftu ivdfon 001.:i h om1J'il:m1J1Hmo.:i1~m~u it1mrl1i1i~ 

' JI ' • JI 

d'.iofimn lflt1i'lfii1i;i.:i,ic11t1 400 1'¥i111!flff.:in11i1 d'.iofimn fat1i'lfii1i;i~'llrJ1t1~1n11i1,1:1Jo.:itMU .. 
" IQ.I Q.I .c::::ir. d .ck 31 Q,, 1 "" 

l9fl;'l '10tlf1'U tt 'U'U mt 'il\vl mt 'il ltl'U'I..I H'J'IJ O .:J fl 1'11 l'J 11 'U .:J 9f ~ 1-1 'j .:J'U llJf11Jtflfl 1-l'Vi 1;'11 fflJfll'U 'Yl'IJ fl.:! 
~ 
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.c:i. ~ ~ d "191• <di y, c.tYo v ~ 1 1 Q.I 1 

Labyrinthula '11'W~fl'W'YltlllJ1'rn1leNm'W L~•:rnm,rnwrn1: 1'11mr1-:i'lltnt1~1n11 400 t'Yll flfl'l:ltutt~'W 
., ., 

'llt1-:i1tfh:i'lfu~ulh:iiim1i~tlt1-:ii1'll eNrnf>l 1~vrn lff:JJf>lt'W'YI iti1ilu 1:11fou rnf>l 1~vrn1ffiJmu 'YIUflU . ., . 
m~lJ 1n tC)fm{ mitil'W nriiit~mt ! fl mit il'Wt"lffl '1t~ v11wn 'i11fltl'W u~tC)ffl~m ri 1-w 'i1tt ;elll~ oti'W mil u 

CU Ill CU CU 

mf>l t~Yf fl 1 ffiif>lt'W 'YI tC)ffl '1tt~ flttC)fr1'1lti 1 ~tl v~;ftn'Wvh l 11' iio-:in1'WtC)ff1'1fl~tl'W t1d1~ iti1ilu 1:1ifou 
I t ti 'tJ 

mf>l l~Yffllffiif>lt'W'YI iif>l1lilff~l-:i l ih 2 iii lfl1tlJ~l Uflti1t"lffl'1'i1tlflilfl'Wnfl~L'\.J!~'ULfJ'Wt'Vhiru 

"' "'1 lq ,, .J "' 'I ""' "' vegetative cell '\JO~ Labyrinthula minuta lJf>l111JfJ11 5 o-:i 10 Lil Lf>l11il~1 C)f~if'IJ'Ul~ Lflfllf>lfJ~flU 

Labyrinthumyza sauvageaui Duboscq, Pseudop/asmodium aurantiacum Molisch Uflt 

.ciJaQ ~· i: ,;f 4"k)91 
Labyrinthula zopfii Valk C)f,:j!if0Yf'i111Wl'i1lfl 'IJUlfltC)fflfl 11ltl1"1HlUfJfl1'lfOtl1'11'\.JflOfl'i11flfl'\.J 1ft 

,, " " ' ' 
elVl~, l ~milff11111fHWm;fl'W 'i1lfl1;0fl'W lflfJO lfftJ'1'fl'l:l w:itJ ~l,:j'IJ{),:jtC)ffl~Ufl9lnii5n'l:ltutt ilu 

1tli'li .. 
Goldstein and Belsky (1964) tl~tWfl Schizochytrium 'i11fl New Haven tl1tt'Vlrl' 

mii!mur1:ifl lilo~lmYfJ'1 l 11ti-bt111 Schizochytrium aggregatum l~fJTI'i1llW11llfl19i'1"tJn9iii 

I .,j ,, ,, .I " I lq d ' d"1 
f111UU~11UU binary division tmH1'1H1{ t0ffuell eWH 11fl9llil'VfU11 Labyrinthuloides f11Jfl11 

U'U~l"lffl"UUU binary division t~offf 1~1{ 1e:ifftJe:i{t'lf'\.Jt~fJ1tl'\.J 

Boot and Miller (1968) lllit1Utvit111'1'f1'1:JWt'Yll~ilWjl'\.J1Vltl1Ufltifl,ltt'Ufl~~'W'Yll6 

m:mntj11V1rnff 1'YI if>l9l!wtf lf'lt1mfft1£1fl'l:IW:m1ff! 1-:i1 iom_fo{ ~'IJ_~~~~jo{ ,iu1f1 

'\JO~°!! 1t1m.fo{m -:i1lvi1 f>l111111m,io~11omfofoH1lm.1 5n_'l-:l~:m1uriov1 lflffuo{oon'i11fl 

,. .... 1 " ~ Q d c.:I Q,I Q,J CV ~ " & 0 

1!_ 10ff1Jfl111'Hl1lfJil fllllfl~llJflff'IJO~'Ylflflff llfltflfl'l:JWt'IJO,:j 11C)fOfJ~ C)f,:jfll'J'i1111'Ufl 

n1 e:iff l 'YI lf>l9l!f'lffif'lt1mfft1£1fl'l:ltu:i~nri111-1't:i-:im1fom1mhu 1t1111'.lut1d1~~~-

Boot and Miller (1969) 11fJ~l'\.J11fl11ifl,lll'Wfl'lfUfl'\Jfl~ Schizochytrium 1ilu 

Schizochytrium aggregatum 11!t1 iti,!utJ1:ff1JUt)J'l-11 L'\.Jfl11if1,ltt'\.Jmdfl~'i11fl'Yl1flff h1 if>l9l!f!ff 

~'VlU 'W l'i1t l 'If S. aggregatum u~ Yf U i 1ii '1 fl'l:l Wt 'YI 1 ~ ilW J l '\.J 1'YI t11u1-nh: flll ~1191 fl~ 1 ~ 'i1 lfl . ., 
'1fl'l:JWt'IJfl-:i S. aggregatum 'l1~ltlflf>l1llJl1lflfJ Goldstein and Belsky (1964) L'Uf>li'~U1fl mh~h 

~9lllJt'\Jlff111il'Ylrnff l'Yl if>l9l!~ff~W'l.H1l'\.J'lfUflt~fJ1tlll~Yfll lflfJ Goldstein and Belsky (1964) 

Olive (1975) ~lfJ Thraustochytrids 'i1lfl Oomycetes mitifl~lU'WflLttfl~L'U Family 

Thraustochytriaceae U fl: i fl Thraustochytriaceae II fl: Labyrinthulaceae i 11 u Order 

Labyrinthulales 1f1tJV.1lllW l'i1lflt1-:11>1tJ1:ml1l'YIHlf>lii 1rn~flll tY{1-:iHU-:!IC)ffl'1 IHl~ L m-:iff{ H 

fllfJL'\.J'Uel-:!telf>l L9l'VffllfflJfll'\.JYl 
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Gaertner (1979) 'Vi1J'Yl'Hl'ffi'Yllfl\Pll~'ff'fffJcl Schizochytrium rn1qJ1fhrnn1ff\PIO~ 

i111f11Jl~Ot\PIOll Thalassiosira nordenskioe/diiifll.l'Vi'U11 Schizochytrium 1fl1t~~O~f1'U~1'1lfl-:I 

"1 ... QI ?I - I " .ct I "1 I "1 '.)!di .ct ... 
l~ Ot\PI 011 Uclt 1'il'J qJ'Vi~'W 1~ 'W1 IJ'W 'fflJ O 'J 11 Hl'il l'.Jll 11\PI lll l ~rl'flll 11.:.1 ~'J 'lf1\PI 'IJO.:.I Schizochytrium 

I I ' j/ I • 

1uo.:.i ~lfl'IJ1~1fl10.:.lijofi1 ~ffflll1111-'im~11u l~~ailm;m~V1fl'W fl'Uflfffl'hll i ~tJ Drebes (1974) Yi 

'Vi1J11'ff-uo{ 11H1~v11'fff HC)f iomJo{~ih1'rJci nrnci ci1 2 nfu ifrn i'rnfltou~i-u'U1n1tl' 1 mi: .. 
~oun111J UcltV.'U11'lf h1'ff-uo{~'fff Htu hin1mnuf!tou ~ i~~.:.101~1ii~ ~1flfll'J~'fftll1t 

I I 

i,I 4 4.c::I, fJ/c,, l'f 1 Q,I c:a 

111~ cl01l1 'J 0.:.1 ~tU '11 !Jll'Vl 'lftl.:.I lll1l11llt 'ffllfl1Jfl1'Jt,}'JqJ'IJ 0.:.1 Schizochytrium 

Karling (1981) 11ri11H11 Schizochytrium aggregatum iimrnr.im:~wo~'t1'1 iclfl 
V V 

11\?'i~.:.ir.1JtlqJ'tt11'Wfll'Ji~~111'WflO~ i.:.ivh1tt'himmrnifl~l111-Jfl11til'W'lf'WflUl~ vh1tt1U'Ul.:.lfl1.:.I 
V 

V.1J'Vl':iO'ff i 'Vl lfl\Pllflff'll''W~UO~Ul?'i'hhnmHl'.it'lJ 1~111i:lt.1 Schizochytrium aggregatum 

Riemann and Schrage (1983) flfl1Wfl'Vl'Hl'ffi'Vllfl\Pllflff~1fl~'W\PltflO'W1'W'Vltrn 

11-J 11 '111 'ff'J-J'Vl'.i 1101-J \Pl 1{r1 ~ fl V.'U 'VI 'JO 'ff i 'Vl l fl\PI 1 fl 'ffii1.:.1 ~ 'J ;r)\Pl~ij fll'J nf 1.:.1 Ot iJ1J OtJ;tCJfcl tl Ucl~ 

~lfl otii 'UOtJ;1C)fcl t1iinn 1'U~tJ1-J 'j''U i 1.:.11il 'W 'YI 'J .:.I fl cl 11 cb .:.1 fll'j' t'U~ {l'W 'J'U i 1.:.i 1il 1-J Ot iJ 1J OtJ;tC)f cl '1 'U 1 ~t .. .. 
1U~tJ'W1~01 ~, 1-Jfll'j'tfl~O'W~ 1 umrn U-:11C)fcltl'fff 1.:.1 ifl iclu ~:iinn'fff 1.:.10:ii'UOl'.J;lC)fcltlt'WnO'W 

jl~ I f/'j/ 1 o'ci QI .:dt ~'j/Q,I 

Ucl 1~.:.111'U.:.l 1CJfclcl'ff'J 1.:.l'lf O'ff'U O'J CJf .:.I ~lflclflll Ult'Vlflcl111l11-Jflclll'.Jfl'U Ulkenia amoeboida 

... """ Ulken, Jackie, and Bahnweg (1985) 1Wfl1'11-J'VlW'Vltrn Aplanochytrium sp. 2400/57 
V I 

~1fl'Vl~tclCJf1Uflff iCJf (Sargasso) V.'U11 l0 iCJfm'VlUfl~1tlfl1J A. kerguelensis 11111 iflt1'1fllltUtfflflqJfl 

, '.JI, o "J '.)/ I QI '.JI 1 -• ,Ii f 'b' 'Wfll'J~1111-Jfl Aplanochytrium sp. 2400/57 lfl11fl clfllltlltfll'Jff'Jl.:.l'lf OfflJfl':i fltl'Vi'U11 

Aplanochytrium sp. 2400/57 iifll'Jfffi-:iffuo{~hiii11't'Jclfl1~clm (aplanospore) iflt1fllrnu.:.ii1 

1-I 1 " ?I t I .,i .1.d '.JI ,% 
'IJO.:.I IJ':i \PIV.cllff\Pl~lfl 1 l1J'W 2 OtlH\PlflllJ0-:1 (successive bipartitioning) ff'UO'J'Vlff'JN'IJ'W~t'tttJfl 

oon111~1nffut1111Ht~t111t1d1-:i1-im<lt1-:i t1cltr1ot1"7rit1-:iclt1t1oonmod1.:.ii11 iflrmuo{m~fff1-:i 

l 'JC)fO tJ;1 u 'II wt ~cl ot1oonm ~ 1 fl'ff'U o{u '.i -:i1~t111 ~.:.inn ,J riot1ff'U t111 u t1flll w~ifmijt1'W fl1Jfl1'.i 

, _ 1 " ,k ?I 1- 1 ... .1.d ., i "" QI .c1 v 
'UclOtltlIJO':i'llt:M Diplophrus marina CJf-:lllJ'W IJ':i\Plff\Pl'VlOij 'W'Vltm D. marina 'W'Wllclfllltllt'Vlflclltl 

n111i1u'Vl1U'Vl~rnntj11mfi!t.1tii1flff (Labyrinthulids) 1llfl 11\?'ihiiiC)f1~1'W1~'W'l11tl 11J 1 'VJ'j' 1C)fll~l11 

11-w 1~ nf i-:i l ':iC)fOtJ;1~mm:~flfl1JiY11m1P1H1 11ci:tl10111 n t'U1~i1.:.imt1~ .:.i CJfl~ 1 m ~miJu 1111E1 w~ 

~illfltlJ'll O.:.l'Vl'.i t1 ff 1 'VI 1 fl\Pll fl ff 11cl:1rlt1vi ~l':iw 1~ t1-:ir1u'J:::flt11J'llo.:.i~tl' .:.11CJfcl t1 ~1~urn1rnt orn l':i 

I Cl c:.t.o' dQ.I d ' ;: ,, QI c:a do' 

'Vi 1J 111 cl 'W 'VI ';i' tJ 'VI::: 1 fl ff fl fl Aplanochytrium 11 fl fl El tU::: 'VI fl fl 11111 'W fl fl 1 ti fl 1J 1 fl 'I.J 'VI 'J ti 'VI::: 1 fl ff fl fl 

labyrinthuloides lllfl ifltl~U.:.11CJffl'1'1JO.:.I Aplanochytrium 'U'J:::fl01J~1tl~iflff fl111flfl i\?lff 

CJf im'ff flfl inff 1rn:::mflfllt1flfl'Vl hiln iflt1r.utflm1mn~fffl cl1.:.it1.:.ifl'U1:::no1J'IJO-:lf-l'U.:.l1CJffl'1'1J0-:1 
qJ qJ qJ qJ q 
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.lvQ.I ,1 Q.I ti 
Aplanochytrium lJfH'lltlf1'l.Hl.:!fl'll:itfl'el'IJ'IJ'el.:!f-l'U.:!1CJHH'l'IJ'el.:! L. yorkensis 15-6-2 U'1t L. minuta 

T-61 U~'Vl'Hlff 1 VI ifllPl!~u Thraustochytrium U'1t Schizochytrium i1m1rnn 11Plmrl'U'el.:!fl'lhtf1tl'IJ 

... ... " 1 1 1 ti""' 'j/ l1'1f1'1Jt1.:!f-l'W.:!1CJf'1'1'V'l'Uf1'J flff!mtmmm IPlff u rn1wut1t1 

Raghukumar (1988) 'V'l'IJVlrnff1VlifllPl!~u"!l''W~,m,Hfo S. mangrovei ,11n1ui" 

ii 1"!1'1f.lL'1 'W ~ n1 ir .:id t1t1 ff '11tl 1l 1 f1 il 1"11'1f.lt'1'W Goa 1 'W tis t 1 VI rl'fl'Wt~ ti rm 11i1u91 n~ H ,i 1 fl 

~ ~ ,:!f, Q.I d'.e::J. • Q.I ' ,I Q.I 

Schizochytrium "ll'lJ~'ellJ fl'el'l1'1.:!1llmCJrnm.JfllSU'IJ.:!\Pl1U'IJ'IJ binary division U\Pl'1t1CJf'1'11lt'V'IWJ'W1 

ttl'W,t 1t1fftl'el{ 1'W'IJWt~ Schizochytrium minutum, S. octosprum m'lt S. aggregatum l1'1.:!1l1f1U'U.:! 

,1 ' ' ,1 .., ~ 1 - ti ,1 "" ""' 1 .I ,1 1 .t ,1 
1CJf'1'1'V'l'IJ11U\Pl'1t1CJf'1'11lt'V'I\PJJ'U1!1J'W1f 'e)ff 'elrnH1,JtllJU'1tH'1\Pl1f tlffu'elS 2 - 64 ,t 'elffum 

Ranghukumar (1992) Utlf1 Thraustochytrium striatum U'1t Schizochytrium . ., 
mangrovei ,i1n 1 'IJ 1n.:im.:i 1 rngn'Vii1.:i1-1riuu!nwtl1nm.hh ummt Charoa tlst!Vlrl'fl'Wl~tl 1u 

~ ~ ~ ~ 

fl1Sfff11'11fli' .:iil'V'l'IJ11'VIS'elff 1 VI ifllPl!~ff\)flf1~UWf1 ,~~lU 1~tl'W1l.J11~tl,:J 1 'U ff .fl11ttl'1'el~H;'el 1 'W-n''el,:i . ., ., ., ., 
... l,C\Qlc:a. • 4 d 
u{l'IJ\Plf11SU'1t'V'l'IJ111lJ'el!'1tl{I T. striatum U'1t S. mangrovei 

I QI ,:SQ ,.:!t Q.I ,=:r, .:::l 

S1lJfl'IJU'UtlVl1Stl l'b''elVI.:! 2 "ll''W~lJ 

'JI ""' ,I ,I ,;, ""1 'I 'j/ 'j/ ... 
ffS 1,:i 'eltlJ'IJ 'elf.I~ 1CJf '1 '1lfl '1 'el'W VI ~ ti t "ll'lVlllVI r.JlJ (pseudopodia) 

""' ...... ='1 ~ 
1rn: nu u u t1 Vil s m 1J u 'el 11-1 n CJf ,:i 

., 

1;1nEJw::1~uuff'el~fl~t1.:inu 1tls 11Pli1flf1ttf11f.l'lf'W~ 

Ranghukumar and Geartner (1992) fff11'11f11SU'V'limt,i1t.1'U'el,:JVIS'elff 1VI ifllPl!~ulu 

... ' ~ i td t ... I ,IQ ,I 1 "I c:a, ,I ' .c:::::.. 4 d 

Vl:ll'lll1lJ ti 'V'l'IJ11fl11lJflf1 lJlJHf19lfl!utJS1CJf'U9lf11S'V'l'IJVIStlff VI !tl91S ~ ff U9lfJW '11 iJll'l1Stlt)~fllf11J 

Hfl~ mtlv{ tCHlJ ;nu 'V'l'IJVIS vff 1 VI ifl91! ~tl utl1V1:rn 1~r.iwu11q~11 u 11~i1v1mr11-1u111gu 

<Id ,1 ""',1 : 'JI , 'JI , <Id ,1 

1 ti 'elS 1CJf'U \Pl f11S 'V'l 'IJ 'YI S fl ff! 'YI, fl \P) 'j ~ ffl 'U 'U l'YI:; 1 {I ,J:;1,J 'el ti fl 11 t) ~ S tl'U 11\Pl 1 ti 'e)'j !CJf'U \Pl fll S 'V'l 'IJ 
., . 

Vlrnff t 'YI it11P1!~ffl 'W~'UIPltnvui,:i 1 uq~1-1m11rntq~!vu iliu1P1n~1,:inu 1uv,:i,i1nf!1111111P1fl~N 

'IJ'el,:JfJW '11 iJilSt 1-111,:i q~ r 'el'U Uatt)~l1'U11 iliii H'1~flmt'IJ1'U ms 11J\Pll'IJ'eli1CUlJ'IJ t),:j ~ ,:i mi11P1"ll'U~ . ., ., 

~1,:i '1 l1tl1ffaoQiu i1 rn:rnmm!n fl1Sl1lJ'W11r.J'U'llO·m i1il\9Jl'l,:i 1 uq~11u11ua:::q~! fl'U iliu\?ln~1.:i 

nmh 1-n''V'l'IJ'VJ'j'e)ff 1 'YI ifllPl!~ff1liu91fllPiNf1'U 

Sharma et al. (1994) 'V'l'IJ Ulkenia visurgensis trn::: Labyrinthu/oides minuta ,Jlfl 

i1t1Vl,:Jffll1ila'Y1:::m Sargassum cinereum ~ Dona Paula Jetty, Goa tls::t'Ylrl'O'Wl~tl 1!'1t'V'l'IJ11 

L. Minuta rn!tyi~~l'Uffll1i1t1~fll'1,:JV'eltlff'11t1 141'U 
., 

Honda et al. (1998) fi~!Wfl Schizochytrium /imacinum nov. 1llfl'Wl'Yl:::1mBnwil1 
., . 

