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Tab. 1

1

Sequences of PCR primers used in this study

Primers

Sequences

His3R

pTRG Forward primer
pTRG Reverse primer
IgD5GSP

IgD5Des-5 (kpnl)
IgD5Des-3 (kpnl)

5'-GGRAANARRTGRTGYTCNAYYTG-3'
5'-TCCGTTGTGGGGAAAGTTATC-3’
5'-ATTCGTCGCCGGCCATAA-3’
5'-TCTTTCGGCTGGCAGTTCG-3'
5'-GGTACCATGGTGGCAGGCAAATCAGG-3'
5'-GGTACCCTAGTGCGTGTGCTCGTGGT-3'

( Mg*)5 uL; dNTP(2.5 mM)4 pL;
2 uL; 1 uL; Tag 0.5uL

3min; 94°C 30s, 52°C 30s, 72°C
2min, 5 ; 94°C 30s, 52°C

1C, 72°C 2min, 10

94°C 30s,42°C 30s, 72°C
;72°C 10min

(5 umol/L) 50% 50 uL 0.5 mol/L
1 94°C DGLA, 22°C, 180 r/min, 2d
1.5
30s, s >

s >

2min, 24 1% 0.5% NP40 ,

E B

3’ (3'-RACE) 3mL , 1 mL (
cDNA , IgD5GSP 8.5 mL, 2, 2- 0.5 mL, 1 mL),
pTRG pTRG Reverve primer 85C 1h; ) 1% 1 mL,
, 0.5 mL, , 10min
cDNA RACE >
) (ORF)
cDNA , IgD5Des- 2
5/3(KpnI) cDNA ,
pMDI18-T simple(Takara), 2.1
XL10, 5 (
), ¢DNA ; DHA,
13 12%(  2) “A6 ”
¢cDNA 18:4(n-3) 11.5%, 20:2(n-6)
Kpnl Kpnl 20:3(n-6) 20:3(n-3) 20:4(n-3)  “A8 ”
PYES?2 PYES?2 EPA(20:5n-3) 1.6%
T4 2
1 3—1 9 Tab.2 Composition of the major fatty acids in Isochrysis galbana
XL10 Fatty acid Mol% total
’ ' 14:0 21.0
’ ’ 16:0 9.3
YPH500(Stratagene) 16:1n-7 2.6
1.4 16:3n-4 8.8
10 mL SC-U(Synthetic 18:1n-9 18.1
. ) . . 18:2n-6 4.0
complete medium without Uracil) , 287C, 18:3n-3 11.0
; ,  1.5mL 25 mL 18:4n-3 1.5
1% NP40 SC-U , 28°C, 180 r/min, 20:5n-3 1.6
, Ao 0.4—0.6 1 mL 22:6n°3 120
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2.2 A5 IgD5 cDNA 2.3 IgD5
cDNA , pYES2-IgD5
QUVEHHLEFP YPH5007!
His3R, pTRG pYES2-IgD5
pTRG Forward primer 5"RACE, s
1.1kb ( 2A), , LA 18:2(n6) ALA 18:3(n3) EDA
, “Front-end” 20:2(n6) ETrA 20:3(n3) DGLA 20:3(n6)
HPGG HxxxH HxxHH LNxQIEHHLFP( 3) , IgD5 ,
20:3(n6)
20:4(no) ( 4),
o . ¢ 34.6%(  3), 40.3% | -
1000 20(‘)’5 I n )x100]
2000 bp 1000 A5 , DGLA 20:3(n6)
500 AA 20:4(n6)
250
3
5'RACE 3'RACE 2 I DHA
2 IgD5 cDNA 12%, Qi, et al. A9
Fig.2 TIsolation of the full length cDNA of IgD5 ’ “A8
A.5'RACE 1.1kb ; B.3'RACE 500 bp
;C. 1.3kb cDNA v DHA
A. a 1.1 kb fragment obtained from 5" RACE; B. a 500 bp DNA -CoA s
fragment obtained from-3" RACE; C. amplification of the 1.3 kb [20]
full length cDNA (PC) ,
cDNA, -CoA PC
5 IgD5GSP, ,
pTRG Reverse primer “A6 ” [20]
3'RACE, 500 bp ( 2B), , ,
LNx cDNA
QIEHHLFP, 5'RACE 345 “front-end” , N
bp , 1329 bp b5 HPGG,
, 442 ) ’
49.9 kD (281
( 3), HxxxH HxxHH LNxQIEHHLFP,
Pavlova salinal**! Perkinsus Pavlova salina® Perkinsus marinus®!  Thraus-
marinus'!  Thraustochytrium sp.”** A5 tochytrium sp.*! AS
56% 49% 44% , 56% 49%  44%
AS ,
IgD5Des-5(Kpnl)  IgD5Des-3(Kpnl) PCR -y- (DGLA)
cDNA( 20), pMD18-T (AA), LA 18 EDA 20
Simple , s pMD18- , DGLA 20 AS
IgD5 DGLA AA
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IgD5  MVAGKSGAAAHVTHSSTLPREYHGATNDSRSEAADVTVSSI.DAEKEMIMNGRV: SDA 80
MaD5 ... MGADTGKTFTWQELAAHNT . EDSLLLAMRGNV! TPV 59
NeDsS  ........ MRDDAGNGHTSGSVPARDAAMDVSLRNKSLSVDTLAPNHVCHDGKV TVL 71
OsDS MKIYNEKDLES. . .DTTVVSMEGGV: CIAL 49
PmD5S ... ... MSSLTLYRGPFSRMVLP. . ... RQEICEDGRI TDA 54
PsDS ... MPPRDSYSYAAPPSAQLHEVDTPQE . HDKKELVMGDRA TDA 64
PtDS e MDVSLRNKSLSVDT LAPNHVCEDGKV, TVL 51
TsDS MGKGSEGRSAAREMTAEANGDKRKTIIMEGVL ToA 61
IgD5  YNNHEVRSKKADKMLYSLPSRPA...EAGYA...... QDDISRDFEKLRLELKEE. . GYFEPNLVHVSYRCVEVLAMYWAGVQLI 154
MaD5 FEMYREFGAAEAIMKKYYVGTLVSNELPIFPEP.TVFHKTIKGRVEAYFKDRNMD . SKNRPEIWGRYALIFGSLIASYYAQLFVP 142
NcD5  YKMIBPHHGPNQYAQKMKLVGVMDKYRCEYS. . ... FDSDFGKEMKREVFQIVRR. .GQEFGTVGYFFRAFLYIAFFVAVVYRWT 149

