N SRS A AR
Chin J Appl Environ Biol=ISSN 1006-687X

2009, 15(6). 851~855

N A - FE KRBT A\ - BN EE
FER BB AR
Mps IRE BEE BEE KRN KAR L

CHE BT Tl B E R 3 T ARG s, A RL s , R U R B AR TR ISl 48 350108)
W E T WkNHER (Docosahexaenoic acid, DHA C22:6n-3) J& H A7 % Fh i 5 A B I BE A & EE AN IR B R . 4353l
PLECBI pY TEDSHIpY FADAN AR, § 17515860 bpfd A S-SEK EFFEH (elos) A1 600 bphl A4-Riit A IEH (fad4) . F
FH & JE P PCRI HE eloS-fad4@l A FEF, Hind 11/Sph DAY 5 i 4 B 2[RI RE b BT () pY ES2.02% 4, #4 4 d 4 & 3k
JFREpY ELOS-FAD4. %% Ak, 577 % 3 b 15 I f51t [ 254 TR AR INVS 1, 108 3 ffe /U B s W 14 35 935 1 555 37 G 07 6 B ke T e 1.
NG TR C20:SIE Y, 2 FLMEA S 2. MG - Bl i 2 W, A RAEENE TR T H B TDHA (AN M
i, C22:6n-3) F/= W1, G [ elo3-fad4 /e TR e B P A5 5] 7R3k, 187 %61 218
KR REREAE; RN IR SEAC R A A SLERIA
CLC Q936
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in Saccharomyces cerevisiae*

LIU Yanru™, JIANG Xianzhang, GAO Yuanyuan, TIAN Baoyu, CHEN Xiaofeng,

CHEN Jinqing & HUANG lJianzhong
(Engineering Research Center of Industrial Microbiology, Ministry of Education, College of Life Sciences, Fujian Normal University, Fuzhou 350108, China)

Abstract
positive effects on diseases. /A ’-elongase gene (elo3, 860 bp) and A *-desaturase gene (fad4, 1 600 bp) were amplified by PCR

Docosahexaenoic acid (DHA C22:6n-3), a typical long chain polyunsaturated fatty acids (PUFAs) has many

using plasmid pY TFDS5 and pY FAD4 as templates, respectively. elo5-fad4 fusion gene amplified by overlap extension PCR was
digested by Hind I1I and Sph I and subcloned into the yeast-Escherichia coli shuttle vector pY ES2.0. The recombinant plasmid
pYELOS-FAD4 containing target gene was transformed into Saccharomyces cerevisiae strain INVScl and the recombinant
yeast cells were selected on agar synthetic medium lacking uracil. Expression of the fusion gene in transformant was induced
by the addition of galactose to 2% (w/}). The yeast culture medium was supplemented with exogenous fatty acid substrate,
eicosapentaenoic acid. Total fatty acids were extracted from the induced cells and subjected to methyl-esterification. The
resultant fatty acid methyl esters were analyzed by GC detection. A novel peak corresponding to DHA (docosahexaenoic acid,
C22:6n-3) methyl ester standards which was absent in the cell transformed with empty vector was detected with the same
retention time and mass analysis. These results indicated that the protein encoded by elo5-fad4 could specifically catalyze EPA
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to DHA. Fig 7, Tab 1, Ref 18
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1 MBS 7k
L1 #F #4
111 Ef5SEE  FkipYTEDS. Bk pYFAD4. Escherichia
coli TOP10 [F- mcrA A (mrr- hsdRMS- mcrBC) ¢80lacZAMI15
AlacX74 recAl araD139 A (araleu) 7697 galU galK rpsL (StrR)
end Al nupG), FHHE IR K= T A 2E 5 TR
SR, S. cerevisiae FREFH TR MR IN VS, JFikipYES2.0
T H Invitrogen /A 7.
L12 BEFE (1) LBHFEE (p/g L) HAW 10, SIkéh
10, BERFR I 55 (2) YPDEEFREE (p/g L) - BERHEE) 10,
A BE 20, FEAWR 20, pHASR; (3) Sc-UBR miHi Ik (AT IR
WEWE, p/g L) : THE LR AILYNB 6.7, M 15 20, &
HETRIE A W1 ( Adenine, arginine. cysteine. leucine. lysine.
threonine . tryptophan) 0.1, 2 &R 1R & W11 ( Aspartic acid.
histidine, isoleucine . methionine. phenylalanine. proline
serine. tyrosine. valine) 0.05; (4) Sc+UG Rl 37 5k (% PR W5
WE) « FESc-UBSFRILFEEMO0.1 g/L Uracil; (5) 534555 3L .
TE Sc-UTR MR B3 F7 3 R N 2%F FLBEFI 1% NP-40#E17 175 535
ik.
113 TEMETERF: T4 DNAZ . (Taq . Ex Taq
fiff . pMD-18T simple vector, X-gal, IPTG, Markerll § TaKaRa
N BRI YIEE Hind T A Sph 1, Pfu DNA polymerase,
I3 H Promega/\ 7 ; RNase Al H Fementer/y ml ; Sc-URs 33 3
JIT 5 9 45 Fh S JE R . NP-40., 25 Fi iig 17 192 H 6 b vf L T 1
SigmaZ\ )5 B MG G [ i R R 2 ). A a7
W H _EgA TAEY) TREAA].
1.2 54igit

