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Abstract
Code of project : Ad0 / 2558

Project name : Localization of related enzyme and metabolic flux in

oleaginous species

Researcher name : Dr. Montri Chaisawang

Just as important is the high amount of MCFA and LC-PUFA produced by
Thraustochytrium sp. BO1, a potential source for large-scale oil production for biodiesel
and DHA. Heterotrophic growth of thraustochytrid has potential in coproducing saturated
fatty acid (SFA) or medium chain fatty acid (MCFA) for biodiesel and long-chain
polyunsaturated fatty acids (LC-PUFA), namely arachidonic acid (ARA), eicosapentaenoic
acid (EPA), docosapentaenoic acid (DPA) and docosahexaenoic acid (DHA) for use in
nutraceuticals. In this study, we proposed new Thailand thraustochytrid strains on the
basis of 18S rRNA sequencing. The result showed a close phylogenic relationship and
highest percentage of similarity to Thraustochytrids sp. strain. Physiological screening
including initial pH, seawater concentration; elucose concentration and temperature was
carry out for optimization of culture conditions of Thraustochytrid sp. BO1 for biomass and
total fatty acid production. The “lipid productivity of 0.35 ¢/L/h was obtained by
Thraustochytrium sp. BO1 with glucose as carbon source in baffled shake flask cultivation
indicating a potential source for-large-scale oil production for biodiesel and DHA. The
production of NADPH for fatty acid-biosynthesis-is.dependent of malic enzyme, isocitrate

dehydrogenase and slucose-6-phosphate dehydrogenase, respectively.

»o«

Keywords: “Thraustechytrids” “metabolic flux analysis” “enzymology” “Classification”
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Biomass, total fatty acid contents wag fatty acids productivity Ua<@ng
‘ﬁuﬁ Thraustochytrium sp. BO1 Lﬁyméha initial pH fisnariu

Biomass, total fatty acid contents e fatty acids productlwty tNGRE
‘Wuﬁ Thraustochytrium sp. BO1 Laaamammmmu%au’m Lammﬂﬂu
Biomass, total fatty acid contents Wag fatty acids productivity U3an8
#u§ Thraustochytrium sp. BO1 tagsdnennuiduduvesnalaafivnafy
Biomass, total fatty acid contents Wae fatty acids productivity va<@g
s Thraustochytrium sp. BO1 tABsRABgMmnTfideiy
duusznoureenInluliu (percentage of total fatty acids) vesanenug
Thraustochytrium sp. B01

Aanssueulesl nmol/me protein/min lu cytoplasmic way
mitochondrial enzymes maaamﬁuﬁ: Thraustochytrium sp. BO1

Aanssuteulesl nmol/mg protein/min lunisaniawadvesaneiug
Thraustochytrium sp. BO1
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Snuarlasiaianway19asTinues Thraustochytrium spp. (A) 533910
thallus (@) Telaen1sveneaun Wagisuuus nuclear Wiondndy
sporangium (b) N13ueNAIYBY protoplast (c) Fafntulu sorus (d)
ntfaadizuLanenn (e) ienadn zoospores (f) uazisandu thalli vl
5nast (B) 2995%3mves Schizochytrium spp. 51270 thallus (a) WU
gonidu 2 wadiloatradu tetrad 4 Wwad (b) LLazﬂﬁjmaﬂL%ﬁ (©) wh
vaziwadisudu sorus (d) uayUdeseanunluguves zoospores (e) ¥
annsananendu thalli Imidnads

eAa ‘transhydrogenase cycle’ Way citrate-malate cycle Faanunse
NARANSHIGY acety-CoA Way NADPH d1nsuniswan PUFA Tu
oleaginous microorganisms (Wynn et al., 2001) 1: pyruvate
carboxylase, 2: malate dehydrogenase, 3: malic enzyme, 4:
pyruvate dehydrogenase, 5: citrate synthase, 6: ATP-citrate lyase,
7: citrate-malate translocase
WuwvuaaBIN LRI enIaluiuluaqunse

polyketide pathway Qﬂ‘wﬁlu marine bacteria U139l kaznulu
eukaryotes W Aurantiochytrium; wulgdnanlain ACP: acyl carrier
protein, KS: 3-ketoacyl-ACP synthase, KR: 3-hydroxyacyl-ACP
reductase, D/I: bifunctional dehydrase/isomerase, ER:Lenoly-ACP
reductase (Qiu, 2003)

polyketide pathway Qﬂ‘W‘UI‘L! marine bacteria- Ui, wazwulu
eukaryotes WU Thraustochytrium, oulusivanlaun ACPacyl carrier
protein, ACCase, acetyl-CoA carboxylase; KS, B—ketoacyL-ACP
synthase; KR; B—ketoacyl—ACP reductase; DH/IS; B—hydroxyacylACP

dehydratase/isomerase; ER,.enoyl reductase (Cao, 2012)
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1. annudunuazadudAgyveslym

51889 thraustochytrids fiaaudululalunisuanans 2 via Ae nsalesuria
medium chain fatty acid (MCFA) d1usunisuanidu biodiesel wagnsalyduriin omega-3
long-chain polyunsaturated fatty acids (LC-PUFA) 1agtan1g docosahexaenoic acid (DHA)
dmsunisldlugnainssue1nisiazel (nutraceuticals) nsalusiu Docosahexaenoic acid
(DHA, 22:6 n-3) flaudduseanisiaeuvssaussluaniizund (Garelli, A.; Rotstein, N.P.;
Politi, L.E., 2006) uaztussuuasfidrfaysdenyudsie (SanGiovanni, JL.P.; Chew, E.Y., 2005)
Tudnsiawateweninnsndeney 1 U wagmsseuiveadn nsaludu DHA anunsaadnle
i wiluagtuiinsanaswesUSinaanlwiomsa asivluduinien Snvisgnia
fifluadeduusznavvaslusiy fufufedudulunmmudsluiudulneanegdunisannse
wanlusuldifiovanidssansiy Bunisnannsondnlutuivarsviausviafianmsondalung
gRavnsTutuAe heterotrophic microbes s e dmnsalaslufiuiis fauazausanIuAx
aswandeulunisudald sz saesdudmiald fermenten) wiansiasauuuLg (Shake
flask cultivation) 481 oaungll wae pH L UuAY AasAnwININEs I dalitadinlnaianiy
dinoflagellate Cryptheconidium cohnii (Ward, ©.P.; Singh, A., 2005) & ¢ thraustochytrids
i Aurantiochytrium wiegslsfini dnuaizftaedl thraustochytrids fifefl eene 3N
polyketide system ﬁé’wﬁﬁylumiwﬁmmmlmﬂulﬂ?}u&f’; LLazLﬂuizUUﬁLauﬁuﬁz@jqu
isomerization/déliydration 1NARIIAITANTUSAUUUAMsIdB0nEaY (Qui, X, 2003) 3aT
thavlaneuifensinwnisadnlusiulu thraustochytrids Suiina53dEmenunisiesewens
nslvarulunsevaunsdaasgilaiusosag gndssatduainasissiifieAnyiiansy
Bulwlite Judayalunisedunamd@aringndoslunisdunsasiluiulasansdoyaves
nsnsranevendulefludauyszneumey vessasgadududrd s liinsafusiinneuly
thraustochytrids Uona NI IATERLAEUSHULTiEUSn5AMMS 9tAS 129 medium chain fatty
acid way DHA luidoviasmed Mt
2. 0QUszaANITITY

maUszgndldimallaBmsiiesgisasnisivasiuiioldlunmsndalaiy.  9ndeya
ulesiuazdnaniananiuiu swamnsadiUesuienalnmssdnluiuiaunsmihluussgnaltlu
My siuUnailuiusely gildsunaustlonifoininermansanuinisvsin wazann
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auq udninfugimnssuisensimadnsvaasnsinsivaruiiluuszandldlunsndnludu
luwesneiugivioaeiugous luTunagwmnudens

3. AI0NUATSAY / FUNRFIUNTTINY
wulwinddtyonsduaszinsalutulu@e Thraustochytrium sp. B02 nszaeegludils
Yougad avdnnudAgysenisduasginaluduegilslueaeiugl

4. NFDULUIAANTTIVY

Aslassnsidosiniiiunsuiiine

n) LLEJﬂL%uaLLazmamazﬁmmxauw%fauﬁgqgmmmﬁ

%) nsiananssuevleifineadesiuruaunsdanseilasuluie thraustochytrids
A) ASHYN mitochondria kaginAanssueulel

9 malensisnrnsinediuasasvenlufiseae vz doarauluiy

5. dgudwi

thraustochytrids nguAsiTInduliuaviewadifgadeansnsnazaluiugdasionny DHA
uag EPA

metabolic flux analysis PM3AnWILaEILATIEIIRINIERTUASEUINNSUS NS e TIAT
Meluigad

enzymology A1sAn®INanIsuvadeulval

Classification m3sdnndurasdsiidinaanitummaavalusisususieg

6. Uszlawiinanadnazldsu

nadSavasnTgisetnotnitannInasmes Intanssndildvessadfndeluty 4
anufusranudiStluriaenbilvrousssestsiennadtuasloiy  Snvidldlunaigniios
dusumananloiu nevudsedanarsodiltdesentuisiaalutuiionds dululofearislude
Thraustochytrium vieludonfindu Tngttimatansdadoiusnssy Tnsnisideionafidnly
mafisdnonmlunisndn vesgaavinssunsnanluiu DHA uas biodiesel Fudulonaluns
asvgramnssulvndlulssmelneg
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1. NIS9MUNANEWUGUDS  thraustochytrids  (Classification  of

thraustochytrids)

Thraustochytrium sp. Qﬂ%ﬂagﬂu Kingdom Straminipila, Phylum Heterokonta class
Labyrinthulomycetes, order Labyrinthulales waz family Thraustochytriaceae (Dick, 2001)
Uagtuaneifuggndnedlu  Thraustochytriaceae Fal 11 cenera @ genus Althornia,
Aplanochytrium, Aurantiochytrium, Japanochytrium, Oblongichytrium, Schizochytrium,
Thraustochytrium, Ulkenia, Sicyoidochytrium, Parietichytrium and Botryochytrium
(Yokoyama et al., 2007a)

Thraustrochytrids Lﬂuﬂzj:wﬁwaa marine, osmoheterotrophic, fungoid protists Tu
waneq A% Thraustochytrids gneeintuamsiewagiie) (microalgae) dlofnsfauluwg
voamsUszgndlflumanaluladiann . wieienalndidestvamhediima egnlsfinm
thraustochytrids ldgnda.luamsne (Armenta et al,, 2012).

