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Polyunsaturated fatty acids, that is PUFAs, are important constituents of membranes particularly found in the retina and
central nervous system. In microorganism-based PUFAs biosynthesis, the genus Thraustochytrids is well evaluated for their
potential as a promising candidate in the practical production of PUFAs, such as AA and DHA. In this study, we attempted
to optimize a method of total nucleic acid extraction from this microorganism as a preliminary experiment. Using the
extracted nucleic acid and degenerated primers for direct PCR, we isolated a A5 desaturase gene that contained
1320-nucleotide and encoded 439 amino acids. This gene exhibited an expected function, when expressed in P. pastoris in
the presence of appropriate exogenous substrate, as an evidence for A5 desaturase activity (conversion of DGLA to AA).
These results and information could provide a basis for the construction of engineered strains suitable for the practical

production of PUFAs.
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=3, shatet 59 JleAd A Ui FaAel HA
A At} 53] tEBEIA4E (PUFAs)e] A 84
7158 Fket Z1ee] HFHHEA gAst &A= PUFA9Y
QHAA Al B AL 1€l JrKl). tksk e
o8] PUFA £ arachidonic acids (AA, 20:4n-6)= A o)A
Azebel  F8  FA4EY #uk oYz} prostacyclins,
leukotrienes 5% HHAI thAlZAEZ] WA w=A] F
23 AFAo]th2). 3lATF AA, eicosapentaenoic acids (EPA,
20:5n-3) 59 LEBEFANAE QAME X EREE
e AP ARREA 3 SAEL el 4R=E
linoleic acidZY-8] A& =ojzxv} 1 AZEEo] uf$ ol
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447] 32 H3A o FERY FFEH Aok FHUQ3).
PUFA A4Fe EAZAA s8] o o= iy
B oHA9 31, a2 ojf2RE EEY £ AAHe] 7
FHAALL AUtk 2y o fre AgE A, FuiFe
2 93 AASL EPA 9, 1Eln AFIHAH FoAA obr]
He Adike] Wy So] EAFoz AHHL JTt@). o]
23 JAEENE FEF3PL §5 PUFA AbA] A3
= 98 @AHEE FESR, PUFA Aitg5o] B v
AES B3t AAZHLE {43 PUFAS AtsiE e A
E84 AT77t Bol AY Folr}. 19983 Yazawa 5(5)0)
93] EPAE Atete e golyt $A4H L, 42 Metz 5
©0 oz A Aol FTAS= PKS  (polyketide
synthase)$} -FAIZE Al2~¥lo 2 Eukaryote cell ujolA]g]
PUFA A3t 7hsA4o] HuEox riykd pjYEE9
PUFA A4t 7hgAdol AA =T ok AA, HAHuIFzA
gAn GEn WY TS 53 SR thE G
#T ATAEAF Bol Buxz glow, HEHOZ Mucor

spp., Mortierella spp.9} 2L low fungi 7F¢} A& 23
octadecatrienoic acids (GLA, 18:3n-6), AA AL dAatg
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of A A& 7tar e FACIt(T-9). 2y dutEo
2 oy FAHEA fungi F& 2L AdH/F AW A

A2 wjET|zre]l Aal AZHA Fo B AT
morphogenesisol] o3+ wlgd Ule] M® F7t 59 of=E
A7t AH Tt EA o] stdth B¢ AuUHoz
e Exgoez Qi dste Agaty FEo] oYY

A7 PUFA A4 BaHd 5459 A 1}043‘1
—o—i A ¢33 AnE A zAA2E YA 4
g Aojxol o] 2 Asele A A 51‘3}(10)

ol FAAE A st olE #FE U
2 PPasrde A NG 97t =2u= PUFA A2k
Frelgh ¢FE NEAY, olE5FAE UolA PUFA A
HHYAZE A7Fed FE AL ANE des AT
A el B WL A7t WY FolH(l, 12), oF f]
St Atz o 2 PUFA APAZE=R o3& ugoz
g F8 BAE U 7FH dHE ftEA] S E oA
of g}, AA7R ¥elzl PUFA A AZe AA &3
Q] desaturation™} elongation®] W48 E3} FAS pathway<}
Ajgo] =" PKS-like moduled] 93 7}5stctn & 4 ¢
o, B A7 APFFE TIE}E Thraustochytrids &2
T AR FE 9% PUFA Aito] ZF sb5sittn By
= oA Th(13).