R4 AR 52 6 25 2 32 B elo5)7 41 ( GenBank accession No.
ABCI18313) Flifad4/5 %) (GenBank accession No. DQ133575) J%
Kozak# 4 1Y ELA% A= W) I B 6 76 6 1 %6 A - Jil 30 o1,
VTR SES 1Y) (R1) . Hoh, 5IHIP1S eloST I BEHE 2 4k
BN BT T S AE XTI, JEAES TR SRR N Hind 11T B Y147
RO P B 3L 5 51 P25 eloS 2 11515 F BRFIT 19 7 371 B
Jad45 K viii 8 6 %  F BEIE 09 )5 50 HAR, I K BReloSHY 2k
W T TAA; 51P3 5 eloSZ L # 1ML 1751 M fad4 5 °
ity 7B 03 485 R BT AR F BN AR XS R, AR K PR elos 28 1E % 5 1
TAA; 51WIP4L] fad4 1) T T2 HE 28 115 85 1 51 HL AN, 5
FES A St U8 i1 Sph TREYI 57 £ R3NP BRI elo5 Filfad41R] LA
2 5 Gly f 4~ =T 310 T GGAAGCHIE . [, Rk i

x1 S|MZEERFT!

Table 1 Nucleotides sequence of primers

Primer Sequence (5'—3’) Length (nt)

P1 CCCAAGCTTACCATGGATGTCGTCGAGCAGC 31

P2 GTAGCCGACCGCCATAATGGAAGCGATGGTC- 45
TTCTGCTTCTTGGG

P CCCAAGAAGCAGAAGACCATCGCTTCCATT- 45
ATGGCGGTCGGCTAC

P4  CATGCATGCTCAGGCAGCGCGCTGC 25

P5  TCGATTCCCAAGCTTACCATGGATGTC 27

N 4335 R Hind TUALSph 1R EEDI 3 45 The underlined indicate Hind
Il and Sph 1 sites

R PCRY B MR S, RS PLAY R AL BT [ # PS5 P4
fioXF, #4785 HE{HPCR.
1.3 eloSHFfad4 B FE R 12

LA BRI pY TEDS AR, 519P1. P2y HeloSHL K5 LLJR
HRipYFAD4RIE R, BI14IP3 . PAY i fad4 L H. PCRIZ AR
10xPfu buffer 5 uL, dNTPs (10mmol/L) 4 pL, DNAARI L,
514P1 (P3) (10 umol/L) 1 pL, 51%P2 (P4) (10 pmol/L)
1 pL, Pfu polymerase (5 U/uL) 0.25 L, 2 BF7K#ME £ 50
pl; P 94 °C 4 min; 94 °C 1 min, 55 °C 1 min, 72 C
2 min, 5MEH; 94 °C 1 min, 65 °C 1 min, 72 °C 2 min, 287
FEFR; 72 °C 10 min. 1.0%35EHE W BE s Pk 45 28 PCRA= 1), e[
.

