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Abstract: It has been known that AS-desaturase (TADS) in
the biosynthetic pathway of long chain polyunsaturated
fatty acids of Thraustochytrium aureumis responsible for the
conversion of di-homo-y-linolenic acid (C20 :4) into
arachidonic acid (C20 : 4). The genetic sequence analysis on
TADS of Thraustochytrium aureum ATCC34304 used in
this study showed that it has two amino acid changes when
compared to that of Thraustochytrium aureum TADS first
reported in 2003. Accordingly, Thraustochytrium aureum
ATCC34304 TADS was named TADS 1. TADS 1-inserted
methylotropic Pichia pastoris was prepared and then cultured
with a precursor fatty acid, di-homo-y-linolenic acid. GC
analysis confirmed that a certain amount of the precursor
fatty acid was converted into arachidonic acid. In this study,
not only a recombinant Pichia pastoris with the typical
activity of A5-desaturase which plays an essential role in the
biosynthesis of LCPUFAs was successfully made but also
the preparationpotential of a recombinant Pichia pastoris
strain which may synthesize eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) that are important in
maintaining and improving human’s brain function was
proposed.
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FUE o] F= 443421 arachidonic acid (C20 :4; n-6)
9} docosahexaenoic acid (C22 : 6; n-3) 7<= long chain
polyunsaturated fatty acid (LCPUFAs)+= Q1A 2 AE
O] AL T 30% oY AHAIehk= B0 RA TR
2 A7 5e] W] ol Fa%k ks she Jlow o
214] Sltk [1-4]. wEbA] o] LCPUFASE 2= =
AFsI] BEshs 22 QAT s Aol FaaloletaL
gk = qlom 53] Alofe] e ofF Fogt Jlow
R 1E| 31 QIt} [5]. B=3F, arachidonic acid %! eicosapentaenoic
acid (C20 : 5; n-3)9} 7 LCPUFAs:= Q1A UjollA] thekst
AESA 755 7R TR A, FIEZ QY 22
eicosanoidsE k= A7AQ1H, eicosanoids= E¥HY
e oz gl M gl dhiE S-S 24 U
2 golstAl FFAIA Wetd denkeS dov|a, I
= Zdsta, gl S| EE A A e ddES
A7 & T 71sS 7HAaL 91t} [6]. Arachidonic
acidi= =2 H} Falel Addsko] EAsh Mortierella
alipina, Porphyridium cruentum$} Thraustochytrium sp.
22 g s B 53] Thraustochytrium sp. 2k
-2 Thraustochytrids+= 7333t k] LCPUFAsE “d:kshct
= AellA ol Bolsittar & 4= AT} [7-9]. n-6 LCPUFA
<1 arachidonic acid®} n-3 LCPUFAR! eicosapentaenoic acid
o] AEd A= (Fig. 1)E AR = -4 linolenic acid 2}
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o-linolenic acidi= A6-desaturase®l| ]3] Es}e|o] Z}7};
y-linolenic acid®} stearidonic acid® |3l ©]F A6-
elongase®l| £J3l| di-homo-y-linolenic acid®} eicosatetraenoic
acid= A1E|H o]i= ThA] AS-desaturase®l] BES=E|O]
AH=?1 arachidonic acid®} eicosapentaenoic acid”} 343
At} o] FroA HFAES] Aol T3 s o
AS-desaturase”} S| T|AYE, A%, F255F, )], ASAES
H2E ekt EA A 2 & S2YEH%IAL, ol
47t 3542 F di-homo-y-linolenic acidE EE3}51]
arachidonic acid® A2 &= 350 FRIHI [10-15].
2 Aol A= txxA A Fu|WER]D Thraustochytrium
aureum®] AS-desaturase TR ER2Yste] 7]E0] He
X Thraustochytrium sp.2] A5-desaturase?! FADS5$}2]
Fede HAEsIGlaL, o] FxE wekeA}sa vl Pichia
pastoris©l )31 di-homo-y-linolenic acidE- arachidonic
acid® HAEAIZ 4= Qli= ANZE3Y Pichia pastoris®] A|Z7 Vs
A& AT REgith

n-6 pathway n-3 pathway

Al5-desaturase
Linolenic acid (C18 : 2) — a-Linolenic acid (C18 : 3)
! A6-desaturase l
y-Linolenic acid (C18 : 3) Stearidonic acid (C18 : 4)
! A6-elongase !
i-homo-y-linolenic acid (C20 : 3)  Eicosatetraenoic acid (C20 : 4)
! AS5-desaturase l
rachidonic acid (C20 : 4) Eicosapentaenoic acid (20 : 5)