B AFE  Addesaturation ¢]EZF  FAS (fatty acid
synthesis) pathwayol]l <]t A|¥ib A ZHE7 Bud
Thraustochytrium sp. 26185 4F5 dlAez, #d {4
o] fol3 AE5L 95t A23AQ nucleic acids =&H-&
Mg F o]l o]&sld AA AFPA #H FRELQ A5
desaturaseZ genomic DNAZFE A clonings A|E 34
o oy oF JEH ¥ homologous  site-specific
recombinationS ©]-&3} knock-out®] F=7} 7}E3R AE
a7 fate] FEE FH DHF DNAZFEH F559
Z 719 AS desaturase frdAte} NE-& wlws G}

d? KA vsH wde  sle]  oF %*ﬂ]i«]
chromosomal DNA W2 FHHF-Axte] Ado] 71538 P
pastoriss AHREtY O 715S& HslaA A doid

AF4E uRoE 7|Ed AMEEHoZ LA 2E R Blw
S B8 PUFA 4RABASAA BAAADo 2N §
84 o5l getel v 2ASAT.

lr =Y OH

O

NW‘

AL #F Y x|

£ A% 88 FFE v ATCCN Fopwe
Thraustochytrium sp. 2618524 FAS 7 =2¢j 2§ PUFA A%
go] Fld FFoltk(14). #F HWids $3le] Weete F(15)
o] AME3 2% (w/v) glucose, 0.3% (v/v) yeast extract, 1%
(vivy ndEgo] 2FE JATHAFHAE F-EHoZ HY,
Azt ARE3IATHI4). SEYH plasmid F4, UFFE
< 9% E coli XL1-Blue®] Hi%¥& LB wizoA 3=
i, plasmidZ} Egtg #Fo] X¥a §-X & ampicillin 50
ppme| H7tR ‘3HX1E o] g3ttt A E LH°1]*1—°4 15
A WS 93 ST A EEE Pichia pastoris T-F 2 GS115
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(AOXI, hisd)Z ol83}%th. GS1159 7]EujekelE YPD
(1% yeast extract, 2% Difco peptone, 2% glucose)= A3}
WoRAA A F @Fe dws wude 9@ A
iz o] 2A e wjgd 1 LE 7|F 2.7, 134 ¢ yeast nitrogen
base without amino acid 800 mL¥} histidineo] #[2]¥ 10X
dropout solution (L-Isoleucine (300 mg/L) L-Valine (1500 mg/L),
L-Adenine hemisulfate salt (200 mg/L), L-Arginine HCt (200 mg
/L), L-Leucine (1000 mg/L), L-Lysine HCI (300 mgL),
L-Methionine (200 mg/L), L-Phenylalanine (500 mg/L)
L-Threonine (2000 mg/L), L-Tryptophan (200 mg/L) L-Tyrosine
(300 mg/L) L-Uracil (200 mg/L)) 100 ml& Eg3t4th o 719
HERI 1 LE 7|F2E 2% (W) gluicoseE H7}3 GM
(glucose medium) B R}t E©AY O ZFA glucose Al 0.5%
(v/v) methanol& 2o]& MM (methanol medium) W A& ¥

2 AZ3YTH16).

Y =A

AYFF 2 A 26185E 270l 1.4% agar plate Aol A
Ad et 355 AT TAE 50 mL A-F3
ZFH| A7} 28 250 mL ZelaAe) HEE JEE F,
27C, 180 pm X2 4~5Y7F v I3} ﬁis}gi:} E
coli T 37°C, 180 mpmo A wikslgon, &3 A xS
GS115 739 FAAST FHEEE 9% Kﬂi DR
30°C, 230 rpm?] ;@7]@, ZANA 33 g)

ol

Genomic DNA &

AF TR A 4~59 wj%E 50 mL il F 3-5
mLe FH&o] MEWS 543l STES buffer (0.8 M
Tris-HCl (pH 7.5), 0.3 M NaCl, 0.03 M EDTA, 0.3% SDS)
200 peoll #4135t & 0.1 mm glass beadE ©F 3 mgS- et
k. ME 9= Fast Prep™ FP120 (BiolOl, USA) 7]7]2
o] &3t S8t o)l protease KE 20 pg ¥ A2
o4 20~308 B BRT F, 4TM AAEF (12,000
pme 2 108)3}e] dFduke FHstHch

