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[HBE] LUEERRAY (Emiliania husleyi) 7535 EhV-99B1 K 2 B0, FH— X 35 {55 Bt 2 1o i i
(sterol desaturase, SD) X PYFFFIET W4T PCR ¥731, K18 EhV-SD £:R, ¥4 38 ™) 5o 2 pMD19-T
BARF AT, FHRHZIL R Gt i 3 A TUTFN I T A W05 B0, R TR 8 Y E A 5L R ST 7 s A
BRI EAR pYES2/CT H, AL BRIT ARG AU AR YMRO1SC, JFM D - 3L 53R, IRIGE AR
B A T LA I ST O R T2 (61 (thin layer chromatography, TLC) 37, £53R B 8. EhV-SD LK 4
5987 bp, 4l 328 SRR, X A FTEIS AT L 8,31, FUNAYEE 1 B4 i i R 37. 83 ku, AR
KM ARERERCAR, R4 6 MBS, NMEAEGTK; Ho9mh, o - BREERE, 2ERT
B HeXF g R B s, EhV-SD Fe[H 515 £k A3 L& O EEE  ( Chrysochromulina sp. CCMP 291) R KR,
TLC #5523, EhV-SD LD (93635 F 3007 BN AR P BT i N2 B o, i Pk A 55 1 g o o 4 il 3 1
Jn, FW ERV-SD HA —E BTGP,
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Abstract: The genomic DNA of Emiliania huxleyi virus EnV-99B1 was used as the template for amplifica-
tion of sterol desaturase SD gene by using PCR with a pair of specific primers. The amplified product was
cloned into pMD19-T vector and then sequenced. The deduced protein sequence of this gene was further ana-
lyzed by bioinformatics. The target gene was subcloned into yeast pYES2/CT expression vector. The recombi-
nant plasmid was transformed into SD gene defective Saccharomyces cerevisiae YMRO15C and the target gene
was induced to express by using D-galactose. The total lipids of recombinant and defective yeast cells were de-
tected by thin layer chromatography ( TLC) . The results showed that EhV-SD gene was 987 bp, encoding a pro-
tein of 328 amino acids with deduced molecular mass of 37. 83 ku and a theoretical isoelectric point ( pl) of

8. 31, respectively. It contained six transmembrane domains and there was no signal peptide. The a-helix is the
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most abundant secondary structure in protein. Phylogenetic analysis showed that EhV-SD gene was closely re-
lated to those of its host E. huxleyi and Chrysochromulina sp. Compared to the defective yeast cells, the content
of high-polarity lipids were significantly decreased, while the content of low-polarity lipids were significantly in-
creased in recombinant yeast cells, indicating that the EhV-SD had certain catalytic activity.

Keywords: Emiliania huxleyi virus; sterol desaturase gene; Saccharomyces cerevisiae; cloning; expression;
total lipid; TLC

0 58

WHEERG . (Emilinia huxleyi) Je—FoAi) 12 HBAD B E A B I RE M A MO R A, JLF
AR HR AR KRB R AR 7 IRk e SR B T R R R WUGE DNA 535 H | 30Uk
DNA W #ERL, BRA B EEIE  (Coccolithovirus, EhVs) , CArBI ISR EH A 2R S . ARG
B, VRGBS MR M AR, A T R R AN E T LA AR T A
FhEESN fp2pad B2 BRATEAE £ E. hualeyi CCMP1516 K HARE S 245 27 EhV86 14 Ji D8 24 ) J7 4%
R, TS EZ A R A S R S, Wz AR R A rh =D EAE 7 AN EYIRE
B ARECAZER , ENMBE =Y nT 625 171 BRI IR R 7, IR 4 HIJE = S p 4 ik
WG U/ R R BE R S 2R 1 LAGL (eho014) | (B2 FSARAIEE SD (eho031) | 222 B A HE Ik 54 7% il
SPT (e050) . BEIER =1 FIEE DSD1 (eh061) FINSZEHERREE LPP (eh079), MAN, A ZBRNYI
fitf endonuclease (ehv0415) , EERARMIFRIFTHKEH TFAEP (eh077) 5™, LR 7 ANFEREA, BT X
SPT FE[KF CerS FEH A Z5HE S I REUEAT T W1 FEdRIE SN ', HAb LA B T RE M AN TE2E