OsD5 FYSM$PHNPQKNLRVLEKYRVGKMENGPKEN. . . FSFDSPFANELRDRVAEKVAQVTSHWYAPIGFWMRT IVIISLTLYFEYQWI 131
PmD5 FREFSAGSEKAEKILKTLPSRDD. . .DGTFLP. . .STQRSIMDDFKRLRDDLVSR. .GVFKPSVMHVVYRCLEVVALYLIGFYLA 131
PsD5 YKQFSVRSAKADKMLKSLPSRPV. . .HKGYSP. . . . RRADLIADFQEFTKQLEAE. . GMFEPSLPHVAYRLAEVIAMHVAGAALI 140
PtD5 YKMIlsPHHGPNQYAQKMKLVGVIDKYRCEYS. . . .. FDSDFGKEMKREVFQIVRR. .GQEFGTVGYFFRAFLYIAFFVAVVYRWT 129
TsD5 YREFZIQRSGKADKYLKSLPKLDASKVESRFSAKEQARRDAMTRDYAAFREELVAE . . GYFDPSIPHMIYRVVEIVALFALSFWIM 144

IgDs5 WSG. . ..YWFLGAIVAETAQGRCEWLQ. |YSLTGNIKIDRHLOMATIYGLGCGMSG. . CYJRN 230
MaD5 FVVERTWLQVVFAIIMEFACAQVELNP |[FSVTHNPTVWKILGATHDFFNGASY . . . LVIMY 224
NcD5  FQTG. . .PSYGLAVVEFELAQALIELNV IGAAAPPGRKNVWINDLLGWGADLIGGCKYLIIQ 230
OsD5  1TG..... SIAAMVAVEVLHAWI[ELAV IGAF'S. . . .SNPYINSFFAYGADWVGNTKWLEMO! 207
PmD5 LCTS...NVYVGCAVLEVAQGRAEWLM. HSLTGNWKVDQFLQELFFGIGCGMSA. . AWRN. 208
PsDS  WHG....YTFAGIAM QGRCEWLM. |YSLTGNIAFDRAIQVACYGLGCGMSG. . AWRN 216
PtD5 FQTG. . .PSYALAVVFELAKALIELNV! IGAAAPPGRKNVWINDLLGWGADLIGGCKYLIYIQ 210
TsDS  SKAS.PTSLVLGVVMNEIAQGRCEWVM. IGSFTGV IWLDDRMCEFFYGVGCGMSG. . HYJKN 223
IgD5 LQTMELVAFHKIVGAKARG. . . . .. KGKAWLAWQAPLFFGGIICSLVS....... FGWQFVLHPNHALRVHNHLELAYMGLRYVL 302
MaD5 STSEEDVRRIKPNQKWEVNHIN. . ..QHMFVPFLYGLLAFKVRIQDIN..... ILYFVKTNDAIRVNPISTWHTVMFWGGKAFFV 300
NcDS  FAAERFLIFREYPASHPARQWYHKYQTLLFLPIIAGYWLSSVLSLEVAKLQDAGAMSATMKFENDEFVARQRKFTVEFWRIVHLVII 315
OsD5  HSAQEMLNFHIFPVATRPFLLQ. . . FQWLYMYLVLPFYGPSVVYNIPEL. . .... LSLNHGEIPSDNAYLNRRKPFSYLMRLFYY 283
PmD5 LETHELVAENKAVLRGRLP........ SVWIRSQAVCFAP.ISTLLVS....... FFWQFYLHPRHI IRTGRRMESFWLLVRYLV 277
PsDS  LDTLELVAFHERIAAKVKSP..... AMKAWLSMQAKLFAP.VTTLLVA. ...... LGWQLYLHPRHMLRTKHYDELAMLGIRYGL 288
PtD5 FAAEEFLIFREYPASHPARQWYHKYQTLLFLPI IAGYWLSSVLSLEVAKLQDAGAMSATMKFENNFVARQRKFTVFWRIVHLVIT 295
TsDS  LNTLELVAENERVVRKVKPGS....LLALWLRVQAYLFAP.VSCLLIG....... LGWTLYLHPRYMLRTKRHMEFVWIFARYIG 296