1.4 elo5-fad4Rb & EEHIPCRY 18

MY SE M PCRYIF I, LB 464k 1Y eloSH fad4 M
WA, FIHAMUGIHP4. PSHEATH 5 PCRY 1, it elos
Flfad 44 He N elo5-fad4. & TEAHPCRIT MR Z ;. 10xPfu
buffer 5 uL, dNTPs (10mmol/L) 4 pL, elo5Hfad4E a1 7= 4
1 uL, 51%P4 (10 umol/L) 1 pL, 5#JP5 (10 pmol/L) 1 pL,
Pfu polymerase (5 U/uL) 0.25 uL, £8F7/KFME 250 pL; §7
HZAF: 94 °C 4 min; 94 °C 1 min, 65 °C 1 min, 72 °C 3 min,
30 EHR; 72 °C 10 min. 1.0 Y% A 56 I FL Tk %5 3 PCR™ ).
1.5 EAFRHIpMD-ELOSFAD4KIH#E

[l 4lifb 5 & AEP PCR™ Y, 4% 5 MR 17 A7 I A B 1
FFHL1 pLATpMD-18T simple vector#E 4T 1% [ . 41K E. coli
TOP10, 255 FABER %, B 9% PCRAI Hind 111 / Sph T3] %
FEMVETERE, fir44 HpMD-ELOSFADA4. FIMI133 5 |49 %f &
20 JFORL A T 56 I
1.6 elo5-fad4fb EEEHRIAFHMERIIEFFEL

JH B 46l 14 P9 B il Hind TIT f1Sph T4 pMD-ELOSFAD4AI
KB AR PY ES2.043 S HEAT XU BT . [0, 16 Cadh i 4%, &2
MEZEH, J1/10( B A3 mol/L NaAc ¥ il F2f5 R FR A I K 2
fE, —20 “CJi # 30 min, B5.0> (12 000 r/min, 4 °C, 10 min); /
TR HI 7S %L BEVRR 2K, AR TRRE T EEEE TRP&
.

BT YIREALE. coli TOP10JRSZ 25 4. IR0 16 & &
HAE 2 (100 pg/mL) WLBVAR I, 37 Cm K%, ik
1 W 21 TR . T A SR AR AR pY ES2.045 S BR il 4 Y 1)
fiti Hind 1NIFSph 14T OB D) 46 78, e 26 30045 51 41 3 35 kL
pYELO5-FADA4. 35 # 4k pY ES2.0 5 2 3 ik i ki pY ELO5-
FADA5 555 ALS. cerevisiaely W8 WE Sl FE 5 B FR INVScl, 7 it
/D PRUEWE B A A B 7R LI BEBHYE Se e 1. S. cerevisiael& 5z
AN A i ol & AN fb S IR S.c.EasyComp™ Transformation Kit

(Invitrogen ) i 71 & B 156 B,
1.7 ghEEREelo5-fad4EERBEBEFHHIFESRIE

PR HCS c- Uik £ 14 [ & 55 7% 3% 1 B M 72 B T YELOS-
FAD4FIYES2.0, 5 3% F F5 mL Sc-UBE#f MR 37 3L, i
WIRE SR (30 °C, 250 r/min) . DL5%4E R0 & A B £1%
NP-40(%100 mL Sc-U A& E: F=IL b, 7N Ng D5 B2 JiK 4
EPAZ ZLH [ 470.3 mmol/L, 30 CHkLLETHRED . iK50.2
B, A 2%EFURE S, 20 CAkLE1E 3772 h, EHIK, 2
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2.1 elo5-fad4b EEEHIPCRY &

3 SILL R pY TEDS AR, 51#IP1, P2 PCRY M elostit
[ LABURLpYFADA NS, 519P3 . PAY ¥ fud4 3L, T Rg B
B UK B IR 2 /NS, i glifbeloS Rl fad 25 4. LAS 1)
P4, PSHFATH & SE{fPCREE 4043, PCRY /W K/ 242
500 bp (1), 5 H M &7 K/AINFE, 215 flG B K elos-fad4.