158 vise pigments (B-carotene, echinenone, canthaxanthin, phoenicoxanthin, and

astaxanthin) t0uans intermediates 1u pathway 9830136579 astaxanthin 910 B-carotene R
Dunaueilunisdnwunananug natluavaneiug Aurantiochytrium sanusondn pisments ol
Iuﬂ%mmﬁquﬁuwﬂﬁ colonies  sUudd (Yokeyama & Honda, 2007) pg1alsinuNaves
n1sAN®1998 malecular phylogeny (185 rRNA gene tree) wugti1inaresiug Aurantiochytrium
laflwanewus Schizechytrium ftumsuunareiusiodiuateinuditiy dnvarvedassai
(morphology),  ¥uAYa4  polyunsaturated—fatty racids | (PUFA) -l@gcarotenoid pigments
(Yokoyama & Honda;2007) 521019 18S rRNA sequencing

msAnuelAndosganssr Aurantiochy triuniUsenaume lipid bodies ety
Ju eight zoospore Tu ZOOsporangium %ﬂ zoospore nely Zoosporangium AzUanyennin
Tuguves zoospore (Al 2.1)

Thrautochytrids vanganefusuUflagnsUdes heterokont wagil biflagellate Fafiu
@1881259U08 straminopilan zoospores anterior, tinsel flagellum wag a shorter, posterior,
whiplash flagellum n158379 zoospores IuLLm"VIaza’]Bﬁu'ﬁjﬁdulmﬂﬁmﬁuiswj’m genera Wag



taxonomic (Raghukumar, 2002) 1% genus Thraustochytrium @319 zoospores 1AENTILUIF
1PEnT997n cytoplasmic Uy 9 mature cells uaziin sporangium @31 genus Schizochytrium
WU bipartition sendu 2 dauves vegetative cell (MWl 2.1) IAaYAIUTYDINGUTAANU
TUu zoosporangium 38 sorus %ﬂﬁ%ﬂﬂ zoospores soly (Porter, 1990; Yokoyama et al.,
2007b) Mgl genera IneUn@ species lAQNARKLENAILETIIUNITLUGT WA LardN LML

sporangia

Amd 1 dnuaielasiadiauazasesiinues Thraustochytrium. spp. (A) 151470 thallus
() Tolaenisvensawn waglSuuds nuclear Afewanidu sporangium (b) NNSWENGIVe
protoplast (c) Fuiadulu sorus (d) wifagadSaumnaen (e) Wlowdn zoospores (f) wavSudu
thalli TvsiBnaSs (B) 29a5T3nea Schizochytriim spp: Buan thallus (2) uuseonidu 2 wad
ileasrau tetrad 41948 (b) wazNduUBuYad () usvag ALY sorus (d) wavUdosaanin
lugUves zoospares (e) Faanansonatendu thalli Tvsidness (Porter. 4990)

2. yaumsennantuiiu (Oleaginous microorganisms)
Inaunfefuvsdanisananladuladuiuadiuyseaauves “membranes (Certik,

Megova, & Horenitzky, 4999) Lwiﬁmaf\;auw%'éﬁmmsaazaﬂ‘uﬁuiﬁmﬂmh 20% %aazauagj
meluwadta3onaunisdmaniii “oleaginous” dufimsiivlusfunieluead wiefiGen
oil vacuoles Iugﬂsuaa triacylglycerols f?f\'i‘l?uﬁ’l’h “oleaginous species” ﬁgauﬁéﬁmmia
avanlosuldunnnin 20% vea i uas oleaginous species annsaazauldngs 70% vos
dotn Undinthiiwesmsazauladuiuiediudundinuddsldnouunenms uwinihiindnues
lasfufio msadamadiu winfisneg siuddasadieneg aes membrane mavalagutiuny
Tu yeasts, fungi, bacteria u19¥ila, protists wag algae v9wla Tunsdlves non-oleaginous



. A a A ¢ al 1 C% a goj C% 1 P =& o
species maqaumaﬂmasaﬂwumu 20% VIUUN LU Saccharomyces cerevisiae %
TusTuiies 3-7% (w/w) FTUdI LTS UUTY

3. nsnlviluaneeniilaiduda (Polyunsaturated Fatty Acid: PUFA)

Tusfusnadiuanunsaisluemsgeiminiidy nutritional supplement lusmns
Tlunsidesan viaeemnsdns eilunisiiiu omega-3 a7 unsaturated fatty acid (PUFA)
Faagdiuinsalutuanusoadauasldidunisesuemnsuazenld (Nutraceuticals)

Iumaqmamnisuﬂimlmﬁuﬁmﬁmmmﬁuw‘%éé’aﬁﬁmﬁqaLﬁaammﬂimwaammilﬁm
Fo suhuswanuuuseiios swidisududorlituilulinannnmiiounsnanluledea 7
é}’awqﬂé{ulﬂﬁasammﬂlmﬁu fatu triacylelycerols (TG) anadiusnmadennils lumaudludes
siewnsdmiudesiu S3dlivaasTulammid xylose dsthsanmanasomsld lu
Suit 2 AoldmadamanaluladFanmlumsifisrandnuaziudinalesu duit 3 fo s
L??ENLLUUIWJWNG] fed-batch 38 continuous fermentation lun1sifislA3mUILLLTEUTAS
\Jusiu (Li, Zhao, & Bai, 2007)

4. Fadilunsazaylusin (Biochemistry of oil accumulation)

QAuvsiagauluifuneluiudulgiosiiuinaennavie. carbon source gl
Usinalulasiauiidndn dellasaumualuanems wadavsuarauluiuuuu oil droplets

Ratledge (2004) lalimanalunisinnniznnsazaulusiu oleaginicity oaniiu 2 du

1. emwaansalumsads acetyl'CoA uvumaiiadly cytosol Fufuassaduitdday
dusutoulwl fatty acid synthetase (FAS)

2. mn@RNIElunsEe1s. NADPH dadiuassmduayduansssiilunisnannsalosi
P8 WIUNNY transhydrogenase cycle (PYR—>OAA—>MAL-—>PYR)*(Wynn, Hamid, Li, &

Ratledge, 2001)



MITOCHOMDRION

Glucose
CYTOSOL —
Glycolysis i
Tuvate
':':'2 ruvate CO2+.-':".TP 'P}
! ADP +P
‘Transhydrogenase 4
3 cycle’ Oxaloacetate
NADH
2
v
Malate -
NAD* Acetyl-CoA
NADPH NADF,
Acetyl-Col . Citrate Citrate C
e, s Cltratefntalate 7 Oxaloacetate
oycle
LIPID 3
BIOSYTHESIS Malate P Malate —2

AN 2 uans ‘transhydrogenase cycle’ Uag citrate-malate cycle Feaunsondnans
AIAU acety-CoA taz NADPH d1sun1skam PUFA Tu oleaginous microorganisms (Wynn et
al., 2001) 1: pyruvate carboxylase, 2: malate dehydrogenase, 3: malic enzyme, 4: pyruvate

dehydrogenase, 5: citrate synthase, 6: ATP-citrate lyase, 7: Citrate-malate translocase

wenueasulunisuanlvuly oleaginous microorganisms AonIsdloules] ATP-citrate
lyase (ACL) @uluouluifidiralunisndn acetyl-CoA wavil oxaloacetate (OAA) Ju by-
product Tnefiil Eiffate Wuamssiu Suiiod dtrate fagaulu mitochondria tufinainnisgn
vilieuleyl NAD'dependent isocitrate dehydrogenase hivisnuweiaanssueuluiianas
uay citrate Tlazanitgniisesninaglu cytosol §ie matate-citrate-cycle uarlaoiudsudu
acetyl-CoA A28 ACL LL%’JQﬂ”l,%’lf]umséiv’qé\’uiumimamﬂﬁmlmﬁuﬁialﬂ(Botham & Ratledge, 1979)

OAA ﬁLﬁﬂ'ﬁumﬂ citrate - cleavage %Qmﬂ?{auiﬁlﬂu malate §18  pyruvate
carboxylase Ufjisenn1ugime malate dehydrogenase Fadueuluyid active waziifonssu
Laulsaiﬂq\i%\iwuiu Aurantiochytrium qaﬁﬂ 7,000amol/mg protein/min (Chaisawang et al.,
2014) wazluu1agdumnid 1Wu-Candida~107 '(Botham & Ratledge, 1979) 33uds Mucor
circinelloides (Kendrick & Ratledge, 1992) ﬂgﬂiﬂ’mmﬂu transhydrogenase cyde A9 malic
enzyme Faillu oleaginous species \floga1n malic enzyme Wuunaswes NADPH wﬂumsm
aulunswanladumenalnues fatty acid synthetase uag polyketide synthase (PKS)



vaeugnuitliannsansiaiafanssuveaeulesl malic enzyme laluunsaneiug
WU Lipomyces sp. Wag Candida sp. (Bruinenberg, van Dijken, & Scheffers, 1983) Snioulad
AcL hivsingluunsaeriugyinlilianmnsaaganlviuldgayiniuaeiusid  ouled euled
isocitrate dehydrogenase a@wnsavieldidionin AMP Tu Aurantiochytrium oudulule
171517 pathway 514‘] Tun19@519 NADPH 1 6-phosphogluconate dehydrogenase Tu HMP
pathway Faunsanmedny enzymology wagz metabolic flux analysis FsiaudAgylu
N1SASIVEDU  pathway ﬁiﬁumaﬁuéﬁ?m SnvedsanunsauSundsy pathway Tiwadlisne
NSYUIUNITNN genetic engineering ﬁamimﬁmﬁﬂﬁﬂmaﬁué

Henriksen, Christensen, Nielsen, and Villadsen (1996) l@3a15ad routes Tunisas1
acetyl-CoA T cytosolic compartment #aliaruddaysausuna ATP waz NADPH fildlunsie
vowaa wulu Penicillium chrysogenum Fafl 3 route lun1sada acetyl-CoA A9 1. pyruvate
decarboxylase #11AIY acetaldehyde dehydrogenase (WU acetate) 2. m’i%uacetyL—CoA
a@ﬂlﬂqji cytosolic compartment A28 camitine carrier system tag 3. pyruvate/malate shunt

(citrate-malate translocase)

5. Ufi3endanlivesnisaaasieinsaladiu (The biochemistry of fatty
acid formation)

Uafsentunsdunsisvinsatuin lusovwsndanes acetyl  gnléidu primer uaz
malonyl moietie gnlelunisdeaeiliiiin.acyl-ACPs (buturyl-ACP) Gy primers aolulu
nalnnsdansizst (m579.2.1) NADPH. @i hydrogen donor ﬁy’aﬂﬁﬁ%m keto group Way

enoyl reduction



M15199 1 wann1suisentunseuiumsdunsizingalugiu (Stryer, 1988)