"ll'lt.llfl'U Yap Islands 1J'ttlfflJ'Ylrn'l.FifrlnlPl:::1'U\Plfl l~r.J'Wli1'elVl{I\Jll1i~mmo,:i~1um:::~1EJmo.:i 

(0.4 111 !flSl:I.J\PlS) u~1u1hJ1iu,:ilu01111rn~~~iifl'1 lflff 2 IU'ell!CMtJ; !UU!'YltJ l !UOllCM'U~ 
"' 

"" " .., .t <Id ./'JI .I <Id ".I"' ='1 ! ""' ""' "' .d~ 
1:.1"1'\Plfffl~ 0.5 1UtlSICJftJ\Pl 1'W 2 tuOSICJf'U\Pl unJ pH 11J'W pH 4-4.2 ~tll\Plllflrntrnfl\Plfl'tt('l,:J,Jlll'Vl'U~ 
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., ., ' 

'iJ11'MflLlHl1Yil'.i~1fJUH~'IJifl'lJ1U~1tl1hhhrn~W'Yl1Jll 25 fl-!lfYWJH'UCHfJff 1ilun,n 3 1'W . ., 
d Q.I d G) jlci. a., If 

Schizochytrium limacinum nov. '1'1Vf1J'IJ'WlJfl11lJ &fH'l"ll'flfl1J Schizochytrium aggregatum Ulvllvll-!l 

'ill fl Schizochytrium "ll''Wflg'IJ~ijfltlJ1JflfJf!1'1fm1~fli.:ii1 i~ (gliding) 'IJ'W lfl'llfl-!l"l! 1flrt'l.lflf f1l'i 

ilri flv,r 1 fl rtilflf ~ il,jij nu rt! H fltlJ1JflfJf!1'1fB rl' Ofl'IJ uBtfl 111Jmii u u i u m1 i-NuM ri .:ifl 1f u fl'IJ 

'll''Wfl\911-!l "'] 1iJuci'um1v11Y1ffm11Jm11'il!t\J 

I ,. "I Ct, d'd Q.I ,, 

Jensen et al. (1998) Vf1J11'1'1'iflff &'1'1 &fllvl'if!ff'l'lflfltWfl'illflYiW1'1'1trn Thalassia 
~ u 

,:::L::1~-;· .cS9/ i-"I c. o'~a e1,, ,.dt.=:!'11t,, Q,I 
testudinun 'l'llJffl'IJfJ1lJ'iflfJ'1tf11'il'f1JYl'iflff &YI &fllvl'iflfflvllflfll'f1Jll'ffJ-!l'iflfJ'1t 60 Ulvllllfl'l'l-!l n 15 1'1J 

jl "I"' "' "' ?I "' <!I "'jl ~ .f <!I jl I 
'il'W'Ylt!Jl'l'ltrn11JBV'IJ 'il1flffl'IJV1m'W ffmB fl-!l 'iltm mrntm'l'wrnwll~ -!l'IJ'W u.:irnvBt 78 UBtl'f 1J 11 . . ., 

,, d d d d ,, ... I Ct.d • 0 91 .c::t a, Q,I Ct, 

Yit!Jl Ylt lB'l'llJ m 'IJ fJ'J'il t ff 'i 1-!l ffl'.i 11 {l'll''J'IJ t Flavone Glycos1de 'Vl1Yi 'W 1 Ylt11Jtl-!lf1l'i t 'ill t!J'U fl .:i 

'Vl'iflff 1 YI i fllvl 1 ~ ff Uc'lttJ.:Jl'f1J11'Vi"ll''l'ltrnuBt ff'1v1fl2rn mt~ flfft-1 Yi tl.:J1ilum1 ri.:i fllfftl~ fflJ\j'iW 'IJ fl,:j 

'l'lHlff 1'1'1 irllvl1flff 
., 

~t al. (1998) tfi1J\911flUHU1'1'1trn ~'IJUBti1JiJj'iJ1'1J'1tJrn'W 'illfl 3 l'IJ\vl ;ie> 

~-!ll'IJlvl! fll.J -t'IJ\vlfl1J~'Wl!Btt'IJlvl'Yl'W n Vf 1JYl'i flff 1 YI i r11v1! ~ffi.:JMlJfl 57 rt1t.1iu-{ 'il lfl'l'J f1t'IJ\vl~ 

n1m1ffm:11il1mwm~ i'lll!u~rn'll'rn~w1Je>Qi'W'lf1,!J 13. 7 - 35.9 nfaft~'W~'IJfl,!Jflrn i'lll1'1Jlf ,!JMlJfl 

Ranghukumar and Chandralata (1999) fffl'l:J1Yl'iflffl'Vlir11v11~ffl'W~'il'ill'it'IJfl,!J Pegea 
,, ,, ' . 

confoederata 1flfJlJ llJll~fJ,!J it-1tl1'1'1~m-nfo1~ ff'Wtt1'1Jm~orifl i 'Wf11'i if! 'OlU 'W n111iJ 'IJ'l'l 'i ml 1 YI i r1 

lvl1flfflT'Wvi'iluw1'ilrnijm1iYfH1A'uitJrnr111v1Y-1B1rtiifl t'lfc'1'1~1'il!t1H~lJ~ij'IJ'Wlfl 7 O,!J 10 
u 

11 ,. I ,/ I ,/ _J I ,/ 

tlJ tfl'illJlvl'i U1J,!Jt'lf'1'1U1J1J binary division fl{JHfflJ\j'iW '1f,!JflUU1J.:Jt'lf'1c'IU1J1J binary division 

U1J1JJ1"1 (repeated binary division) 1i'Jmfo1:1wtt~t-1'1Jfl.:J Schizochytrium ~,!JU~c'lt19rn'1~Wl'Wl 

trlu,r 1om.lflf UB!::'Yl'lflflflfllJl'illf11:fW-!l'IJO,!Jci! 1 mlilflfu Ht~ttlJ 11 flrtilflf ~w1JijuvJBm'ilBB1 

,, d d o ,,d a q,,"' 'jl 'j} ,, QI~ Q.I d, 
2 tff'W U1J1JlJ'IJ'IJ Uc'ltU1J1Ji 'i fJ1J'l'11Yi'W l'Yltfl '1fl'Wlvl1 t iJ'\11,!JYi'W 1U'1ttlfl'Wfl'11J 'lf .:J 'illflc'l fl'l:IWtYlfl'111 

., 
dd GJ 9/.at. Q.I I 

lJl'IJlJfl'JllJ tfl'1"ll'flfl1J Schizochytrium limacinum Uc'ltlvlH'illfl Schizochytrium mangrovei 

I Ill d 'i d..:::t I c,' ?I rl q, .c:1 o' d, I I ,I 

flfJ1.:J trnlvlllJ t'IJ'\JWtYllJflUU1J,!Jt'lf'1'111J'IJ 4 1'1f'1'1 fJ,!jfl,!jlJ 1 t'lf'1'1 'YI lJU1J,!J1'1f'1'1U1J1J binary 

I <!I .. ..; _ 1 ,I "' ,d"' d jl 1 "I ,I <!I ,I 'I j/1'1 I 

division lvlfl!YilJfl'Wt'lfc'lc'IO'IJ ffuV'iUH11ltllJYllJ'\lt-11flt'1flff'il,!J'lf flffufl'i 4 tl.:J 8 t'lf'1'1 'I'll i'YI tlJ .. 
Q,I O II) 9Jc9 Q,I ";;11.:::I rl 

ffllJlHl'ilfl 'il ltt 'IJfl tfltl,!J'it~1Jffu"ll'ff 

Ragan et al. (2000) i~'OlU'Wfl'll''Ufl'\leJ~ Quahaug Parasite X (QPX) ~.:itrl'Wl'fl'ilfflvl 

'\JO.:J'YI Otl'i.leJ,!J ~1 Mercenaria mercenaria 1 ~fJflfl'l:llt'U~ tl1H 'ntt'Uiili1J'U 1fl ~1 fl i Vl;'\l fl ~V'W 

18S rRNA ~t~lJ'\ltllfJ~1rJilfiri1m~fl 19fwe:ii1rne:it'iff W'U11 QPX tU'W'i.lminluivlc11J 

"1'Ul'WlJ 1'1l!t1r1e:im trle:iifl~1U'Wfl 1~t1l ;'1fl'l:IW~VINffWj11.J1'1'1fJl Vf'U1l'i.l0~flae:i~ti'Um':i i~ 
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,, 
,1uu fl hurn1fff.l'1fl'l:1w::n1•rn~ 1'VlfJ1 1 tJ fll'.i 'Ofl ,1uim~ilu'V116'Vl::m 1 tJ ntjlliHifl'Jll.Jff'UfftJti:lu 

,, ' 
vd1-:rn1mi.:i 1 um'.i ,1uum::i'UfffJ"1Uc1:: i1il;rl' 1-wv.:i 'il1fl'1fl'l:IW::m.:irl'w i 11-J 1'Vlf.lltm:: lfl'.i .:ii1f 1.:,i 

'lltJ1flt~nmr.,iuu~c1::m-ni.:i 11knifowiu ~.:it~l.Jii QPX \)fl'Oflvdiuntjl.J~IPl!flft u~~Vl.llQfl'Ofl 

i'lf vdiu h-J'11Jc11mu'Vl 1m'.foflv\Pl1 ri1v.:i'il1niicin1Hurnu11!v 1 'LI l 'Vl'.i 1citl.J~'Yhm!1~fff 1.:i 1 '.icitVfJ~ 
~ ~ 

t~mm::~~Hi'Liff'Ufft\Pl '.i 'Yltm::tl 1V1'11 l'.i l,r1~1CJt'1'1 ~,:JCJtl~ 1 \JI 'iltJli:ltJ '1 fl'l:IW::~ihflty'IJ{M ~ .:iii;1\Pl 
,, 

1 u ntjl.lu u~ii'.:i 1:i.if utl iw:h QPX vdi untjm1rnff 1 'V11fl1Pll 'f1ff'ttlvntjl.lc11ii!ut1ilfli1 u~ 'ill fl 
,, ' 

,v1.1mhi'Liihr1~1v-1'Vl~'llv.:ifiu 18S rRNA mmrn;iflc1.:i1,J1~i1 QPX 1riu~iltJ'V116n::mii 

~l'.i .:,i;11P1ti:ltJ'V'll'.iliYIPIVVltJmim1'.iVff l 'Vl ,fl\Pl!'f1i1~iim1l.J imrn'fln'IJ T. pachvdermum l.Jlfl~ff'fl 
~ ~ ~ q 

Leano (2001) tn'Ui1vd1.:ii'Ul"ih'll'1mc11-J 11 'lf'W'fl ,nnih'll'lf.ltcl'U Panay 1.h::t'Vlff 

vJiliJilu rl' 'V'lll'Vl'.i vff 1 n 1 fl\Pl1'f1 ff 85-100% 'il1t1i1vd1.:,i l1J 1"'YJfl'll''W'f1~vi1nn ffn1:11 l'f1f.l'll''W'f1 

'Vl'.iVff l'V11fllPl!'f'lft~'V'lrnJ.:iqflflfl S. mangrovei (40-100% 'illfli1vd1.:i i 'IJ 1"i.:J'ttl.J'f1) 'Uflfl'illflilir.:i 

vm Thraustochytrium sp. U~fl~UWfl 1~mw1::,nn l'IJ\Pl::\jl.l'Ul'Jtm:: lfl.:JflH irn~fl 

'i"l ,,,._, cvo'<ot 
Fan and Jones (2002) 'V'l'IJ'Vl'.iVff t 'V1 tfl\Pl'.i'flff 8 fflfJ'V'llJl! flV Schizochytrium sp. 

KF-1, S. mangrovei KF-12, KF-7, KF-12, T. striatum KF-9 1m:: Ulkenia KF-19 'illfli1vd1.:,i 
' ,, 

l'Ul"iii1.:i11ciuiuil1'll'Wm'U U'.i::t'VlrTiv.:im l.!Vfl'illfl'U Fan, Chan, Jones, Vrijmoed (2000a) 1~ii 

fl1'.i'Yl'fl'1V,:Jfll'.i\PIV'Uffl.lV.:J'Vll;Jlflii'IJV,:Jci! 1 flffUV{'Vl'.i Vff l 'YI lfl\Pl!~rl'~tWfl ,~'illflill'll'lfJlcltJ'!.l'.i::t'Vlff 

iv .:,i fl .:,i 'V'l 'IJ 1111 Vff'!J v{iim rn fl 'Uff l.l V .:,i ffl '.i ff fl~~,~ 'ill fl, 'IJ, "'IJ v.:ivhril l'll'lf.ltcl'U l.Jlfl~q~ 

l'f1m1rn1::iurh~1tl.Juri rn.:ic1.:Jl.JlflVUil.:i 1m::m~v::i'.i1u \Plll.J'11i'IJ 

-~~--QQQ2l.rrn11ntjl.J Straminipilous l~'Ufltjl.Jlt'.ifl~l;l'Yllfll'.iVVfJffcllrll'Ul" 
' ,, 

il1'll'lfJtftl.l '11 /!.:,i 'illfliii 1.:,ic1.:,iil 11m:'V'l'IJ':hiifl 'Jll.J ffl.JW'l-.11i''Ylmb.:i'IJV,:Jfl1'.i VflfJffcl lfJ i 'IJ 1" (Bremer, 
• 

1995) ,rl v.:i 'illfl'Ylrnff 1 'YI 1 fl\Pl1~ff'Yl'U'Yll'U~Vffl'.i~u viln~ i 'LI 1"il1'll'1mc1tJ'U'IJVVfll.Jl'1f'J.:Jfll'.i dvr., 

d I 'j lq c,, o' c,, 1/j o' 'j d 'j 
mnmm::mw.:,i1u'V'!'IJ'Jl'Ylrnff 1'YI tfl\Pl'.i'f'lffffll.Jl'.it1r-ic11P1mu tcitl.J 1citc1c1mff 1wc1mmfl'YI 1'.it'Wff mi:: 

~ ~ 

v:: 1mc1ff ~iifl'Jll.J 'ftlflty l 'Ufll'.i VflfJff'11fJffl'.i~'U'Yll 6iu l'IJ 1"il1'1l'lfJW'U (Raghukamar et al., 

1994) tm:: S. mangrovei tr!'U'Yl'.iVff i 'YI 1fllPl!fliY'll''W'fl~'V'l'IJl.Jlfl~"!'f'l'illflill'll'lfJl'1'UlY.:J i 'Ut'IJ\Plf V'U 

& ~ 
1m::n.:,it'IJ\Pl'.iV'l-.l (Leano, 2002) 

Douck and Rinkevich (2002) ,J~111Ul.lfl'Yl'Hlffl'Yllfl\Pl!'f'lff1lll.11l.l 26 iv lCJfm'Yl~fl'fl 
.,.......------------------- ,, 

mm l~'illfl Botryllus schlosseri (tunicate) Ucl::::'illflU:mf .:J'IJV.:J~~1iflWctlff\Pl1'U 1 i'f'lrJiirnr1iJr1 

amplified fragment length polymorphism (AFLP) 1rn:fl1'.i1tfl'.il:l't'11i'IJ'W1fl~lfl1Yli'IJtdiiu 18S 

rRNA 'V'l111l'Ylnlff l'YI ifllPl~~ff~l.:J'll''W~O'UUff'f'l.:JU'IJ'Ult~l.l~IU'l-.llV (AFLP pattern) ~U\Plfl~l.:Jf1'U 
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irnn'il1flrl'~-nnrh'Ylrnff 1 'YI i fl\9ll1lff'll''W1U~t11num1JnT1 i11,11uun 111t.1mff'mim1wt'Yll·HYWJlt-J 

1'Yltll 1rlt1'Wllllfffl11111ltlfll'J1!fl'JltMihill'W1fl~1t1i'Yl;'llfl,,JUt-J 18S rRNA V'11J11iifl11lJU\9lfl911,,J 

f)t-J lu1:i1J~illlll'Jt1i11 lttfl~91Hffilirl'nu ,~ ... 

Huang et al. (2003) i1Ut-Jfl'Ylrnit1'Ylifl9111lff 7 iti lcimrn~ffllll'JtlH;\9lm1l 
• • SI 

hnruiliflll~1tl,,J'll''Wfl docosahexaenoic acid (DHA, C22:6, n-3) llfl1ltWfl,~'Olfl'Wl'Ylttcl1Jlt1W 

'll'W~,,J'YI :m'IJ fl,;i1h: t 'YI ff~ {I u u cl: 111: t 'YI ffrl i 111 t1 fll'J 11r111: lf u 1J 1J UH u 'IJ fl~ 'll''W11'IJfl,;in111 
u • 

, 'IJlJ'U ilitll~ 1~ ~ (C20-22 PUFA) ~ti:lt-Jfl~f111'J:flfl1J'\JflWlrnrl'1rn:m111m1:lf ii1i1J'W1fl~1fl-
SI • 

, 'Yl;'\Jfl,,Jfit-J 18S rRNA V'l1J11fl1'JiflilUt-Jfl~1tl1nl1,,Jfffl,,J l tti:-rnnfft111mfo,;inu 

Bongiomi, Pignataro & Santange (2004) t~1J~1fl~l~~t-J'Yl'Jltl1Jl11W'lfW~,,J'Yl:rn 

Ligurian Sea l11:1'Ylfffl\9ll~ ~'J:~1Jfl11ll~fl 5 lll\9l'J'Olfl;::j1~t-J V'l1Jfl11lll1t-JlUUt-J'Yl'Jflff 1'YI ifl9111lff 

o' ' o' .q G) t Q,I ... I • ~ J ~ " I 

61 lCJfclcl9lfl'Jfllllfffl19ft-J\9lllJ\9l'J tm: 1 l-A'll'1~l1 cl~t)~H'U fl 11lll1t-J lUt-J t-J 'O:t'V'lll'IJ 'UllJ'U 200 19fclcl\9lfl 
., ... 

cl fl rn ff m CJft-J 91 tll \91 'J ... 
SI .,. 

Bongiomi et al. (2005) 'JW,,Jl'Ufl1'JV'l1Jl'lffl Thraustochytrium gaertnerium sp. nov. 

'll'U11 l111i'il1nil1'll'1t1mwtrn,;i Goa 111:mfffl'Ut~tl 111t11,;i'01i1m~ll'illfl11m111fl1t'Olt1Jtrlu1cirnrl' 

_ I """" "' V <0 II) 1 V <S <> ~ .,-,d V 
11fl\9l'Ylfll~tl,,Jt-Jflt.l (young vegetative cells) ll'\Jt-J111 4-5 lll fl'J1ll\9l'J 11"1'0Wil'Jt)jl1J'Ut9fclcl'YIV'l'Jflll 

mhtCJfml (mature thalli) fl1t1l'U 24-25 ~11m u~lw111,;il11:mw 18 ~11m mt1imCJfm11~1Jii 
SI • 

1l'Jfl11l'V'l~'YI (droplets) 1i'.lui11rnu ml,,J'Olfl'W'Uiifl1'll'Olt1JUclt'WWlt-Jll1U\9lfl911,,Jf1'U 2 U1J1J flflU1J1J 

~ l Young thallus WWI t-J ll1~m'Olt1j11ltl\9l'J ,;i i 11 ti:lt-J mature thallus ui:\'1-.iwiu 191 mil 'U 

d 'I "'"",., ~ Q Q II) Vw "' 
zoosporangium 'Ylfllt.l t'Ut9fclclllclf1'!:1Wttu'Ulll1l'l (granular) ll1'U l1l'll'1lrn'U Uclt zoosporangium lJ 

"' .,- "' _I II) V 'I .,;_ "' II) V 
f-l'U~l9fclcl1Jl~ ll'IJ'Ul1l11'Jtll1W 15-30 lllfl'Jfl'U fll'Jff'Jl,,J zoospores 1t-J'Jttltl'JlJU'Jflff,,Jlfl9J 11l'Olfl 

• SI 

'\Jfl1J'Uflfl'\Jfl,,J zoosporangium ii'1'miw:1iJur1il'U 1llfl'W'Utn11mrnu~t9fclrl'ttll1Jfl~l191 (cleavage) 

I Q Q .. I ,., .. d " II) V<V 

tltl1U11lt'J1 ll1'W zoospores ll'\Jfl1Jl'IJ\9ltltlH'll'1ll'O'W Ucltll proliferation body 'Yll'l1'W l1l'll',ml'U 
'JI • ' ti 

t'lf'Ufl'W 1llfl'W'W zoospores tllltfliltiui111tidmoh-1 zoosporangium ti:lunm'ff'U'l t~Qn11citio 

fle)fll.Jl\9lllJ'Hltl~fl'\Jl,l'\Je).;Jt9rnrl' l1ltlf-l'W,,Jl9fcl'\Jl,le)flfll1ll,1 w,iv,;ir1,;imne:i proliferation body ~ii 
II) V ' "" II) V<S 1 "' "' 'IJ'i.11115-10 lllfl'Jflt-J m,;ie:ig zoosporangia illl.ll'Jtlficl\91 zoospores 111m 10-75 lCJfcl fltlllclfl'l!Wt 
' ' ' ' 'JI ' • 

m\'1mlJn11t11 nmn,i 2 tff'U l1'U11ltfflJlltl11~1lfldvhJmm9fcl'1 ri1utfflJll'ff'U~'1fldYi~1unw~1 

fl'Jltffuttrn 'IJ'U1'1'\Jfl.;J zoospores 111 i~ 3-4.5 X5.5-7 ilJ lfl'Jtll\9111,wjje!9111ri1u1:tt11,;ir111lJ 
• • SI 

'j/ t0.1 .cS d~ 31 ,.,J 1 Q.liV 
011 X fl11llfl11,,J t'Yllfl1J 1.4 : 1 o,;i 2 : 1 1:0:ncll'Vlt'Jllff'JH zoospores ,rn11clOtlflflfllll'W'U 'll' 

t~ ct I d Q.I d d o' d 
nmY1,;ii1u 111:mw 60 u l'YI titlVJ hnmmnm1 off ,;imm1-1u e:i:lJu oa111 u till'! nu 'IJ ,;i ttclt 
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d sJa., t d a., .ct d ~ 
ectoplasmic net mu'1fl'lfflt\J'W'Yl.:ilu pine pollen m1tflll11'rn'll.:i l:lf1'hlfl.lt 1fl fou1'Uflll11'Hl'll.:ll1J'W 

... .k "'"" ,I , ' 'Nf11:ll.Jl1'Hlfl'l'.:l'Nfll:llJ (circular to subcircular) 'YllJlCJfl:11:l'll'Wlfl l1t!j 

' CV d ! cfd j/ t " d Q 

ff1'Ufl11'WWJ'U1U1J1J'YI 2 'lJ'lJ 19fl:ll:l'Yl'WHll.J111J.:119fl:ll:I (mature thalli) ll'Yl'lJ'Yl,ltl,l1t!J 

~ .., _ 1.d ~ "" ,1 "'111" , a l "" 1 "" 
l1J'W zoosporangium fll:11Jl1Jl:ltl'Wl1J'lJOtl.JmHJfllCJfl:ll:l lf!Otll.:il1fll11flltl 'U 1 'Ul'YI fltllJ'll'Ulfllll1 

25-40 '11J 1m11J\911 111:1:::n11.:i 12.5-27.5 '11J 1mlll\911 ftfl'hlW:::~fl.:llfl\9l"MflflO ectoplasm ii'1fl'hlW::: 

1rlu11~u ri1u~1ttti0111Ji1tiuuiJmm:::1rluti'ouo:::ii1.1ot1111CJt1:1;m~ou~mh.:i-N1'l -w1.10~1:::v:::rl' 

_, "" ., 1 ,1 "" ' "' .d~" "' .d 
1J1tl.J1W 15 'Ul'YI lCJfl:11:l'iltflOtl'l f11:ll.J'll'WlJ'll'lJWll'Yllfl1J zoosporangium l'I tfl'illflfl11'WWJ'Ul111J1J'VI 1 

., ' 
'1lfl'W'W zoosporangium f .:iiWJ'Wl~O 1fltifl1111U.:!i1fff 1.:111om..lo{1u'1fl'hlW:::1~t11tirn11rni1 1 

11~hi'W1J proliferation body ~l'W1'Wlll:lt1'U'il.:i'llo.:i,r 1oi,-t1o{1 'W111J1J~ 1 iirvi1tiu111:1:::mi1outi1J 

' "" UUIJl'I l 

'U on 'il lfllltJ.:ll'U fl111 '0tll~tl1fi1Jfl11fl fllWflm Off 1 l'l '11'1\91! flff 'ill fl ft fl'hlW::: ff W i l'U1l'ltll 

11~1ir.:iiim1'0f!~lll'Ufll'llOff 1l'l '1flf!!f!ff111t1fl1111fllltl1 ~li1J 'U1fl nlo, l'l1l'IJO.:IV'U 18S rRNA 

"' o 1 ~ "" o' """" "" o' -::'I"" o' .k ~ "" , Daiske et al. (1999) 'ilfl'illll'Ufl'VIWff 'VI tfl\911flfflll:ltl:111Jl:l'WtJl:lflff 14 ff1J'lfff CJf.:illJ'UfflJl'lffl 'lJ 

6 ffflcl 1fltlflll11mltl1~1i1J 'U1fln1o'1l'l11'1JO.:IV'U 18S rRNA 11c1:::il1,Yo1Jc1i-rnci11mffmn . .. 
fl11l.Jfll.J'Vi '1-Jlj 1i .:111WJ'U lflll 'W1J11ffll.J1Hl11U~ ,il'Ul'I~ 6~,.1 ll.Jlfffl'hllO O fllil'W 2 fl~" flO 

labyrinrhulids phylogenetic group Uclt thraustochytrids phylogenetic group ~~f-lclfl11fffl'hl1~'1~ 

u ff fl~ 11Y 1 ii u a~ fl 11" 1i flu~~ 'II o ~ f,11;1 m 1 io11 ~ 111 u fl 111 vo 1ffv ftf)fl w::: l'I H rl'w i 1 u i'VI v111 ci::: ii 
'JI <V c:(,:;il"l ~ ,: 

l'll~fll'U OW'W'U 1ifflff\911l'I 'if 'Wfll'Jfffl'hl l'U .. . 
Wong et al. (2005) 1lvilfll'Jfff1'hllfl1llJ~fllJffll'IJ1W'IJO~'Yl'JOff 1 'VI '1fl9l~flff~Vm'illfl 

11.1i' ~fl:::uli' (Kandelia candel) ~iiflfl'hlW:::1,J 11i1omrn:::~'lJ\9ltflO'U1J!nwth'lfltllcllJ 1flt11~1J 

i1oci1~lw1h~1~ou11J'hlltJ1-J ihn.nt1u flcllfllJ 2004 uci:::nmniwfi 2005 'illflfl11fff1'hll'W1Ji1 • • • 

ifltiiifi1~~fl11i'W~lJ\9ltflO'W1J111W'Ul'lfltJlcl'U~iifi11vi1ti1J l.0xl0
2 

- l.6xl0
3 

CFU g-
1 

111:1:::'WlJ 

~~qfli'Ul~OU9JcllfllJ (5.6xl0
5 

CFU g-
1

) 

Perveen, Ando, Ueno, Ito, Yamamoto, Yamada, Takagi, Kaneko, Kogame and 

Okuyama (2006) flf11Wf1'Vl'JOff i'Vl 1flfl1~nf,nnil1'lf1mm,1~lt1nm11 1.h:::t'Vlft'~~'U m11il1mti 
., ., . 