1 M bp

2500 bpr-

F1 fl & LA eloS-fad4iy ) 38
Fig. 1 Amplification of fusion elo5-fad4 gene by overlap extension PCR
M: 200 bp DNA marker. 1: Fli 5 3£ 4
M: 200 bp DNA marker. 1: Recombinant fusion gene

2.2 BEHBRIpMD-ELOSFAD4RIHEE

fill 3 Helo5-fad4 PCRIMAT=Y) 5pMD-18T simple
vectordh 1734 3%, #AVE. coli TOP10. BEML Pk L4 (15 347
W& PCR. U HRBLAY 1 & 4 B2 500 bpiy H (19 2541, F)
Hind TIT F1 Sph T XUEYIaE — A 55 5 22 O 5 41 ook & A il &
HeKelos-fad4 (E2) . [RIEE, R 25 e R I B 40 ki &5 A
Bl A 5 DR HL TE B . o 8 1E B Y B 4 R A 4% pMID-
ELO5FADA.

bp M 1
4000 —
—3;(5]88 N < Vector
- - 4 ¢lo3-fad4
2000 =

P2 d 41 Tk pMD-ELOSFA DARLiff ) % 5
Fig. 2 Identification of recombinant plasmid pMD-ELOSFAD4 digested by
Hind 11T and Sph I
M: 200 bp DNA marker. 1: Hind IIHSph XU 5 114 5 20 J5okE
M: 200 bp DNA marker. 1: Recombinant plasmid digested by Hind 111 and Sph |

2.3 elo5-faddRhEEEERIZHEMHESEE

FH BRS04 P9 U0 86 Hind 11T F1 Sph 1% pMD-ELOSFAD4
BEAT LB, VIS [l Wi f 5 3 [ elo5-fad 4, 5 TR RE WU AR Ak
PR 2R IK H AR pY ES2.0HF 1T 7 42, 1 £ H R K K pY ELOS-
FAD4. ¥4 4 B4 E. coli TOP10, PRI AL T, Hind
11/Sph DS 5630 (1€13) FeBH ML 4L 77 A2 500 bpiy H
RUFEN . b g5 784 I o 40 3 3K FOkE (4% A pYELOS-

bp M 1

[

833= € pYES2.0
%8 %%: < cloifad?

[#13 T 2H 3 3k UL pY ELOS-FADARL i) % 5
Fig. 3 Identification of recombinant plasmid pY ELO5-FAD4 digested with
Hind 11T and Sph T
M: A-Hind 111 marker. 1: Sph 15 Hind TIALEFII ) pY ES2.0;5 2: Sph 15 Hind
TSRO ) i 24 JBORE
M: A-Hind IIT marker; 1: pYES2.0 digested with Spil and Hind I1I; 2:
Recombinant plasmid digested with Hind 111 and Sph 1

FAD4) W18, eloS-fad4mil & F2 8 Fr BEtd A TE .
2.4 BEEREeloS-fad4EERBEFHRNIFERIE

i 2H 335 BORipY ELO5-FADA K 28 8 (K pY ES2.043 1l %%
FORERE A, M Sc-UG-H i e 345 FH 4 /b T-Y ELO5-FAD4
KX RRBARINVScl. HRBD> 3%, F59P4 . PSHEFTPCR
IS E A M. WINEWEPA, 2EFUBHE SR, /3 BI4 BUE1L
55 %F R AN A R 105 19 5 o A5 L R X BB AR TNV S e (
[&14-A) il 30 5 HE DT 1R R EPA AR X 7 (404 , %54k FYELOS-
FAD4 ([€4-B) A H BLRYEPAE, 1 HAF28.039 mintHBH
T—ASH R, %% RITZ IS JE DHA (F5) . LI g5 R
KW, elo5-fad44mtithy™ Yy ReRe 7k bR HC20: 50848, Ik
B C22:6, UERHFE DHA BRI % £F TR A EE AL 2h.
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Fig. 4 Identification of DHA in transformants by GC analysis
A: HEpYES2.0FCKL I £ ;  B: 4l pY ELO5-FADAT K (14 5% £
A: S. cerevisiae transformed with the control vector pYES2.0; B: S. cerevisiae
transformed with pY ELO5-FAD4