Y A aaa ¢

Yun - Ujisen voulesl

1 Acety-CoA + HCOs + ATP ——® Malonyl-CoA + ADP + Pi + H" Acetyl-CoA
carboxylase

2 Acetyl-CoA + ACP — Acetyl-ACP + CoA Acetyl transacylase

3 Malonyl-CoA + ACP —» Malonyl-ACP + CoA Malonyl
transacylase

4 Acetyl-ACP + Malonyl-ACP ——® Acetoacetyl-ACP + ACP + CO; Acyl-malonyl-ACP

condensing enzyme

5 Acetoacetyl-ACP + NADPH + HY — D-3-hydroxybutyryl-ACP B-Ketoacyl-ACP-

reductase
+ NADP*
6 D-3-hydroxybutyryl-ACP - —— Crotonyl-ACP + H,O 3-Hydroxyacyl-
ACP-
dehydratase

7 Crotonyl-ACP + NADPH + H* —— Butyryl-ACP + NADP* Enoyl-ACP

reductase

wFnduil 7 sy masoansaesonn 2 lwana (2 esuew) wazsleauls
palmitate (C16:0) Pe@A1S

Acetyl-CoA +7 Malonyl-CoA + 14:NADPH + 14 H*  — (C16:0 + 7 CO, +
14 NADP" + 8 CoA + 6 H,0

ot stoichiometry 99301138599 palmitate #®

8 Acetyl-CoA + 7 /ATP '+ 14 NADPH + 7 H" — C16:0 + 14 NADP" + 8 CoA + 6
H,O + 7 ADP + 7_Pi

wikia910.7 malonyl-CoA aNALATIENIN T acetyl-CoA o stoichiometry fi®

7 Acetyl-CoA + 7 CO2 +.7-ATP — 7 Malonyl-CoA + 7 ADP + 7 Pi + 7 H*

fisrenudmsasiinsaluiud 2 seuu Ao seuuil U fatty acid synthase’ 1150 FAS &4
wuludniifiesgnineus un Bar (Has) uasurawuaiide (sU28) svuul 2 Ae FAS finuludiy
wupiiduanilng uas cyanobacteria Fulsain polypeptidie Muansnsainszuuii 1 Tunns
daaszei PUFA toulel elongase’wny desatlirase gaynissieansuasiiiu double bond lu
palmitic acid &l 2 pathway Aitimisuansliiauun3 uay né %aﬁuagﬁuaﬂﬁﬁgﬁmﬁumm
lofiu C18:2 39 C18:3
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7 x Malonyl-CoA — elongase
FA > 16:0 > 18:0
Acetyl-CoA > {Palmitic acid) {Stearic acid)
l.ﬁa desaturase
A15 desaturase A12 desaturase

18:3(9,12,15) —18:2(9,12) 4——18:1(9)
(= Lincleic acid) (Linoleic acid) (Oleic acid)

l* ==== Ab6 desaturase — - -P-l
18:4(6,9,12,15) 18:3(6,9,12)

[y-Linolenic acid)

l-i- - -=-- Elongasefs ~--- 4 l
20:4(8,11,14,17) 20:3(8,11,14)

ld- ---- Abdesalurase--- h-l

20:5(5,811,1407) e 20:4(5,8,11,14)
{Eicosapentaenoic acid) n-3 desaturase (Arachidonic acid)

l“ """ Elongase/s = - - *-rl
22:5(7,10,13,16,19) 22:4(7,10,13,18)
A=) Ad desaturase=- - Drl
22:6 (4,7,10,13,16,19) 22:5(4,7,10,13,16)
{Docosahexaanoic acid ) (Docosapentaenoic acid)
n-3 series n-6 series

AN 3t vedTunIsataTzinsatuliulugauvsd (Ratledge, 2004)

Pathway Suflanusodauasedi DHA 13 Ao polyketlde synthase pathway 1ading
wuzily (U 2.4) Aurantiochytrium-(Qui, 2003) pathway Juansngann FAS pathway mﬂ‘vﬂ,m
maqmsaaﬂmwmmuﬂgﬂsm desaturation tun1sifscadLble bonds aslu acyl chain waii
witlourufe Anslalusiu acyl carrier ‘protein |(ACP) safusyuuy dmsunsdunsizians
(U;’jﬁ%mﬁé’mmi 1 ATP) ﬂalﬂﬁammiﬁamssmﬁwm acyl-ACP uay malonyl-ACP e
ﬁﬂLﬂ‘iT"‘Vi ketoacyl-ACP LLavmmJasmLUu hydroxyacyl-ACP Ny dehydration Uaasﬂmaﬂa
‘Ua\iu’lﬁ]’m hydroxyaceyl-ACP Wunaliiin unsaturated enoyl-ACP W reduction U84 enoyl-
ACP TUillu saturated aceyl chain Tunalnwes polyketide synthesis azlisauufizen
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dehydration uag reduction (Wusaldinu double bonds Iuﬂ%mmﬁqﬂ (Qui, 2003) Frag19ly
NN3dATIEY EFA production lafinsiaualuseuu PKS system fagy

Acyl-ACP

@ g Malonyl-ACP

ALP-5H

Enoyl-ACP 3-Ketoacyl-ACP

HQ N ADPH

NADPT @

7 3-Hydroxyacyl-ACP

AT 4 polyketide pathway Qﬂ‘W‘tﬂu marine bacteria u9olla waznulu eukaryotes
Wy Aurantiochytrium, Wuleindnlawic ACP: acyl carrier protein, KS: 3-ketoacyl-ACP
synthase, KR: 3-hydroxyacyl-ACP. reductase, D/I. bifunctional dehydrase/isomerase, ER:

enoly-ACP reduetase (Qiu, 2003)
Pathway_-n138As1¥3A DHA ez DPA ladimsuaauslusimiadeves wums uagmus

(2014) d@1uUN1589AIIEA EPA Iedinasuilauelag Cao wayamly (2012)
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e e COOH

AN 5 polyketide pathway Qﬂ‘v\l‘tﬂu marine bacteria U133tin Lazwulu eukaryotes
WU Thraustochytrium, Wulwsinanleun"ACP: acyl carrier protein, ACCase, acetyl-CoA
carboxylase; KS, B—ketoacyl—ACP synthase; KR, B—ketoacyl—ACP reductase; DH/IS, B—
hydroxyacylACP dehydratase/isomerase; ER, enoylreductase (Cao, 2012)

6. N1TAATIZNBRTINSIARIUVBILUNUDATULA LI AUTI A TaUWUS
Tunszurunsaganlady (Metabolic flux analysis. and ‘stoichiometric model
during lipogenesis)

Hagtumstnfigasnnisar e ssinueatuithinaiafignldlunuves
bioprocess/biochemical “engineering Weldlunshiany physiology wUedlwaa  Lazn1s
USuUssaneiuddimiunmsduns elana ueififiaads. metabolic flux analysis LUAS AR
MYINNUVDALUNUBATUYDIYAA Ingfigmsmsivasiuujizenduaiigndnalngendy
Uhnamsduiusvesufizondualiiinisaunaannislaverds  mass  balances  ¥ed
intracellular metabolites FrewminsUszanaRanssuvosinay pathway Tufanssuvesead

q
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Fadums intracellular fluxes Meldan1zundoumneg @Y S¥AUIDILONTLAY LilBTIIEM
anmewmungadlunisiaessaly (Lee, Berthiaume, Stephanopoulos, & Yarmush, 1999)

7. s aulud (Enzymology)

MInvdeuAInsseuletiLuY In vito vaeluvasavnaes isldnsivdeuianssy
wulsfluaunueaduassuwasd  in vivo luvasiitiuaybifoulsisds cofactor Aidumae
meldnsialuannyiisune  wlussifuasinsinfanssueulsiivliaunsaveniedng
nslvasiuaiduadiuy in vivo ldiflesiniivanstaduidu Tuanaussilnanansonsesu
Aanssueuleddls wasursanmzAwndsuauisoanianssueulsils wiinAanssueuledly in
vitro alalanunsaviuneAsns il in vivo I uilunaneadinsasundaseseylasiiag
duiulagmseuAdasiiivinngld wu  Aanssueulesives  glucose-6-phosphate
dehydrogenase  anasludnadrutunsanasvesnisivaciuly HMP  pathway wagfanssu
oulwaives citrate synthase Wi Tududadauiiu flux vee TCA cycle flux (Moreira dos Santos,
Raghevendran, KOtter, Olsson, & Nielsen, 2004)

8. MuAReTnetes

ﬁmu"“ﬁaﬁLLamﬁamsmémlmﬂuﬁumﬂL%@Giﬂqﬂ WU genus  Aurantiochytrium,
Schizochytrium, Thraustochytridmand Ulkenia +8usiu @ednnuanansalunisldoinves
o NSTLANAeRUSING 8RS IsNARliandsTuRE 1Be Australian thraustochytrid (Lee
Chang et al,, 2014) maﬂ’uﬁ: Aurantiochytrium sp. @wu13akd slucose a1n 2 8 4 Wosiud
ety elucose W 4 WesiEid wuhuSmaisaduis @Biomass yield) wisiTugie factor ade
1.7 usilUadna@e’ Ulkenia sp. strain' TC 010 wa¢ Thraustochytrium sp. strain TC 033 L
5ol olucoserbdt Tuvauedl Schizochytrium sp-strain TC 002 l4stucose tounina3eusian
T aoadolluiuiadie 14 Fu wasde Thraustochytrium sp. strainTC 004 14 slucose 7 4 %
wiv uilalldi 2.9 wiv wanslidiudetitesainlunsldsysuthaiariunnsnetu

NUIBYOY Lagunas and Gancedo (1973) 957989 1udw reported that the HMP
pathway W pathway Wantun15asLATIZA NADPH Tueuisndl slucose U Saccharomyces
cerevisiage W# transhydrogénation ) laidienudaglundsdaasnzi NADPH Saccharomyces
cerevisiae §iRanssutoulas] NADH kinase fishann@eden NADH) was ATP Uiy NADP(H)
ey ADP é’aﬁ?ﬁﬁﬁum transhydrogenation 3ldlatnunsinly model

fiseeuldisenuiildiveieves  stoichiometric model Tun1séuans metabolic
fluxes Tunisadrensalusiu arachidonic acid wulu Mortierella alpine (Mingjie, He, Kun, Jie,
& Zhen, 2007) luftdamaany energetics ﬁuaqmia%ﬁaﬂiﬂlﬁﬂﬁw‘?ﬁd’l%ﬁ%m%’;Lﬂﬁé’fthﬁms
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Uszanaeiiuiaidunsyuiunmsadisnsalaiulaennznisduaszinsaluty DHA Tu protist
wiflsnelu Mortierella alpine (Mingjie, 2007) &5l P/O ratio Wiy 2.5 %aLﬂuﬁﬂﬁqaﬂdWmﬁ
wiasevihlinisussanuan flux TdlnalAsefuanuduase ureenslsinin model lawansliiiu
J1anme limited nitrogen source Wildsnsnsinaruwasaueuludimsduasziluiudiy
inTusan it 2.5 wazaes flux anwnsatiluldlusumes Bioinformatics léense