'Vi'Ufi 12B m1nt1~i'W'Wl'Vltlcllliinc1 Lflff tlWttflii 28 tl~ft'lffl9fclt91clff '1~1..l!mw1'1ll11-J 58 % m~ 
q qJ q 'U 

'1'11111-J'lf'U~~ltl'lfW 43 % 'lltl~m~i'lll!ui~ttl.J~ 1~tiiieJ\9l'Jlfl111'il1W 0.381i11m e)fl'Jlf-11:IYl~\91~ u 

W'lfltl 2.8 ± 0. 7 flllJ/~\911/1\J 
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., 1 "' "" .. Burja, Radianingtyas, Windust and Barrow (2006) fl~UtJfl'Yl'Hlff 'YI tflm~fl'illfl 
,, ,, ,, 

111n'i.:il>i1.:1"7 innm 19 mi.:ilu1htl'Ylrl'Ufl'Wl~l 1~mnui1mh.:ii.:iff'IJ 70 ,116Ul.:I 1llfl11tyl'Yltrn 

"" • 1 "' "" .,.,;., "'" (Spartina alterniflora, Zostera marina) lH'lt~'IJv'ltmrn m'lt'IJl'Yl':i6ff 'VI &fl~':i~fl'Ylfl~Utlfl &~ 
,, . ,, 

ihu1u 68 mt11fo{ 1J1't'llfll':it~t1.:i1vit:i111111c1i1m'Vi 1.fi1J1wnrn 1'1njui.:11111~ fl-Wmuc1t~m'l1m 

111nm1 fffl'lfl'Vi'I.J1l'Yl':ifl ff 1 'Vl 1 fl~ s ~ffffll.Jl':i ou u.:i t:it:imil u 4 n~11m11i.Js1J1wuc1: 'lfW~'llfl.:I m ~ 

1 'lliru 1~t1ii111c1i1m'Vi 0.1-2.3 ni'111i1~1 uc1: t'lliru fl-Wwuc1:~m'lfm iiti1t:i~l ui1.:i 27 .1-321.14, 

-Cl,ClQI QI .c::I ocv 

2.97-21.25 Uclt 5.18-83.631Jclclfl':i1J/flrn 1J1cl'l11flWl ~lllcll~'I.J 

fll';jfffl1fl'Yl':iflff l 'Yl ir1~!~Jlui.J1:rvm1 'Vlt1a.:iiiilhnmr fl 1~t1mw1:m11111mn11 clltl 
,, 

'V11.:1:ihm'Viluum'i.:1~1.:1'1 1iuihvi:rn 1.bmi'.:i 11?m'.h'll'1t1rnu 1ilu~u ri1ulmy't'l1m1ffnm 

fl111Jl1cllfl11 clltl'Ufl.:l'Vl':iflff 1 'YI ,r1~!~ff'I.JS&1fln'.l1'lfltllcl'IJ l'lfl.l ff1Jtl1cl 11S~fl1':i r~u,mw 

.cl.Clo o' -Cl Cl Q.I .c::.\ Q.I -Cl .ct a' Q.I 1 : .c::.\ 

ff':i1\Jcltl Uclt11Jll~ lJWG}')t,J~';i (2545) fl~&Wfl~cltJ'Vl':itl'Vltm111n~1flt11.:l'Wl'Yltlcl'I.J':i11WUU1 

iJ:mi'.:1111mm:irulu '0'1111~':ittleN lflltiY'MiJ '0.:1111~'lfcll,!~ Uclt&flltl~l 'OiJ111~i'{Hl:J~{n1u 

uc1:111ni1t:id1iJlu11ty1n:rn ti11~.:im:mu ro.:1111~roumJ~ u1111:'IJ111ihl1l ro.:i111~1:t1t:i.:i v11 
.,.. ., ., .. .. ... ,, 
ff~11u uc1:1m:uff11m1 11.:i111~'ll'cl'I.J':i 'Vi'I.Jt1flv1111u1u 7 'll'U~111ni1t:iduwrn:mu1nwuu1 

,, ,, ,, 

iJ:mi'.:i ri1u 11i1u'Vl~6'Vltrnnri11n1t:iff l'Vl 1r1v11~Jvrui.:iiiu 30 1t:i lCJHcl'Vl 111ni1t:id1.:itl1Y1trn • • 
u'inw1m:il>i1 ri1ul ulu11ty1'Vl:rn ili'Viu~i1u'Vl~6YJtrn 1 unrjll'Vl':iflff 1 'Vl 1r1~'i~J 

.c:::.\ -Cl a.,tf Clo .c:::,\.c:::,\Q,1 .c:::.\ 0 o£!l 

ff1Jtl1cl 1l':iv'lfl1':i ix~1':i~U ff1U1lm Uclt11Jllfl 1JWG}')t1lm (2549) 'Yllfll':ifffllllfl'JllJ 

11cllfl11clltl'UfliJYl':iflff 1 'Vl, flfl'i~ff~ft~lttlfl1llfl lu iu~·h.:111riu luih'll'ltllcll.l'Ufl.:i'I.J':it&'Vlffl 'VltJ l~tl 

10'1.J~10UliJ'I.J111W ~lt-Hi11~ 1 l.l'OiJlt')~fl';j 1~ UcltlJH~ 'O '1111~ffll'Vl'JU':ilfll':i 1llflfll';j '11':i11l'Vi'I.J11 

"". I o' d o' .d .d 'ii .td 
Schizochytrium mangrovei 1Jl1Jtl'JlGlfl.lflfll':i'VilJ1Jlfl'Vliy~Yl'I.JlU11J':i~ 

<Ot 

':itliJi;NlJlfltl Schizochytrium limacinum 33.53% , Schizchytrim sp.l 13.22%, Schizchytrim sp.2 

3.22%, Schizchytrim sp.6 0.36%, Schizchytrim sp.8 2.86%, Ulkenia spp. 12.64%, Ulkenia 

visurgensis. 7.45%, Unknown 1 nii1fiu 12.12%, Unknown 2 tvhfiu 3.57% m'lt Labyrinthula sp. 

tl'llfl'I.J 9.12% ri1u~m.:itj '0'1111~ffll'Vl':il1':ilfll':i'Vi'I.J Schizochytrium mangrovei 41.44%, 

Schizochytrium limacinuml0%, Schizchytrim sp.4 1.11% Uclt Labyrinthula sp. 9.12 % '0'1111~ 
,, . 

~n l~t~l.l'WU vHiiir11llJ11 cllfl11 clltl'IJ OiJYl':i Off l 'Vl lflfl 'i ~ ff~ .:lfl11 '0'1111~ ffll'Vl ';i iJ11m 1 

11w1a n'l:l cl' iul'lu rn (2550) ilnmr1111111 c11n11 c11t1'1Jt:iiJ'Vlrnff 1 'Vl 1 flfl'i ~ J~i~1wn • 
111n 1111Jj'iJ1'lf1mc1u 1JliJ'll'IJtviou flHt'Vl'V'llJ111U fl':i 111niu £1Jjih'lf1mc1u 5 'lf'W~ 'ViU 'Vl'HJff t 'Vl i r1 • • • ,, ,, 

~!~d' 2 irnc1 uu'11i:lu 4 'lf'W~ 111ni'1111J~ 893 lfl httc1'Vl 1u1Jjifih~1c1'Vi1J'Vl':iflfft'Vllflfl'i~d' 79% • 
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~~ni1 hii"ifrnifo~ 49.28% i~fou'Viqrrimf.l'W'Vi'U'Yl'rnff 1'YI ir11P1~flfl"l~~fl 69.54% (334 ifl 1CJtm'YI) 

"' "' II) 1 "' "" 'JI d 'HMi'l~lJlfltl lfltl\Jfl'Hlt)lfllJ 64.50% (318 ltl &CJfl'1'YI) lli'ltlflfl\JlJ\JlfllJV'l'U'Wflf.J'Yl~fl 60% 

(241 , tl 1 CJfti'l'YI) 

lJffil 1ht~li'W1i lli'ltflWt (2551) i'lfllWfl'Vlltlff 1 'YI ,fl~~fl fl'illfl l 'U i"ih'lflf.Jli'l'W 

v1mfl1iJfl~ i~'l11flff~'YllUlltlll 'illfliu-qi" 9 'lf'Wfl V'l'U'Ylrnff1'Ylir1~1flfl 184 iu 1CJtm'Vl hw 
., ' 1 1 a ., ., ~ ., "i 51.J"" - I " a " "' ~1tlf.JH &fl~flH llli'lfl ll'1t'Vi~f11'111~lJflflflllfl~ !U'W'Vi'W~ lJ'VllJlIJflllCJflJ~'Vi'U~~~fl flfl 75% 

'11Wt~1fo'Vlt ti'l'Vi'U'Ylltlff 1 'YI l fl~1 flfl~lff~ 15% Ui'lt 'illfltlllfffl1:l l'Vi'U'Ylltlff 1 'Vl i fl~1~ fl l fffli'l • • 
"" ... 

3 'lf'W~ flfl Schizochytrium mangrovei (41.44%), Schizochytrium limacinum(l0%) lli'lt 

Schizchytrim sp.8 (1.11%) hw S.mngrovei 1tl'W'l1'W~l1'Vi'Uff~ff~ Ui'lt'Vi'U~lfl'lfrniiu!mwff~ .. . ., ., ., 
(15.41-180. 74 ili1ilfli'lJ!fli'lJUl'tttJmlir~, 8. 79-48.60 ¾mfl i'llirirn~'ttlJ~) 'lf'W~flfilfl (0.25-7.42 

., ., 
ili1ilfli'Wflfotlrntl'nuir~, 0.15-6.17 ¾flrnt'lliruvi~'ttllfl) lli'ttrnm{rn (0.16-3.85 ilflilflfoltli'2.J 

., ., 
tlrnirfluir~, 0.09-3.94 %m~i'lliruvi~'l1lJ~) 

Q. ct, Q.I d' ct, A. ct, Q.I A. 0 .di 
fflJfJ1'1 'il';il,lfl'Jl ~~ll~'W ff'J'W'il~l llflt11J1:I~ lJWCVlt'il~l (2551) 'Yllflllfffl1:llfl11lJ 

'11 fl lfl'tt i'llf.J'llfl~'YI ';i mY 1 'YI i fl~ 1 ~ fl~i'l~llf.Jfl 'ill fl 1 'U ,"~-i 1~'11 ciu 1 m'Jl'lflf.Jlfl \J'llti~iu ii"'ill'lflf.J 

rnu~l'l..lTU 17 'lf'W~ 1J1nwu1m,J~~ lu i~'tt1flmlfl l~fltl1mfft11:tlfl1llJ'ttmfl'tti'llf.llli'ltU1mw 
., ., 

fll~l'llir'l..l 'illfltlllfffl1:ll'Vi'U'YIHlff1'Ylir11,11~rl'vi~iiu 10 'lf'W~ l1lJ 532 ifl19Hfl'YI 1~u 

~ C\ d d 

Schizochytrium mangrovei l1J'l..l'lf'l..l~'Vl'Vi1J~~~fl (76.33%) rn-rn~1llflfl Schizochytrium /imacinum 

(32.24%) 1Pi1mh~ l11i~mi1i12.J~timt~~'Vi1J~1u1'W'lf'Wfl'llti~'Vlrnff i 'YI ir1~1flftff ~fffl (8 'lf'Wfl) . ., . 
'illfltlllfffl1:11U1lJ1Wfl'rn i'llir'l..l 'hjtlJIPi1ff ~ 'Vi'U11~lfl'lflfliiu!mw ff ~ffflflalw1h~ 1.12-173.21 

'U " q 'U ., ., 
ilflilfli'Wfli'1Jtl1'tttl' fluir~ (6.57-40.90 1i.Jfl{1,'l..l;flrn i 'lliruvi~'ttlJ~) ufltiiflrn i 'lliru vi11u 

.. ' ., 
(eicosapentaenoic acid, C20:5 n-3) llfltlfltllllO (arachidonic acid, C20:4 n-6) l'Vllfl'U 0.42-3.56 

., ., 
ilc,iiflfolfli'2.Jtlrntl'm1ir~ (0.31- 7.82 1i.Jfl{1,'l..l;flrn l'lliruvi~ttlJfl) 1mt l.53-5.49 iii1iifli'Wfli'2.J 

., ., 
tlmtl'm1ir~ (0.59-6.68 tUfl{i,u~mfl i'lliruvi~'l111fl) ~1m11~1J 

d QI , 'JI 'JJ d tq jl , °' o "i' i "" ,1., 
'ii 1m 1u~ l'l..lf11Hl'tl1:l lfl~ fl'111'1JH~\J l'YI 'lJ lfl'Jltlll 'ii~ 'ii ll! 'lJ fl'Vllflff l'Vl fl~HlffU~ 

1.hti1'Un1Ji1ty'tt111mau ';i tfln ~~Yi 11 ir'IJ1f!f11111i'f11 'il'U, u fl ll -u~ir11uJt1~fl~ Nllfl: ifl ~1uu fl 

fl rill (fffli'lll'1:ffti:ih1) ,~foa1~mm:i111~11J~fl1l'iltttl'U vii 1ir1uil'il'iltl''Uiifl1llJff'U 1 'il 1umltJl • • • 
'JJ Q.IQ.I 'JI Q.lo ct. d.fl,J'..r:kd ,tt'J} 1,: 

'IJOlJ'1, 'l,I ';i :~1JV'l'U li flll111111 '111.h: fltl'UflU 'ii fl 'ii lU'l..l fl 'ilfl'U Vil tlflfllJ'U 9Mtl~UlJ1l'IJ fllJfl 1 'U ff 1'U'U 
'U q q q " 
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a~ "' , Q.I ' cs di J O ,, Q.I , er , ,,_, 1 .,. , QI QI 

l'lfl'flll 1 &lJlJlfl'Ufl U\Pll11m.J fl11fl'flll11l1fl'\l'Utn'lt'W1'\J fl'J.! clY'l.:J fHllTU 1J1 'lflJ1t tl'lf'U l'Jl.J fl1Jcl flll Wt 

m.:J~l'W irwi rninmucltff11inm ,it'l!i1 ilf mm1oliwiu1uu 1m.:J i u m1 iY'l ~1u u n1ilun16ntj1J 
,, 

il1~fl~1.:iti'.l'Ul.Jl\Pl1}1'Wvifl 1 u 

iJ 1l1tlmr fl1l'ltllfl'lff\Pl{ 'Wtlltlll.J'W 11 il'W n16ntrn1JN'lf'UY'l~l1111J11iiu!mw fl~lfl 

.-. o' V .f .., .-: c!i 
UcltY'llfl'lflfl~.:JlJ1U1tQMI i'll'l'Ufl11t'WltmtJ.:Jff\Pl1'1.J1 1llflflllflflf:11'\lfl.:i Jaritkhuan et al. (1998) 

I 1 llf .Q ,/ .c::t. .c:1 _ ,~ .cs, ~ 
'W1J11'Yllflff 'VI tfl\PllY'lff'll''WY'l Schizochytrium sp. (MP3) l.JIJ11J1WY'llfl'lflfl~.:Jtl.:i 30-40 % '\Jfl.:iflHl 

,, ' ' ,, 
1,iirm1.:iY11JY'l dfou 11 uti:l'U fllY/11'\Jfl.:ifllfvitiiti ffl1J11tllTil.JU11J1W ~!V'lf!V 1 u mfvhiiti ilf ff ,:i,iu .. 

• f ii ,, 

(fflltl1cl ,i!\Plfl11 Uclt Jones, 2550) Ucltdjmhm{o/i1iitio/i~Y'll.JlU~1tJ~rn'lfrnil11h~ti.:i~n~.:i 

flcl 1~1 (PL4-PL 16) ,:idh i ,.r cltlfi.:iiiu!mw~lfl'lflflff .:i\Pllll 11M'1ti 1'W'1tlf:1Wt'\Jfl.:Jfl1101Ul1flfl\Pl11l 
q cu q cu 

111.:J 1cimY111 Ucltffll.J11tl'Wll11 flff 1 l1 lfl\Pllflff'lf'Uflrl'1ui:-iffmi'.l'UmYl111~fl iunntiv.:icltlfi.:i ., . 
o a, -c 4 ~ ,., I.Q c:t i .., V i 'J} J Ill '1.c:1.c:1 31 ~ ?I ~ ~ ~ ~ 

fl"11111tl1'Wl'Vifll'Vill1J1l.J1W fllfl'lflfl 'U \Pl1tl.:J YI ff .:i'\J'U tflflflflfl1tl 9f-111J'U fl11 t'VillYl1fllffrnUrn1W 
q q q JU 

"' i i,lcv ,I !i,I C:., j/ jJ Q.I o 
fllfl'll'lfl Yltl1Jll'4lltl'Vll.:Jflflll'U'Ulfl.:! (Jaritkhuan and Jones, 1999) 'U fltl1lltl~ flfJ.:JUB1tJ.:iffll.J11tl'U 1 

,, .. 
nrnff 1'Vl lfl\Pl!11ffi'Wm,11il1i'.l'I-JUY1ci.:i'Ufl.:J~lfl'll'lfln1~11ilf ti11 BflUBlflt'Vi.:i'\111 (Jaritkhuan and . ., . 
Jones, 2001, Jaritkhuan, 2002) t'!i'Ut~tl1D1J Song et al. (2007) nu1 Schizochytrium /imacinum 

~ el .Q ti f!d C1 'j/ ~ o 11) ~ CS .CS A ci oucss mmumY111mv.:i h\Pltvforncltm1nmti HB11l.:J'W11umti.:iclnum9fm11ti1flfl'Vlfl11Y1m ., 



' "" 1Jl1't1 3 

~ ' 
fll'jflvJUt.lf1Uil~illUUm,le1fl"Hlfflflifl~1vltl'illf11uiun·h-rttt1Wl.lel~'nUiriu 

ih,nmttu~1t.1~fl'HW~fl1~a"w;i11-.11f1t.11 

_I d d u I 

fJ1Jfl'lWUl1J~'JtlfJHilltU'l'UUJ 

1. 1r1tt1~ihr!fnJ!1nt1HHlfl911'il'U (DO meter) JANWAY 

2.1r1tt1~jjt11'Uflll1flfl111J11'.J'Umfl-1Uil (pH meter) HORIBA 
Jt ~ a., d 

3. lfl'Jt1~1Jt11flfl111Jlfl1J (Refractometer) AT AGO S/ MILL - E 

4. ll'1t1lfofil91~J{ 

5. tJ~'YHllff~fl 

.., ..;i .I 
6. ff:i ::: fl l'tHl fl U 'U l'l fl 1J 1 fl fl1 

.I <I -=IV .I""""""' 
~1Jfl1WUil:::O'l'lltliJ'HB.:i1J{)1J~fll'l 

1. fl~ lflff (glucose) HIMEDIA 

"' " .., 
2. flff\?I ffflfl (yeast extract) HIMEDIA 

3. 11h.J191u (peptone) 

'JI 
4. 1'U (agar) CHEMIKIT 

" 0 "' 5. urn:::mrnt11J (Q - SEA) 

• I"'"' 6. '11IJ!)"lf1'U::: (antibiotic) 
.:::..cit..:::. ,::t 

6.1 l'Vi'UW1H'l'U 'il (penicillin G) (M&H Manufacturing Co.,Ltd.) 

6.2 ff19l'Ji.J1m1aaifu im'Y'l\?I (streptomycin Sulfate) (M&H Manufacturing Co.,Ltd.) 

7. ffl'Jc'l:::c'lltl 'Vi'Ultlff (PBS) 

7.l lCJfl~rlllflc'ltl 1l; (NaCl) UNIV AR 

1.2 1fl l'V'l11l'lm;ri111~ lfl'JL'ilu'Y'ltim'Y'l\?I (K,HP04) UNIV AR 

7.3 l'V'lul'lm;u111fl ,~ lmrnu'Y'ltim'Y'l\?I (KHl04) UNIV AR 

8. 11Jl'll'Utlc'I (methanol) UNIVAR 

9. l©'fUClfU (hexanes) FISHER SCIENTIFICRCK 



. 