TR Rk 21 Bt SD Y [RIIRFE R ERGS gt C-22 {85 B F1f0 FllfiE  ( sterol 22-desaturase ) , i fk {5 i
HC22 (23) RUBENEERIERL, PRSP STEE " . BB (Solanum) MM, H§EE C-22 AL
i (CYP710A11) J& T4IMi(5 2% P450 ( Cytochrome P450, CYP450, P450) FiEmi b, #Ak B - 4§
A O FS e, e AR R R AR wI L, ORI Rr R, SD [ 3 DR 2 AT A e TR RS P K
FPEMIIIE AR — 3, TR AT SRR TR [N eho031 FITSmth i) 55 s 22000 R SD RSO RE M AT 28, g
FEREVE N B, B TassR, SR, HEA R T M B B RA RS W
HEANA AR OCIE IR B bRk RO B R TR R, X AR A T RE R FF I 9, . A SIVF4 3[R B o 50 R
FER):, JEXF R & bR B A TRIEY , S5 SRAREH, SNF4 JL K 4t () 8 1 B AT 2 i O
AFERT 5 Skt S K T R R 38 1 GmFAD3C ) cDNA 57 [ 1] i B Rk 24k pa16
W, BEARIRI R S SR B R K601, IE % SE R gt i 25 (1 s LA AL+ /A 2 R FAs I (PU-
FA) JEY LA 75 A15 Rl S48 ALA 1 -3 FAD DhRE; SKELARI R 7 3L N Rk B bk BYAJIIL, I
X B RE BY4741 (0 Z R0 Wi i P R T R, 280 BYAJJI1 XF TR 11 Jolp 260 i 1 (3 2 1

ARSCHE ] SD ik fa BB FE T RE YMRO1SC A H R TR AR, 4 ER A 3% EE EhV99B1 1Y SD JE [ 5e
W A TZBE BRI AR T AT S 80k, WA IL BRBE BB £ SD SER ARG T RE, Jfad W2 3% (thin
layer chromatography ) #2543 47 7 25 304 A1 SD Jt [H 2l i B B lg 4l v i 284k, LIRIZE T f# EhV-SD 3
PR 2 75 7 G e R R A i b B b TR

1 MBE5RF*
1.1 SEEa##)

W FEER A 3 Ehux-BOF92 JHARE M 2470 Tk EnV-99B1 F#l L % /KRR K% Gunnar Bratbak (4%
WA IR AF T A SIS % B A4 BRI B2 FF BY4741 ( Saccharomyces cerevisiae ) F1 1 B3 7 Fi 7 1% +F
YMRO15C g A BRI (EUROSCARF) A%, DHSa, ToplO SEiEfs £ A 1 TERGUEYRHCA R
NS
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SRR pMD19-T g B KiEEAY AT, RiKBAK pYES2/CT 1 H [ Invitrogen 23 7] ; PR PE
WY (Xba 1, Hind 1) . DL 2000 DNA Marker, ExTaq fifi & DNA % 32350 A K =AY 7
DNA HEf PIGAT & W A TIANGEN AW 28w, Bk 4 B0 & A b st KR AE Y E AR A BRA A
PCR FFHHB I M AT A TR (M) ARAF S,