NADPH

3.39/8.05/7.82
[ 8.55

303971678/ 0
/0

23.64/44.84/36.83
/40.23

Biomass - GIC Lipids

42.04 /3033 /5535
{5122

EMP+TCA

AT 6 LARINIINTEIBRIVES flux Lutid exponential phase, decelerating phase,
stationary phase wazwasaini@dy NaNO3 Tuga1g limited N-source

LLGiL%Mﬁi’]EJMUﬂﬁﬂszu’lmm P/O ratio Tu Aurantiochytrium sp. BO72 lunate models
Fa T 2.6 (Chaisawang et al, 2014) Falgawada model 2 L‘f]uimLmaﬁLfJulﬂvLﬁMﬂﬁqmazéTq
il P/O ratio IndiAsstuiilsesmili wuat Se, a6 wasiten

1GLU
NADPH NADPH
O 6-PG 3 H}[Pl pathway
2 -\Tl’ 28
! Oz @
2PYR = i
Trnnshydrogenase cyvele”
2¢0, %0 A[ i
INADPH QMY
Cyvtosol
1 . .o \
o~ -ﬂltuchonﬂrmn L
(Model TV Oy L JODE
s 1c0,
2AcCoA «—— ~ s — TAcCoA
Ny b pRasoo8) Model I
z \-\]2]5[1 ZCIT — 2CIT
e L [~ 2aTe
} |10 {9!:\_ 2 AcCoA
IMAL~ 1 2IMAL +— 204A
') NADH
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N A

i B

2PYR 2PYR

© 2 NADH Model I1I 2NADH __J (6)

i 2C0,
2AcCoA 2AcCoA
ks b
2CIT—Bv—2CIT M A g
6 H+ - 5 ATP
-2 AcC (9} (11}
2 ATP 2MAL= 24 )AL 2AcCoA
e (5 2N 20aA 20aA
(Sszc'Dz 2 COfPo
1PYR 2 PYR  QEEXEIRCH)
osal | Cytosol Q’Iituchundriun .

Mitochondrion | DEyteHe
\—J) i T i
T

= -
AINN 7 LAY meta
CoA tag NADPH 5¢1119n1989A37129 utiuigan



unil 3
521udsn1339Y
1. Uszynsuazngunlagig

e Thraustochytrium leanannlulimaneguulaauiiiinziavseasstanluuiian
graaulunanedvin Wy ¥aus MyIuy3 Qin LarnIunIng

2. \3asfiefildlunside
Polymerase Chain Reaction (PCR)
Gas Chromatography
High Performance Liquid Chromatography (HPLC)
Centrifugation
Spectrophotometer

Microscope

3. /M INAADY

3.1 L%lau,azn'ﬁm’wﬁ}laﬁimiw (Strain and subculture for maintenance)

o Thraustochytrium sp. A0L- tanlulifianeguilaausnadmsmudmia
fn9q Fonawizluiifivesduazseaianivini shlulfurluidaemuldlugs nelu 3 $3lus
inluldfnangadiusasnns Lazsssusn 1 x 1 cmsudwnakiazidensieluia Lazinnieuu
oMsABATeRee) uaznIzadlivhemsiaE sterilized loop esiildiasdlududuie YPG
agar Mdengnidonunfiseiotosmidouuniitels @anusznautes YPG acar fio sea salts, 15
g¢/L (gram per liter); glucese, 1.¢/L; yeast extract,1 ¢/L; peptone,d-¢/L; MnCly, 1 mg/L; hag
agar, 15 ¢/L ﬁ]’mﬁuLW’lngENL%aﬁiaﬁ’Néj’JﬁJ YPG agar Inennssiotis(sbcultured) N Lo
Iuﬂizﬁﬁlﬂ%ﬁaﬁmmﬁuﬁqmmﬁ 80 °C T glycerol §as1dn slycerol sio ammnsidsade 1:2
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3.2 M33uunviiavasaenus (dentification of strain)

tideiuenldludsssemsiassdeuuunis (agar plate) tHurian 3 fu Tniudlewde
Tnvhnséredennlaladiiesluidedunasavinaes 50 fiadans idewnsidsade 10 Jadans 9
fidhulseneures tindensia (artificial seawater), slucose & nSusodns, yeast extract 2 n§u
080T, peptone 1 nSusodng maimmamumamwﬂmw 25 °C luia3oaae (150 rpm) i
4 Ju mﬂumwmézjaaaaﬂmamsfjumam (centrifugation (9,000xg, 10 min)) \Jutaa1 10 wdi
Sraead 2 asaeiindu (sterile deionized water) wazvhusisrawinsain DNA n1saiin DNA
aAnNnAIEY DNeasy Plant Mini Kit (Qiagen, Germantown, MD, USA) mﬂﬁw‘ﬁﬂ DNA sgmalia
agarose gel electrophoresis (0.8% agarose) ﬂ?ﬂﬁuﬁ’m?ﬂﬁﬂﬂ%ﬂﬂm 18S rRNA gene @3y
primer 2 %u e forward primer: 5-TCCTGCCAGTAGTCATATGC-3" and reverse primer: 5™
TGATCCTCTCGCAGGTTCAC-3 sinunisAn®1ued Chaisawang et al. (6), Grzebyk et al. (12) and
Yang et al. (32) Mntaiud3una genomic DNA fgLnaiia polymerase chain reaction (PCR)
ﬁﬁﬁauﬂizﬂauﬁﬁﬁ 50 UL of 1x Tag PCR buffer (New England Biolabs, UK), 0.2 mM dNTP,
0.2 UM of 16S1N, and 16S2N primers ez 2.5 U Tag polymerase (New England Biolabs, UK)
nifwinsuenats DNA figamgll 94°C una 5w PCR Tsunsudiadlide 30 undt 4
94°C uay 30 Wil 71 60.8°C (annealing temperature) 2 wadl 7 72 °C viviavua 40 50U wae 7
uidmSuiiauSinail (final extension) 71 72 °C aantudwnady (ONA sequencing) wafils
185 rRNA gene sequences MA3:U3suLIUa MULY GenBank database 94 National Center
for Biotechnology Information-tagld Basic L ocal-Alisnment Search Tool (BLAST) uag
1Usunsu (multiple alignment program CLUSTAL W lngld MEGA6 software) A1904 bootstrap
QrATIEviE U 1,000 50U (32)
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blastn | blastp | blastx | tblastn | thlastx |

BLASTN i search leotide datab using a leotide query. more...

Enter Query Sequence B : . AU
Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &/
AGCATATGCTAMAGTTGTTGCAGTTAMAAGCTCGTANTTGAATTTCTGGCATGGEIGACCGEGEETTT &
COCTGAATGGGGATTGATTGTCTGGETTGCCTTGECCATC C % GEGEAAAAATCT From
TTCACTGGAATCAMAGCARAATGTTCCAMACAGGTCCTATGACCGGTATGTTTATTATGGGAAGATALAA
AMGGACTTGGGEGGCTATTTTGTTGGETTTGCCCCCT GAMAMAGGETAMAGAMAGTTGEGGGTTTCCTA To|
TTTGGRACTAGGGGAA GGATTCCARAAAAAATAAGCCAGGGTTTCCCGITGTTTCTTA s
Or, upload file 9
Job Title te SH

Entera descriptive fitle for your BLAST search @

| Align two or more sequences &

Choose Search Set S Tetiras

Database Human genomic + transcript ' Mouse genomic+ transcript '® Others (nr etc ).
Nucleotide collection (nh‘nt_)_ " . Y@
Organism 1o 20000 as.)
Optional x n Exclude T
Enter organism common name, binomidl-orfax id. Only-20-top taxa will be shown &
Exc_ludle L Models (XM/XP Unuﬂmd!mvfmnmemﬂsmm sequences
ptional 4
Ic_)im'it 1? Sequences from type matefial
ptional AiF 5 1 81 .
Entrez Query T Youlfll} Create cusiom database
Optional : P : ) /

Enter an Entrez query to \iﬁﬁeaﬁcﬁ ]

Al 12 FBnsthanduiua 18sRNA Tuliisugualugnudiaya GenBank ¥e National Center for
Biotechnology Information

Species/Bbbry | |
1. Burantiochytium sp. Eu‘lz L

2. Thraustochycrium sp. A0
3. Schizochytrium 1imainem.OUC109.

4. Rurantiochytrium sp. sm_"zus A\\\"}
5. Schizochytrium sp. BURMRM_802 |
5. Thraustochycriumsp. _nmeiagaes
7. Thraustochycrium sp) TRI i
2. Aurantiochytrium_sps LK4
9. Schizochytrium sp. BR2.1.2
10. Thraustochytrium_sp. IQl
11. Schizochytrium sp. SURARMZQZ '
12. Rurantiochytrium sp. BL1 2

13. Rurantiochytrium sp. BL10
14. Rurantiochytrium sp._mh0l24
15. Crypthecodinium cohnii

16. Oblongichytrium sp. HES

17. Aplannchvtrinm an. S19R2

AN 13 wansnsilSeuisuaiauluawazsnmeluswnsy MEGA 6

3.3 N15LA8YaLUULEN (Shake flask cultivation)
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L%Jauummil,gmL%@LLUULL%QQﬂéTWEJﬁ]WﬂMqﬂUETQ Erlenmeyer  flask (250  mlL)
Us$nousag 50 mL GPY-broth pH 6.5 wax¥n1sgndi 200 rpm nelagamgi 25 °C Tu orbital
shaker (Innova 4900, New Brunswick, USA) #8310 22 Gﬁ'ﬂm O.D. 984 zoospore Y3ONTUAY
Wosewwaduszana 2 vnisastiolile 5% (/) ves inoculum T 100 mL vesexperimented
culture Tnelii 0.0, Uszanas 1 onsidsadsly 500 mL cotton stopped baffled flasks &
mineral medium yn1sUEely orbital ‘shaker 1 200 rom Anelegaumgiinngg wiofl 25 °C
muiUTeaunsyeTnsasatevun