10. m,iic1vb!n (H2SO2) MARCK 

11. 1CJfl~tlll'lfclt'rl~ (N~O4) UNIV AR 

12. fl'rn 1,n!tJlll~'JjllJ 19: 0 nonadecanoic acid (Internal standard) FLUKA 

. ,, ,, ... .... 
1. ~l'lltl1"Jffl (laminar flow) UNIFLOW UVUB 1200 BIOHAZARA 

,, ,, ' .... 
2. ~Ulll"Jffl (incubator) PUFFER HUBBARD IRI 1930 Al4 

Jt ' . 3. mrn~1•1m1 ( mcubator shaker) GALLENKAMP 

4. tfltfl~~um1c1~ (refrigerated centrifuge) SANYO HARRIER 18/80 
.,i V o d TM 

5. tflrn~flUU'IN'J:UU'Yllfl'JlllWlJ (freeze dryer) FALEXI - DRY MP 

6. tfltfl~UfliY1fl'Jlll 1~rn'J1'rlvJ (gas chromatography) HEWLETT PACKARD/ 

HP 6890 SERIES 
.,i 'I ,, ,, 

7. tfl'Jfl~ tl1fl11ll'JfllJ (hot plate) FRAMO-GERATETECHNIK M21/l 
,, ~ QI 

8. l1llfltJ~fl111J~lJ\1~ (autoclave) TOMY SS-325 . . 
~ QI O • 

9. tfl'Jfl~"Jf~ 4 911Ul1'1.J~ METTELER TOLEDO AG-285 . 
~ Q/1 ,:!t 

10. lfl'Jfl~1,Jfll~,JflcllJUiY~ (spectrophotometer) GENESYS 20 

11. fll~tli'UfJtlll1iJii (water bath) HETRO SBD 50 
Yo d .q ol::f. 

12. ~'Yllfl111JWtlfJWl1i.]1J - 80 fl~ffltCJfcltCJfcliY (deep freezer) SANYO 
,, ,I 

13. flclfl~~cll'l'J'JfflJ NIKON . ,, 
14. lflrfl~~,ifl'JllJ'lflJ (desiccator) 

' I d 
15. ltl'l~U1Jll1clfl (magnetic bar) 

~ . ~ 

16. ,11u1'rl1:1{hl timm:i{ il1tl~ 1~m,im1h:i 'tl1,11tl"lf1J~ 

,:t.., ' 
i;TfJ1U11vl'Ulf.lH 
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1nui1flVH, u 111th'lflcltcllJ ~ :h~ l1 rl lJ u !11w iJ l"JflcltcllJ h ~1~ cllJ 'lJ H'U~ fl~ 

"'U1'J1l'ltJ10lJ" ~1mflu1~u~fH i~111frn:1i~m11 ~~uu~~ h1m'rl~ 3-1 mi: 3-2 i,ivJu~~1nu 

i1oti1~n 2 u!nw 1rn:mfooom~lJ 4 mnu i~vumu~ 1 m1:m11u~ 2 o~1uu!nwt~tJ10lJ 

11NOlJ'U'J~lJ1W 50 llJm ri1uumu~ 3 1rn:umu~ 4 o~luu!nwt~tJ'JOlJ 111~0'U'U'J~lJlW 50 

llJ~'J l'M'U O'U 
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' " ' 
fll'Vfvi 3-1 'l1'W'Vh~tJ\P11tlV1~ h/lJj'ih"l11tlt'1'W ell!fltltJWU~fM 11~'111~Q~ti~t'Vl'J1 

(http://www.google earth.com) 
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fl. 

'U. 

fl. 

e1.d ..c:i.d ..c:i.d 

•11. ff mu 'V1 2 fl . ff mu 'V1 3 ~ . ff mu 'V1 4 
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.iQ.c:l d CV I 

1lifl11lfl1J\il18tlH 
., . 

1n'I.Ji16ci1~ 1 'I.J 111i11'lf1mc1tm9ic1t 'lf'W fl 1 ~ri~mn'I.J 1 'I.J 111iim ~ fl~il 1"11c1iii 1~'11 riu 
., ., ., 

'lf'W~clt 20 1-u 1n11i16Vl~'l1~ff'W 3 fl1~ (1~6'W~qffimri'W 2550, 1~6'Wii'Wlf'llJ 2551 Ucltt~m.J 

ff~'HlfllJ 2551) Uclt1~tl'iliri~~U1flci'm.1m~1.htt11';i~~~l';il~~ 3-1 

,J! mw eenciirnu~ c1t c11ri 1 uth (Dc1 i1nf 111i;fl1) 

f111111i'.lumfl - mff 

. 
... QI ... 

lflrn~1fl6elflCJl't'il'I.J (DO meter) 

tfl1el~1~fl111lti'.lum~-t1Jff (pH meter) 

t:JW'H-t)lJ (6~ft'Wlfcl!CM£Jff) 
... QI ... 

tfl';iel~1~t:JW'H-t)1J (thermometer) 

d 
fl111ltfl1l (psu) 

4 Q.I d 
tflleJn~fl11lJtfl1l (refractometer) 

fl11't1vlt1fl~1in10,n.ln-imm1 

"' d 'i "' .I QI , 'JI, 'JI 'JI 'JI l. mlrJlJell'HllU'IJ~fl\1 tflff: rlff~ffflfl (GY) '11 ~fl111lt'IJ1l'IJ'I.J l: l 

2. m1i'i~uwn'Vlrnff ln 1flfl!~ff'illfl 1111~il1'lf1mc1u 
., ' ., 

2.1 il 1i1uci1~ 111111il 1'!f1mc1uu9i c1t 1 'I.Jci'1~?11riil 1V1tmii1h lft''il 1m<i1e1 (fl1111 
., 

t~lJ 15 ihu1uwuihu) iJ1t111w 2-3 flf~ 
., ., 

2.2 il111Jil1i~u~uiu1~fl"l '11'1.Jl~'Ultmw 0.5 fl111Wlf'I.J~tlJm ,nm1uil1 

QI 1 , •, ~ ,JA : ~ ,J c:. .::u::1 , $Ill) jl ,, ,, fj/ 

fl16£Jl~ ff 'I.J 'ii 1'1.Jt~ltl'lfffYllJ'I.J l'Ylttcl'U';i lft''illflt'lfel'Vlm1lm'U{J'lf1'1.Jt 11 1 ~fl 111J1 'UlJ'IJ u-q~'YllrJ'IJ U ~ 
., ' 

miJi]iTwt1vi1n'I.J 300 iic1i1nf1J9iei11,11 Yi~ H 2 i'11m 
" ., ' 

2.3 'Wli1flV1~'illfli6 2.2 ~1'1.J1'1.J 9 iu mi:JmM1'1.J61'111rn~~ GY l~lJ'l.hVJ::rnfi 
., ' 

'U'Jlft''illfll'M6li1911Jri1,Jij;}1ut 1,ri~ f111111-u'1J-u'u iy~~W'll e1w1,Jiji1hut 11110'1.J 300 iic1ilni' 119i tJ 
., " ' 

i;fl1 tln1'1.J1l1ir~111J~ 31~c1'VI mc1'Vlc1t 3 iu 111JiitJw11ni1ire1~ 27 - 32 tJ~ft'ltCJHUCMtlff 1-tl1..111m . .. 
1-21'1.J 

~ d Q 4 
l'll'U'Vl'I.J'Jr{'Vlli (pure culture) 

d~c:. cf, •" " d 
2.5 lfl'I.Jt'lffl'I.J';jff'Vlli uornn GY th1vo~vi1911J'Wl'Vl::rnil"Jlft''illfll;fl (fl'JllJlfllJ • 

I , QI I A I ... ... ... "" A I """' , 'JI, 'JI 'JI 'JI 'JI 
15 ff1'1.J 'I.J~'I.Jffl'I.J) IJ"J::mw 10 mrnc1fl"J 1rn::1fll.Jt111J{l'lf1tJ:: l1 ~fl11lH'll1J'lltJr{~'YIW'IIO~ri1 
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., 
I ,!I ,!I 

t11tll'l$ell'.Jf1 "1 2 t~el'U 

o .I ,1 d d' "i , ~ d' 
3. fll'U1W'ttlt1Je!Wl1'U\P'tf11l't'lU'Vllelff t'Vl fl\P'trnff (Frequency of Occurrance (%)) 

'lJ el-!1\911e!VN l U il1l'.jf1'1$U~~l11f111fff11Jl 

11.Je1{i~u;m1't'lu = ;hu1ulu~'t'lU'Vl'HJfft'Vl1fl\P't~~ii' (ut>icit'l$U~) x 100 ., 
~1u1u l uri~1111~'lle1-:ii1e1v1-:i (ut>icit'l$U~) 

4. i~~lll'Uf1'1$U~'Ylltlff L'Yl ifl\P't~~ii'~l'i~twmnn lu 111il1'1$wrnu 1~tili5m,1w:'Vl1-:i 

ffWJl'U1'VlfJ7 i~utinni1!N11mn.lo{ m1u,jw1rncl' 5m1w:'lle1-:i1loi11.Je1{11Ht;tJ11 on 

1.Jrie1ti1 le1i11.Je11uci:5m1w: lfl lciu 

5. tiv~l~lum1i~~lU'Um:iu;irm1i1~-:ii-:ifll'YI~ 3-2 (Honda, 2001; Goldstein 

& Belsky, 1964; Hunt, 2000; Alderman & Jones, 1971; Porter, 1989; Leander & Porter, 2000; 

Watson & Raper, 1957; Yokoyama et al.,2007 trnt Yokoyama and Honda,2007) 

' " ,, 'JI ' 'j/ 

iirnfum1,~uo.;;oi;?mnvi1l'Ylifl\P't!~ii'lum11itiu ij115nnni-:i;1e1i-:iu 
Jtq, fl 'J} dQ.I ~ t 

1. ']j'eJ'J'YlfJlfflff\P'tl 1.h:f1VU~1tJ \l'Uff Uclt'l$'U~ t']j''lJ Aurantiochytrium mangrovei 
~ I q Q,I I 

2. <.lfVUV'UD-!11l'tt11'YlfJlclfJ\p'Vn l'l$'U BU (Burapha University) 
' ' ., 

3. ;?vve1{-:i111~nl'i~mmt'lfD 1~uti Cs (Chachoengsao Province) 
.,j I ,, , ,,_,I I ,, "i l d 

4. '1$0UD\P't'U 1l1Jl'J$ltllcl'Ut'l$'U RA (Rhizophora apiculata, \P'l'U lf1~f11-!I urnn) 

5. l11JWrn'llluil1il16111mciu~1~ui1ovN iiu 02 l11lltio-:i lu~ 2 
'JI • SI ti ' 

6. cihvil'i~ur.,m;?e1hi' t'lf'U l l'llJlfJ~-!I i1vi l 

\911VV1-!lt'Jf'U Aurantiochytrium mangrovei BUCSRA 021 



I. 1cinui'i.Jnii ( vegetative cells) ,i.Ji m.111~ fl"' 1vm ::n-1011 n:: fi'Umnwmo t u1n'u lv 

lt)fl 19l'Vicl1ffiifl .................................................................................. ········· 

.-_ I .., ,J ' '" • ., i • • 'I ., 'I 'I" "" 
1. 1CJrnc11Jn91, ·n-:inmJl'l'HlfleJU'll1-:inmmc1:: 1Je1~mo LlJLff'W LVLafl L9l'Vicllff1Jfl ............... . 

,I ..:iitt" .:Q 4 .J ,, cf.di .... 
2. t'lrnm.Jn91 L'b'l'lcll'Wl'W'il-:J'il::tflcleJ'W'YI (migrate) 1m::m1-:imforn 1J1Jmfom11mn 

(aplanospores) ......................................................................................... . 

,1 -=i.il4 4 ct d .Jt , 
2. 1cirn c1,Jn91 m1J n l'Hfl n au'YI 'il::tflcl au'Yl91-:JU9111 rn ................................................ . 

.. ,J "'i .... ., 'I 'I" ... 3. l"lfclcl 091 1J1JtfflJ LVlf)ft L9i'Vicl1ff1Jfl ............................................................. . 

3. 191c1~'llniiiiLn'ulmart h1wc11niifl .................................................................. . 

o' -=--=a 'J/ 'l ,. Q ,J,::s QI 

4. L'lrnn,Jn911J1ff'W LtJlaft L9i'Vicl1ff1Jft'Yl1Jcln't:lf.U::'U11J'Vrn.:i (apophysis) ....................... . 

_.,J """' ., 'I 'I" .. di• 
4. l"lfclcl 0911JlfflJ LVlf)fl L9i'Vicllff1Jft'YI 1JU11J'VieJ.:j (apophysis) .......... ····························· 

..... ' 
5. l'llclcllJOUUmUU'U Binary Division ........................................................ . 

tl'QI ~ ,. 'U " Q .,,,-=t 4 ,Q o' • 
5. l"lf,H'l'Vi\P.U'W11UlJ'l! Laff f)111Hl'iltJ1J1"lfclcll~W1"1 maa::1JUf)Ofll"lfclcl ................. . 

'\"'\""'"' d "'I '\" .. ,,,., 
6. Lfl Lcl'WlJ'IJ'Wlflmn lff'U LtJlelft L9i'Vicllff1Jfl lJflf)tJ'Vi\P.UlJl .................................. . 

11"'"' t'"t 1 .. ., "' 6. fl cl'WlJ'IJ'Ulf! my lff'U Vlelfl 9l'VicllfflJfl'Vi\P.U'W1fl ....................................... . 

'I" i.J .. u .... ., ., .. 
7. 'l! Lelff a1, 7Wl" 1m::m1.:i1Lft'U911ll"lf'W1i'W (canthaxanthin) 1m:: 

m'fi'1uft hiiu (B -carotene) .............................................................. . 

'I" 'U .. 'U. ,, ... ,, 'I""' 
7. 'l! Lein' a1, 11.:inc11J 1m::n11.:i1wo.:im91111ft Ll'Yl'W (B -carotene) .................. . 

.-., ~ 'I" 'U _. "' .-d 
8. 1'llclcl'Vi\llllJ11U'U'l! Lf)ff arnHL'ilOlJL'llclcllf!01"1 ...................................... . 

ti QI ?I ct, ,/ " 

8. L'llclcl'Viro!'W lLU'UeJ::lJUelO~L"lfcli;I .......................................................................... . 

'\"'I""'"' d "'I 'I" "'i''., 9. Lfl Li;l'WlJ'IJ'WlfllclO lff'W LVlf)fl L9l'VicllfflJft lJflf)O'Viro!lJl ............................. . 

11"' .. t '"t 1 .. ., "' 9. fl nulJ'll'Wlfl my mu mart 91wc11n1Jfl'Vi\P.U'Wlfl ................................ . 

IO. 'I! 1an,Ja{1Jnn! 1-:i~1011imrn11iifli1 (pinching) 1m::;i-:ii1 (pulling) .. . 

I 0. 'l! le1n'lle11iliMQnfff H lfltJOll'Ufl (pinching) uc1:;;i.:ii1 (pulling) ........ . 

0., 4 QI " QI 11· Cit, ,I ti' 
11. o.:irt.:im1;1e1f!m1911;11;111M111n ,mo a::m.1e1of!1'l11;1c1 ............................... . 

QI " QI .c:t'U f ,Q ,/ ,I g) 
11. ~'W.:Jl"lfi;lclffclltll11Jfl m'M1l10'YI clf)fJa::lJUf)tJfll"lfclclllcl1. ..................... . 
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Family Labyrinthulaceae 

Single genus: Labyrinthu/a 

Family Thraustochytriaceae 

Aplanochytrium 

,, 
'Ila 3 

Althonia 

'li'a 4 

Japonochytrium 
,, 

'IJ'e) 5 

'li'a 6 

'li'ei 8 

Aurantiochytrium 

'li'a 7 

Oblongich ytrium 

Schizochytrium 

Thraustoch ytrium 

'li'a 9 
,, 
'llel 10 
,, 
'Ila 11 

Sicyoidochytrium 

Ulkenia 

Parietichytrium 

Botryochytrium 

Labyrinthulales mnff Labyrinthulomycetes (Yokoyama et al.,2007) 



n111lflllt'Hfl1~1'll'IJU (~~m .. h.l~'illfl Shimizu et al., 1988) 

4.1 i~i1mhw1rm1'Ut1~V1•rnff 1VI 1ri\9l'i~ffu'.i:mw 0.1-0.2 ni'llilmirnutt'~ 

hiiu'll1~u,mnftv1~ii~,t1~'U'I.J1~ 20 n~i1i1\91'.i 

4.2 l~lJ 2 % CM~~!ri (H2S04) itJtlJVll'I.Jtl~ (methanol) u'ilJl\91'.i 3 n~i1i1\91'.i 
., 
"' "" 1 1 ... ' !II "" 1q 1 !II i !II '11fl'I.J'I.Jl\9llJ Internal standard 200 1J m~~'.i ~1'1.J~1tlfl1C!f l'W ~mm U~1 l1 

r111lJ!t1tJ~~w111.1ii 80 t1~ffltC!fmCMt1ff 1iJtJ11m 2i11m 
S, • 'JI I 

4.3 fi~iMtg'I.Jl~lJlelfllC!f'I.J (viii IO ppm BHT) 1.5 ij~i1i1\91'.iU~:'WlflfiU 
., ., 

1.5 n~i1i1~'.i 1'Uo1 itt'1,i'1tfoii~ 1 tt'uvn<i'tJ . ., 
4.4 ~~'llt1~m~1vit1~-i'mrn iriitJ11~t1~1wmt1~mt1~firnm11CJ11~t1lJimvJ~ . ., .... .... 

(N~SO4) 1l'ltl~~rl11lJ'lf'I.Jtltlfl 

4.5 'llt1~m~1~1iiriitJ'll1~Ulfllflfttl1~ii~1tl~u~:~1'1.Ji1vn1CJ11'1.J 1~'.il,l'I.J 

!II d i 1 !II d .,\ .., !II .,l Cll 1 1 . .l~I 
'1 'I.J UlN 1fl1J ff~ WU 1 l'I ti '.i ti fl1 '.i1~ ~ 1 tit m ti ~u fl ff m lJl ~ '.i fl'.i 1 Y'fri 

4.6 ihi1t101~,11niu't17.51~11rnmC1ftJ 2001ll imi1\91'.i m"1\l~tiu'11r11t1~ 

unff lt1'.i1J1 i~'.ifl'.il't'JfJ 

4. 7 fll'I.J1Wl11U'ill1Wfl'.i~ 1'lll1'W 1~mmt1111vivmium~ 1'lll1'1.JlJl\9l'Jj1U 

(standard fatty acid) 
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il'.fln:&rl~O~UflU1r111..nlv11n11-wfl ii Flame ionization detector 1iJtJ1r11t1-:i~'.i1'il1~ 

.., .., o' i !II 
m:ytyltl! tmtrltl~lJ'I.J 'lf Capillary column HP-INNOWax polyethylene glycol (30 m x 250 µm 

I I 'JI I 

X 0.25 µm) ~W'HfJlJ'll(l~fltlfilJlJt!lJ~'I.Jvi 175 tl~ffltCJfmtMmY r1~111iltJ11~1 1 'I.Jll1 'illfllJ'I.JltilJ 

fJW'HfJ1J~1t1t1~'.i1 IO t1~ff11cirn1CMt1ffl-itrn1vi ,iuu~fJW'HfJlJ 210 t1~ff11CJ1m;t1ff r1~1111'h.,1n~1 

Q !)I I d_ .l Q t Q ,;/ "" Q ,!1/?j 
1 'I.Jl'YI mnrnw "l mll'll'W 2 t1~ffltC1fmC1ft1ff\9lt1'1.JlV1 'il'WO~fJWl11Jll 230 tNffltC1fmC1ft1ff rl-:J 1mu 

., 
nm l mvi (li'.i:t1:nm11~l1lJ~ 16.50 'I.Jln) 1~viu1ftm.J1iluunC1f'V'll ff1'WfJtlAl1fJ"'lltl~ Injector 

.... ... 
tm: Detector rltl 250 tl~rl'ltC!fmCJfttff 



. ..,. 
1.Jl111 4 

m1Kv11wnn1B'1'1n1flvi1v1t1'il1n1111~~·h,:i11du'lJB-:J'WU1l1~iJrnumm ~,:i111v1u:ai,:im11 

\llflflllfffllfl'Vl'Hlff 1 'Vl ifl\911'1 ff~t1,11wn 1~ \llfl 111i"il16lfwrnu~·h,:ilnhm!11w iJ16lf1v-., 
mu i-:i111,1u:ai-:i1n11i~r-rn~,:iij 

... <V '<'Ill,,_,, 
1. 'lfUvl'lJBUi'Ufl n.Jul'lflfJlil'U . ., ., 

,i1nm11~11i1od1-:i 111 i"vii1-:i11rlu,io,:iiu f'l"iJ16lf1mr1u vi',:iilu 4 'll'U'1 ,i1nnmu~1,:ii 
"I ,, CV .d d ' .t::I .d CV d'lfl 9,1d , jl I t %. c:. .: Cl 

&'1Nr1'1-!J\ollll.:J'Vl 4-1 \ltlllU1lfffllU 'YI l 'WU~ UJ'Yl'W11 '1Uflllffll'Vlt!rl'Vl,:jl11J'1 'WU'1U'lfUU\ltllrlt1l 
., . " 

il1Yi1111fio11\olctoY1 mnuvi 2 l'111un11l1:rn1ilmhu1my ur1d'.Hn-m1,:i1rngmj'i,:i iiilnhmfio11 

0 ., "'d ., .. , 'J) ... ''I llJ :vd d llJ V llJ 'J) ' ' 1 'I 
\olr!O~ ffl11111fffll'W'Vl 3 'W11l'l'Wli 1ll1c\W6lf'W~ U\91 &11 &ll'Vllfl11 &~ &~Ufl\91Wl1l'Vltlrl Uc\t fl.:Jfll,:j &11 • • 
d I "'"' 1 'I 'I ' 1 lrlfl ff1'Wff0l'W'Vl 4 'W1J fJ,:ifll.:J &11 &'111Y Uc\t 'W'Yltlrl 

iuf'l"iJ1'Jfwrnu (~01'Vltnfflff\ol{ on1:11do) "'"' "'"" . ' "'"" "'"' fftll'W'Vl I fftllU'Vl 2 fffJl'W'Vl 3 fftllU'YI 4 

Uff1l'Vltrn (Avicennia marina, AM) X X 

1n-:im,:i1rngfl (Rhizophora apiculata, RA) X X 

1mm-:i111h1aj (Rhizophora mucronata, RM) X 

l'Vl'Vltm (Thespesie populnea, TP) X 

\911~1l'Vltm (Excoeoaria agallocha, EA) X 

" . 
,i1nnn1~tJuu11'Y'lil 111i-:i1.h:m11 u11'inwiJ1'lfwmu illm1i.:J\o1Tn,:i11 4-2 wui1 'll!mw 
' ., 

oonci1rnuvicttmvtl1ihhodh.1'Jf1.:J 0.19-3.56 ijr1ilni'111ilm f111mi'lum~-111niifi1odl'Wi1-:i 6.75-
~ ~ ., 