1.2 SERAHE
1.2.1 %% EhV99B1 JERZ I SD JEH F Bk 4 34

SKH CTAB ¥R BURRESEN 4] DNAT | AERA B 55 EhV86 43k K 41504 1% (http : //www. nebi.
nlm. nih. gov/genome/? term = EHV-86) 1828 SD JL K FF i [ 12HE (open reading frame, ORF), F&F
1% ORF K75, H Primer 5.0 & 1F— X F M5 F. 5° — AAGCTTATGTTTCGGTGGC - 3’
( FRILEBSr N Hind T BEYI0I25) , R: 5" — TCTAGATTAAGAAATGACATCCTTT - 3" ( FRIZH 4N
Xba 1 EGYINIAL) o DAERATBER RE R SR 41 DNA AN BEAR EAT PCR 973G, 9739 W) 28 0T 5t 7340 1% B
U U5 g YA ARG 5 TRl
1.2.2  FEHEM pMDI19-T-SD HyH4

EhV-SD JE R 5 e e sk R A 7 8E | K AT T B2 40 B4 1 45 NG5 AL SRR e S B SOk (19, ik
AT BAPE e % 2 T AN AR IR AT BRI KHIE
1.2.3  EhV99BI1-SD [\ LE W15 B2 br

FIFH ExPaSy H1(1) ProtParam &5 7EZ X} S B2 7 5 A T 3ALME T 70 #r, FIFH DNAStar, Blast 554K
PEXS TN SE FEBEAT 0 M7 5 T He— R S5 4 A FH ExPASy M35 () ProtScale #2543 M7 & R % /K M 4%
¥ FIFH SignalP 4. 1 T2 7 1L 0 2 569 e 51 0945 = Ik s AL TMHMM B3 7 S50 2 1 o 225 JBE 235 44
FI Psipred F2 5 X5 8 F i g5 E 70, i Swiss Model . ESPript, PyMOLViwer 55 7R FF X H:
S REER AT ; R ESPript 3. 0 ¥R R Fh 0 LR T AT Z HF A L, R MEGA
5.0 F2B4EYE  (Neighbor-Joining, NJ) MHRG A BW
1.2.4 FEAFIKFOR pYES2/CT-SD HyH # 54k

FIFHBR I E VI Hind T, Xba 1 X%} SRR pMD19-T-SD FHERIF B} 3635 Ak pYES2/CT 4351
WATAEGY], BEU) = Py e 20 3k 3K pYES2 rhAg g E 4l ok, X 541 Uk pYES2/CT-SD i 47 Bk
PCR FIXEFIEAE . A S. C. EasyComp Transformation Kit #E47 /832 2540 i ] 4, 8 20 ook 5% AL R T
PR 7 A5 AN MR P AR 4 s ik
1.2.5 EHFORTEEREERE YMROLSC Wi 3Rk

HEBR Tnvitrogen 2 AR TWFFISCHE [21] #E47 pYES2/CT-SD 7EFRIFE B2 EE YMRO15C W Y% S35,
PRI A B R A B e, AP T 15 mL 5 50 mg/L RARHUA 2R | 20 o/ L AHHAY SC 1 F R 5
K, 30 °C . 200 v/min IR 0Dy, =3.0, KHHEFYT 4 °C | 1500g #5005 min, FF LW, &
BEAT 50 mLiFESEFRIET | 30 €. 200 r/min FEEAREER TR, Bi% 24 h, BLOUEE 20 mL 4000
TEF T IR
1.2.6 PRI EERE SLIR M HE U T2 2 T

K Bligh&Dyer Sl HE i RE SR>, RIS 35 & T BEvs i, ARG HEAT TLC 4087 RADBUE T
M, JITHIA: V (ZBRAER) :V (RNEE) <V (A7) vV (FEE) =V (0.9%KCl ) =30:30: 30:
10:9; J&IFHI B, V (IECKE) :V (LBE) :V (IKER) =50:10:1, 43lllLETR TR, RNEE, &
fii. Wl KCl, [ECks. LB, VKO /R 826, 826, 826, 275, 247, 4.92, 984, 98 pL, EIAZMEL
HTSEIRAT 1 b, FIFHBAE SR TR b, SRR 3 ~5 pl, HESZRHHE 3 mm, [ 10 mm, &4
JURERE 1S mm, SFEESERERCAERITR A HPRIFEIEE B AG  4.5 om BHEUH HAART, FOEE
FERI B R MR LG 4 8. 8 em ARBFHUH KT, MG R B A, MRk, REEER R EBE S ARR,
AP R ABSTRA fe, U S 7Er b BIE T, B BB, B G IE
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2 KRIWHER
2.1 EhV-SD EEmI 18R F 555