EL‘LlfﬂiLgﬂﬂﬁﬁﬂaﬂwﬁlgﬁ%%@@hﬂ6] U glucose, fructose, glycerol %38 olive oil Fadu
Wiadcarbon source way 10 g/L yeast extract #50U19n58 10 ¢/L peptone tHuusnas nitrogen
591949 vitamin wag trace elements EJWW]?L%ENL%EJH 15 g/L sea salts, 1 mg/L MnCl, bag
initial pH 6.5 wazi1n15AnwIn15Lelu mineral medium F9Usenoudie 60-120 o/L glucose
\Juunas carbon source, 3-18 g/L monosodium glutamate Wu nitrogen source, 0.6 ¢/L
KoHPO4 vu potassium source Wa¥ 15 g/L sea salts 81%115 mineral medium Ladiniseiy
vitamins and trace elements ﬁﬂ‘ﬁ @15aza1® trace mineral solution Us¥nauniy dadnsusie
875, Na,EDTA, 15 mg; ZnSO4.7TH,0, 4.5 mg; CoCly.6H,O, 0.3 mg; MnCl,.4H,0, 9.0 mg;
CuSO4.5H20, 0.3 mg; FeSQq. 7H20, 3.0-mg; NaHCOs, 100 mg; KH,PO4, 200 mg; MgSOs.7H,0,
200 mg; ZnSO4.7TH,0, 1 mg; HsBOs, 1.0-mg; @1sazane vitamin Usenaunie Jadnsunedng,
para-aminobenzoic acid (PABA), 0.20-mg; riboflavin, 0.1 mg; biotin, 0.05 mg; folic acid, 0.04
mg; nicotinic acid, 1.00-me; myo-inositol,:25.00 me; thiamine-hydrochloride (B1), 0.50 mg;
pyridoxine hydrochloride (B6), 0.50'mg; cyanocobalamine (B12), 0.10 mg nuld fitter-
sterilized (0.20 pm) N384 1A NANE D115 glucose WAE Utd s carbon due N autoclaved

won?l 110 °C uaw, 15 undl 3ntuy U initial pH Msiang aumiu pH 6.5 AeuviililsiAaniae
(sterilization) 71 121 °C tut1aa 15 Uil a997n-sterilize a1vazaapinniiunidiuuseneu
Tanulagnlalueavsneunas inoculation AIIAE

3.4 SpsreAUSnaniina (Analysis of culture supernatant)

Glucose Qﬂﬁﬁﬂﬁ’?ﬂﬂ%ﬂﬁmﬁw commercial glucoseroxidase kit (Sigma, St. Louis,
USA) Fructose, glycerol, and sorbitol an¥i1n 15 3nUseasin 18 HPLC (Waters, Milford, USA)
Lﬁ%laaﬁaslﬁi’fSugar Pak 1 column (6:5%300mm) dnsagee7du mobile phase A9 50 mg/L Ca-
EDTA I flow rate winfiu 0.5 mL/min detector s8u refractive index (RI) detector #3ldnsaa3n
Uinaihnna gaumngiives column wa detector Lu 90 °C uay 35 °C

Monosodium glutamate (MSG) Tu supernatant ¥inn153na28 TNBS (trinitrobenzo
sulfonic acid) procedure (Adler-Nissen, 1979) supernatant Qﬂmauﬁw TNBS solution (0.17
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mL 1 50 mL distilled water) fifidrudsznouaes 0.21 M sodium phosphate buffer pH 8.2
Glycine Qﬂwlﬂu standard wagl4 absorbance #1 340 nm Ammonium analysis was assayed
by the phenol-hypochloride method (Weatherburn, 1967).

3.5 Anszrdsunanwaauis (Assay of culture dry weight)

fegnaUTinm 2 mL gnifiufeis centrifuge 7 9,000xg Wuan 10 min 71 4 °C
Biomass ﬁLﬁUlG’TgﬂvTﬂmsé’Né’w distilled water 2 50U d@uvpLAINYINlTUIINETT freeze
dry dhuaduiaudgndaiielinsudmenuds

3.6 AAszrUsuIunsaladu (Analysis of fatty acid)

thiwaduisuszana 15-20 me #i#9InnIg freeze-dried gninui esterified e 4%
sulphuric acid W methanol Wag butylated hydroxytoluene (antioxidant) @15 1 h 7 90
°C Heptadecanoic acid 1138 nonadecanoic acid (Siema, St. Louis, USA) Qﬂi%Lﬁu internal
standard  #egslagnansie. auto-injector tudRsE 1:100 split lw Shimadzu gas
chromatography instrument (GC-17A) il Supelco OmegawaxTM 250 fused silica Ju
capillary column (30m x0:25 mm) §IuYBIRUNNAVBN injector Uay detector Qﬂﬁmum‘ﬁ 250
"C wag 260 °C anuandiv 1Uswnsudmsumsliasienpe aamgiives column wiriu 200 °C 1lu
L3871 10 min LLazgﬂLﬁmﬂu 230 °C48unaT 17 w2 Helium QﬂI%Lﬁu carrier gas 918 linear
velocity 7 30 cm/s

USuna Total fatty acid content ¥1n7153AM2875, Blish 'and Dyer (1959) uniaaauiig
Useanad 20 me vianasannee chloroform-methanol-distilled water (1:2:0.8 v/v/v) anusae
sonication (Sonicator Model. 500.5/N-5737, Langford) Uszaniu 15 W LLazé?ﬂ’giﬁqquﬁﬁaﬂ
Useanas 18 4714 iRy 1.25 mL 83 chloroform Lag 1 M NaCl 9101 votexed waw
centrifuged 7 1,000xg" [Huiden 15 Uit 9aniiudiugns (lower phase) gnvilviuvismeuia
lulasiau flegly viab fissmiinuda @anseiiudadmmn

3.7 A5N5IAs PN ENANYAALABAISLNALLYaaRdN (Preparation of cell free
extracts)

waddunTifiwaduialseangs 300 meadnseedatlutimdaves log phase gnLuAIeIs
low speed centrifugation (10,000x¢) wagaldkaaa 1 59UAY 4 mL U89 extraction buffer R
Uszgnoume 100 mM Tris-HCL buffer pH 7.2, 10% (w/v) glycerol, 1 mM dithiothreitol and 1
mM EDTA (Titriplex IIl) wazifial 4 mL of extraction buffer 8nass lunsiives NADPH and NADH
dehydrogenase L@La15 1 % v/v 984 Triton X 100 Tu extraction buffer
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wadgnyinliuangaeds vortexing U 1 ¢ 483 glass bead awatdusuALdnans uan
10wt 7t 4°C mwwaa‘uasL%éﬁlmmﬂgmwﬂaaﬂé’w high speed centrifugation (Backman,
LE-80K) 71 100,000x¢ 4 °C tHuman 30 Wit @ndlagnusneenuazgltifu cell free extract 7
Wﬁm%’umﬁmLaulszjﬁé?iqaﬁﬂiau@@jﬂizmm 2-4.5 mg protein/mL $e%119N1990 cell free
extract azdosogluthudmasainat lunsdusnlulnsroundon wadgndesde protease uway
VIiuaNGae vortexing iU 1 g ¥84 glass bead vwmdunugudnans iWurian 30 3w

3.8 nMsiananssutauley (Enzyme assays)

ﬁaﬂﬁmaulmgﬂﬁf@é’aam%im Jasco model B-530 spectro-photometer iflanues 1-
cm light path cell (Tokyo, Japan) Tignmgll 30 °C difldluntsadu milli-q water Tuns
ndusonda linearity va335lagld 2 aaududunes cell free extract nsNsAnU A3 MU3
funsafusSmaneuleddild v buffer uay cofactor fn1swWasuulanilensivaeuianssu
wulasishe Anssuelusignanuil 300 nm figamaiii 30 °C lnenuuTunumsiAnuazgnldves
NAD(P)* or NAD(P)H (€340 = 6.22 mM".c™)

3.9 toulwily HMP pathway (Enzymes of the HMP pathway)

Glucose-6-phosphate - dehydrogenase (EC~ 1.1.1.49) Qﬂm%ﬁﬂiuﬂﬁﬁ%mﬁﬁ
druUsenauved 50 mM Tris=HCL pH 8.0, 5 mM MgCl,, 0.4 mM NADP" iag cell free extract
L%Mﬁuﬂﬁﬁ%mﬁwmilﬁu 10 mM glucose-6-phosphate disodium salt (Harris, Diderich, van
der Krogt, Luttik, Raamsdonk, Bovenberg, van Gulik, et al., 2006)

6-Phosphosluconate - ‘dehydrogenase ~(EC . 1.1.1.44) Qﬂmw"’iﬂuﬂﬁﬁ%mﬁﬁ
d1ulsnauYed 50 mM glycylelycine buffer, pH'8:0, 0.4 mM NADP' ugaz cell free extract
L%Mﬁuﬂﬁﬁéméhamilﬁu 4 mM 6-phosphogluconate trisodium salt(Bruinenberg, van Dijken,
& Scheffers 1983)

3.10 taulwaily “transhydrogenase cycle” (Enzymes.of the “transhydrogenase
cycle”)

Pyruvate carboxylase (EC 6:4.1.49) gninlngaruglfnseniu malate dehydrogenase
wasmsEnITeanTnduras NADH 712340 irnl (Wynn, Kendrick, & Ratledge, 1997) Uizl
d2uUsznaured 100 mM Tris-HCl pH 7.8,-3.5-mM ATP, 20 mM KHCOs3, 6.7 MgSQq, 5 Units
malate dehydrogenase, 10 mM pyruvate, 0.15 mM NADH ﬂﬁﬁ%mﬁ'uﬁuﬁ’mﬂ’ﬁlﬁm 10 mM
pyruvate.