Fig. 1. Biosynthetic pathways of long chain polyunsaturated fatty
acids.
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Fig. 2. Sequence comparison of TADS and TADS 1.
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2135 9 FzA
Thraustochytrium aureum ATCC 34304Z American Type
Culture Collection (Manassas, VA)°lA] 71t 5 2lyaf4=

HIA] (Artificial sea water medium)®]l 51535101 25°C 180 rpm
FOR 3AZ A% wjeFsiivh. g vgeAlsta
Pichia. pastoris GS1155 MGY HIA]of|4] 215 vljeFs}Sict.
e & g os AatEskal wAvE 395t Chow
and Kafer ®3of| w} 717}2] #2245 genomic DNAE
welaisic [16].

2.2 A5-desaturase X SZ 4 F2Y

TEFAE (US patent)E 53l Thraustochytrium aureum®]
A5-desaturase -2} (Tad5) AL [17]S &I 3 {21}
T355 915k primerE A&kt BamHI Algtas 2}
= ¥31%} 5’-aaggatccaccatgggt ATGGGACGCGGCG-3' &
forward primer=, Notl #|gta s 2t2]E E3HSE 5'-ttgegg
ccgcCTAAGCGGCCTTGGCCGCCG-3’E reverse primer
2 ARSI (7 Alstase] dEiMe UERD). ©] T
primerE ©|-§-%F A} S22 genomic DNAE 94 CollA]
10327t # %= denaturation AJ%1 ¥, denaturation (94C 237,
annealing (65C 131 % extension (72°C 1.54) cycles 353
HEESE & x|k o 2 72°CeollA] 1027t extensionA]7]=
PCRE71CZ A3Psqint. o] T34 {84 0.8% agarose
gelolA 7195 % 74 & kit (TaKaRa, Japan)E ©]-&
sto] AT, A 79212} T7A cloning vector (RBC
Bioscience, Taiwan)E ligationd}] A1Z=3} plasmidE LSl
©]& Escherichia coli XL1-blue®l] A% & A|x3} oig
I FE8 AFSITE st o] wljeFste] tlske] plasmid
AL F FAAF A (Tads 1Al o] 83klar EH AL
5 53 sk MY (TadS) 542 vlwskioh

2.3 P, pastoris GS1159] A TAD5_12] W&

A 23} plasmidE BAMHI/Notl double digestiondlod A
< 774 A3 inducible promoter AOX1E 7H! yeast
expression vector pPIC3.5¢] 43)slod pPIC/Tad5 15 A3
Sl - o]& electroporation method [18]& ©]-8-5}°7 Pichia.
pastoris GS1152] genome®ll 23+ TL histidine©] $l=
HR| oA wljekslo] FAHAE H5 AESISITE pPIC/Tads |
O YRR Pichia. pastoris GS115°WX Thraustochytrium
aureum®] AS5-desaturase (TADS 1)& Uk} 22 W o
2 A} WA, ANZEE Pichia. pastorisE 1% =2ME
- MGY BliRJof] E31o] 28°C 250 rpmellA] 48417 52t
Hjekel & dilte]ste] ASde AAS T dAE
inductione ]t MM HIR|= o]F3I3ltt. 12]1 o]& 18C
250 rpm O 48A7F FRF wjekst 5 plElele] Aede
AASL F= TAE 0.1%9] tergitol©] EEE MM HIA| =
713 718 = 0.02 mg/mL di-homo-y-linolenic acidS 347}
31o] 18°C 250 rppm O = 72AIF F<F SIS, o, tiz
TOZE pPIC3.5 vector7t BHENE 55 ARSI

2.4 A4k E 24 9 TADS_1 3484

$71 MelE ARl 5 ASE AskaL E oA
ol TFrE Wol AR o] IS 33] HHaSh 5 54
O A2 AHE #FE 15 mL AT ol 28] yoi
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Table 1. Fatty acid pattern of vector-transformed Pichia pastoris and recombinant Pichia pastoris, and A5-desaturation activity of

recombinant Pichia pastoris

Vector-transformed Pichia pastoris

Recombinant Pichia pastoris

Fatty acid
without DGLA with DGLA without DGLA with DGLA

Palmitic acid (16 : 0) 7.96 8.85 8.66 10.49
Palmitoleic acid (16 : 1) 4.54 5.42 3.92 4.24