LI EhV-99B1 HYZERIZH DNA St , F) 9% B B B AR B SD L 155 S5 | 9 #5147 PCR 97
B, PG MI2905 900 bp B DNA FrBe (UL 1) o Bk e A T 8RS SEAT I F o dfr, 45 2R W
N, HEEER PRI 987 bp, FHEEEUNE L SR Hind 11 F1 Xba 1 #E47 WUEEY) R0, BEED ™45
Huy R B R h—3 (WK 2)

M 1
bp bp
2000 =— 5000 — — 2692
1600 - 3000 —
) . —987
750 1000 —
P . M—DIL2000 DNA F5ifE ; B . M—DL5000 DNA #5751, 2— 5 41 J§i ki pMD19-T-
1—EhV-SD X ) PCR, SD;3,4—Hind 1T Xba T XUEGEI G 9729
Notes:M-DL2000 DNA marker; Notes:M-DL5000 DNA marker; 1 ,2-recombinant plasmid
1-PCR of EhV-SD gene. pMD19-T-SD ;3 ,4-Hind 111, Xba 1 double-digested products.
E 1 PCR # 187 ¥ i) 57 5 78 58 B FE ik B B2 F|A T HMAWEEY A RS 7E &R Bk E
Fig.1 Agarose gel electrophoresis of Fig.2 Agarose gel electrophoresis of the double-
PCR product digested product of recombinant T vector

2.2 EhV-SD EERBEEARVEBLER

v H BioEdit X} EhV-SD J&H W% 11 IR )F 51 /3 Hr 25 R 7R . EhV-SD A7 987 M X TR, FReEAHXT
SRR 299 177, Fi 2 MR ERER IR, 5 33.03% , C+G BT RRmM 35.76% ; H
FELE T H ProtParam XF SD WY& IEMRIT 5 /041, A 328 NE MR, /T FiEHh 37 831 u, 5 FxXH
CrsoHoguo Nuzi Ouss Sis» AMEFEHR 5331, BIGSFH A0 8.31, Hf Leu i fm, 5 10.7%, 124
MM ZEIERE (Asp +Glu) , 26 M IEH B ZIEEMR (Arg + Lys) . ZIEMREAKYEFIIMEN 0. 169,
VLR HUK PR A, ARE REC 40.40, B T ARGEEAR,
2.3 EhV-SD I ZREM 3

FIH Psipred TELSrHT 8 T 0454, 45 R WoR . EhV-SD A5 208 M EEMR AP il o — BRTE,
7 SR BB 63.41% , 120 DEIERIE BTN G, 52 HE 0 S50 36.59% , ToE LR T IE
BUAE(EE . EhV-SD S A LR RBia ik, PlRe)E TARIKE T,
2.4 EhV-SD SIEERF 5 EEES

FIF ESPript 25 %} EhVO9B1 ( CAZ69370. 1) . EhV86( YP_293785. 1) . M VEERA ¥ Emiliania hux-
leyi CCMP1516 (XP_ 005769289.1) . 4 {43 )& Chrysochromulina (K0023105.1) . # & K W) 4 Sacco-
glossus (XP_002737755. 1) . P Albopictus (KXJ72277.1) . ZRRIE Princeps (XP_004587559. 1) K iRHR
¥ Trichogramma pretiosum ( XP_014228099. 1) S AR H)FIAY SD SEA T8 KR 79 2 Hu X}, 26 221, 222
F1299 . 300 17 AY1EST2HZ FR % 8 EhVO9B1-SD ML IR TEAL &5 (WLIF 3)

EhV-SD J741 5 HAWY T SD P HATRGERK T 8T, R RG LT WL K A Y Fiey SD
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i 10