8.21 OW'l1flij,l1ijfi10d1'W'Jf'J,:j 24.9-28.4 o-:iffltCJfrl!CM!Jff urt:fl11111~1lijfi1od1 U'lf'J,:j 15-32 wrnm.J 
q cu cu cu cu 

. " "" tJWfll'W'Ulm-:i1.htm11 u11!nw iJ16lf1mri'W 1>1111.:Jl'I 4-2 

' . 
0 ., d ., "' ., "" 

flWfll'YiUl flH'Vl 1 m-:ir12 flH'Vl 3 • 
'll!mwoonci1rnu~ct:mo,l1 (fir1ilni'111il\ol1) 0.19 2.28 3.56 

fl11mi:lum~-111n 6.75 7.5 8.21 

t"JW '11 tJfi'U 1 (0-!JffllCJfrl!CMl:Jff) 24.9 28.9 28.4 

d 
fl'l11Hfll.l (psu) 15 28 32 
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2. m 1 iv1 ii 1 uu fl'lf 'U v1ri10il 1 ri 1 fl \>'I 1 v1 il1 v1£101 i£1Km1 w~ ri1-uYw11u 1nm 

'Vl'HHY1'Vltfl~!~rl''V-luvY-:nnJ~ 687 tfl 1C)fm'Vl 1rlm.11lJ1~~~1uim 1~vmirt1~n-uw~'Vl1.:i 

" " 
ffwi1u1'Vlm'V-lu..,--::iihi 3 ffu;rl';ifl 

1. Aurantiochytrium mangrovei 

2. Aurantiochytrium limacinum 

3. Ulkenia visurgensis 

" ~ n-u w~'Vl 1-:i ff W Jl'W 1'Vl t11u Ii~ --;i.:i;1~ 'Uflsl'Vl 1 flff 1 'Vlfi'Vl ! ~ rl'ul>i Ii~'lfu~ ii 11vii ~ tfltl~ i .:i i1 

1. Aurantiochytrium mangrovei 

~ 11'1 ,,,.,,,,,! d 111"' d .,. 
'illf)f)l'jfl'f)'Ul'V-llJ'Vl'lflff 'Vl lfl~'l~ff'lf'U~'UlJlf)'Vl"!~ ~ti fl Il'UlJ'Ufll'ttlrn'Usl GY ll 

Q.I ' 9) d I ,di d 1 1 ..:!\I) 1 .ct .c:::i. ,I ,I 
'1f1'UW~flfl'U'U1slf)I!ll ff'U11'U'U'VllJUff-::J UlJ'Ul'lfllJ 'UfllJ fl Il'U llJl'ltllJ U'1:t'V-llJfl:tlllJfltl~lC)f"1"1 • 

' ' I 1 1 d d d. ,el 
m:t'illflflVrnlJ fl Il'U (fll'V-l'Vl 4-1 U'1:t~111sl'Vl 4-3 flsl 4-4) 

"' 
" ... I ,C\ d ... I I I j/ d d ... I 

lC)fIII!un~ (Vegetative Cell) lliu17slflfl'U'U1-::Jf)I!lJl"1f) ll'U'U7~u1:tlJ1W 5-15 

' " ' 
lll 1 fl'j l:I.J~'j lijfll~V-::J t 'U fll'n 1'l l'l1'11 GY 'V-llJ11lC)f"1"'11mm:tn'Wlri'W f)~lJlJ1f)f)11fl~lri'WlC)f"1"'l~tl1"7 

" 
ff'Ufl{uH1~t111ii'Um~ 10-35 1111fl1111~1 'il1nuuiwm11rluc~ 1flff'Ufl{uH1~t111iimrniJs11C)fI1"'uuu 

\J] jJ ,I Q.I I ,/ I efd. Q.I ~ oC\ ,I ,/ 

Binary Division I~ 2-64 lC)f"1"1 'l-1'1-::Jn7rnlJsllC)f"1"1'V-llJ11lJ1sllC)f"1"1llf111'V-IWJ'U1l1J'Ufl:tlllJfltl~lC)f'1'1 

91 liJ 1 liJ 1 91 ~ "' ?t "'.I ,,,.J.,. .I' .,. 
'U'U1~m1.:i 2-3 Ill fl'llll~rn"1:ttl11 6-8 Ill fl'jllJ~'j U'11'ilsll'il'ltyl1J'UlC)f"1"1uf)~'VllliU'llslf)"1lJU'1:tll 

,1,d Q.I .c:::i. ,I o'd 91 1 ... I ,/ ,. I ' d 
u "1:tlJ 7sll C)fI!I! 'Vl'V-1 WJ'U 7lJ1 'il 7f1fl:t ll lJ fltl~lC)fI! "111 m1 ff11-::JCU flffu fl 1 i u 11.:i1 

~1'U1'U 8 CU1flff'Ufl{ ~sl~f1'UW:ti.:inri71'V-llJlJ1f)i'W'lf1-::J 12-30 i'1111.:imn ff1'W°U1flff'UflfoHt~tlll 

fff1s1C)f 1flff'Ufl{~ii1-u-:i1.:i1 f11111t111 7-10 1111m111~1 ~1u1u 16-64 C)f 1flff'Ufl{ m1-uriflt1C)f 1fl-
cu cu cu cu 

ff'Ufl {in~ 'il lf) f)l'j lfli fl'U ~'U fls!CU 1 flff'U fl { mv t 'UlC)fI! "'ulimh.:i 11~ l ~ 11 ~ ti~ 1U '1-1 ,1 sl~'U rifl tl°U 1 flff'U fl { 

ii1vlv-::i~1u1-1il.:i1~t11'il1mC)fI1"'uli ui\'1~-::iiwim1rlu Vegetative Cell l>ifll'U (fll'V-1~ 4-2) 

d 
fll'V-l'Vl 4-1 

.., 1 d d ' .d 
(n) I!f)'UW:t fl 1Ii'W'Uflsl Aurantiochytrium mangrovei lJ'Ufll'ttl'lU'Usl GYP lJll'Vl 

"' !JI .., 
flW'nflll'ntl-::J fllfl 4 1'U . "' . 
"' 1 1 "' "!JI !JI "' ' "' ('U) '1f1'UW:t fl Il'UflW 1~f1'1t1-::J~'1'Vl'l'lfl''U'UtJ-::Jf)"JlllC)f"1"1 Aurantiochytrium 

.c:::i. d ' ,d ,C\ 9J Q.I 

mangrovei l'il'jt\jlJ'Ufll'nl'Hl'IJ-::J GYP rnJ'Vl~W'V!fJl.1'11'0-!I m~ 4 1'U 



fll'W~ 4-2 "'f1lJW~!9fmf'\JtM Aurantiochytrium mangrovei ~!'W1~tit1~1'Wil1'1111!'11~1 GY 1h.1~ 

ilW'l1fllJ 25 il~ffltcifmCJfmY mt1i~n~il~~~'V111ffun1"'~'\Jt11t1 100 tvh . ., . 
(f1-l!) A. mangrovei m~ 12-56 i'111.J~ 

(A) Amoeboid Cell, (T) Tetrad, (V) Vegetative Cell, (ZS) Zoosporangium 
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\Pl111~~ 4-3 iifl'l:JW: ~w jl'U1'Vltl1'\Jtl~'VIH!ff 1 'Vlfi'Vl~~i;y ~fi~tWfl i¢l'illfl i 'LI i~il1'lf1tll'1'U~1':mni'U'U~r:IWth'lfltll'1'lJ r~tt1~Q:t;~L'V111 

1

h.J t"lflll'Vl 

I. Aurantiochytrium mangrovei 

2.Aurantiochytrium limacinum 

3. Ulkenia visurgensis 
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2. Aurantiochytrium limacinum 

1A 1"1'W1J'Wmmrn~~iiiY'll11~'WvirnnY~ €lf11:Jtu~~B'U~1~nm.J u1Jm1t11J 'UeJlJ 1A 1"1'W 
q 

lf) Ii;:! .c::! .Ci, ii ii .::::i l l .c::!.di QJ .d 9/ Q,I l l .c::! 

tlH1tllJ llel~lllJeltl~!CJl'"1"1lJ1!1tl!'UellJ tfl t"1'UCJl'~"1f)'l:Jtl!~'Vl'WlJfl"17tlf)lJ t'fl t"1'U'Uel~ A. mangrovei 

' .Ci, cl cl dt d l l .c::! I t G) .d ~ rl ii 
ll~B~lllJeltl~!CJl'"1"1'UB~ A. mangrovei 'il~!'fl"1el'W'Vlm'W7~'UellJ t'fl t"1'U!'Vl7'U'U t'U'Utl!~'Vlel~lllJeltl~!CJl'"1"1 

,!I l l d '?! "' 'JI O & c:l li]'J/ 
'Uel~ A. limacinum mm1t1f11Jfl"11'Uelelf)'iJ7f)'UfllJ tfl t"1'UIIH!lJ'UlJ1!1tl!f117~'il7'U1'Ulllf) CJl'~!'n'U t~ 

i'~!'il'W!rlei 1fl 1"1u iim~i~ul9i 51mil'W~'WlU (m'W~ 4-3 11"1~~111~~ 4-3 ii~ 4-4) 

ICJl'"1-al 'W BTtt 11 ! 'tt "11JJf1'WlJm~ 'ii w~ 11 ilmCJl'"1"1!~ t11ci ii m 11m~ n~ll'UB~I CJl'"1"1 u'1~ 

ICJl'"1"1Uf)~1JlU'.rl~~el'U~7~f)(lll1J'U'U7~ 5-10 lll 1mtll~l °!! 1mYuBfo1~1~tlll1J'U'U7~ 7-25 

lJJ l ' ii .::::::i. .c::!Q.I 9J Q.I ' 

tll tfll!ll~1 'WlJmrnrn!CJl'"1"1111JlJ Binary Division f171!'il1t\:Jll"1f)'l:Jtl!~'fl"17tlf)lJ A. mangrovei II~ 

1 6) I ~) .ei, r/ cl .e!o I .ei, (/ 

'WlJ17 t'U'l51~ 12-30 '111 tll~Ulf) el~lllJeltl~!CJl'"1"1'Uel~ A. limacinum ll'il7'U1'Ulllf)f)17 11"1~el~lllJeltl~ 

o'c, 'JI li] l li] l & d 'I I I "' "' "' 

ICJl'"1"1ll'U'U7~f)17~ 5-10 tll tfl11ll~111"1~tl71 6-25 tll tfll!ll~1 CJl'~ll'U'Ul~ !'ttt\:Jf117el~lllJeltl~ICJl'"1"1 

l ,I "' Cl 'j/ l ,I .,,,;.,. ,I I d 

'Uel~ A. mangrovei °!f iB{l'umm~l'iltlllff11~°!f telffuel1'Vllllu17~1fl17lltl71 

o l ii .d .d 
'il7'UTU 16-64 CJl' telff'Uel1 (fll'W'Vl 4-3 11"1~ fll'W'Vl 4-4) 

"' 

fl 

fll'W~ 4-3 (n) €lf11:Jtl!~ 1fl 1"1'W'Uel~ Aurantiochytrium limacinum lJ'Uell'tt7rn~~ GYP 'Ull~ 

"''j/ ., 

fJtl! 'tt l'Jll 'tt el~ ell~ 4 1'U 

., l l d 'I 'j/ 'j/ "' I "' 

('U) (Jf)'l:Jtl!~ tfl t"1'Ufl7tl t~f1"1B~~"1'Vl1lfl''U'UB~f)~lllCJl'"1"1 Aurantiochytrium 

.Ci, d I .d. .Ci, !i} Q.I 

limacinum l'ilHUlJ'Uell'ttlrn'U~ GYP lJll'Vleltl!'ttflll'ttel~ elltl 4 1'U u q cu q 
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d Q.I c1 d d GI 
flWl'Vl 4-4 IlflllW~l9HH'l'lltM Aurantiochytrium limacinum 'Vl!Yll~!IIV~ !'I.Hl7'1111t'HI11 GY 

, d ~ d, GJ31 31 rlo Q.I , 

1Jll'VlflW'ttmJ 25 fl~ft'719fI1!9Wff mv !\9lfl(lfl~,Jil'Vlllfl''Wfllil~'lltJW 100 l'Vll . ~ . 
(fl-u) A. limacinum mv 12-56411m • 

Q.1 I cl r/ I ?f ti,.. I ~ 
(u) 'ttil~fllrn1J~l9fIIII 19fIII11l~flfltJ"']'tt'J~flflfltlJ'Wt9fIII11Jfl\9l (V) Vegetative Cell, 

(A) Amoeboid Cell, (D) Diad, (T) Tetrad, (ZS) Zoosporangium 
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3. Ulkenia visurgensis 
,, 

'1'n1iwt tfl i~iliHhn1~'U 'Virn1ff~ ij'1'n1iwt1r!tJd'.iumih.1 riutJ,r1~n~1.1 ~'U 'UU1Ji~11t11J 

.Q ii d .t:::.t o' o'a., .d .d ct 
1J'il1tu'UU1J~1'U'UUflff11.JTH11.JU~l'n'UUt1.J1JUtl~LCJf~~'lf~l'il'U (.fll'VfVl 4-5 ll~t~1'i1~'Vl 4-3 tM 4-4) 

1CJfmfiJn~ijpJi1~n~1.1 'U'U1~hny r-n!~1CJf~i'HtJ1 ij'U'U1~ 5-50 i1.1im11.1~1 Jj'mmtti'U 

?t , a c1 .,,,,. 'i ., .,, c1 c1 1'1 'i c1 .,, 

l1J'Ufl'J1.l'U'U1~rnfl ll~t1.JLCJf~m~tl1"l ci! 1Uff1JUrnHL'iltJ1.J1.J'U'U1~ 10-100 11.J 1fl'il1.J~'i V.1JUt1.J1JUtJ~ 

LCJf~ i~n'U'U ,~u~n,i,~ ll'U ~1'U 1'U 1J 1fl 'if1~ fl1 'i l 'il 1 t)!V.1J 11.flltl, 'U m.J u{u 'i ~ 1l tll.Jij fl1 'i fff 1~1 C)f~ iu l( 1 

Q,I .d ' " Q ?I " ... I' .a ... I' I ,, .a .Q 

'ilt'H 'J~UUfl 'il1flfl'U C)f ~ll~~tlCJf~~ ff11.J1'i Cll'il 'it)!llJ'ULC)f~~ 2 l IJ'i1~fl fllIJ'i 1~flU'U 'U1~fl~1.J'\1 'iUUt1.J 

1JUt1;1CJf~i ~ijliJLL1J1Jfl1'ifff Hci! 1 uffiJu{~LL~n,i1~11'U 3 LL 1J1J fiuLL1J1JLL rn11 uffiJu{LL H1lt11.1 

. I • _, V 'i . I _, . I • 1'1 'i 4 'i . I _, ""' a ,d.g 
lIJ'i1~fl~1.JLC)f~~'iltff'iH1 !UffIJU'ilIJ'i1~fl~1.J'U'U1~ 3-5 11.l !fl'ill.J~'i 11.Jflci! 1Uff1JU'il'il'it)!l~1.J'Vl'il~ 

_, , ,d 'i .I _, c1 .I, ., _, .k V 'i 
'11 'J~UUfl'il1fllCJf~~LL1.J LL 1J1J'Vl fffl~ci! 1 UffIJ U'i LL Hl 'ii tll.JlIJ 'i 1~ fl~l.J H'U ~LCJf~~'H'U 1 CJf ~fl1'i ff'i1~1 1 U-

.1 _. ""' _. V 'I a _, 'i . I _,c1 • I , c1 . I . I , ""' 
ffIJU'i'iltlfl~'il1fl'UU1HCJf~m'Urn1.nw 1'U'il'UL~1.JLCJf~~ ci! 1Uff1JV'il.ll1J'i1~'i fl1'i1J~~"~umn~'il1nm1 

Q,I Q.I ti' .d ,. ... I" .:s .c::t ... l' Cl o' " ,, 
~'UH'U ~LC)f~~LL1.J 'il'ULL~flU Ufl LL 1J1J 'Vl ff11.Jci! 1 UffIJ urn H l 'il tll.Jl.Jl lJ 'i 1~LL 1J1J Vt 1.J1J U tl~l C)f~~ fl1'i ff'i ,~, 

'i . I _, ""' ""' ., _, V 'I _, 'i . I _,c1 • I , c1 c1 • I . I , 
!VffIJU'i lfl~'il1fl1J'il1tuH'U~LCJf~m'U1'111.flW 1 'ULCJf~~ 11 UffIJU'i1.llIJ'i1~'i LL~tl.ll1JLL1J1Jfl1'i1J~Ut1 

1'litJ1~t11111J1 iuffiJu{m ~1lt11.1,iJLL1J1J~ffu~ (mv.~ 4-6) 

f1 

.J Q.I ,.,..ct d ,.J «::tjl 

.fl1V.'Vl 4- 5 (fl) ~fllltut !fl rn'U'UU~ Ulkenia visurgensis 1J'UU1'111rn'U~ GYP 1J1.l'VlfJW'l15J1.l'HU~ 

m~ 4 itJ 
., <;<;c1 'IVV _, • _, ""' 

('U) ~fllltu~ 1fl 1~'U.fl1tl 1~fl~U~~~'Vl'i'iff'U'UU~fl'J1.llCJf~~ Ulkenia visurgensis l'il'ity 

d '.J .c:.9,1 a., 

1J'UU1'111rn'U~ GYP 1J1.J'Vl~W'\15.l1.l'HU~ m~ 4 1'U 



d 
mvrv1 4-6 

fl 

\ 
z 

A 

0.1 r1 d el GI , d 
{lfl'hlW~!c1nrn'llil'1 Ulkenia visurgensis 'Vl!'Vfl~!mN rtWTl111!'1-'m1 GY UlJ'VI 

.::::.\ .::! G)3/9,/ </oQ.I I 

tlWl'lfllJ 25 tl'1rl'l!cifmll)j'tlff flltl !\91fH'ltJ,Hrn'Vl11rl''Uf11{1-:j'IJtlltl 100 !'Vl1 
q "' q 

(fl-u) U. visurgensis tll~ 12-56 i'1 !lJ'1 

(V) Vegetative Cell, (A) Amoeboid Cell, (Z) Zoospore, (ZS) Zoosporangium, 

(RZ) Release Zoospore 
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4 .q °" a'll) ,, ... 'I , Ct, , , .i:::1 ... I ,1 d .1 
llHJ'rl 'il l'HU l'rl 'U ~ llJ u 1'll'1Vl'1 'U U~H'I: 'll''U ~ 'rl 'IJ 11 \Pl 1~ lJ 'Yl: mm u fl 'I lClf'U \Pl f11'I 'rl'IJ 

' Q,I ,, 4 ,, i 
(Frequency of Occurrence) ~-Hf~ l'Vllfl'IJ'Ifltm: 43 Hl·H't.:Jlllflflltffll'Yl:rn ('ItltHl: 39) 'rl'Yl:rn 

(?mm: 35) in.:im.:i1uhny (?mm: 34) u"': imm.:i1rngn (?mm: 27) \Pllllii1iu (m'.i1.:i~ 4-5 

..J a ~ 
&rn:\Pln1.:imflH'U'Jfl'Yl 1-3 &rn:m'rl'Yl 4-7 tH 4-8) 

'illflfll'.ifffl'lfl'rl'U'Yl'.i flff i 'YI 1fl\Pl!fliY'illfli1fld1.:i 1 u 1"il1,m.1rn'UVJfl'l1Ufl ifltJflrilJ • 
i "I "" _..,:.,. i ' "" "" . I _. d _. 

'Yl'.iflff 'YI li'l\Pl'.iflff'Yl1Jfl111J flfllfl'U~~'tlflflfl Aurantiochytrium mangrovei lJluflWlf'U\Plfll'.il'l'U'tJ;.:J'tlfl 
w w ' °" cv a o o., d. 