=02 AA5d3z 22 By (phenol :
isoamyl alcohol (25 : 24 : 1) #7}8le] 108 <l inverting
g 5 g daEe (13,000 pm, 108)3}3 FF4S 34
she Zde 3 wudg o BYL Fao §39
nucleic acid7} ¥ 5] 28] H3g 100% deeS
A &, 1583 % A3l JAAEL G5k 45
AL AAF AANEL 70% oAehLE AAsA AR T,
AeolL} MicroVac™ (TOMY Japan) 71718 o]f3t A%
A Og, 239 AASHS £L TE bufferol A AA]3]
A THEFg 1) 17).

chloroform :

PCRE S8 A 5 des % 4 UH

A5 des FAA FEL 93] 3)4F nucleic acido] RNase
A elste] oDNAYHS H2]3}9 3, PCR 43 A] template 2
ol gal¥tt x24I GSI115 FF R F44 EYL 9
8] AAE primer= Kozak sequences E3slgn Hed o
AolA Haud MY (AF489588)S ulelo =z  31¢tEQth

N-terminal: ‘5-tggatccaccatgggtATGGGCAAGGGCAFCGAG,; C-

o mlm
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terminal: *5-ttgaattcTCAGTCCTGCTTCTTGGT. Cloningg )3}
Zy7}+ 2] primers)) BamH 1 3 EcoR 1 A|ZEA QA GS 4H9)
9tk PCR 48] & Eojxog ZZ® $Ax ©#H (1.3
kb)Z gel elutiondl= WHog FA F AL B89
o} GS115 2 WE AzS fste] Mo deld fHz
9HE BamH17 EcoR1 AFEAE Hdsin e 34
o2 ZFulg pPIC3.5 (E. coli - pichia shuttle vector)d] A+
ko] A2 plasmidS A Z31 Q)

Cell culture
(4~5 day, 3~5ml,

B

Suspension in STES
0.8M Tris-Cl, 0.3 M NaCl,
0.3% SDS, 0.03 M EDTA

L 4
Glass bead addtion
(3 mg)
| 2

Protease K addition
(20 pg ~ 30 pg)
v

Cell lysis
Fast ~Prep machine
|_(speed :40 10sec) |
A 4
phenol -chloroform
Extraction (3~5 times)

v

100 % cold EtOH addition
(Room temperature)

L 2

Washing
70 % cold

EtOH

Figure 1. Established total nucleic acids extraction methods from
Thraustochytrium sp. 26185.

P. pastoris GS115 22| REX £ gf

Z8)9 AZF plasmidE E coli WE FRAAS 3to] uj
&% % Mini-prep kit (Promega, USA)E o©|&3}e 343}
dack. 3oz Iy plasmid B Salloz A sz
20~30 b GS115 electro-competent cell3 E3F5F & 10~208
ZF 715t ETh THeo s 8KQ,330 F ZAOZ 1.9~2.1kV
A71% 43¢ 7}3le] GS115 genome Y £ 9] FAALS] =YL &
=39 histidineo] AejH GM B X o] T3] positive
colony Z X3} o}

GS115 73 9] chromosomal DNA & o] 8-l A %% DNA
AHY] o B-= A 9 positive colony S-S )42 2 AOX! (alcohol
oxidase 1) Mo uvletg& 5 primer (N-terminal: 5‘-GACT
GGTTCCAATTGACAAGC-3°, C-terminal: 5‘-GCAAATGGCAT
TCTGACA TCC-392 #] 2k} o PCRE 8401 4% TH18).