: 20 30 0 59 60
MFRWRTYDTFDL GFSAIFMYKKSADGFDNPLLEYITGGIGFYILDTIMGKSPFAW
MFRWRTYDTFDL GFSAIFMYKKSADGFDNTLLEYITGGIGFYILDTTMGKSPFAW
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e
-
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e
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70 80 100 110

FIACMSYMTTEQOQWITFKLWLTSYISNEI..... FAYTIAASIAFTATYSLHGMYLLFFS
FIACMSYMTTEQOWITFKLWLTSYISNEI..... FAYTIAASIAFTATYSLHGMYLLFFS
LVALFFASVDDRSFDEFMAGVISRWGDVYDGYAGYILGVYAFCCFLVPYLVHGALLLPLE

!

MecTnER!:
MecTNERL
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PO . 5 HABACF A AR 1L, 7655 221,222 F1 299 300 {37 1Y His {4 5F X 3~ EhV99B1-SD i 4k % M7 5 (3 A = fdn i) ,
- B A A YA OB T T A0 T

Notes:The conserved region of His at position 221,222 and 299,300 marked with a blue triangle show the EhV99B1-SD catalytically active site.
The alpha helices and beta turns(TT letters) are marked on the top of alignment sequence.

B 3 EhV-SD S E®RFINSHEMAEWH# SD KEBKF 5 & 5 bk xF
Fig.3 Partial alignment of the SD amino acid sequence of EhV 9981 with those of other different species

BRI E NP, HhskG ¥R EhV86 ., EhVIIBI | BRAHE E. huxleyi . 438 Chrysochromuli-
nasp BN —2, HALYFIEEFH -2 (WE4),
2.5 RESEEREINE EhV-SD =R

FH SWISS MODEL X} SD —ZRZEAg kA7 R AT, i SR FE B (4ZR1) IpalE, S
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AU B o B b 2 B K BN R R AL SCS (95 darl. 1A) AR TR, 455K, EhV-SD
= REHIT S A o —12JE, 55221, 222 [iH1229, 300 1) His b AT RZEARL I AR IR A 5 4544
2.6 EhV-SD EHEBEFMIGIEREERERM TLC 547

Zead okr PCROFDSUG U 56 UF 8 20 ORI AG S T o 43 ) 41 A8 7 22 268 R o A SRR e 1) B A 11 B i
HEAT TLC 43#7, G55 5 Fin . S5 E A 8 Ba TR (FES 1) AHLE, EhV-SD SE41EER)
M (FESh2) MHERSGRMIE (BRSPS IR ) fri Bl A AR P A 55 1 g 28 4 R D
SRR (BES 2 hEAER TR ), W] EhV-SD B9 IR TS T BEREAH M b I8 B 2H R
i, A —EREEE,

97 [ Cricetulus griseus (EGW06057.1) 1 73

100 Mesocricetus auratus (XP_012967255.1)

73
Rattus norvegicus (EDM04509.1)

86 Saccoglossus kowalevskii (XP_002737755.1)

w Succoglossus howaler i AR 1] AR B 555

Trichogramma pretiosum (XP_014228099.1)
99 —‘— = aritv decreases
99 Anopheles darlingi (ETN61012.1) P()ldnly decreases

< upward in turn
|Aedes albopietus (KXJ72277.1)
I <
100 Ochotona princeps (XP_004587559.1) ‘ <
100 "Emiliuniu huxleyi virus 99B1 (CAZ69370.1) <
LElm'[i(miu huxleyi virus 86 (YP_293785.1) | ‘m X E
Emiliania huxleyi CCMP1516 (XP_005769289.1) " X . N
PR AR M. 4 1— 24k pYES2/CT RN EE YMRO15C
Chrysochromulina sp.CCMP291 (KO023105.1 N e o ™
8 rsoctromnasy ' i MIRRHZEN; &l 2— T w414k pYES2/CT-SD 11
b e ST - 5 N e g =1 =t
100 Emiliania huxleyi CCMP1516 (XP_005791238.1) @‘E (@ @‘% YMROISC ‘lé‘ HE% %EE 1;}.‘[, R
100" Emiliania huxleyi CCMP1516 (XP_005757570.1) . o .
e - Notes:Lane 1—results of total lipid thin layer chromatography of de-
I fective S. cerevisiae YMRO15C containing pYES2/CT vector;lane 2—
0.10