IgD5 WHLAFGHLGLLS. . . SLRLYAFYVAVGGTY IFTNRAVSEITHK . . . . . . . DVVPP.....cvuun. TKHISWALYSANHTTNCSDS 366
MaD5 WYRLIVPMQYLPLSKVLLLFTVADMVSSYWLALTRQANBVVEEVQ. . .WPLPDE. . ....... NGIIQKDWAAMQVETTQDYAHD 373
NcD5  LGPPLRQHGLTAT. . ALGQALTVGAAGSLFLGCLEASLSENFVNAERDPTAVLAPPPPPTDGSDNANTTAPVCWYKAQVETSCTYG 398
OsD5  ARIVCAPIYLADV.HWALAMVGVPFVAGFCLT LSENFLDSER. . FPLONV. . ... ov.. .. SKGKPADWYKLQAETSCSYG 354
PmD5 IVYLGFSYGLVS...VELCYIASVHVGGMYIFVHRALSETHL. ...... PVINQ....ovvunn. HGRANWLEYASKHTVNVSTN 341
PsD5S  VGYLAANYGAGY...VLACYLLYVQLGAMYIFCNIAVSETHL. . . ... . PUVEP......ocu.. NEHATWVEYAANHTTNCSPS 352
PtD5 LGPPLRQHGLTAT . . ALGQALTVGAAGSLFLGCLIISLSENFVNAERDPTAI LAPPPTSTDGSDNENTTAPVCWYKAQVETSCTYG 378
TsD5  WFSIMGALGYSPG.TSVGMYLCSFGLGCIYIFLQ@AVSETHL. . ... .. PVINP........... EDQLHWLEYAADHTVNISTK 362
IgD5 . \ 2SMPQYNHP . KIAPRVRALFEKHGVEMDVRPYLECFRVTYVNLLAVGNPEHSYHEHTH. . . .. .. 442
MaD5 IENVSQHHYP . DILAIIKDTCSEYKVPMLVKDTFWQAFASHLEHLRVLGLRPKEE. . . .. ...... 446
NcD5 ERMSSAWYP . FIAPTVRRVCAKHNVTMT Y YPWLWQNMASMMRYLHVTGGNTDAVTKLE. . . . ... 475
OsD5 \ ERLCSWYYP. FIAPTVADVCKKYNVOMIYYPSIFANIYSTLKYMFLNGRRSGDARIESLKQE. .. 435
PmD5 2SCPQFRFPGYVSMRVREFFHKHGLKMNEVGYLHALNLTFSNLAAVAIVE . . v v v e e e e et 411
PsD5 . \ )% SMPQFRHP . KIAPRVKQLFEKHGLHMDVRGYFEAMADTFANLDNVAHAPEKKMQ. « o v v v . . . . 425
PtD5 \ RMSSAWYE . FIAPTVRRVCAKHNVTMTY Y PWLWONMASMMRYLHVTGGNTDAITKLE. . . . .. . 455
TsD5 ETAPQFRFK . EISPRVEALFKRHNLPMYDLPYTSAVSTTFANLYSVGHSVGADTKKQD. . .. ... 439

3 A5 A5

Fig.3 Alignment of deduced amino acid sequences of . galbana A5 desaturase and closely related proteins
Ig. Isochrysis galbana; Ma. Mortierella alpine; Nc. Nitzschia closterium; Os. Oblongichytrium sp.; Pm. Perkinsus marinus; Pt. Phaeodacty-
lum tricornutum; Ps. Pavlova salina; Ts. Thraustochytrium sp.
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Tab. 3
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Fatty acid profile between non-induced and induced yeast