P. pastoris WjofiA{ 9 CHE Hia
PCR S E3l A5 des (1.5 kb)9} AOX ] (2.2 kb) &4
27 A Az GS115 FFS A T d2n e
71AE o83 WheE fEsle Wyoeg wwide w
d4RE gostgnt. |AA 30T, 230 pm ZHPOE 20
mL GM v Aol A] 2417} & w3l FAE SR 5,
induction- 9} 3 cellTrE 4=3+3} 12 MM HJ A] (20 ml)ol] 24 4] 7+
e vj ksl o2 2 2 induction A o] F3H cellwhS
Al B2 3 5 mL MM 8 R]ol| A, 0.1% (v/v) tergitol, 0.02%
Biotin} 87, 11Z, 14Z-eicosatrienoic acid (DGLA, 20: 3 n-6,
Cayman A} 500 uM2- A7}3le] 30C, 230 pme] ZHSE
4827 F et W3-8 FedtP et vhS-dg 3000 rpmol A 5
A BEEste] celltE 22 & GCY GCMSE £3)
Fo g pPIC 35 ¥E
dzAst A B

XA 2Y

GC ¥A& 93 o282 9hga Aaty &8
o] Guy Lepage(19)9] #'H-& W st AHg-3t3irt
oA FATE 3pEn 0.1 M NaHCO 2 3 A 3
T T70TAA  18~20A17F B AxsFT ARA
methanol : sulphuric acid (24 : 1) 8% 2 mLE H
100CAAM 1AZE S ¥3AA FA e AW
methyl-ester Jejz AZAZ T} o7]e] 1.1 mL itz
mL DDWE ZHriste] murgh § ddEag Egs)
wate] 2AE BASAY BE® Alg9 AWt 24
A2 HP 190911-413 capillary Column®} FID detector?}
A5 Gas chromatography (HP 6890, USA)E Al&3&}om,
oven?] &&= 150C (2 min) + 7C/min + 219C (0.1C/
min), detector = 300TCo]%lt}. GC/MS E24E= DB-5
(30 m x 025 mm) column¥} 5673 Network Mass Selective
AHR-sldtt. 712 E AR heptadecanocic  acid
(17:0), eicosapentaenoic acid (EPA 20:5), AA (20:4). DGLA
(20:3) adrenic acid (ADA 22:4 n-6) GIdAE S 73] v
W A ]88t th(Cayman).

z 9
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A 2 dp do
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an 9 a8

26185 #F0|M genomic DNA £&

AATFF  Thraustochytrium sp. 26185 AEHo] B
-gluican 59 9og EAE2 FAHOA o] U
gDNA FZH S ALS-slH, AXy shg dAdA 713
Ao ogk AW/l Faso FAz 5L ¢
PCR 3P4 Aste FHze] AQA e 5F¢ &
F AATH20, 21). wetA] B AP e, 9 gDNA
g FEote #AFdA nEH ol & Fo3F AREA

woh ok (N

ro
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26185 w59 BE&AQ TS AL, gDNA FEH
€ AL Pk ©lE H5td NEZEEH gDNA &
= A7t e ZE #HE AT P 2A8A A3
o, M8 4= 93] STES buffer {2 &, H7lg
T bead F& ojz] 29 AL F3) 015 ~ 02 mg
glass bead / mg cell massZ TAHS|A ALGStATE A&
gol 24 7158 71718 AHgdte] APaFe A 5
Hell A HAHZA (speed 4, 10 sec)oll X AH #AFL
FEFoIHN M7t sfEHE Hxol EH?E Aads &
Bg 4 gllen, o2 §ated FZH= gDNA HH3)
& H43g 4 9tk E§ DNase9} RNase 59 24
£ AA37) 918 protease K&} PCI £ Al83te], =
%= gDNAS $£E& Folux gt

ﬂl{

il

B

(A)

Figure 2. Agarose gel electrophoresis of total nucleic acids obtained
from 26185.
A : Lane 1, Total nucleic acids from 26185; M, 1 Kb ladder.
B : Lane 1, total DNA after RNase treatment;
Lane 2, total RNA after DNase [ treatment.