results of total lipid thin layer chromatography of defective S. cerevisi-

B4 RIEAFDWHME SD S EBFIL24MNEZEEESHK ae YMRO15C containing pY ES2/CT-SD recombinant vector.

Fig.4 The phylogenetic tree based on the amino acid 5 MEBSHEMLENTLCER
sequences of different organisms Fig.5 TLC results of total lipid in S. cerevisiae cells
3 it

AAISE HEPEERAT 30 B EhVO9B1 BRI 2H v sl oh 4 15 3K45 T4 B2 987 bp 1Y HS BE LA AN SD JE A
ORF 731, AWME 824 Hr iR, EhV-SD JEH i 328 NEIEAR, MHiKME, AMaeEAR, R/
UL o - $8JE 4 . EhVI9BL 5 EhV86 1Y SD Z MR 74 [Al I 100% , 1 518 EIKA B E. huxleyi
CCMP1516 BIRIEMAL R 42% , R4 )@ Chrysochromulinasp BIRIIRTE N 34% |, 5 HABY)F ) [R] 5P B
ik, B EhV-SD SRR L BB RGN 51 2 — ., %R IR e R 1, IR %
ARG, RFRHERRIET LIRS Y WS R, MRk AN R 3 vk 2 1) A9 5%
GORFREGOR , AR 51E 3 SD MR, 42% @ i KA RS L BT LI, 100% 1) F R{ESZ
£F EhV-SD 53kA#ME 3 SD AL, RITENTEBEIE R TR & A T REE B m %5, R s 5m
PRIk, L 25 S BT A ARBERE, B TR BT R IS M, 7E EhV86 JLN AL h 7 7E
i — ARSIV TEDIRE DA BB, eI 8825 T 18 BRI & & SBP, X ELILH
AT HAMEATO FREE D, A TR A S B, R, sRasemes 5m B3H
£ B) T Ft A Aok 35 PRI ) e A T e =i SRR A

DIBRP BB MR B FGA R G0, AR M AR Y2 R R O 2 A A SR AN R ) E 22 T
FLIBD e g s 26008 N Sk R T % — 11 5 W ( dammarenediol-11 synthase, DS) H&ALHERIY E% L) IN-
VSel , FERRE FERE T SC I Bl RGAFIE N, 25K, DS WIEZS SRR AT, fEiRIbRefft 2, 3 -
A A BRI e - 1 R IR B 5 SRR A Y INVSel MR IKEAK pYES2 Rk o3-fE IR
FARTEG, 45K, Pp-FAD3 4l o-3-FAD f St fERE R ALA B4 A, BERE {55 BEAY A= 90 5 B
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B MR A AR 8 2o iy B . BRI EERE YSS8 S5 EE €22 MR (ERGS) Jifd ) {5 i
C-22 KM FNEAE A I BE 27 £ (S 2B WA BGEAR Y EE 20 2P RV, ERGS Y 2 I8 7E B B B85 Y C-22
P I OOUE , KA R 11 55 I A o Wi A 550 10 DO S 55 ) AR G ad M 5 AT EhV-SD 3
DR ) A e RS TR AR, TLC 255380, EhV-SD R Y 2635 5 SO RE 40 i oA P 5 (%) 6 26 B S sk b, i
WP 55 A R A o 2 n, X AL-F-ZE B EV-SD SRR LN ERGS W RE A MR IIEE, X T
EhV-SD & K &3k W 545 Big ZE A T 1 — 20 1 Bh T 22 A vk A T E IR A ST