Mol% of fatty acid

Fatty acid
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16:1 (n9) 44.3 47.8
18:0 5.8 5.3
18:1 (n9) 16.9 16.3
20:3 (n6) 7.8 34
20:4 (n6) - 1.8
Conversion (%) 0 34.6
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ISOLATION AND FUNCTIONAL ANALYSIS OF A A5 DESATURASE GENE FROM
ISOCHRYSIS GALBANA

SUN Quan-Xi, LI Xue-Ying, ZHENG De-Song, LIU Jiang, LI Xin-Zheng and QI Bao-Xiu
(State Key Laboratory of Crop Biology, Shandong Agricultural University, Tai’an 271018, China)

Abstract: The very long chain (= C20) polyunsaturated fatty acids (VLCPUFA), such as arachidonic acid (AA; 20:406),
eicosapentaenoic acid (EPA; 20:503) and docosapentaenoic acid (DHA; 22:6w3) are essential for human health and
nutrition. Dietary supplementation with these fatty acids is not only helpful for fetal neuronal, but also can reduce the
risk of cardiovascular disease, hypertension, inflammatory and other diseases. Human beings can synthesize these fatty
acids from the two essential fatty acid, linoleic acid (LA; 18:2w6) and a-linolenic acid (ALA; 18:3®3), which must be
obtained from the diet. However, the synthetic efficiency is somewhat limited, and can not meet our daily requirement.
AA can be obtained easily from meat, egg and milk, often in excessive amounts, EPA and DHA, however, can only be
obtained from marine fish that are so often omitted from the modern diet, in much lower amounts than required. This
shortage is further worsened by the fact that the natural marine fish resources have been depleting fast in recent years. In
addition, the recent findings of toxic chemicals in fish oil has created fears for the consumption of fish products hence
reduced the intake of EPA and DHA even further. Therefore, alternative source of these VLCPUFAs are therefore de-
sirable. To obtain them from oil plants in commercial and sustainable quantities is particularly attractive. However, no
oil-seed species produce such products naturally. The VLCPUFA biosynthesis pathways in organisms such as filamen-
tous fungus and marine microalgae have been elaborated. Accordingly, genes encoding for elongases and desaturases
involved in their metabolic pathway have been cloned from a variety of organisms including algae, mosses, fungi,
nematodes and humans in the last 10 years. The reconstruction of the VLCPUFAs metabolic pathway into higher plants
has been achieved in Arabidopsis, linseed, mustard and soya bean by introducing a set of 3—9 fatty acid desaturase and
elongase genes. However, the production of VLCPUFAs, especially DHA, in these transgenic plants is somewhat low,
much lower than that found in the EPA and DHA producing microorganisms from which these genes were originally
isolated. This may be attributed to the usual ‘pick-and-mix’ strategies to choose the gene set to produce these transgen-
ics. We aim to mine the whole set of enzymes from the same organism and use them as a gene set for the production of
EPA and DHA in oilseed plants. Isochrysis galbana, a marine microalga, rich in docosahexaenoic acid (DHA, 22:6n-3,
AT 10131019 \was chosen in this study. The A8 desaturation pathway may be operating in the production of EPA/DHA in this
organism, and this pathway was thought to be more efficient over the conventional A6 desaturation pathway. Previously, two
of the five genes involved in the conversion of C18 fatty acid substrates to the final product DHA have been isolated. The first
one was the A9 elongase gene that catalyses the first step in the DHA biosynthesis pathway, the elongation of LA to EDA and
A LA to ETrA. The second one was a A4 desaturase, which was involved in the final step of the biosynthesis of DHA. Both
enzymes showed high catalytic activities and also had restricted substrate specificity. Here, we reported the isolation of the
third gene, a A5 desaturase gene that was capable to convert DGLA to AA. That was achieved by the RACE strategy using
different degenerate primers based on the conserved motifs of known desaturase sequences to isolate a partial cDNA from an I.
galbana ¢cDNA library. The full length cDNA was subsequently assembled and it consisted of 1329 nucleotides, encoding a
protein of 442 amino acids with predicted molecular mass of 49.9 kD. Bioinformatics analysis showed that it shared homol-
ogy with other functionally known front-end fatty acid desaturases and the highest homology of 56% was found with a AS
desaturase from Pavlova salina. As characterized by this family of desaturases, it contained an N-terminal cytochrome b5
domain, and three histidine rich motifs (his-boxes) related to electron transfer. Functional analysis by expression in Sac-
charomyces cerevisiae revealed that it could convert DGLA (20:3A% ''*) to AA (20:4A>% ') by introducing a double bond
in the acyl chain at the AS position, indicating that this newly isolated cDNA sequence encodes a protein that specifically
catalyzes for the conversion of C20-A5-polyunsaturated fatty acid, AA, hence it was designated as IgD5.
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