Pyruvate + CO, + ATP —»  OAA
MDH
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OAA + NADH —> NAD' + Malate

Malate dehydrogenase (EC 1.1.1.37) Qﬂmn’iﬂiuﬂﬁﬁ%mﬁﬁdauﬂizﬂawaq 100 mM
potassium phosphate buffer, pH 8.0, 0.15 mM NADPH 438 NADH uag cell free extract
URATeISuAUMENITAN 1 mM oxaloacetatic acid (Harris et al., 2006)

Malic enzyme [L-malate: NAD' oxidoreductase (decarboxylation); EC 1.1.1.39]
decarboxylate 19 NAD* \Hulaioules

Tunsdlvas NADP* 1ulateules [L-malate: NADP* oxidoreductase (decarboxylation);
EC 1.1.1.40] Malic enzyme gnasaanlnedidauussnaussil 100 mM Tris-HCL pH 7.5, 10 mM
MgCly, 0.4 mM NADP* uag cell free extract ‘Uﬁﬁ%mﬁmﬁuﬁ’mmi@m 100 mM L(-)-malic acid
(Harris et al., 2006) wag 25 mM L(-)-malic acid Gﬁai%ﬁﬁw%’uﬁﬂﬂiiugqqm WL 0.4 mM
NAD" gnlfunusine NADP' iilensaaasy

3.11 wulyddnniunisaing acetyl-CoA (Enzymes of the acetyl-CoA producing)
ATP-citrate lyase (EC 4.1.3.8) gninfanssuiaulusinaisves Srere, 1962 lawiin1g
Ufudgsdusznaudniioslnefiufitende oan iWuasdauvesufidelasoulsl malate
dehydrogenase ailagn1seendiadues NADH 7 340 nm UiATeUsznausie 0.1 mM Tris
pH 7.3, 10 mM MgCl,, 0.3 mM CoA, 10 mM mercaptoethanol or thioehanol, 0.15 mM NADH,
5 mM ATP, and 20 mM pggssium citrate, 50 Unit malate dehydrogenase Uiﬁ%mﬁuﬁuéf’;a
N9LAL 5 mM ATP
Citrate + ATP + C)oA = ———» Acetyl-CoA + OAA
OAA + NADH ~—MBRHy 1= “NAD* % Malate

Carnitiné-acetyltransferase (EC 2.3.1.7) gninfanssutoulzdlaennunisaine CoA 210
acetyl-CoA way L-carnitine Tnaldens 5,5 -dithiobis-(2-nitrobenzoate) Inemunanssuteuley
i 412 nm ezl molar extinction coefficient WA 13.6 MM cnt(Kohthaw & Tan-Wilson,
1977) dulsznaudiisenne 0.1 M Tris/HCE pH 7.8, 0.25' mM‘Acetyl-CoA, 2 mM L-Carnitine
waz 0.4 mM 5,5 -dithiobis-(2-nitrobenzoate) Uﬁﬁ‘%mﬁ'm’fuﬁwmﬁlﬁm cell free extract
L-carnitine + acetyl CoA Corgine e rapsferase D L-Acetyl carnitine + CoA

CoA + 5,5 -dithiobis-(2-nitrobenzoate)  —— 5-thio-2-nitrobenzoate
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Acetyl-CoA hydrolase (EC 3.1.2.1) QﬂLﬁ?jﬂLﬁamiaaaaUImalﬂLﬁm L-carnitine Tuufjizen
Aanssuteulesd Carnitine acetyltransferase Aasaufanssuves Acetyl-CoA hydrolase activity
(Unfaziinanssuteules Acetyl-CoA hydrolase)

Acetyl-CoA hydrolase_

Acetyl CoA » Acetyl + CoA

3.12 toulasilu Tricarboxylic acid cycle (Enzymes in TCA cycle)

Isocitrate dehydrogenase (EC 1.1.1.41 (NADH), 1.1.1.42 (NADPH) Uffi3e1Usenausie
100 mM potassium phosphate buffer pH 7.0, 2.5 mM MgCl,, 0.4 mM NADP*/NAD" uag cell
extract Uﬁﬁ%mLauvLstjﬂL%mﬁuﬁ’JEJmaLam 5 mM D,L-isocitric acid trisodium salt (Harris et al.,
2006) vnsnsaaaeulaeules AMP 4y activator w3slsl

3.13 Laulwsilu oxidative phosphorylation (Enzyme of the oxidative
phosphorylation pathway)

NADPH dehydrogenase (EC 1.6.99.1) ltag NADH dehydrogenase (EC 1.6.99.3) gn
asrviananssueululiiag ferricyanide [ussudidansou dnlsznauveaujizende 50 mm
phosphate buffer pH 6.0, 5 mM potassium cyanide, 1 mM potassium ferricyanide Lag 0.15
mM NADPH via NADH Ujjieniiusiusneninia cell free extract war@nmufanssuioulesi
340 nm (Bruinenberg, van Dijken, Kuenen, & Scheffers, 1985)

3.14 psamsznUsunalusfiu (Analysis of protein)
ANULNTUIBILUSAUYNNSIATANIETE Lowry method (Lowry, Rosebrough, Farr, &
Randall, 1951) @3 Bovine serum albumin (fatty acid free; Sigma) Qﬂi‘ﬁ'lﬂu standard

3.15 AuRAILazN19AIURel (Definition and calculation)

Fatty acid-free biomass (FFB; g/t fia dmsiniwaduvieidsimnlusiudagneunmdae
A138Y total fatty acichcontent (g/L)aantindniie wie biomassi(e/l) Snsnslvaniu wie
Flux (mmol/gFFB/h) Ao 8ns1nastuariuues metabolite Twndetabolic pathway saugensiva
WUt permeable membraneslunisaves mmol vesashasusensuvas FFB detilus M
flux @asaRATIENTSRLTHIEY slope; @aansaladugensy FFB falian (g/gFFB/h) A
9n31dUYDe C/N ratio gnAWINAINIANINAITUBY (o/L) doduiululasiau (g/L) A1 overall
productivity 981 total fatty acid Wag DHA @nAMINANUTIUVEY TFA (/L) %38 DHA (g/L)
soduunaTaTeINIaEes A1 intracellular fluxes V89 acetyl-CoA-provision AU
910 acetyl-CoA requirement @ nsumsduasiginsaludu A1 maximum flux QnATLINRIN
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Aanssuteulesl V ., (Postma, Verduyn, Scheffers, & van Dijken (1989) snsnetnaaiu specific
activity @89 ACL 11U 203 nmol/mg protein/min Favhiu 3.9 mmol/gFFB/h
(203%(33/40)*60%(38.8/100)*1000*10) Fsousuinsnsndin soluble/total protein Wiy
33/40 §3 condition HiUsuaAUsAWIIY 65.4 % lu FFB

3.16 Tunau3uaa1sdunus (Stoichiometric model)

Tunanmstueillilunadi 2 vos Chaisawane, 2012 Tneto acetyl-CoA Wuasaiuly
3513 malonyl-CoA Fsaznanlunsalutiusnumassuu pathway FAS uay PKS nsadns
acetyl-CoA wulu cytosol 1ag citrate w970 mitochondria LLaz%Qﬂﬁmﬂu acetyl-CoA wag
OAA lny ATP-citrate lyase (ACL) (Evan et al, 1983a) %Qﬁﬂ’J’lﬂJﬁ’lﬁ'ﬁUﬂuﬂ’ﬁazaﬂmﬁﬂu
oleaginous yeast Way Thraustochytrium 250138319 acetyl-CoA metabolism way NADPH Tu
Thraustochytrium vhnsasaegeulne3Sneianssuteulsidddluluma

4. aaanlFlunns3de

Tuusiazyadeyaldvimsmanadenu triplicate observations feyarugnldluns
Aneinnsanfnslusunss SPSS(SPSS Inc., 1998, Chicago; IL, USA) version 15 @Sy
windows (Duncan’s-test). AaBIANANsdedAn (Significant difference) gnsneaulag P

value < 0.05



unil 4
HAN13I8/MaN5 AT zvidaya

1. MIUENEIBWRUSAIWITZUY 18S rRNA

n1531A3129% 185 rRNA LT Thraustochytrium sp.@neWug Bol gninlviegly
Thraustochytrium sp. Fafeumilouriu Thraustochytrium sp. 1Q81 (96% identity tag 89%
coverage) Fawutusnideldanyeimaiauesda uaznsnluiuluaeiug Bo1 wudilndifeaty
genus Thraustochytrium Fauszneulusae arachidolnic acid (ARA, C20:4 né6) o990 genus
Aurantiochytrium fiiU3ana ARA 1883110 (Fan et al,, 2009) frewgiiudumguaiidaany
Wwg BO1 1Uu Thraustochytrium sp.BO1

Sequences producing significant alignments:
Select: All None Selected:0

i Alignments ~adgEe Dfpee o
Description SI\:::; ;:;1 Enuveg val\gue Ident Accession
Thraustochytrium sp. 1081 185 ribasomal RNAgenergartial sequence J 2046 2046 B89% 0.0 96% KF718865.1
Thraustochytrium sp. EMRG523 188 ribosomal RNA\gene, partiai-seauence 1548 1548 89% 0.0 87% KM374696.1
Thraustochytrium aff. kinnei BAFCcult 3490 18S ribosomal RNA gene, partial sequence 1546 1546 89% 0.0 87% HQ228964.1
Thraustochytrium aff. kinnei BAFGCuUlt 3485 18S ribgsomal RNA gene. partiglsequence 1546 1546 89% 0.0 87% HQ228962.1
Thraustochytrium sp. EMRG525 488 fibosomal RNA gene. partial seguences 1544 1544 89% 0.0 87% KM374697.1
Thraustochyirium aff. kinnei BAFCeult 3508185 ribosomal RNA gene. partial seguence, 1543 1543 89% 0.0 87% HQ228983.1
Thraustochyirium sp. KL1 18Sriposomal RNA gene. paial sequence 1539 1539 89% 0.0 87% FJ821498.1
Thraustochyirium kinnei18S ribosomal RNA (185 rRNA 1535 1535 89% 0.0 87% L34668.1
Thraustochyirium sp. EMRG510 18S ribosomal RWA gene, bariia.seguence 1525 1525 89% 0.0 87% KM374688.1
Thraustochyirium aff. kinnel BAFCcult 3503 1 85 ribosomal RNA gene. partial séguence 1823 1523 89% 0.0 87% HQ228970.1
Thraustochytrium sp. EMRG517 485 ribosomal RNA'gens, pafialsequence 1821 1521 89% 0.0 87% KM374691.1
Thraustochyirium aff. Kinnei BAEGEuIt 3507 185 ribosomal RNA'gene partialseguence 1817 1517 89% 0.0 87% HQ228974.1
Thraustochytrium sp. ENMRG5968S ribosomal RNA gene. pariial sequence 1510 1510 89% 0.0  87% KM374690.1
Thraustochyirium aff. Kinnei BAECCHIt 3497 185 ribesomal RNA gene. paitialsequence 1805 1505 89% 0.0 87% HQ228967.1
Thraustochyirium aff. kinnei BAECeult 3494 185 fibosomal RNA gene. parfial sequence, 1803 1503 89% 0.0 87% HQ228965.1
Uncultured eukaryote clone D3PGSHOS 185 (lbosomal RNA gene . partial sequence 1803 1503 80% 0.0 90% EF100402.1

AN 14 wanmsiussusumeiusiagliaiuiua 18sRNA lugnudeya GenBank a4

National Center for Biotechnology: Information
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Aurantiochytrium sp. BL1

Aurantiochytrium sp. mh0186

Schizochytrium limacinum OUC109
Schizochytrium sp. BURARM 802
Aurantiochytrium sp. BL10

= Thraustochytrium sp. TR1.4

— Awurantiochytrium sp. Lk4

Schizochytrium sp. BR2.1.2
—|__ Aurantiochytrium sp. SEK 209
Thraustochytrium sp. ATCC 26185