) ®)

1 M

Figure 3. Evaluation of total nucleic acids by direct- and RT-PCR.
A : Lane 1, direct PCR (18stDNA : 1Kb) ; M, 1Kb ladder
B : Each lane showed an amplified fragment by RT-PCR with
primer used (lane 1, des 6; lane 2, des 8; lane3, des 9
laned, des 12 primer).

J

FE2RAL T3 LR FEES ANGTAXNE AHE
3l #E3 Zz gDNA 27t ol)g} mRNAE I §sle=
AL H=E FAd = AAI(Fig 2A). ok Ao
#29 nucleic acid7} BEAAESZE &3 &8 AT
FHA| & #Hslilx}, RNase 8] E Esle] gDNAE Ezg
% direct-PCR9)| template® o]-&3] 2 Ax, sld=r] (1
Kol 185DNAS 3402 2E¢ & 21900 249

2 d9std DNA =2 o3 wgAse 2o dye
Hlﬂg]z] A ThFig. 3A). B35 DNase | =
o RNAZHE DNAZ FAHF 3, o]AL F3oz d

HU
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FA4 F5E A8 AFE primer
95t A odz7] (140 bp)e] FAAEH
= (Fig. 3B).

o ¢
32
g

= A e AFFF T 261859 A
G AFE FEUHE AT F UL B olyg, o
FEZWHS E coli$} S. cerevisaes) & TE TFo AL
S Msk A%, Fig 45} 2 AAE 2¢ 2 slol
£ A7 FEuH0] nucleic acid FZo) dwrzgozw A}
|8 4 e 7teAE AA" 4 Stk

1 2 M 3
Figure 4. Extraction of total nucleic acids from various microorganims
using our Protocol (Lane 1, Trauschytrium sp. 26185; lane 2, Escherchia
coli; lane 3, Saccharomyces Cerevisae; M, 1 Kb ladder).

A5 des EX FZ
AYF nucleic acids =21

M S
23 F PCRE 58 A5 des B

L3 kbR o7 & AV|Z AGA A EEFHE 47
E*?i% S| 4= QldTh o] E pPIC 35 ¥Ed 224
3t & sequencingdle AR Ao 13207]9 FIMER F

oA Aom HAEFHQ) ATGS TGAE A3y F4 =
EOo2 e 4397]9] oluxte g FAH oA full ORFE
A £ At obrx=k 492 CDD, PSORT Z22
BE o83l BN B Ax Ntermmal B M
12~667} %]  cytochrome b5 %u¢lo] Z5]o] 9lom
transmembrane =W ¢l PR o7 —|—7§>551k u FEE &
g ¢ At EF 71E9 A3 HQ front-end desaturase?)
£79) histidine box (HXXXH, QXXHH)E %d7|A & 513,
622, 11340 I3l A HEA =t 2 290
A GHE FHA4 ©9HL gDNARRE direct- PCR BHL

E3l9 gEagen, 71&d HaE 26185 #39 cDNA

ZRE 3 A5 des FrAAAE (NCBI, AF489588)3} H]
WEHHE A FAGZIALY Z7)E= 1320 bpz A FA
2} 789(G—A), 941I(T—C) § REAA O 4712 74
HojAd 912 gAstgrt 71895 F7IAE W) 93
obplite] Wsle gldou) MIMA F71ME Wi 9
3 dEgede] EdLUe R HAeRE AAE FAsgh
o] Axe L FFE olgsdoy AFA WA
TAR dold 4 Y BAMold A7 AlA, opd
AR89} PR 533} 22 AR N iy 23
AAE g2l Fojuh

BN EREEAE Tl AHHE 26185 FF
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(A) (B)
v\mAm}O\D é . FID1 A, (MASS\D!C!F!BFI.D)
\] T
8D, 500 p!
o 400 f]d'
DGLA i AA
B § 300 I
‘ P/ | /
| ‘ 3 ‘ g / DGLA
u ’ s ! ‘
n J 200 i 1 “ iﬁ
| | |l
w ! 100 ‘H : ‘ ‘
YN I T e Mlw s