'Yl.:J 3 i'IH rn.:i"'.:Jlllflfl A. limacinum &rn: Ulkenia visurgensis \PlllJ"'lfl'U (\Pll'.il.:J'Yl 4-5 &rn:\Pll'.iH 

fllflf-l'U'Jfl~ 1-3) iflti Aurantiochytrium mangrovei l'l'U~.:J'tlfl~1'UUfflJ'Yl:rn (53.33 %) A. 

limacinum Vl'U~.:J'tlfl~1u in.:im.:i1u111ty (38.33 %) UTW Ulkenia visurgensis l'l'U~.:iq,1~1u 

imm~1rngn (18.33 %) i.:im'Vl~ 4-7 o.:i 4-8 

ffllf i' u ~ l'U 11-.11 fl i Clfrn 'Yl&rn:n.J u{&~'U ,i' fll'.il'l'Ul'l '.i eff 1 'Yl 1 fl 'YI! fl if u~"': 'l1U fl 'ill fl 
'JI 'JI JI ' 

i1fld1.:i1u1"il1'lf1t1mui.:i 3 flf.:i l'l'U11fll'.i&~ui1fldHfli'.:ili 1 (L~fltJ'rlqffinwu 2550) ii~m11-.1 

"I 1 .I _. d _. _. d _. "" ! .d 4 ,.. ,.. 
380 lfl Clf1"''Yl Lrn:&ufl'.ilClf'U\Plfll'.i'rl'Uff.:Jfffl 40 l'Ufl'.ilClftJ\Pl '.ifl.:J,Mflflfl1.:J'Yl 2 (lflflt.llJ'Wli'llJ 2551) 11 ., . 
• "I 1 .I _. d _. _. d _. ! .d "" "" 
'illt.111-.1 164 rn Clfrn'Yl 1rn:&ufl'HClft.1\Plfll'.il'IU~.:iq,1 38 L'Ufl'.i1ClftJ\Pl&rn:m.:i'Yl 3 (lflflt.1ffrnlfl1J 2551) 

""• "I 1 .t _.d _. .I _.d _. •., .d 
1l'illt.11'U 143 lfl Clfrn'Yl Lrn:Lufl'.ilClf'U\Plfll'.il'l'U\1-:J'tlfl 26 lufl'.ilClf'U\Pl \Pll11"'1fl'U (\Pll'.il.:J'Yl 4-5 Lrn: 
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4. n1~i~iru1un1a«Ynifl~1~ri 
,11nm11tm1:::tttl!1J1tum~ i ,n}w 1uvi1mh:i'Yl1t1i11'Yl itw1!~ifu~t'l:::'1ru~ vmm~ 1,n:ru 

11mn11t'lw'1ru~ u~'l1'U~~vn.miw1 tm:::i'.im1mhf>iqp.nn i~uri mm1m V'Vit0 ~TIO ut'l:::~m'l1rn 

~~~rn'l1rnt1'.lu'!1'U~~i'.ivm1utl!mw~'l~lJlfl 1u'Ylrnff 1'Yl ifl\917~ff 1~t1'Vi1J~~ 1u A. limacinum ,, ,, 
(0.93-197.02 iJt'l~flllJ/flllJ'Wl'tt'Ufltt,r~, 0-42.44 % 'lrn~m~ i'll1J'Wl1~11ll~) Ut'lt A. mangrovei 

,, ,, 
(5.12-195.18 iJt'l~ni'wni'11u111umiir~. ·2.76-4 L 14 % 'llti~m~ i'llirun~1111~) ri1um011rnvm ,, 
tltl'U'l!NlJ1fl1'W U. visuegensis (0-6.93 iJt'lilflllJ/flflJ'l.J111'UflU,r~, 0-10.48 % 'lltl~m~,'lllJ'W 
,, ,, 

'Vl~'ttll~) tl11171JV'Vittl'Vi1J1mi'tfit1~f1'WU~i'.it°i1'l~1u U. visuegensis (0-2.63 iJt'l~flllJ/flllJ'Wlll'Ufl 

" i QI t d d , d.c::t I 
U11~, 0-3.24 % 'lltl~flrn 'lllJ'W'YlrnlJ~) ~'VUfl'Yi1J'J: ~ 'W A. limacinum tm::: A. mangrovei 'Ylllfll 

,, 
1n"'tfit1~nu 1~t1i'.it'i1t1d1ui1~ o-35.19 ""iini'wni'11tl111unuir~ (0-9.46 % 'llt1~m~1'1liru ,, ,, ,, 
n~1111~) ut'l::: o-40.58 iJi'l~fli'lllnfotl111umiir~ (0-11.92 % 'llfl~m~ i'llirun~11ll~) \Pl1mh~1J . . . 

4d. d 4 .:S 

(\911lN'Yl 4-6 tn'Vi'VI 4-9 f.H 4-12 Ut'ltfl1'VUllfl~'W1fl'YI 1-12) 

irlt1-ri'il11 w11J1'1;bm'Vi'llt1~'Vlrnff 1 'Yl ifl\917 ~ifu~t'lt'l1U~'llt1~m1t~1Jvi10dNl'Y~ 3 flf ~ 
,, . 

,. .ct j/ d ,. A ~ QI d .ct c:i. 

t~tltt'ltl~~1tlfl111ll'l'l~ffllfl'1 tflff 6 % tlff\Plfffl~ l % fl1llJtfllJ 15 'Vitflfftl flW11fllJ 25 fl~ffl 
1U 1U Cl CU 

A~ d" d d.~ ~ QI 4 d , .., 

t9ft'lt9ftlff 1J'Wt111tl~~1tlfl1llltl1 200 l61J/'Wl'l'I mt1~t1J'Wt1m 4 1'W t'Vitl'ttllJ1'1'lf1fl1'Vitm:::m~ 'lllJ'W 

, ii QI .d .d & d ' d d 

~~'1~~\Plnl~'VI 4-7 Ut'lttn'Vi'l'I 4-10 f.H 4-12 'iltt'tt'W11 A. mangrovei llll1'1'lf1fl1'Vi~~"!~ (6.05-

21.55 ni'Wil\911) rn~t'l~lllfltl A. limacinum im::: U. visuegensis i'.ilJ1'1~11fl1'Vifltj1wih~ 3.83-21.18 

ni'11/il\Pl1tm::: 6.73-19.86 ni'lllil\911 

~ G QI • id 
~tt'M~t'Vlll (1llflfl1W11J\911tltll~fll ~YI 3) 

"' "1a;1fl1n(nf"~6a~1} ,nm 

n10a1n1tw1~v1u 
.. . .. . .. . . ..., "' .., "' ..., cl cl 

1111~11 1 1111-rn 2 1111-rn 3 liUUJ 

Aurantiochytrium 16.73±3.71 12.26±4.19 15.75±3.57 14.95±4.21 

/imacinum (8.83-21.18) (3.83-18.98) (5.16-20.74) (3.83-21.18) 

Aurantiochytrium 18.33±2.08 12.58±4.27 15.58±4.36 15.59±4.34 

mangrovei (13.01-21.55) (6.05-18.91) (7 .31-20.95) ( 6.05-21.55) 

Ulkenia 11.78±4.95 10.67±5.57 12.07± 6.76 11.63±4.98 

visurgensis (6.83-18.39) (6.73-14.61) (1.86-19.86) {6.73-19.86) 



' ' " " 
\,'\7'i7~Yi 4-6 ,J!mrum~ i,iil''W L'W'Vl'iViY 1 'Vl tfl\,'l!~irYil'i~1wn i¢i'~1nil1°lfwrn'W io~r11~1u~a;~rn11 (~1nm11~11i1mh~i~ 3 fli'~) 

mmwt11~,'\l~'I-! 

"' 
d QQ QQ Q ,m~ '80l'H0 0'V'U0 ~'V'U0 ~10'JH0 

r110.;rlr1ir1Ql~~tl llt1./t7. %'lrn~m~ llt7./t1. % ,io~m~ llfl ./fl. % ,io~m~ llfl./fl. % ,io~m~ 
,, ,, ,, ,, ,, ,, 

" 
,, 

0 .., 'JI 
t,iil''Wl1~'Hll~ 

0 .., 'J/ 
i,iil''Wl1~'Hll~ 

0 .., 'J/ 
t,iiJ''Wl1~'HlJ~ 

0 ... 'J/ 
t,iiJ''Wl1~'HlJ~ 'W1'H'Wt1U'H~ 'Wl'H'WflU'H~ 'W 1r1 'W nu r1 ~ 'Wl'H'WflU'H~ 

Aurantiochytrium 0.97±1.55 0.28±0.31 1.07±1.14 0.33±0.34 13.01±9.02 5.17±2.31 67. 72±51.21 26.65±11.88 

limacinum (0-11.34) (0-1.24) (0-0.40) (0-1.26) (0-35.19) (0-9.46) (0.93-197.02) (0-42.44) 

Aurantiochytrium 1.00±1.14 0.33±0.39 1.08±1.08 0.33±0.35 13.54±10.26 5.13±2.59 67.76±52.57 25.75±11.49 

mangrovei (0-4.52) (0.00-1.67) (0-3.50) (0-1.10) (0.00-40.58) (0.00-11.92) (5.12-195.18) (2.76-41.14) 

Ulkenia visurgensis 2.42±2.98 2.92±4.27 1.20±1.16 0.88±1.19 11.76±7.34 6.98±5.30 39.28±30.65 15.92±7.72 

(0-6.93) (0-10.48) (0-2.63) (0-3.24) ( 1.98-28.04) (2.65-16.91) (2.94-77 .91) (3.60-23.50) 

-..J .jl. 
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■ 20:4n-6 

II 20:5 n-3 

B 22:5 n-3 

~ 22:6 n-3 

■ 20:4n-6 

II 20:5 n-3 

■ 22:5 n-3 

~ 22:6 n-3 



a kWA&iii2iiUVefff/4 A. rmngrovei BUCSRMI92 S4 
MdkM¼ b:??fYfaVrrrrmHHZOdiV?@ A. mangrovei BUCSRM183 S4 

Ud?ii?(~/4/4 A. rmngrovei BUCSRMl41 S4 
Wk«MddMdkllMAididM A. mangrovei BUCSRM112 S4 

0/WV~ A. rnangrovei BUCSRM093 S4 
W&222222222222221//MM222/M&iii/222i A. rnangrovei BUCSRM04 l S4 

&#A«diwhVAVL4»iif/WA?ikk4 A. rmngrovei BUCSTP 171 $4 
WiiiWii4U&IW-'-4VAWf?llllA A. rmngrovei BUCSTP 102 S4 
utM¾MWV#ff/llFFF/<Wffl A. rmngrovei BUCSTP 083 S4 
ikikkdw@MWYA/ffAVff/MVM A. rmngrovei BUCSTP 072 S4 -~========::::i 
twmWl?WYl?:llWJ1lll A. limacinwn BUCSTP 062 S4 [~~~~~;~;;;;;;~:::J 
~ A. mmgrovei BUCSTP OU S4 ,-

;vn,raaraaV??Yaaa«u'm A. limacinwn BUCSCT 181 S3 J_
1 
~~~~~~~~~~~~~~~~ 

WMtttttttW22Viiii½&tiW¼ A. lirmcinumBUCSCT 061 S3 
h&/llll//4MWk/4?kef///4 A. rmngrovei BUCSCT 192 S3 
dll//PW22i&Ui2242ddik44 A. mangrovei BUCSCT 132 S3 

m:tWA2d?WW4222@@4m A. limacinum BUCSCT 112 S3 
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iM?\?\&?42i/4?fMk7k&«rrr.r4 
htt2iidkkkiiWiik-dkid?irflk7«<4 

?????????????M&&WWWZV??il 

@@@WA@¼@w#AiitdWA4 
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Vtll?Z??ll//PWffffffA?4?iW?iPkd 
&Mtt#iWtttttt@YllAidiiWii/4 

IMWZ&Z?W/A»A»fe/7/A&WWUW;.; 
2W4ddk2WW?W?22WWll'J 

aammwa22222anammmm 
11¼&?t??ttMWi#tkdfi✓✓fa 

&PP!PPW~A 
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&?i&i?Wef4&W##4U&il/fiM 
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@Yd/4di4tiiiikW4Ukwaa&d 
&lill////ll.,HPAief&.ll4?i?k#d44 

?/Mdt&/A?4?ikttY#222W&W 
MVlP4??i4??#&&W 
2~@ ·~ lZZZZ2W'llll22'&2&2b 

A. rnangrovei BUCSCT IOI S3 
A. mangrovei BUCSCT 043 S3 
A. rrangrovei BUCSCT 092 S3 
A. limacinwn BUCSRA 202 S3 
J. visurgensis BUCSRA Ill S3 
J. visurgensis BUCSRA 051 S3 
A. lirnacinwn BUCSRA 041 S3 
J. visurgensis BUCSRA 021 S3 

A. rnangrovei BUCSRA 121 S3 !~~~~~~~~~~=:.:=:.:=====:::J=:::J 
A. rnangrovei BUCSRA 192 S3 _, 
A. mmgrovei BUCSRA 133 S3 
A. rnangrovei BUCSRA 131 S3 
A. rnangrovei BUCSRA 013 S3 _i::======:::::i 
J. visurgensis BUCSRA 081 S3 _l::==:::i 
A. rnangrovei BUCSEA 172 S3 _1::=======:::J 
A. rnangrovei BUCSEA 133 S3 
A. limacinum BUCSEA 051 S3 

A. rnangrovei BUCSEA 041 S3 ll~~;;;;;;;;========:::J:::J 

A. rnangrovei BUCSEA 063 S3 _7~~~~~~~~~~~~~~;=::::J A. rnangrovei BUCSEA 072 S3 _ 
A. rnangrovei BUCSEA 102 S3 
A. limacinum BUCSEA 121 S3 

A. lirnacinum BUCSRA 102 S2 j -Ji,..========~~~~~~~~~~~::::J 
A. rnangrovei BUCSRA 091 S2 '. 
A. lirnacinwn BUCSRA 081 S2 
A. rnangrovei BUCSRA 021 S2 

A. limacinwn BUCSRA 063 S2 ll~;;~~~~~~~;==::i 
A. rnangrovei BUCSAA 092 S2 _ 

A. limacinumBUCSAA 173 S2 _j)~~~~~~~~~~~~~~~:::::J 
A. lirnacinwn BUCSAA 122 S2 
A. limacinwn BUCSAA 101 S2 
A. rnangrovei BUCSAA 061 S2 
A. limacinum BUCSAA 133 S2 
A. limacinwn BUCSAA 183 S2 
A. lirnacinwn BUCSAA 052 S2 

aaaamaamaaaaaaa A. lirnacinwn BUCSAA 161 S 1 
W&Y~/4 A. llimcinumBUCSAA 151 St 

~Al2idiMWdidW4i?J A. lirmcinum BUCSAA 041 SI 
2&iWWWWd22ktWdd22W A. lirnacinum BUCSAA 203 SI _l=======:::::i 
:wamaawaaaawaaa A. lirnacinwnBUCSAA 121 SI 

D Biomass (mg/I) 

0% 20% 40% 60% 80% 100% 0 5000 I 0000 15000 20000 25000 

■ Arachidonic acid; D Eicosapentaenoic acid; ■ Docosapentaenoic acid, n-6; 

~ Docosahexaenoic acid 

., . 
\11nih,m.1mu i -rtti~~:::1i.:i1m1 (\11nm11~'Ui1t1vHfli'.:ili 1) 
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A. mangrovei BUCSRM192 S4 l:::======:::::i 
A. mangrovei BUCSRM183 S4 L~======= == == ==== === =':::J ==:::i 
A. mangrovei BUCSRMl62 S4 '"" 
A. limacinum BUCSRM131 S4 l:::====:1 
A. limacinum BUCSRM103 S4 l:::======::i 
A. limacinum BUCSRM022 S4 ):::::::::J 

A. mangrovei BUCSTP 051 S4 l::=======:::i 
A. mangrovei BUCSTP 021 S4 _

1 
j~~~~~~~~~~~~~====:::i 

& &tail A. limacinum BUCSTP 202 S4 _ 
W?i & M?WM A. limacinum BUCSTP 182 S4 _l:::=====:::J 

A. limacinum BUCSTP 173 S4 -L=========== == == == =:::::i==:::1 
A. iimacinum BUCSTP 131 S4 _,_ 

A. mangrovei BUCSTP 112 S4 -!~~~~~~~~~~~~~~~~~::J 
A. mangrovei BUCSTP 102 S4 _, 
A. limacinum BUCSTP 073 S4 l::====:::::i 

2WW ?i?tll&l& did U. visurgensis BUCSRA 172 S3 l=========:::::i 
A. limacinum BUCSRA 162 S3 t~~~~~~~~~========> 
A. limacinum BUCSRA 061 S3 ~ 
A. limacinum BUCSRA 141 S3 i::========::J 
A. limacinum BUCSRA 122 S3 l========:::i 
A. limacinum BUCSRA 051 S3 _11:::==========::::i 
A. mangrovei BUCSRA 033 S3 t~~~~~~=========::::i 
A. mangrovei BUCSRA 011 S3 _, 

ii i?? #I A. limacinum BUCSEA 201 S3 _11:::=======::::i 

Ila■•■• ■Z! ■&liz~Z! 112
&l Z!rz;&lzi rz;iz Zirz.2;-2:- ::::2Z!2rz.22;22;:w A. limacinum BUCSEA 182 S3 _l========:::i 

A. mangrovei BUCSEA 172 S3 _lc:::=======::i 
A. mangrovei BUCSEA 163 S3 -!~~~~~~~~~============:::i ::J 

110::::::::::::::::::::: A. mangrovei BUCSEA 151 S3 i 
Mi A. limacinum BUCSEA 072 S3 l=====:::i 

W 2 id @'k&4 A. mangrovei BUCSEA 063 S3 _i::==========::::::i 
A. mangrovei BUCSEA 051 S3 t:::=:==:=i 

11. ::::::::::::::::::: A. limacinum BUCSEA 031 S3 t;;;~~==::::i A. mangrovei BUCSRA 202 S2 ~ 

1111•:::::::::::►:#:::::::u:--:ta A. mangrovei BUCSRA 131 S2 l:::==:::i 
I 2& ;a A. mangrovei BUCSRA 173 S2 i::===::=:::::i 

Ii 

t?&? 

A. mangrovei BUCSRA 143 S2 l::==========i 
A. limacinum BUCSRA 121 S2 l:::===========i 
A. limacinum BUCSRA 101 S2 _l=========::J 
A. mangrovei BUCSRA 073 S2 l::===::i 
A. mangrovei BUCSRA 043 S2 _ l====:::::i 
U. visurgensis BUCSRA 011 S2 _ll::::=:=:::i 

##22 #22222/? 2 m; A. mangroveiBUCSAA201 S2 _l=:===:::i 
A. limacinum BUCSAA 162 S2 _ l=====::::i 

@ 2 & & ?&?ii A. mangrovei BUCSAA 133 S2 !;;;;;;~;; 
A. limacinum BUCS AA112 S2 , 
A. limacinum BUCSAA 091 S2 _l=====::::::i 
A. mangrovei BUCSAA 083 S2 l::=====:::1 
A. mangrovei BUCSAA 013 S2 i:::====:::::i 
A. limacinum BUCSAA 161 Sl l::====:::::i 
A. mangrovei BUCSAA 053 SI l::===::::::i 
A. mangrovei BUCSAA 041 SI I====== 
A. mangrovei BUCSAA 022 SI l======:::J 
A. mangrovei BUCSAA 012 SI E=~=~==~-~ 

' 

D Biomass (mg/I) 

0% 20%, 40% 60% 80"/o 1()0% 0 5000 10000 15000 20000 

■ Arachidonic acid; D Eicosapentaenoic acid; ■ Docosapentaenoic acid, n-6; 

~ Docosahexaenoic acid 

., ' 
'illfl'Ul'lflfJmu i..:i111,iu:ai-urrn ('il1nm11n1Ji1t1uHr1i'..:ili 2) 
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mtmWtt?PtttWZ114 A. limacinum BUCSTP 203 S4 
A. limacinumBUCSTP 181 S4 
A. rnangrovei BUCSTP 171 S4 
A. rnangrovei BUCSTP 163 S4 

M@ A. limacinum BUCSTP 123 S4 
A. rnangrovei BUCSTP 102 S4 
A. limacinum BUCSTP 071 S4 

M A. limacinum BUCSTP 063 S4 
--IZ&1Zi&1'2Zi!il'2Zi!i&t&&t&IZ221Zi-21Z-2&t&IZ?1Zi??Zl?d A. limacinum BUCSRM083 S4 

&Wdl&/42222 aw 

222W&2222&22222&MW 
UM& 2?iW\ddJ 

?PAP&& 2&&2 uuuwµ 
d?WYW&V 

222&&&&&2 wma 

iiiiW22WWii2 2W4 
aw;;;;; WW 

wmum 

A. rnangrovei BUCSRM062 S4 
A. rnangrovei BUCSRM042 S4 
A. mangrovei BUCSRM023 S4 
A. limacinum BUCSRMl42 S4 
A. limacinum BUCSRMI02 S4 
A. mangrovei BUCSRM051 S4 
A. rnangrovei BUCSRA 202 S3 
A. mangrovei BUCSRA 163 S3 
A. limacinum BUCSRA 092 S3 
A. limacinum BUCSRA 073 S3 

@?? 22&WWV2 ti U. visurgensis BUCSRA 061 S3 
iifoWM¾ tu¥ ?&#WllA A. mangrovei BUCSRA 033 S3 

m IZ&t&&&?/4 @ A. limacinum BUCSRA 022 S3 

2/42 

A. limacinum BUCSRA 081 S3 
A. rnangrovei BUCSEA 172 S3 

WM&&&WW&i?W24 A. limacinum BUCSEA 162 S3 
M22&M /44 2222&d 

?PM 
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-
-

-
-

tUUt &tM?& WA&Yu1MA 

A. limacinum BUCSEA 143 S3 
A. mangrovei BUCSEA 092 S3 
A. limacinum BUCSEA 082 S3 
A. limacinum BUCSEA 073 S3 
A. limacinum BUCSEA 033 S3 
A. rnangrovei BUCSEA 021 S3 
A. rnangrovei BUCSRA 143 S2 
A. limacinum BUCSRA 123 S2 
A. rnangrovei BUCSRA 151 S2 
A. rnangrovei BUCSRA 132 S2 
A. limacinum BUCSRA 071 S2 

):::=::::J 
D Biomass (mg/I) 

&222 

M 

WWW 
2/4/4??&&&2 2222¼◄ 

MWVWdWiW&id 
?¼2&2&&2 222Wd 

ti nee»etuu 2&2/4/4t4 
ewmmzmmmmmzmw 

2V/4& ?Mt!??&Mbi A. limacinum BUCSRA 062 S2 
?4&/4/4¼ A. mangrovei BUCSRA 051 S2 

U. visurgensis BUCSRA 041 S2 
U. visurgensis BUCSRA 012 S2 
A. rnangrovei BUCSAA 181 S2 
A. limacinum BUCSAA 142 S2 
A. mangrovei BUCSAA 132 S2 
A. mangrovei BUCSAA 123 S2 
A. mangrovei BUCSAA 113 S2 

22W 222Wiiii 2W 

&tYP???&&???&ki#tUM 

w mmmmm 
2/42 U??iiii 

/4 22222222W22WWdWd#W 
222/422222 ??? 22 

>>>>>ftW/AWJ?????n-ft»A 
MitititUW&&? @ A. rnangrovei BUCSAA 071 S2 

A. rnangrovei BUCSAA 043 S2 
A. mangrovei BUCSAA 031 S2 
A. mangrovei BUCSAA 20 I SI 
A. rnangrovei BUCSAA 193 SI 
A. limacinumBUCSAA 161 SI 

&/4? ?? 

nun 

tud? 22 22 22 
2222222/4Wi222 

2/42 
?ktkk/tr? 

2&/4 
UI@ 

mza 

ttm 

A. limacinum BUCSAA 153 SI 
A. limacinum BUCSAA 122 SI 
A. limacinum BUCSAA 102 SI 
A. limacinumBUCSAA083 SI 
A. mangrovei BUCSAA 013 SI 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-

-
I I I I I 

0% 20% 40% 60% 80% 100"/c O 5000 10000 15000 20000 25000 

■ Arachidonic acid; l!I Eicosapentaenoic acid; ■ Docosapentaenoic acid, n-6; 
,, . 

~ Docosahexaenoic acid fli'.:ifi 3 

fll'V'I~ 4-12 ff'~ri1'WnH11,n!im.1mfo1 ~~!fl ~~m u~~~m'lfm l 'U'Yl1flff i'Yl 1r1\911~~~~~uvn 1~ 
,, . 