+Aurantinchwrium sp. BO72
Thraustochytrium sp. 10871
Thraustochytrium  sp. BO1

—— Aplanochytrium sp. 51962
L Oblongichytrium sp. HK9

Crypthecodinium cohnii

o
0.02

i 15 uanenTsiUSeulfiouaneius Thraustochytrium sp. BO1 msffwlﬂﬁﬂ 18S rRNA gene
Wae Crypthecodinium cohnii Wu outgroup

2. snsnsazaulUsiudonisUasunilasdniaznanaau
HaURY initial pHIMBUSINMLYE (biomass) ey SR N sHaRNIAluduInua (total fatty
acid productivity) 531958 eI Ivibuiu (lipogenic phase) vadanewug Thraustochytrium
1 1 4 = % dy dill <] 1% 1
sp. BO1 wuinAanvinevse final'pH tesemasiasnioiduiudlng pH 8 31NRan15nAaeInudn
Thraustochytrium sp. BO1 @13158%upH Lan319-(pH 4-8) dusunisla denuinlufinase
biomass tay fatty acid productivity 56%#379 pH 3 914 8
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a59f 2 Biomass, total fatty acid contents Lwag fatty acids productivity “U’a\‘iawﬁuﬁ:
Thraustochytrium sp. BO1 1agese initial pH Fisinafu

Initial Biomass Fatty acid content Fatty acid productivity
medium pH (g/L) (g/L) (g/L/h)
3 27 £ 18 18 +0.8? 0.22 +0.03?
4 28 + 23b 19 +0.7%0 0.27 +£0.02°
5 29 + 13b 20 £ 1.0 0.28 +0.01°
6 30+1° 20+0.8° 0.30 +£0.02°
7 29 + 13b 19 +0.7%b 0.30 +£0.03°
8 27 + 2b 18 +1.0° 0.28 +0.02°

v o = o 3 = o - aad o 4 ¢
AI9NHT a 1Az b NUANAIIAUMINLIUIAT NUDI HANUUANA NN UDYNUUITIAYNNADANTESAUANUITDNUY 95%

NavoIUS U ALY U U sea salt 7iflnanse biomass way total fatty acid
productivity 5¢%I19n15d9LAIag AUV Thraustochytrium sp. BO1 31AHANISNAADINUIN
biomass gagnft 15 ¢/L vesnrmidaduinnga edglsnuiianududuilaoionzlalsi
neianuhilsedu biomass Wiy 18 o/l aannsAnetiaansauenldinanetus Bo1 awnsale
lalnglaifinde usioenslsfiniu biomass asdamuiinuidudundewintu 15 ¢/L

A1999N 3 Biomass, total fatty acid-contents Wag fatty acids productivity maqmaﬁ’uﬁj
Thraustochytrium sp-B01 1@ERIIANULTUTUYDILINSLETANS U

Sea water concentration Biomass Fatty acid content Fatty acid productivity
(% g/L) (g/L) (9/L) (g/L/h)
0 18 + 28 14 +0.78 0.14 £ 0.022
5 26 + 1° 19+ 0.7° 0.29 +0.02°
10 29+ 154 20+ 1.0° 0.29 +0.04°
15 30+ 14 19 +0.9° 0.35+0.05°
20 27 £.1b° 19+ 0.8 0.32 +0.03b¢
30 28 * 2bcd 20+0.8° 0.31 +0.04°¢

\ = g i/ .
onws a, b, Cuay d ipnaaiuauniuand wineds nnuuandeiiedutiiedrgniaianigdunnugeiu 95%

HAvDINglaane biomass hag totalfatty acid productivity sewinanisduasizlugdy
WU biomass Whag fatty acid productivity 481 BO1 Tu 90 /L glucose medium 8951113
Hunsrzsinsaludfugainiiaudududu fuduaunsovenldindoanusalaldluomnsiidnglaa
g9 150 ¢/L glucose wavAududusn 15 ¢/L glucose Lwié"mwmiﬁqmswﬁlmﬁuﬁﬁﬂfuag‘lu
299n119 30-120 /L glucose
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A19799N 4 Biomass, total fatty acid contents wag fatty acids productivity “U’a\‘iawﬁuﬁ:
Thraustochytrium sp. BO1 \dgememnuidudurasalaansiieiy

Glucose concentration Biomass Fatty acid content Fatty acid productivity
(g/L) (g/L) (g/L) (g/L/h)
15 5+1f 3+0.7f 0.17 £0.03?
30 9+2¢ 5+0.5° 0.33 +£0.02b¢
60 18 +1¢ 10 +0.7¢ 0.34 +0.01b¢
90 30+1° 19 +0.9° 0.35 + 0.05°¢
120 36+1° 22 +£0.4 0.30 +£0.01°
150 47 £ 32 27+0.8° 0.18 +£0.012

; P : .
fonws a, b, ¢, d, e uaz f Auandrdumunnids vuneds Ianuuandasuediivddamsadanszauanusein 95%

navesgungiinensdasgsinsalufunvirfigumgiis 10 °C arwduduvesna
Tnaanaswnzaodesns1ing wazdunaeUsunanglaadn 20 g/l a9 condition Sudid
5mmm‘§aﬂammqiﬂaqqLLazL%a’L%ﬂQIﬂawm pglsimuvay condition 8ns1@IUVBI DHA
fo DPA w308n31d11089 omesa 3 18 omega-6 ALl qmmﬁﬁmmzaﬂumié’umwﬁlmﬁu
uaw biomass wuil 25 °C FanuialndiAssiuiinuluide oleaginous Mgauvnifiszning 20 f 30
°C (Arafiles et al., 2011)

A1597 5 Biomass, total fatty -acid. contents Wag fatty, acids productivity Guaﬂmaﬁ'uﬁ:
Thraustochytrium sp. BO1 18 8388 amaisa i

Temperature Biomass Fatty acid content Fatty acid productivity
G (9/L) (g/L) (g/L/h)
15 1D 23 L5t 4407 0.07£0.012
20 28+ 2° 16 +0.92 0.28 +0.02°
25 30,4 D& 19+ 0.9 0.35+0.05°
30 2+£2° 15+0.4% 0.27 +0.04°

: A : 5,
fdnus @, b uag C fuandafumuiiaf wineds Sanuansenuediiisdnyneaaanssauanieiu 95%

nsalushuiinuluaneug Bo1 mfleustluameius Thrasutochytrium spp. Bsiiu3una
EPA uay DHA Wunsalusiuvdnnusg ARA uaz DPA figamgiisn 15 °C USunas DHA uag EPA

1
s

a & = = = v a ° ' v a o A o 1 [ [
LWN%ULN@LU?UULWUUﬂ‘UQﬂJ‘VIQN 25 °C LLG]@J@G]?’]ﬂ'ﬁNﬁG]ﬂi@II‘U@JU“V]WW ’e]‘EJ’NvLiﬂGﬂlIﬁ’]UW‘uﬁu

q
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a o Aot Y & v ¢ a [y 2 d' & el'
wiiansaluiunfganuisaldiduemsdaivazemsiasuluseduanainnssulanaluilioden

RRIVERINRET

MINAl 6 dmusznouveansalusiu (percentage of total fatty acids) vesaneWug
Thraustochytrium sp. BO1

Temperature C20:4n-6 C20:5n- C22:5n-6 C22:6n-3
(°C) C14:0 C16:0 C18:0 C18:1 (ARA) 3 (EPA) (DPA) (DHA)
15 6.3£t0.2 29.5+0.0 19.1+0.3 0.1+0.0 6.0+0.1 13.0£04 6.0+0.0 20.0+0.2
20 54+0.1 26.0£0.1 14.0+0.2 0.1+0.0 8.0+0.2 17.3£0.2 7.8+0.1 21.4+0.0
25 6.6£0.0 33.2+#0.2 20.0+0.0 0.2+0.0 6.0+0.1 12.0+0.4 6.0£0.2 16.0£0.1

ladnsvinaedld emulsifier UDIAFTU LUAINGUAY WEULNUAY Aadd nudlilinng
WavunUasegstiodAgues Biomass iagnsnluduusedsle sauadonsinisadrensaladiud
anas o1aLllesnanUinnaeendauiiazaiglusmsidsuidelusinuenas Wellisuifisuiu

nsaneendaulaunse Snnuuningieuliianansanseaumsasensaluiule

3. Myaszinanssueulasivazansinisinadiu

IANaNIINAasInIshentiluaaulASINU 31 NADP-malic enzyme Lag 6-
Phosphogluconate dehydrogenase’ ® gjiu cytosolic @17 U Pyruvate carboxylase, NAD*-
isocitrate dehydrogenase, Fumarase@glubulnaauinS e wadau NADP™isocitrate
dehydrogenase wuikidesdau suueulusitnsraedalulunangduwesivad (compartments)
faty NADP fildainianssaneulastisocitrate dehydrogenase tiuasnsaldlunisadialusuld
drundalnanigly cytosol @ compartment ?iuqmamﬂswlﬂa&Jﬁuﬁaumaalu‘lmaum%
FafurnAanssueuleludau cytosot amsnsathandiuansnsinsliainuld faduoulel G-6-
PDH, NADP*-ICDH-thsi¢ malic enzyme Wiutawlusifiaste NADPH fl#lunnsduasgsinsalasiu
a1 NADPH 71319990 NADP*ICDH Tulilwnawsse luamnsariunisluineounseoanuild
\edunszainsalusiuli ludanues NADH wag NADPH oxidase a1nkani1snaaesnuinliny
Aonssueule] driugal il ndmannssaveweulwidaausae
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A1519% 7 Aanssutoules nmol/mg protein/min Tu cytoplasmic tiag mitochondrial enzymes
maamaﬁuﬁ: Thraustochytrium sp. BO1

Activity
Enzyme Cytosol Mitochondria
Pyruvate carboxylase 27+3 272 +2
6-Phosphogluconate dehydrogenase 120+ 1 18+2
Isocitrate dehydrogenase (NAD*) . 1 92+1
Isocitrate dehydrogenase (NADP*) 70+6 68+4
Fumarase 222 +12 2174 £ 14
Malic enzyme (NAD™) 174 +3 18+1
Malic enzyme (NADP") 213+1 N.D.

Unidentified activity (N.D.)