Figure 5. GC profile of whole cell based uptake assay with exogenous DGLA substrate.
A : empty pPIC 3.5 in GS115. B : FADS/pPIC 3.5 in GS115

e B, 8.1, 14 nRigesstot sRRnehe sutd, methyl matex. (all-zi-
rlmu’ ,Is Uk R G A e i 5 = =
eocc E]
! o ; Target peak
| l
<1
i 88
%000, | ¢4
! i i 18
! axr.: & f l’i | L s me
g = !, L .\ e ‘I ” 141, LI WS Mhape 2B 2T o3 aer 264 _z3m 254
o0& 5y & 70 80 ey :
’ = By voar 34 _.JM_“O 150 wﬂ ,-30 Soar =§§z@: mnrgﬁmﬁo 260 280 2% 256 Za0 a0, Sie. s S wen 3En R
ay L4
i
- Standard
2000 l ! 150
an '
2000-
i G I3 3 { f 180 MR 315
ol uLg :;g R L AN [.zuul 2, T 2 o oy
s gg ey mrn 130 330 esn . pen sc1éo1m|gisozﬁn 210 20 230 2ev g oho 27O iy 50 :ama_mnm&ugg
o S AA ; arachidonic acid !
\i‘l/\/\ g

Figure 6. GC/MS profile of putative AA peak from FADS5/pPIC3.5 in GS115.

2] A5 des FrAALS] 3¢ ¢DNA ZHE mRNAER 7135 primerE ©] 8%k colony PCRZ 3§dle] 23} AHsigc).
3 F AFIZER FHAIE Atold 7EEHo] glolA PCR ATES AV|98S 5 A oA 3% 37]«] A5

= intron A Po] P& §28 4 gk o]#@d AHE  desst AOX1 (22 Kb) 4RI} #E GS115 FEE A}
oY fFE O E slo UV, EdWe] F2EZ F OE 712 (DGLAYS H7}skn ¥hg-& ‘ITEC‘]'Q;\E}'
S o83 FIANF EddolyHe] obd  chromosomal GCEM A ulzFo2A pPIC 35 YEhe] 4w
DNA A+¢] A5 des #ZAE site-specific recombination®} 2+ GS115 g+ A= DGLA7ZE M FEUE uptaked = Ayt
< FATgH a@i‘ﬂ% hHg o83l AFHoE X, HAFRL A5 des FHAE ZF HgH A HAs)
HEs =y F83A AME Aoz Uz #dd % DGLAE 7]|ZE A5 desaurase®} ¥HHS-3lo] AAE
(== EZ-::‘LLQ] et o] o] % gDNA libraryE 8% 4 product peakE & £ AYUTHFig. 5). EEF FAS
AdE A4S AL = AT pathway “gollA o= = ¥HS products AAZ A GCAHol
A L AE AAQ] RT (retention time)9} AMAE HIL&
HAME GS115 2F MY U J|5F %E product®] RTE H L3RS Al 11.72 mino 2 Axjslgch

AEW ZHE WEQ pPIC 350 A5 des AR 7} Agcga z79 o|2AF A, B o 2y sy Y5
A %3t plasmidE electroporation {0 & GS115¢] FAAE peakE Ao g2 GC/MSE EA8 2 A3} mass peak m /
3l % histidineo] Z2¥E GM uiz|ellA 13} A¥sln AOX z = 3182 APt wrhe] COOH7|7} COOCHs7|Z W
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methy] arachidonic esterd 2 91 3} t}Fig. 6). o] E3}
o] FAS pathwayS £31 AAMSA #A#EF 9 d49
A5 desaturaseE codingdl= FHAE T 26185 HFZH-H
53 § Aoy olF&AXE Yo BdS E3d
2 % E HEE £ YT EF A5 desE2 FF AP
GS115 #5FZ 422 DGLAY} ol AAU ADASL 22
O fatty acidE 7|22 sl9 ¢S §%3 B AT, cell
P2 @3] uptaked) = FAMTRo] B YTl olE A5 des f
AR GagAo Qo] 7149 gag @l ol oy
A ANBAHE olFHAFTY Ao LA dBd Eo
A<l desaturation 7]5°] &< 9wt