'illm'.h'lfwm'W ~.:i111fm~ai-:uvrn ('il1nm·H~mi1mh.:ifli'.:iYi 3) 
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tJ'tlll 5 

0n1h1u fflUUi1~6lJ0HY'l,HlUU~ 

CV CI.J' .C:::. U o :'\' , "" ,4 
1. t1 n11 wt a W§ nn rim u t1 t m ·rn v1 muu fl'fl 1 t1 m ri fl vi 1 v1 a 

'Vl'Hlff 1 'Vl 1 fl~!,HY'illfl l 'U 1"'~-i1~11riu luih'l11m'1u i~111fl'ilt1i~m·n l,1uii'm1w~ 

1~\.IC) ~l~lum,~lU'IJfl,iun '\J'IJlfl1CJf'1'1,Jfl~l11DLCJf'1'1l'U,~U~L'il!ty (vegetative cell) '\J\.llfl 

... I " ct O 1 ... I " ' " oe:t, " d .:SCI ffut:irnH1'101J '\J\.llf'IU'1: 'ill\.11\.1'\Jt)~, mYutl'i fllrn'U~1C)fij'1 t:i:1J'Ut)Ufl1CJf'1ij ~'1t)fl 'il'IJ 1~'111~ 

~~l'!Jfll'jfffl'l:mif~rl'vm11iim1w~ lfl 1'1u~1iu~lum1111u~~ l'lf'IJ ff iim:1w~ lri l"u,iluirt.11.il.l 

iimm ~11!t:i 1,J-i ~uff ~ '\Jt:im1mm!v 11ii1u'U ij'U'Vl'Ul'VliY1ri\y l u m1uofl'l1'Wfl'Vl'it1ff 1 YI iri~!,1rl'l u 
.:t.:i,::S o' .ct 1 -• .. , ii.ct 4 ~ : QI' 1 

mw 'Vll.l'\J'W lf'l'\Jt:i~ff,Jv1 m ~t 'il ul.l u'1~'\Ju1,1,iv~1 t1ffut11 flmfw~11rnm '1Vl.1'1lfl'IJ ,1umvn~ 
,, . ,, 

Aurantiochytrium flfl'n~CJ~tl lffUii'm1 Wt'\Jtl~!CJf'1'1vit~U~ l u tlll11,!l1 '111h ~fltl'Ufll, ,i,1 ~ lU 'Wfl l'lf'W 

ti t ~j o'.:i 4 GI ?j , ='a • GI GI 

A C]fij '1 fl gu 'U 'Um~ 'il 1tJ11J 'W 1 CJf '1 '11 fl U 1'1') 11 'i fllfll~ fl'WllJ 'W fl 'J 11 U'1 ~ fll l tfllt l1J 'W fl 'l" U~fl ~ '1 fl 'I:! Wt fl '1 l.l 

t O 'JI GI 

~vm Yokoyama and Honda (2007) 'illU'WflfffJ'1 Schizochytrium fl'JfJijfl'l:JWt'VlH 

ffWJl'IJ1'YW1 'lf'WflU'1ti.J!mw,iv~flrn i,iiru U'1tm1hviuvu,11flUl'l'U11fffJ'1 Schizochytrium 

mmrnuofltJVflii1ilu 3 fffJ'1 iiuri Schizochytrium sensu stricto U'1t fffJ'1ll11i 2 fffJijfitJ 

Aurantiochytrium R. Yokoy. et D. Honda um: Oblongichytrium R. Yokoy. et D. Honda ff'l'IJ 

ii 'J/o 1 ii "' o' 'JI ' Yokoyama et al. (2007) lf!'illU'Ufl'Vlltlff YI lfl~'iflfffffJ'1 Ulkenia fl'lU 18S rRNA l'l'U'll Ulkenia 

~vilflllfffl'l:llUU~tltlfltiJ'W 4 monophyletic groups ~~U~'1tflzjl.lihn1l.lU~fl~l~f1'1Jl'Uff'l'U'\Jtl~ 
,, 

'l1'Wfl'\Jt)~fllfl i'IJ1J'Uf1'UUfllhviuvu,1 'i1l.l'n~ii'fl1:!Wt'VlHffWjl'U1'Vl01'\ltl~tCJf'1i'ltmt lfl hu t'lf'W 

4 QI o' QI • " , 'JI 
flllfl~ll1'1tl'\Jtl~N'U~tCJf'1ij (sporangial wall) '1fl'l:!Wtfll'iU'lN!CJfij'1 (cell cleavage) 'Uflllffll~ 

1 _, .. ., 1 "' "'1 ., ' ii 'JI ' if tlffutll U"1~fll,l'll1'll'Wl'\Jfl~ltlfl \9ll'l"11ffl.lfl!'W'Vl 'illflflllrl'fl'l:llfl~fl"11 lf!U'U~fffJ"1 Ulkenia 

lttiivvmilu 4 fffJ"1 U"1t1ifffJijll11i 3 fffJ" 1iuri Ulkenia sensu stricto, Botryochytrium, 

,k "'1 i .:II) 'JI 'J/d o' 
Parietichytrium tm~ Sicyoidochytrium gen. nov. CJf~'illflflllfffl'l:llfll~'W lfll'lfflU'\Jfl~ Yokoyama 

and Honda (2007) tm Yokoyama et al. (2007) 1.htflfl'Uflll'ijfl~lU'IJfl tmtliii'fl'l:!Wt'\ltl~flll 

I do' 11"" "l'J/d'J/ ,,d 
Ul'ilmt'illU'\Jtl~fltl.l'UflUflflt)fl'illfl fl '1'Wl.llfll1rn'WtJUt)flfl'W flt.lH rn\9lll.l Bongiomi et al. 

(2005) nu~1u11m1 liff'w11u1'V1011~u~mh~1~u1m'il hh~u~l'ltl 1 'Wflni,1~1uun'Vl'iflff l'Vl ifl-

,, 

lum1fffl1:JlUff1mrn~1u'Wfl'Vllflffll'lifl~~flffl~~1u1u 2 fffJ" 3 'lf'Wfl i~uri 

Aurantiochytrium mangrovei (Schizochytrium mangrove;), Aurantiochytrium limacinum 
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(Schizochytrium limacinum) um: Ulkenia visurgensis 1'1.J'IJWt~ Ul.Jfl1~ 11l\Plfl1'l" ~~1l\PllJ 

inui!Pl'l" mi::1nii1P1 irwCV1::i1P1'l" (2549) ri~uonV1nn11 l'l 1fl1P11~tl'111nil1'lf1t1mumfl1P1t1iurnn'llo~ .. 
1.h::mffhwl~ 3 ffQ~ 14 'lf'U~ l~url Schizochytrium mangrovei, S. limacinum, Schizochytrium 

sp. 1, Schizochytrium sp. 2, Schizochytrium sp. 4, Schizochytrium sp. 5, Schizochytrium sp. 6 

tm:: Schizochytrium sp. 7, Thraustochytrium aureum, Ulkenia radiata, Ulkenia profunda tm: 

U/kenia sp., unknown l tm:: unknown 2 

2. 1tl011ciiu~m1TI111110il'l11if1v11~,fo10111i"ih,m.m,1u 

,i 1flfll'l" fffl'lfl~llJ 1u lo 1cirmVlui'!:11hi{1~u ,i' fll'l"'W1J1t9ii'!:: 'lf'U~ ,i1ni1mh~ 11J l,jtl1'lfw 
ti JI II ,, • 

mui~ 3 fll~ ,~~llJ1Ul1WllJ~ 687 lo icirmVI 1~t1fll'l"tn1Ji1m.h~fli'~vi l (l~OU'Wqffimou 

2550) ii1tlo{1~u,1m'l"'WrnJ:~q~ 401tlo{1~u,1 (380 lo 1cirml'l) rn~i'l~fioflf~~ 2 (1~ouiiu1rn1 

.,. <I d <I <I d <I , 'l' ! "" 4 "' 
2551) 1Jl'UO'l"l9f'W\Plfll'l"'W1JiJ;~ix~ 38 t'UO'l"l9f'W\Pl (164 fl t9fmVI) U~tflHl'l 3 (l~OlJff~l1lfl1J 2551) 

.,. Al ,Id ,I Al ,Id ,I lit ,. • .., ,k ,, ' cl 
1J111VWlflJ\Plfll'l"'W1JiJ;-lq~ 26 tufl'l"l9f'W\Pl (143 &fl t9fHH1) ,111J'11~1J 9f-l'W1JlJVtlfl11fll'l"fffl'lfl'IJO~ 

1w1'1'mrnr i'W'Vl1Jl~ (2550) ~ffl'l"1,J'Ul'lfltlt~'W rmi~fl1-ll'Yl'W1Jl11lJfl'j l~tl'W1JVl'l" Off l VI h1-

\Pll~ff 2 ffQ"14 'lf'W~ i~m~ou'WqffifllVlJ'W1JVl'l"OfflV1lfl\Pll~ffiJ:~~ 69.54 % (334 1o tClfrnl'l) 

4 4 lit ,- .,. .,. " d 
rn~M1Jlflot~O'Wfl'l"flf;J1fl1J 64.50% (318 &fl tClfm'VI) 1m:1~t1'W1JlJlf11J'W1JlJOV'Vlq~ 60% 

(241 lo 1cirrnVl}~~'W1JiJ;~ix~1ut~O'W'WqffiflltJ'Wl'lf'Wl~V1filJ Ranghukumar and Geartner 

(1992) 'W1J 11~w 11 fJ" 11 ~ o q~ fll "1iirrn9i 01 tlo{1~u,1 fll 'l" 'W1J'VI rn ff i 'VI 1 flVll ~tl'1 ~V'W1J11 i lJ q~ 

.r:::i.i::::s d .c:1 .... I ti d rl ,- 11) ~ "i : V , 9,1 , 
ll'W 11V11J Olfllffl1U 11WlJ mu O'l" lClflJ \Pl fll'l" 'W1Jl'l'l" fl ff t 'VI t fl'VI rn ff lJlJ lVltmlJ 0Vfl1lq~ mu U\Pl 

1tlo{1~lJ\Plfll'l"'W1JVl'l" Off 1 VI 1 fl\Pll~ri'1 u~u!Pl:noui-i i u q~11u 111m:q~f vu hiu1P1n9i1~tiu fll'l"~ 
f t jl I 'f/ 

'W1J'Jlfl'J!1J~l-l OlJ fll,Jl'U fl-1,Jlfl 111 l,jvi1n1Jiif1111J'Mmi NOlJ ,I lflfll'l"fffl'lfl'W1J1111J 1,j'fiij fl111J'ifU 

,, ,. "' q o' ,, ,, I 1 ,,_,. : <el o' o' lit 
'U OtJ1l:'W1J'Vl'l" Off t VI t fl'Vl'l" ~ffU OtJWJVU~:'W1J 11 i 1J 1J ffUl\Pll ~1Jt'Utl'l" l9flJ\Plfll'l" 'W1JVl'l" Off l l'l t fl-

~ d' t Ci) , jlq 4 fJI Q.I Q.I ti Q.I I GJ 

\Pl'l" ~ff"!-1 fl11 t U 1Jffll1 '1 fl~ fftlflfl'1tl~flU 1Wl'1 flE!W ,JlJ'V11J1'1 (2550) l'll'U fllJ Chatdumrong, 

Yongmanitchai, Limtong and Worawattanamateekul (2004) 'WU'Vl'l"flffl'Vllfl\Pllflff 257 lo icirm'VI 

,llflfll'l"tnui1t1d1~ i 1J l,jtl1'1fltlt'1U\Pl~O~'ll'1Vn~l'l:m1h:1'Vlffl VIV 'U'l":flfl1J111tl 120 lo icirm'VI 

1llfl'Ul'll'ltlt~Un-iti'umiru 83 1o 1cirml'l1llfln-ici11lm.1 tm: 62 lt! 1cirml'l1llflt'IJ\Plfllflfl'11-ltm: 

fllfll•l:1Utltlfl'IJV~'U'l":l'Vlffl'VIV iu'llw:~ ff1Jt11'1 111\Plfl')j ff~li'viu ff1lJ\)\Plj 1m:1niiv1 irwCVI: . .. 
'1\Pl 'l" (2549) fifltWfll'l'l"Vff l VI 1 fl\Pll ~ tl',11 fl'Ul'lf1Vt'1Ufllflvi: iu Otlfl'll o~tl'l":l'Ylffl 'VltJlf1 1,158 

ltJ iCttmVI ri1u11~'l"11h:~niu£ (2549) l'i~uvflV1'l"t1ffiV1lfl\Pllf"lff,nni1J1,jiJ1'1f1m~lJ i~11if"l 

ff~Vl'l"'U'l"lfll'l" 'W1Jl'JjflfflVllfl\Pllflff 184 1o 1cirml'l ~Wlirflmu iU'Vl1Jl'1 (2550) fffl1llfl111J 
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11c11n11,rn.1,ro.:1Y1rnff 1'VI1fl911~a'~i~1wn'il1n1111"1h'if1mc1u111.:i,ru1iitru m .:11Y1vn.1111um rm • • ,, 
n1on 1 'VI 1fl911~ff'n.:J11:iJfl 893 io iCJtm'VI 

'illflflllfffl'lfltilof1CJ1u;mn'l1J'Vlrnff 1 n 1fl911f!ff'if'Wfl~NG"J 'il1fl91',HJv1.:i l 11111~i-N 

-t QI ~ 'JJ ... 'I o., a., ~ ' ' .-:s .... t o' d ti 91 mm ,r o.:i'Wu l L:iJ 111,r1mc1u 'il.:1111~u:t'll' .:it n 11 'W1J 1191l9J:iJl'l:m:iJ111 m tCJf'W91 n 11 m.J tl .:i itfl 1 mrn: 

43 rn.:ic1.:imflmtff:iJl'l:rn (totrc1: 39) L'W'Vl:m (fotrc1: 35) imnNlulmy (totrc1: 34) 1rn: 

ln.:inHlrn~n d'otrc'I: 27) 911:iJ"1~11 i~tr'Vl1oni'Vl1fl911flff~iifl11:iJiflflt~'Wff.:Jfff!t1fl .. . 
ct tld o' i t ~ 

A. mangrovei :iJlilfll!CJf'W91fllH'l1Jff.:Jfffl'Yl.:I 3 flH lfl.:lcl.:l:iJlflO A. /imacinum Ucl: Ulkenia .. . . 
0 QI 1 '""'I 0 visurgensis Yi1:iJc'l1fl'U fltl Aurantiochytrium mangrovei 'WWJ.:Jitfl'Yl L'UUff:iJfll (53.33 %) 

A. limacinum 'W'Utl.:Jitfl~lu in.:im.:ilulmij (38.33 %) ,hu Ulkenia visurgensis 'W'Utl.:Jitfl~lu 

1 'l d "' . I"" d • I .. d .. i , ... .. d QI QI 

fl.:lflH l'Ulc'lfl (18.33 %) UJfll11ltl'Ul'l'ltl'Ul1Jfll!CJf'W91flll'W'U'Vllflff l'l fl91Hlffl'l 'il.:1111~ 

.I "'I .t o' d o' l 'l d QI QI 'l d.1 
ff~'l'll11llflll'W1Jtl.:Ji}flm 75 tuflWlf'W91'il1fl n.:im.:i 111mmrn:'W.:Jfll111i}:iJfltimt~.:i 1u,rw:'l'luo-

1 
, "' .-; "" .I o' d o' "'I 1 , "' o' 

'l'l:tc'l'W'U'l'lrnff 'l'I f19l'jflff\911fff!fl0 15 !1Jfl'.i!CJ1'W\Pl ,m:'il1flfll'jflflll1'W'U'l'llflff 'VI fl\9llflff 1 ffflc'I • • 
... ... 

3 'll''Wfl flfl Schizochytrium mangrovei (41.44%), Schizochytrium limacinum (10%) trn: 

1 ~ "' d .I QI "' Schizchytrim sp.8 (1.11%) f!tl S.mangrovei t1J'W'if'Wfl'Vl'V'l'U'Q;.:li}fl (:iJQll 111:g1'W'W1Hlcl:flw:, 

2551) l u,rw:~ 'il W1'1 nmu iu 'Vl'Ulcl (2550) 11t1.:i1u 11vl'.:im111ff:iJflomtfl.:iii11ltif 1CJ1u;nn'W1J • • ' I ,, ,, • 
ff.:J'<Vfl 86.66 % ,rn: l'W'l'l:m'Wu~1iifffl 40 % 'illflflllfffllllfli'.:iil"W1111'b'"Ufl'llti.:ivl'utf'll1il1'if1mc1u CU Ill' q q 

iif-lc1~0,ilvf,~u;nwvmnrnff i'l'l 1r1911~a' nci11tfo '1flllW:'llti.:i l 1J 111il1'b'1mclu~ii'1flllW~J!l 

' ' 1 'l d 1 'l 'I ' ' d .I .. d .. .,k "'I 11'\Jl t'ifl..l \91191:iJ'Yl:m mm.:i L'Utclfl fl.:iflH 11J l11tl.l 'W1J11:iJt110llCJflJ9lfl1'j\'j1Jff,:j C)f.:J'illflfll'jflfllll 
-~--·- _ .------~-- ___ U• ~-- CU • 

1 

'llO.:lff:iJfJ1'1 'ill\9lfl'J'j Uc'l:flw: (2549) ,m: :iJ~'jl 1l1:g1vl'un (2549) 'W1J1111Ji"ill'll'ltllcl'Wiiii 

'1flllw: 111111.:itilJ ,iu i'W'Yl:rn ii1ilflftt'iuflmnrn~riowu'i.:i~1 oti1.:i hn911m1.:i h.iii11tr.:i1u~ti.:i 
-- -- ·-- -. --··· ,, ,, ,, 

u on 11 '1 flll w: 'll fl .:i 1u11111ii mt~ fl n n, 'il 1 UJ'll t1 .:J 'l'l lo ff 1 'VI 1 fl \91 ! fl if ~ mi .:i m1 ft fill rn f .:ii'.1 u --- -

.I .. "' .. i "1 ... .. " i .J .. .,., " ~ .,., ,. .I .. d .. 
!1JO'J!CJ1'W\Plflll'W1J'l'lrnff l'l !fl91'jflff'illfl L1J Vl'YJ:m 91.:1:iJclfllJW: 11J1JH'W:iJf1'1'U:iJtufl'HCJ1'W\9lfll'j 

'W1Jff .:i Ufffl.:J 1 ,.fo'.f u 'JTU l 'il:iii1 'il it1tu ~nm,~ tlfl n ! 'illtl.l'llO.:J'Vl'j Off! 'VI, fl! flff'Wflfl!11'Wfl111fl 
-- cu C, 

~ ~ ~ ,, 
'1flllW:'llfl.:il-u ,iu m1vi1:iJil.:J'llflnh T11rn~uu11.:i,r~Hl111"111ovH ii:lu~u uon'il1niru 

Leana (2001) s1t1.:i1u11'1'1rnff 1'1'11fl1Pllflffi'Will'lfltl!cl'W Panny ils:t'l'lflvl~ilihni' ii11lo{1CJ1u;ms 

'W'U0.:1~85-100 % flU~'Ylrnff h, lfl\Pll flffii~llJ1'W 1o lCJf!cl'l'lt!c'l:!'UOlt~lJ,fll'j\'j'lJ~l.:Jn'W Ol'il . ,, 
!'WO.:l 'il1fl'1flll w:'1'11.:Jfiil'Ul :t'l'lff i1 'il 'Otlff fll'W!!'Jfl ~fl:iJl1 .:l'Vll.:Jflltlfill'Hrn:tflii l'lflJ flW 1rnil fl11:iJ .. . .. 

,, . 
1~11 fl 11m1'1umfl-!'Uff ,J!mw flflflCJr! 'il'W c1: '11t1 nn 'Yi1:iJii .:I'll t1 ~u rn:::rn 1'111:iJO'll t1.:im1Yi1:iJo~ 

,, 

'llfl.:Jth'Vl:m 'j 1:iJU~ fll'j m: 'illtl'llfl.:l'Yl'W (1Jj'ih'll'ltl!'1 'W ff fll'W'U l'lfltl!cllJ 91 '1 Of! 'illJ n 'ilfl':i rn'llfl.:I 

:iJ'4ll 6~ri .:i f-!c1m: 'Yl'U~ OfJ wm'W J 11rl u ~ u 'ii 1 nm '.i iY .:itn\ol cl'mwU1'b'1trt,rn ijo 1~mn nmu ~ 1 
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d.: I (V , d d Q,,, '; , .d ..:s.d ~ .c\ ' 'JJ 'JJ ~ d. 

Ucl:: 2 lJ'Ull'Ul'IJ~ trn:: 1J'Vllfl1JlJflU'lf'lJ1 'U'lltu::'Vlfftll'U'VI 3 Ucl:: 4 'Yi'lJ~'Ufltl'lJ'IJl~UlH C)f~fll'i)lJl:-m 

, o <> ti d' d d' i ~ cri rlc:t 'JJ 
\9JtJ'i) 1'lJ1'lJ'll''lJ ~trn::t tl'Wlf'U \9lnll'Yi1J'YI rnff 'YI lfl\9ll~'fftlfl~1t.J 

trlt:i-n 'i)lj W lfl 111J'lffl')j'lJ'IJ tl~'Yll tl ff i 'YI 1 fl\91 l ~ff~ vm 1 'lJ Ul'll'lt.Jlcl'U tm urn vi umi'IJU 'Hri ~ • • 
g'U"l fl~l1t.1Ht..1'1Jtl~ Wong, Vrijmoed and Au (2005) ~'Yi'IJ1111J1l!iJ1'1flt.Jrn'Uii'Ylltlffi'Yl1fl\9ll~ff 

mnni1~1.rn:: fltl'U i ~ t.Jffm:1111 invi 1 t:iv1 ~ 1 'IJ i' ~ n:: u n'ucl::~ 'lJ \91:: n tl'U 1J ! nru iJ l'll'1t.1m 'lJ Futain 

.,. i ti ti r;;j d' QI 
1 , ~ '1 •, 1 , .d ti d' d d' 

tl1::l'Ylff'i)'lJ mn tlllCJf'lJ\9lnll'Yi1J'IJtl~\911tlt.J1~ 'IJ llltl~ 'U'lf1~ 70-100 % 'U'Utu::'Ylt flltCJf'lJ\9lnll 

'Yi'IJ'il1flv11tlV1~~'lJ\91::fltl'lJ t1~1'U'1h~ 40-100 % 1m::v11t:iv1~ 1 'IJ 11YiJ1'1l'lt.Jm'Uiittlt1!tGM'lJ~fl1l'Yi1J 

'Vil tiff i 'YI 1fl\9ll ~ff~ ~ni1v11t1v1~~'U \91::fltJ'lJ 1 'U'Jfl'lf1~q~~vi 1m1t1nmt1vHiit!mhiqJY1Hffu~ 

(p<0.05) Ucl::'illm1'lJ1,Jt.J'IJtl~ Bremer (1995) ~lllflllffm:1111!nruiJ1'lJ'lt.J1cl'lJ Morib tl1::mff 

mrn1cif t.1'Yiu11v11t:ivH 1 u 1l!t11'lf1t.Jrn'Uiittlt1!1c'R'U\.1flll'Yi1J'Vlrnff i 'YI 1fl\9ll~ff~~~q~ (53 %) 
., . 

ltl~cl~l.Jlfltl~'U (46 %) tm::urn:::m (15 %) \9lllJ'11fl'IJ 'illflnlli11111l!iJ1'i1'1t.1m'Uiifllll''llJ'Ylltlff-
,, t I I 

i 'VI, fl\911~ ff~~ fl111 'lJ ~'U tm::th fll 1)1 'Wt!~ 111 fl'lf1 ~Yi1 'IJ 1l!ih'lf1t.Jlcl'U n1'1'~1tl 1111 tit.Jii fill tlri tlt.J ., 
ffntflii~1'Yi1F1m1i 111~1~1\91 'Wl\911'1 1m::mnh::nt:iu~'lJVcl i~uiir-rn 1'Unnm::~tJ1tt,t iv-

., . 
mfo{'IJ tl-l'Ylltlff h1 ,fl\911~ffcl~lfl1::n'IJC~'1Jffl\9ll'YI flfll1~'Yi1J1l'Yll tiff i 'YI ,fl\9ll~fftrlmldt:it.1ffmt.1Yi .. 
'Yl't..l'Yll't..l ~ flffll'Yi1fl~'t..l tlcl mi::iirntJ 191JJ~'M1t.J 1 '1..1 fill 0tlt.Jffcllt.J 1 u 1"ih'lflt.Jlcl't..l (Raghukumar, 

1998) 

3. n-avi1,n1u1un·rnu1n1fl\ll1vltl 

'il1nm1t1mntl!mru m~ 1'11,j'tJ 1'1..1~1vd1~'Yl1 vff i 'YI 1fl\9ll~ffU~cl::'lfu~ 
.,. .,. 