Stearic acid (18 : 0) 4.74 2.34 4.58 3.12

Oleic acid (18 : 1) 35.31 40.34 32.95 33.44
Linoleic acid (18 : 2) 30.79 26.93 25.76 23.69
Alpha-linoleic acid (18 : 3) 12.01 12.59 12.32 10.26
di-homo-y-linolenic acid (20 : 3) ND ND 6.53 7.89
Arachidonic acid (20 : 4) ND ND ND 2.17
DGLA: di-homo-y-linolenic acid.
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Asterisks indicate theldentlcal amino acids of two delta A5-desaturases.

Fig. 3. Homology comparison of TAD5_1 and FADS using a sequence
alignment analysis tool, ClustalW.

3.89 9 g

Thraustochytrium aureum®] AS-desaturase A} (TadS 1)
O] MARA A} FAFARE F3f Bieixl MY (Tads) ¥ 278
o] FEREE (1294 9 27994 937))7} thErh= Zlo]
H%%K‘D} (Fig. 2). Tad5_1 ORFE AA8] #493)] B o]i=
= 1320709 97V|E FAEIYT 439712 ol ARS
odiﬂoo a1 QUok. o] fAARke] M GIR-A1 A AS-desaturase
O] N Zeh-9lell 354 02 W% = HPGG motif,
N-terminal cytochrome b5-like heme binding domains- 35,5}

REAGE A7l 3709 histidine box7t -2 & 5 U
t} o] TADS 19] oAt MAS Y& Thraustochytrium
species®] AS-desaturaseQ! FADS (Thraustochytrium sp.
ATCC21685 delta-5 fatty acid desaturase)®2} 43X E$j|o]
279 ClustalWE ©]-&3to] AP Ht4] (sequence
alignment analysis) 3+ 23} F+ fiiﬂoﬂ 57%2] “4E730]
e 321010}03\:} tEo, A2 Pichia pastoris =114
dsto] 53 FAMEsE 415t A3}, Pichia pastoris©]
718 AL 2 TADS 18] Aol #lgle] 54
AL 71" A|WAES 2 di-homo-y-linolenic acidE WA

of 7kt Aol w5 el 27k Az At 3137}
Wbkt o]& 2k glo|Belg) e} vlwst A3} 22t di-
homo-y-linolenic acid®} arachidonic acidl= 21t 4= Q)
At (Fig. 4, Table 1). O3> AZ3} Pichia pastoris7} 9iA]
ZHE] di-homo-y-linolenic acidE 23] S5 = 210
St o] AH-E arachidonic acid= Agke 5= 9,1% Z
S oJulsl=H, ©|i= Pichia pastoris®] genome® A1 AS-
desaturaseQ! TADS 17} di-homo-y-linolenic acidE- arachidonic
acid= EArsloltl= ol ol Fn| 2 A7Aye} g 5
SIT} (Table 1). Long chain polyunsaturated fatty acidsi=
A 8] FEA I A7) E] el ol FQsk] wiE
of T E = ATt TE 0] 85 thEiAtkel 4
S A7 o] oA AL Qlar FHE ATtel] oehd s dE
<% Thraustochytrid species”} %] LCPUFAsE A4St
thal B %30 @Itk [19-23]. ¥ A7 A%= Thraustochytrid
species®| PR Thraustochytrium aureum ATCC34304°]
TADS 15 Saccharomyces cerevisiae = 22 yeast crab-

tree effect”} o] LEEHloFo] o goldlt vgkEA}sla

5. Pichia pastoris2] genome®l] 1)) LCPUFAs 343
AAAR] kS h= AS-desaturase ] {4 DAES HER

= AEE Pichia pastoriss AlZsF=4] 4531 Ijr = A
o] 71 & vk 3, @A Aol 7R 2R ik )
o Fu7)5RA]ell =442l eicosapentaenoic acid (EPA)
2} docosahexaenoic acid (DHA)E & = &= A%

3} Pichia pastoriss AZE T Sl 7Fs/d7 =4, A
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Recombinant Pichia pastoris culture
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Vector-transformed Pichia pastoris culture
with di-homo-y-linolenic acid
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DGLA: peak of di-homo-y-linolenic acid AA: peak of arachidonic acid.

Fig.

4. Analyses of FAMEs extracted from wild type Pichia pastoris

cultures and recombinant Pichia pastoris strain cultures.
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