4 it

AR SR ARG T TG P R 4 SRR AR AA pYES2/CT-SD, I #E 4k SD it [ 15U At RIS 1 ) T AR YM-
ROI15C, XTPHVERMR D - LRBHA S H WA F RN, TLC 450 WK, EARRM S & 25 8 bk
AR SRR M A R 22 R W, Horp S R A A TP AR PSR A IR A RS I S TR 5 £
P IO R 43 D) St S 0, 3R TS B S AR Al SD 5 DR A 1 1 4 L rb A5 21 32 58 0T R A% 7 | Ak e B 4t i rh i 2%
AT AR, B —E AR M. R — 2P B T R B A 2 2 o i S SR 4
BRI B, TRAFAT EnV-SD L TIAE, 7ESLEEAE DAY T4 sU RS A5 2800 T
103 [N T AR IR T R

[ &% Xk ]

[1] WESTBROEK P, BROWN C W, VAN BLEIJSWIJK J, etal. A model system approach to biological climate forcing: the
example of Emiliania huxleyi [J]. Global and Planetary Change, 2001, 8(1/2) :27-46. DOI.10.1016/0921-8181(93)
90061-R.

[2] BALCH W M, HOLLIGAN P M, KILPATRICK K A. Calcification, photosynthesis and growth of the bloom-forming coc-
colithophore, Emiliania huxleyi [ J]. Cont Shelf Res, 1992, 12(12): 1353-1374. DOI; 10. 1016/0278-4343 (92 )
90059-S.

[3] TOWNSEND D W, KELLER M D, HOLLIGAN P M, et al. Blooms of the coccolithophore Emiliania huxleyi with respect
to hydrography in the gulf of maine [J]. Cont Shelf Res, 1994, 14(9): 979-1000. DOI: 10. 1016/0278-4343 (94 )
90060-4.

[4] MARTINEZ J M, POULTON N J, STEPANAUSKAS R, et al. Targeted sorting of single virus-infected cells of the cocco-
lithophore, Emiliania huxleyi [J]. Plos One, 2011, 6(7): 22520 (1-6). DOI.10. 1371/journal. pone. 0022520.

[5] SHIJIE B, HUI W, TIANLING Z. Marine algal viruses and their application in red-tide control [J]. Chin J Appl Envi-
ron B, 2012, 18(6) : 1056. DOI.10.3724/SP. J. 1145.2012.01056.

[6] ROHWER F, THURBER R V. Viruses manipulate the marine environment [J]. Nature, 2009, 459(7244) . 207-212.
DOI;10. 1038/ nature08060.

[7] WILSON W H, SCHROEDER D C, ALLEN M J, et al. Complete genome sequence and lytic phase transcription profile
of a Coccolithovirus [J]. Science, 2005, 309(5737) ; 1090-1092. DOI.10. 1126/science. 1113109.

(8] XM, EFFEERAT BN (Coccolithovirus) 22 R FRIFHAMEF M (SPT) JEM e | Rk KI5 LM EBE &
IZEKEFR [D]. JHIT. £FER¥E, 2012.

[9] HAN G, GALE K, YAN L, et al. Expression of a novel marine viral single-chain serine palmitoyltransferase and con-
struction of yeast and mammalian single-chain chimera [J]. J Biol Chem, 2006, 281(52): 39935-39942. DOI: 10.
1074/ jbe. M609365200.

[10] LU D, TRILLOTINOCO J, BAI A, et al. Ceramides promote apoptosis for virus-infected lymphoma cells through induc-
tion of ceramide synthases and viral lytic gene expression [J]. Oncotarget, 2015, 6(27): 24246-24260. DOI. 10.
18632/ oncotarget. 4759.