A7 JPFAA 2, 715 L@ ZAZA AS des £A
27 AHlE 83243 GS115 -?lL-ri—,—Ei induction 4 S
23 39y §5 3 gulan gt AFo) o] &
ruz 4k é»}i Xﬁﬂl‘]"? whole cell £ crude
extract Fel o] F4HZ43 SDS-PAGEE FH3H& A ¥
HE zjo]d So] JAHA Lgkrh olE  front-end
desaturase T-%&4} membraned)| insertion® FEjZ WHEHL=
EAD ARE Aoz {FHJOM, A5 des AR #
dd FURAAME Sidrs 283 75H AT
dt % =EoE ANY % FARHE Az 2%
g 4 U9l

39.

B A7 @4 o AS des #3 41]-2 E3sta] AA)
7}A] FAS pathway AgA A2 Add A& 309
T o2y SAAYN AL Bosin AAE}" ey Atk
53] AA R4 BEE FAde g4 AEE S O
o2 3o Fryoxn 2 AF4I BugeAu ¢
I EEY e B A7ddAg Zo] o|F&HFA XA
o HEg F3tdd 1 71%-% gatdoh 53 dE 1%
AEARG 2do] £43 LS SFAEE A
S AFos UlBE S cerevisaeE ©]-£3] ].gao:q desaturase

FAAE AQlE] 3AHE T Fe &
oA HiFsle EAle] fulAe WL SEdle o
2 848 TEaATh4, 21-23). ojgk gEA, E AT
A AR E o] A5 desaturaseo] WEA)AEH O AL 7
Yeastoﬂ &3} #4 AA2 =9 induction 7 o]

E P pastoris dFE A&, AALENA HZzujek
i“? 3490 WSAEIF JbeFoH, AHE"
(DGLA)2] el H]¥ ]“5‘}% FEg vgEo %ﬂ@% 2
2 99} o3 &
31EE AFol ‘é ;};Qx]q}, 3’&% %ij}ﬂ- —_,’F

A~

N

©

op 1o ru{m
aQ
@]
Z,
>
5
HU
22
finss
ﬂ
rlr o
rO
o
=
oft
fu)
do,
24
N
ok
>

Wz dote) & 7149 WA o 2dS Ao 7t
F Aden FAld MId g zHFo2A
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AMEA AHEH R P pastoris Yol Ao S@ARE ko
2 @EHold o PUFA gy BHRARe wuz
2ol F&3A AHEEHAR AE‘W 7|t o] A
g vl go], BRE AS des FAAE FA 26185
oYy FFUE FHA EYE T dFNLA Yo,
recombinaseo] &]E&H o] AY =PHA AxF A AL
of glol RAALHeg f&38HA o8 F Y& o=
71t = o} At

2 o

Byt A sol Hojutka defzl Thrausto-
chytrids 35 & 26185F w49 =2 arachidonic acid (AA
C20:14 n-6)8 X3l PUFA Ao #Bosts §AAY
SR A] key enzymeg! desaturaseE HU §8-3Fo|uw -3
4o Yo doning® ¥ HEE BASHUL. 0T 9
il AdEFQ 26185 ¢FE WHoE EEAHI HA
nucleic acids $&HE Ndstgon AAA 7y &8&
T3l AR &Ro] JHed AHo] WIS
At FEE FAAE 5 direct PCRY AHES 7|&
o ¢ezl DNA FAWH o3 AEF wwIHS
W FY%t AnELE sk o= Thraustochytrids
dd FFEFE AN AP #EE Zays 24
st Wgol cDNA B4l A 2wk A
o2 APE F AS& AAXT F e e dAE=R
grsoldn. d5d 4u4E RS ANHTA P
pastoris & 52 3t FAXE =9sn 844 AEA
JA TEFeEN AT ZL& AXFA Y Lol
JtEEttte AMAE FRHo 2 AN £ AUk

# A

of @TE FRFLAFAY AY Asudn FRATL
o Aol olsted FAHYH, ool GA=GUL,
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