PNEaNINRaeIRansTleulslnudl  ATP.citrate  lyase  Wag  Carnitine
acetyltransferase (CAT) \Wuroulaaidns1es acetyl-CoA usiiiloann CAT fifissnuidesuu
Hosuniiaueinu acetyl-CoA provision wulwudedes fuwdeiisenuludesuiwiafin
wilumanesenudein ATP:citrate lyase Agsaaduouluidnnszi acetyl-CoA luduitdasie
NADPH 91nnanisusaesnuil ME ueulesivdniunisndn G-6-PDH Adseaduiouluyifings
NADPH  feiufiunsisiosnnadvoudodvaiiufiseinomdesinianssmeulssives
HMP pathway 8atlaglainualy uazdnunasnisdeasizyt NADPH fe isocitrate dehydrogenase
Fadueulasitanmnsanan NADPH Tali cytosolic compartment
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m15197 8 Avnssutaulasl nmol/mg protein/min Tunisanawwaduesaneiiug Thraustochytrium
sp. BO1

Enzyme activity

Enzyme 10 h! 18 h? 24 h®
ATP:Citrate lyase 88+ 6 90 + 17 164 + 19
Carnitine acetyltransferase 264 +7 2335 243+9
Malic enzyme (NADP*) 211+ 45 224 + 23 228+ 7
Malic enzyme (NAD") 217+ 12 213 +18 217 + 33
Isocitrate dehydrogenase (NADP™) 52+ 4 97 +1 89+3
Isocitrate dehydrogenase (NAD*) 56 + 0 22+0 3B +2
Glucose-6-phosphate dehydrogenase 111+2 72+3 62 +2
6-Phosphogluconate dehydrogenase 234 +1 224 +5 214 +2

' Growth phase (Usinallulasiaumie 50%) 7 9aanisdansigiluduisusiu ® gasgavinevesnisduasiziluiu

91N15AUIN flux nAINIIULaubEd NADP-ICDH wuinAanssueuledliiissnasie
158573 NADPH dnisunisduavsinsebod daiufaresnisianssueulesiann ME way G-6-
PDH Tuntsa$1sdae Tnsianty ME SedlUSinuianssumaulesigegauasnuannludedinan
oleaginous species Wikeaa1nianssuewlasiiy HMP. pathway, ﬁqﬁagﬁwuauwﬁqﬁqfuﬂﬁuau
Selnariu pathway i sauie ICDH sied91nil8198997 aconitase ﬂi%f\]’]EJE]ngVlgﬂ cytosol wag lul
Tnpouwese adulumalddnissiaie ICOH wae HMP pathway Tiwdesanann ME lnensdn
UTunainsivanIutn HMP pathway A9y wag@1uaneg ICOH WazaInnIsAILInydn P/O ratio
Wiy 1.6 Bafuanlag Ui ATP dmsy maintenance ki nuindnilldoglutisundd
wuludodad dedulumatidegnidesuiomsivarinuuesarivouls
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1. @5Unan1sivY

nslaweaie thraustochytrid fianudululglunisannsalasiudusiiinnnueniiu
nans dmsunisndnlulefien uansalusfurdalidusmidwussdluluanaud 2 Suiuly
oA NSABEIIALALN, NSABLATLLNUALDLUDA, NTALALATILNULIDIUDN kaY NIALALAYILENN
Bludn dmsunslilumalnsundy lunmsideilfiaueite thraustochytrid aneiuslnalnede
ndndedduiua 185 rRNA TnewuinBuidedlndiAsswaveglunguieaiu Thraustochytrium
sp. LLazé’qﬁﬂmﬁﬁmmﬂwﬂmLLazﬂﬁazaﬁLﬁuﬁummL%aImaﬁmsnﬁL@%Lémé]’u, At
nzia, Anududuresnglag asaungi nuindelalddluanneuangay wasiinandanse

To54 0.35 NSUMABANTHBTNUY LIBLAL9PIEIMSRENIBLUU mineral medium Tuvianeaag

'
a =

wlaNununy (baffled shake flask) Fanuanfinadululalunisndnlussaulngsoly Wioan
AUNANNUINTN5A5 19N IR UNUY ULANUINDNSINTSHARY DAY NsANwIAanIsuLaulalle

9 Y

o a

suflunisiasarnuiinisnsvatessnedlailivdoutuiiisesuludesindalaiu us
pdefuLdaansiiug Rhodosporidium toruloides agssidRnesnsimsivariulagldlneaan
o Aurantiochytrium sp. kazlifogaannianssaneulsinuinluannzmnauiishnmslva
WU HMP pathway feevinlviilusuaa NADPH Litigsweson1iuaesnaskalunisuannsalugiu
Fethutedsldtoulas malic was isocitrate dehydrogenase lunstagad1a NADPH Tiileene

2. n1saAUTIeNa
1INHANTTIENUTNYRANONUT Thraustochytrium sp-A0l d@u1salalaly mineral
. = < ~¢ A A { =1 A Heg.v
medium 6’6&LiJummiLaENL?jawmi'lﬂ’lgﬂﬂ’s”la’lmitamL‘Uavfl“ﬁ yeast extract ke peptone
U gj L&J 1 t&l U b‘dy o o 1 a Ya Q’.Jl al
AU IR A e U HATIsaualUWaasagenlun sk tul st ugnaIinssulan Bnviadl
FRT1N1THANN AL DL UTHUINOUA USnesRAaRRLn aavivenilaluSeulisuiulte
Aurantiochytrium \Wasieiedenugiaiunsanaansaludulidudivin nsneysAladn way
nindlagzinungdludn lagsansaidrlunandueiwazermsiasunelula (nutraceuticals) Tu
a 3 dy = o I3 U a a = = 1 =
geavnssu dnviadeliimnudnludeangaumgiiiiy 10 ssrwaidua Wiewwa 5 3rwaidyd
Woanusandnnsalvulaiindulunsdingeavnssudeinsndnnsnludulaidud Feaunsaan
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suniluntsndslugraminssld uarannsndesdigungivedlddadugnmaifimngaudldly
gnanmnssunsnanlulefisaidasfododidnmnisuingean uazannisinuiAansuoules]
wazdnsnsinarunuIdelfioule elucose-6-phosphate Tosuasld malic enzyme s
isocitrate dehydrogenase 1udiuiindn NADPH fildlunisdainsizsdnsalasiy dadudaiu
ulwsifiealtlunsdnudsiugnssusolUilidnvauzfanaruiieanuiunaaiveuiigads
HMP pathyway wawkiunTsHan NADPH $78 isocitrate dehydrogenase %QﬁaaiﬁL%aawuwsaam
n1sagdendanuluguiuy ATP ndea1ansguIun1snan NADPH ¥4 malic enzyme ety
ImLmaﬁawmmmﬁﬂﬂiﬁﬂum351’@LLﬂsawsﬁuqﬂiiuImmiLﬁm isocitrate dehydrogenase Tu
cytosolic compartment sieluls waveradaluldlunisiaundotadfifnssuiunisdunsey
lusfunuuienfuinely Wesnnidedadiisnsinisingninde Thraustochytrium sp. AOL usl
agslsAnunsifinuiunaseules isocitrate dehydrogenase IuL%aawaﬁuﬁﬁﬁﬁﬂawmﬂwauiﬁ]

A [ 6 U 1a Y 1 v Y
L‘Wi']g’]’mﬂﬁlﬂﬂﬁﬁﬁx‘iLﬂiﬂ%%ﬂﬁﬂléﬂuu‘lﬁ\laﬂﬁﬂﬂqLL@'JWJEJ PKS system

3. YoLAUDLUY
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= = = ' Yy e el £ ) L W a o =
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Tun1sideauuy fed-batch ivelvisidnsnsnaniidsuusely
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a4

S1efuiua 18s rRNA 203170 Thraustochytium sp. BO1
CTGCGAACGGCTCATTATATCAGTAATAATTICTTCGGTAGTTTCTTTTATATGGATACCTGCAGTA
ATTCTGGAAATAATACATGCTGTAAGAGCCCTGTATGGGGCTGCACTTATTAGATTGAAGCCGATTT
TATTGGTGAATCATGATAATTGAGCAGATTGACT TTTTTGGTCGATGAATCGTTTGAGTTTCTGCCC
CATCAGTTGTCCACGGTAGTGTATTGGACTACGGGGACTATAACGGGGGACGGAAAGT TAGGGCTC
GACTCCGGAAAGGGAGCCTGAAAAACGGCTACCATATCCTTTAGAAACAATACATGCTTGGAGGCC
TGACGGCGTTTTCACTGAATTGCTGCATTTATT TGATGTTAGGACCAATACCTTTCGGGGTGATTCG
GGTGATTCAGAGTAACTATGCGAACCGCAGTGGCTTTTGGTCGGCGGTGACT TTTTGAGGTTCTGCC
CTATCAGGCTTTGCAACCGGTATTGTCCTTTGCAACCGGTCACGGGTGACGGAGAATCAGGGTTCG
ATTCCGGAGAGGGAGCCTGAGAGACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGTAAATTACT
CTATGCCAACGCGGCGAAGTAGTGACGATTAATAGGACTGGGTAGCGCTTTGCGTTATCTTTGTCCA
ATGAGAGCAATGTAAAAGCCTCATCGAGGATCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCCTTC
GGTAATTCCAGCTCCAATAGCGTACACTTAAGTTGTTGCAGTTATTAAGCTCGTAGTCTAATGTATG
GGAGTTGCAAAGTGGGTGCTTGGGTTGGTTFTGCCGACTTTGCAATACTCGCTCCGCTTATTTGCTT
GAAAAGCTCTCTTTTATAGAAGGCAAATGTTTCACTGTAAGTAAAATCACTCCCTCAACAGCAAGGT
TATCTTGATATGAATTAGTATGGGATGATGAGATAGGCTCGGTCCGTATGGTGTTGGTTTTAGTGGT
CTGAGAATGATGAAGAGGGACAATTGGGGGTATTCGTATTTACATGTCAGAGGTGGAATTCTTGGAT
TTTGGAAAGACGAACTAATGCGAAAGCATCTACCAAAGATGTTATCATTGATCAAGAACGAGGGATT
TGGGGATCGAAGATGAT TAGATATCATCGTAGTCTAAACCATAAACTATGCCGACTTGCGATTGTTT
TGTGTCATTTAATGAGCAGAACAACAACAATTTTTCAAAAGCTTGGGGTAACGGGGGAAGAAGGGC
CCAAAGCCGAAACTAAAAGAAATGACGAAAGGCACAACAAGCCGGAACCCGCGCCTAAATTGATGT
TAAACGGAAAAACTAACAAGGCCATI TAAAAGAAAGAATGAAAAAATGAAAACCCTTTCCTGAATCC
AAGGGGGGEGEGEECAAGGCCCGTCTTAAGTGGGGGAACCAATTGGTCGGG TAAATCCCGTAAACAA
ACAAAACAAAACECAACAACCAAGGGGGGCTAAGGCCAAAAAAGGGAATGCCTCTTAAAAGGAAAA
TTCCGGTTTAACCGAAAGAAAGT TGGGGCATTAAAAAGGCTGGGAAGECCCTAAAACAAACGATCC
CTCGCCCCACTATATAGCGCGGGATAGGAAAACATAGTACGCCTTAACCTTTTAAAGGAACTTTCCG
GTTTTCCGGGCGAAAATIT
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