(10] faIF58E, SRR, skifiy, A% S Eemt AL RO AL [N oy 20 05 X B B T 242 A (B s (U], A9k,
2004, 44(1): 67-71. DOI.10.3321/j. issn:0001-6209.2004. 01.014.

http : /xuebaobangong. jmu. edu. cn/zkb



- 342 - FFRREM (HRBERRD 524 %

[12]

[13]

[14]

[15]
[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

T, WEE, W%, % FMALEE P4S0 K CYPTI0ATL MHTHTIAE [C] /72011 hiEsifE ¥ R axip
SRS, BEASY. PEBLE2, 2011; 24,
AREAE, RISAR, REEVS, S ERIEBERE SNF4 SN BEREUR RO [J]. B TSR, 2011, 27(4)
572-578.
R, BER, B, . KT o3 BRI EAREE GmFAD3C fERREREEE P IRIE [J]. AW TRE2ER,
2006, 22(1) ; 33-38.
TRERAS. BRI EERE JIJ1 DR AR AR S SRR PERNAT Y QR PERR [D]. BUM . WRILKZ:, 2016.
PR, MRESC, BRMEE, 5. BMHIK SRS Zeta 2SRRI BERE 2635 [J]. ifE, 2006, 28(5) :
551-556. DOI.10.3321/j. issn:0253-9772. 2006. 05. 010.
Wrok . BRI HOR2 E PR SR SRAL MR BRI H MO AR W) e BT ST [ D). &M . AR R, 2010.
DEVI K D, PUNYARANI K, SINGH N S, et al. An efficient protocol for total DNA extraction from the members of or-
der Zingiberales-suitable for diverse PCR based downstream applications [ J]. Springerplus, 2013, 2. 669. DOI.10.
1186/2193-1801-2-669.
P TE ), PIZER D W. - FriRESIEeiEm (M. 3 M. EdEE, A, RIERL, %, PR bt Bl
H AL, 2002.
GIETZ R D, SCHIESTL R H, WILLEM S A R, et al. Studies on the transformation of intact yeast cells by the LiAc /
SS- DNA /PEG procedure [J]. Yeast, 1995, 11(4): 355-356. DOI;10. 1002/yea. 320110408.
RAGIE, FEH, RMDT, 5F. BERRRGA RGN (1], Earigess, 2003, 23(1) : 46-49. DOI:10.
3969/j. issn. 1000-1336.2003.01.019.
BLIGH E L G, DYER W J A. A rapid method of total lipid extraction and purification [ J]. Can J Biochem Physiol,
1959, 37. 911-917. DOI:10. 1139/059-099.
TOMAZIC M L, NAJLE S R, NUSBLAT A D, et al. A novel sterol desaturase-like protein promoting dealkylation of
phytosterols in tetrahymena thermophile [J]. FEukaryot Cell, 2011, 10(3) : 423-434. DOI.10. 1128/EC. 00259-10.
HUSSELSTEIN T, SCHALLER H, GACHOTTE D, et al. A7-Sterol-C5-desaturase: molecular characterization and
functional expression of wild-type and mutant alleles [ J]. Plant Mol Biol, 1999, 39(5): 891. DOI: 10. 1023/a:
1006113919172.
FERGUSOND O, HOLLOMAN W K. Recombinational repair of gaps in DNA is asymmetric in Ustilago maydis and can
be explained by a migrating D-loop model [J]. Proc Natl Acad Sci USA, 1996, 93(11) . 5419-5424. DOI.10. 1073/
pnas. 93.11.5419.
GO, IR, WIS, A, NS IRERAG TN A BEEARG B AR RIA L B INRERTSY (], %
#iz, 2016, 51(6) ; 998-1003.
ZHANG X, LI M, WEI D, et al. Identification and characterization of a novel yeast w3-fatty acid desaturase acting on
long-chain n-6 fatty acid substrates from Pichia pastoris [J]. Yeast, 2010, 25(1);21-27. DOI.10. 1002/ yea. 1546.
M, TS5, XA, AF. SR C-22 ARG R R Ik X I RE AN AR A R [T]. U R,
2007, 47(2) : 274-279. DOI.10.3321/j. issn:0001-6209. 2007. 02. 018.

(REHE DEE HXHER WHE)

&

http : /xuebaobangong. jmu. edu. cn/zkb



	封三
	目录
	zl5