2.5 BUFREREESN

W AL T IR AT B Sc+UP A b, K Hh V& 5 52 BN E)
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Fig. 5 GC/MS analysis of fatty acid methyl esters of new peak

1§62 % BE IR BRI AT
Fig. 6 Auxotrophic analysis of recombinant yeasts
A: Sc+UWAl L AERE; Be Sc-U-i LM £F

A: Yeasts grown on Sc+U plate; B: Yeasts grown on Sc-U plate

bp M 1 2 3

€ 2500 bp

Pl7 g BE T2 T A AR M AT
Fig. 7 Genetic stability of recombinant yeasts
M: 200 bp marker. 1: S5 URE A FERE; 2 SBSICTAFERE; 3: SB10CTE A
1
M: 200 bp marker. 1: The 1* generation; 2: The 5" generation; 3: The 10"
generation

AR HE A AR i i e o e R T B ([El6-B) L 25 R R A,
A AL T AT HE Sc+URISc-URYF-He_E K —E B 7%, 38
PR S WE B 4 I K T 25 eloS-fad4 3 # & B e ok i
AL FYELOS-FAD4i% 2L A 100K, BEAL PRI TR Y5, FH 5
YIPURPAYEFFPCRIGIIE, $93K752 500 bpAY £53 (7). i1
2 B AR 2 1Y) T B R 2H B Y ELOS-FADA EL A 1R 3 i s AL Fa
lﬁ_

3 1 ie
& T ACESE Y EACICIEERIE LA R (T |
a7 7 H g & M DHA 5 DPA ( Docosapentaenoic acid, .+
B T R ) U, T A 4 A T A T LS AL FEDHA L AA
(Arachidonic acid, {5 DU R ) . GLA (y-linolenic acid, y-1F.
JBRIR ) TE I — F 5 i BN R I R, 3X W, e 4 A 1A
5T A TR W DHAG LR AR AN R, B2 3 o i e A K 5
FAY A=A 2 7 e BE AN AN D 1R, PRI, 0 286 A7 T 2 B
ST DHAME W) & Bk 148 1) BRARVRE 3 A= 9y, 6 DL 1) g 2 AN A A i
U7 R A= 00 - IR A AR R T I 45 5 ) T A A -5 e L R i
ADHAK ], I\ LTt ATFAR , & UDHAK 275 2302 4>
it} . 702 A A Al Nz, Herb AL £5 440 T 52 A AR AR DT R 5 1A
IRUA K6 J5 FERE . FE AR I 0 55 2 S By iy 3 383X
L 5 ) B PN, ol P ik DR ol 2 0 B 608 A S M 1) 5 R i
o B AN R 07 1R 2 24 H AR D PR S M i 2 —. Al e &
JRE SR TF R IR T A 5-FE KB A A 4R A, S ik A
S5-I it F1A 4= AR R AE I [] 5 25 ) SR Rk, FeATHs
ASSEREGS A4- A ARG AT RS 3R35. h TE KA 74
5 JRE DX 020, I AT 40 5 DX 09, X AN il AR R GK R iL
NESE T BRI L, rl T P9 9 Al e R, L2 ) 25
A B AW, BMANER Y EPAJS , I EEn] LA BDHA.
X e WA AL 3R 3R G IR D7 R A4 FOR I 2k JE T AT Y. AT,
IR T S K i AR 5 4 RN 8 TSRS 7 A b LSRR R T 5T [ AR R
A BN Z2 AR E 1, PO R DA SE AT S AR . A F
FEH UM B SEAH PCREGAR , M £ Rl 5 SE M elo5-fad 471 5%
AT 1 B, T 5 A R PR 6 BRI EPA, 7EF FLH
B TR AT R Ik, MM DHARY I R T RE TR, R
EPAS UDHAR a7 1%, 3 -] B e BE I i DH AR AL T
B .
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