V.lJ~ltJ'jj'lfllJ ., 
tl!mru~~mn1tJ A. limacinum (0.93-197.02 i1'1~flllJ/flllJU1'11UflUtt~, 0-42.44 % 'Ufl.:Jm~ 

., ., 

1'1J,j'Ul'lrnll~) tm:: A. mangrovei (5.12-195.18 ii'1ilni'lJ/flllJU1'11'UflUtt.:J, 2.76-41.14 % 'Utl~ 
., ., 

m~ 1'1J,j't..ll1~'111J~) ri11.Jrnm!rn'Y'l1J~V't..l'Ul.:JlJlfl 11.J U visurgensis (0-6.93 ilci~flllJ/flllJUl'H'Ufl ., 
utt.:i, 0-10.48 % ,rn~m~1'll,j'tJl'l~lflJ~) d1Mi"Ufll1W'Y'l1Jlm11i1t.1~fitJu~iiti1~.:i1u U. visurgensis 

., ., 

(0-2.63 1Jcl~ni'1J1ni'1Jurnirflutt-i, o-3.24 % 'IJV~flrn i'IJ,j'tJl'l~'Hll~) ~~m'Y'l'IJ~~ 1u A. . ., 
limacinum trn:: A. mangrovei viiiti11m1

1

1ifo.:ifiu i~t.Jiit11t:itj1u'lh~ 0-35.19 1Jcli1flllJ/flllJU1'11'Ufl 
., ., 

utt~ (0-9.46 % 'llt:i~m~ 1'll,j'Ul'l~l11J~) uci:: o-40.58 iJclilni'1J1fli'1Jtl111irF1utt~ (0-11.92 % 
., 

,m.:im~ 1'll,j'tJl'l.:Jl11J~) \9llllih~'IJ fft1flflt1t1.:inu1J~11 1h:::~1W't..l'fiUcl:::flw::: (2549) 'Y'l'IJ1l'Ylltlff ., 
i 'YI 1fl-\9llflff~~ltl'lfltlt1~1 't..l'lf1.:J 15.41-180. 74 lJcli1fllll/flllJU111'UflUtt .:i fftlflfltltl.:Jf11J Bowles 

(1997) ~tln1ntl!mw~rn'!l'1t:il't..l'Yllt1ffi'Yl1fl~lflff 17 mr1wu,f hrnrn11 GYP (1: 1: 1 nfo; 

~~l) l'IJtJl~fl111Jl~1 120 ltl'IJ~tl't..11'}1 tlWlfflii 24 tl~ffll91cll91t.Jff ti!unm 4 'l't..l 'Yi'IJ1l'Y1Hlffi'YI . .., 

ir1\911~ff~~ 17 fflt.JW'Uli ihJ1mru~rn'lfrn11~n~Hn'W (2. 78-37.95 nfa{1c'iu~'llei.:in·rn 1'll,j'U . 
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,, 
l1.:J'l11Jfl) m1:: Kamlangdee and Fan (2003) 'V'11J11i.J!mwffrn 1,nju,nn Schizochytrium 5 ffltJ 

wu{ (N - l,N - 2,N - 5,N - 6 m1:: N - 9) ~tif't.1.:ilum1111 GY (6%: 1%) ~~W'l1.fJij 25 tNffl 

lC)HU;fJff d~Junm 52 i1 llJ.:J i1u!1J1w~m'l1ml't11tl1J 174.9, 203.6, 186.1, 171.3 trn:: 157.9 
,, 

~Qa, GIO QI 'JI OG.I 

1J '1 '1 fll lJ/fll 1J 'U111 'W flU 11.:J \911 lJ '11 fl 1J 
' ... ,, 

~'il~~1iru1a.J'lfl;'lJl1'V'l"ll'il-:J'Vlj'il~L'VlLrlj;ij~tfai;lfl~"lli'l~"1l'il-:ln11LT11J~'l'ilth-:in-:i3 rif-:i 
... ' 

L~m;t1-:J~'ltl'il1'1/11jvic.J~a.Jnfl Lrl~ 6 % u~i~n~ 1 % m1m~a..1 15 YiL'il~tl 'ilN'Vllli1 25 'il-:Jfl!1 
" " 1111 'II 

I I t, I 

L'lltiLinu~ i1'l.lm~u-:i~'lt1m1a..1L;'l 200 i'il1J/'l.l1vi L;mLil'l.lL'lti1 4 1'l.l L~'il'V11a.J'lfl;'lll1'V'ILLfl~m~ 

1,,ru <;~Lit'l.1~1 A. mangrovei ija.J'lfl;'lll1Yl~-:J~~ (6.05-21.55 nfa..i/;1;J1) i'il-:Jrl-:la..11~'il 

A. limacinum LLfl~ U. visurgensis ija.J'lfl;'lJl1'V'l'iltjL'l.l-Jl'l-:J 3.83-21.18 nfa..i/;l;J1LLfl~ 6.73-19.86 

nfa..i/;(;Jj fff)~fn1fl.:Jtl1J Fan et al. (2001) ~ffflm,J!mwm~ 1,nju~m'l1mtrn::iiwtmnfl'VllVff ll'l 
,, . 

1r1,1!~J 9 fflfJ'Yi'W1! lum1111 GY (6% :1%) trn:: Okara Medium 1~milt.1.:in~W'l1.fJ" 25 V.:Jffl 

,cim,;o-cr t'IJ01~r1111Jt~1 200 1v111u1vi d~lun'11 52 i1 fo.:i H'1fl1lfffl'lfl'V'l1J11'VllVff 1l'l 1r1,11~J 

i.:i 9 fflfJVi'1.J{~1io.:i~1omm1 GY ffllJl';jt)f-1~,lfl'jfl 1'll,j'Wiiwmt1gh.1i1.:i 1.4 - 12.5 tut11t~'U~ 

" " . 
'IJt:1-:Jflrn 1,n1'Wl1.:J'l11Jfl trn::~m'l1m 4.0 - 41.1 tutJ{t;'I.J,1'1JV.:Jm~ 1'lll1''Ul1.:JlU.Jfl u~djtJ'Ull'llVff ll'l 

1r1,1!~ff1Jlt'V'l1::tio.:ilu Okara Medium 'V'l1J11i.J!mwm~ 1'lll1''W'1~,H flt1iiwmi1~1t1dlw1b.:i 0-
.1 a d' , QI Z ct fid ti , ., ! 

1.8 tumtCJf'U\91'\JV.:Jm~ '1JlJ'I.Jl'l.:J'l11J~ ,rn::flrn'l1rn 0.5-4.9 lUflltCJf'U\91'\Jt:J.:jfl'j~ 'll1J'I.Jl'l.:J'111J~ 

" 'I.JVfHllfl'U Unagul, Assantachai, Phadungruengluij, Suphantharika and Verduyn (2005) 'V'l1J11 

fl111Jt~mm::~wmJij~U\9lfl~1.:Jtl'I.Ji1H'1~VU!lJ1W'llfl.:J S. mangrovei SK-02 tlV ~fl111Jt~1J 0, 10, 

20 tm:: 30 ni'lJ/~\911 ij,J!mwm~1'1Jl1'u~m'l1tt:itn1ti11 1.9, 2.9, 3.8 ,m:: 4.2 ni'lJ/~m \9111J'ft1~1J 

tm::~fJW'l1f11J 25, 30, 37 tm:: 40 V.:Jff1tCJf'1t;fJff i1u!mw~tfl'l1tflt't11tlU 3.5, 2.8, 1.6 trn:: 0.40 . .. 
ni'lJ!~\911 \911lJt11~1J t101.:i h~\PlllJflll fftff1Jm~ l'1Jl1''W'llV.:Jl'llVff i l'l lrw11~Jmmu~vuutl'1.:i 1~ 
,,r '., .1 .l .1 ,..: .. Fl""".fJlJ., '°'"llJt~lJ Vl~<;'l<ol111Jt="• 'fl'<""-t'U?i 'IJ'I.JV~fl1JV1'111ll'clfJ.:Jl'lfflU'1tfff)l1t'IJfl.:jfll';jt'1fJ.:J u H '-''" r, n • n 11 • u n 1J H ar, bl 

tri'W~'W (\91111.:J~ 5-1) 



~rn'lfrn 1,nju~ 

( ih,nfli'll/ m'lfrn 
., 

fls11uW1-wfl <ii"nfls11 

ml'~) /n~n) 

S. mangrovei KF6 203 3094 

S. mangrovei G 13 575 

S. mangrovei KF2 209 2779 

S. mangrovei N - 2 204 2688 

S. mangrovei S3 1 56 328 

S. limacinum SR2 I 117 4200 

. "'1,, fll'ttl'JLm:ff.flTJ:'VI 'If 

- fl~ LfHY 60 fli'1l, com steep 

liquor 0.7 fli'll 

- ~W'l1fJ" 28 a-Ji'l11'1HWioff 

1flurnn 2 iu 6 i1111.:i 

- fl~ 11m 30 fli'11, vn~ffnfl 1 fli'11 

n.hH ~'W 1 fli' 11 

- ~W'l11Jil 24 a.:ii'/11'1ftu;m1 
d ., 

tl11111':i1 120 ':iij'lJ/ UTYI 

1flurnn41'W 
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Nakahara 

et al. ( 1996) 

Bowles et al. 

(1999) 

I. fl~ 1flff 60 fl11l, Vff~ffflfl JO fl11l Fan et. al. 

d ., 
f111111n 200 ':iau/ 'Ul'YI 

1i'.lum1141u 

1. fl~ 1flff 60 fl11l, Vffflffflfl JO flfo 

2. ~W'l1iJjj 25 a-Ji'lll'lftu'lfllff 
d ., 

tl11111':i1 200 ':ia\J/ Ul'YI 

1flurnn 2 iu 4 i1111.:i 

- fl~ 1flff 20 nf 11, tin~nnfl 4 fli'11 

- ~W'l11Jjj 30 a-Ji'l11'lftu'lfllff 

d "' ., 
fl11111':i1 150 ':iau/ Ul'YI rnn 41'W 

1. fl~ 1flff 90 fl11l, com steep liquor 

20 flfo, .. .. 
2. ~W'l1fJlJ 25 a.:ii'lll'lftu'llllff 

1flurnn s iu 

(2001) 

Kamlungdee 

and Fan (2003) 

Wu et al. (2005) 

Yokochi 

eta/. (1998) 



d 
~,n::i'VI 5-1 uifl) 

'lfii~ il~mw 

m~ 

~ht:i•1nt:i 1'll"u~ 

( ij~~t1i'll/ ltl'lfltl 
,, 

ni'i,ihm!n (i1~~ni'1.1 

S. /imacinum SR2 l 224 4700 

S. mangrovei 
181 3250 

BUSPRA08l 

S. limacinum 

OUC88 

S. mangrovei 6000 

Sk-02 

S. limacinum 4700 

OUC88 

1. n\1 iflff 60 ni'J.J, un~nn,i 10 ni'J.J 

2. ~W'tt1Ji'.i 25 f.J.:JfflL'lH'IL"HfJff 

cl .. 
fl11l.Jn'l 120 lf.J'U/ lJl'YI 

Li'.lurnn41u 

i 41,:::t,/o, 0, 

- n\1 flff 60 mJ.J, vn~nn,i 1 o nm -

- ~W'ttiJi'.i 25 f.J.:JfflL"lll\L"Hflff 

cl .. 
i'l'lll.JL'I'l 200 lf.J'U/ lJl'YI 

1i'.lum1141u 

l. n~ imY 60 ni'1.1, soybean 

cake hydrolysate 40 ni'1.1 

"" <d 
2. ~WlHJll 23 tl.:Jt'l'll9f~lC)ff.lff 

d "" 
fl'J1lll'.i110'U 200 rn'U/'Ul'YI 

1i'Junm 2 iu 

85 

'JI "" 
11llt11101·:itl .:J 

Fan et al. (2000) 

J.JQn 
-1 ., ,I 
11l::~n1u1i mu: 

flW:: (2549) 

Zhu et al. 

( 2007) 

1. fl~ imY 60 ni'll, yeast extract Unagul 

10nfo 
"" <d 

2. ~W'HiJll 25 O.:Jfflt9f,W1Wff 

d "" 
fl11lll1110'U 200 lO'U/'Ul'YI 

1i'Jiu1m 4 iu 

l. fl~ iflff 60 ni'll, soybean 

cake hydrolysate 40 ni'll 

"" <d 
2. ~W'HiJll 23 O.:Jfflt9fm9ff.lff 

d .ct 

fl 11lll 11'Hl'U 250 1 O'U/'U TYi 

1i'Junm 2 iu 

et a/.(2007) 

Song et al. 

( 2007) 
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.. 
,J!imu 

.. • 'j/ 'j/ .. 

'11-rn ~(IJ:H,\Pl tnl1 l'J ur1::i1m1::nh 'JltlfllHll.:JO.:J 

'Yl'ifJff In 7fl"1r~nf 
,, 

flHll'lU1'W flHI ium·ui1o.:i .. 
1,nju~ ~UO'IHO 

( i1'1ilfl1:IJ/ ltl'lHO 
,, 

QI 0 QI 

(i1'1iifl1:IJ m 11 u 111 u fl 

u..f.:i) / illPl'J ) 

S. limacinum 114.71 2647.51 1. fl~ iflff 60 fl1:IJ, yeast extract 
.. 

""~1 

BUCACD032 
QI ,/"" "" 10 m:w 1'lfl11'J O.:Jq'Vl1i 

.. .. 
(2548) 2. ~Wl11JlJ 25 tl.:Jffl1CJf"191'tlff 

fl11:w1~:w 25 rhuiuiurl1u 
d "" 

fl11:IJ1'J1'JO'U 200 'JO'U/'Wl'Vl 

ri QI 

l 'Ul'Jt'll 6 1'W 

«1um;,m1n~tt0.:i 
,, 

1. 'Yl'Jtlff 1 'YI lfl\Pli~u1'il1fl i'U 1Jj'iJ1'lf1t1mui-rni~'il::1i.:imnY11J11.:i11:w~ 687 1v 191'rn'Yl 

ffl:IJl'Jf:lf~~lU'Wfl\PlllJnfl11W::'Yl1.:JffW)l'W1'Yltn 11 2 fffJt'l 3 'lf'U~ lluti Aurantiochytrium 

mangrovei (Schizochytrium mangrovei), Aurantiochytrium limacinum (Schizochytrium 
. ' 

1 A A d 4 

limacinum) ur1:: U/kenia visurgensis ~f.l'lf'W~'YlVi'U:IJlfl'Yl~~flO A.mangrovei "" 'Jtl.:Jt'l.:Jl.llflO 

A. limacinum 1m:: U/kenia visurgensis \Pll:IJ'1li'U 

2. Aurantiochytrium mangrovei Vi'U\1~tl~~i'UllfflJ~l (53.33 %) 1m:: A. limacinum 

'Yt'UrJ~tl~~i'U ln.:im~i'Ui11aj (38.33 %) ff1'W Ulkenia visurgensis Vi'U~.:J~~~i-u ln~m.:iimgfl 

4 .c::i. Q,I "'"' "'ii , .c::i. , , d _ 1 "' a " 
(18.33 %) l:IJOVi'ill'JWlVi'W'!i t:IJ l'lflf.ltt'l'WU\Plt'l::'lf'W~ Vi'U11 ~lllPJ:W'Yl::1":IJl1JO'JlCJf'W\Plf1l'JVi'U 

• QI 'j/ "" 'j/ 1 
(Frequency of Occurrence) ~~"!~ l'Yllfl'U'Jmrn:: 43 'JO~M:IJlfltlUff:IJ'Yl::rn (rntrn:: 39) Vi'Vl::m 

(lOtlrl~ 35) ln.:im.:ii1Jimu (lOf.1'1:: 34) trn:: lfl.:Jm~irngfl (ftmt'l:: 27) ~rnJ'1liU ., ,, 
3. 'Yl'Jt1ffi'Vllfl\Pli11i1'lfU1l A. limacinum ii~m'lfrn 0.93-197.02 ""~fl1l.llfli'mlrnuo 

,, 
ui\'.:i (0-42.44 % 'lltHffi~ l'lll!Ul1.:Jl1lJ~) 1rn:: A.mangrovei ii~ltl'Jl'ltl 5.12-195.18 l1r1~fl1lJ/fl1lJ 

: QI ,, "I QI t ' o' ' 'J} 
Ull1UflUl1.:J (2. 76-41.14% 'lltl.:Jfl'J~ t'UlJ'U'Yl.:Jl1lJ~) ff1'Ultltll'J16Vi1Jfltl'U'Ul.:JlJlfl iu U. visuegensis 

,, ,, 

(0-6.93 i1I1~fli'1J!fli'1Jil111tl'm1M.:i, 0-10.48 % ,io.:im~ 1,il1uYi.:i11l.l~) ri111i'1Jovhoiiri1rJ.:i iu 
,, ,, 

u. visuegensis (0-2.63 "Tinfl1lJ/fl1lJlll'l1irflUM.:J, 0-3.24 % 'UO~f1Hl,'IJ1!1rn,nn.1~) ~"nt{J'VilJ~~ 
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. 
Ci1: d.i::I 1 ') ,, d a., 1 ,d t t<i) I c:t. c:t. a., a., 

L'W A. limacinum um: A. mangrovei l'll.Jm imum.1~fl'W ~m.Jmfl~ L'W'll'1~ 0-35.19 1.mclmlJ/mlJ 
w y w 

il111tl'nul1'~ (0-9.46 % '\JtNn-rnhn!u11~1111~) Ucl: o-40.58 1Jcl~nfl.J/nf:uil111tl'nul1'~ (0-
y 

11.92 % 'Ufl~m~ L'Ul!u11~1111~) ~nmh~'U 
d Q QI Cllo 4 

4. A. mangrovei lJlJ1cl'll'1fll'Vi\1~~~ (6.05-21.55 flll.J/cl9'11) HMcl~lJlflfl A. 

limacinum Ucl: U. visuegensis ii111cli1fll'Vifld1w1b~ 3.83-21.18 flllJ/~mtm: 6.73-19.86 ni'11/ 

~9ll 

• y 

fl11ffflllll'lltnY1'Ylifl9li~ff'OlflU'IHi~vw1 t'lf\J ffTtd1on:m myrn:m llrn:m ~'W 

'I ., " ~ " .,j ~ " "' .I , 91:flfltl ,m: i'Wff9l1'Yl:m nrnm.J t'Viflt1Jt1Jlt1'Ufll.Jclfl111111cl1n11moV11~'11'1m'Vi'\Jfl~u1:tnff no 



~w1ittn1w iirvtrn'1. (2550). r1-iw11,nmunll'l/rN'Ylrnfl' In 7r1nf~a'~ti~1wmnn 1v M'iln1w 

mu 'UN'IJWnlll.t n ?-Jl'YllV1/'111lJfl1.1'Yltll'U'YitJ if 'U!tyt\!11'Vltllfflff~'.ill '111'UW Cfl~, ffl'lll 

A. ,I Ct, " Ct, a., 

11':i'lffflff~'I, flWt1'VWlfflff~'I, 11l111'Vltl1'1tl\J'I'Yil. 

wo11faif ,Jm1iY'Yli 1t'1::r1w::. (2546). diiv:Sinrnh:t:1iiummn,111-ir~vnrni~m1 
' J/ • , 

'YI f rt(J1fl'jfj'j'j1J'Jfl~WJ:t:ir-JU 'J,l!rJ11nun'JfWH-J'Yl:t:m 'i:t: 'UlJW'Jffil1'lfwm lJ. m ~1 'Vl'Yi<1: • 
., "' o' 

mm. i'!'ll •1m m "I Vi ll'Yi. 

Burja, A. M., Radianingtyas, H., Windust, A., & Barrow, C. J. (2006). Isolation and 

characterization of polyunsaturated fatty acid producing Thraustochytrium species: 

screening of strains and optimization of omega-3 production. Microbiology 

Biotechnology, 72, 1161-1169. 

Q,f " A. , &:I 4::f , I &:I O °' A. "' ... • .c9 
~11'1tl UlltJ. (2538). 'Jf'Jlflllm1/ J 1/H;lf}~'lf'Jfll'l'i. ni ~tl'l'Yi<1: ffltJf1'Yill'Yi1J'Itf11tl'Yi'If1. 

l~fltJYJVi6 ilt1fatf. (2538). f11'jfff11:llff.t111t~ll11Jltffll~flf11'jp.jit~m~ ,'lllJtJ 1m11t~l-3 ilf1 

, : d d A. o' 
ffll1'IltltJllflll'lltJl~H'1f1. 'J1HY1'i'J'Ylll1ff1fl'l'l'i, 24, 14-20. 

,, d A. 4::f 4::f a,, o' ,::f. , I Cito a., (/ 

1.Jt!.J'1fl11 'lf1tflffltfJ'1. (2542). 'Jf'JlfllJ'YINfl'l'l'Jfflfl'l'l'i. l'lW~ 1111: fllfl1'lflff~1fflff~'I, 
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