54 1

Vol.54, No.1
2023 1 OCEANOLOGIA ET LIMNOLOGIA SINICA Jan., 2023
*k
( 361021)
(Emiliania huxleyi) - (E. huxleyi virus, EhV)
, EhV
EhV-99B1
(EhV-SD) (EhV-FAD) ,
pYES2/CT-SD  pYES2/CT-FAD, YMRO15C  YGLO55W
) UPLC-Q-Exactive-MS s
,EhV-SD  EhV-FAD
EhV-SD ,
(PC, 20 : 4/20 : 5/20 : 6) (TAG, 12 © 3) ; (FA,
16 : 2/16 - 4) (PG, 16 - 2/18 * 4) EhV-FAD
(Cle6 - 1) (C18 : 1)
, , EhV-FAD A9FAD
; SD; FAD; ;
Q943 doi: 10.11693/hyhz20220400085
(Coccolithophores)
, (Sheyn et al, 2018; Johns et al, 2019)
Emiliania huxleyi (Eh) “ 7 , EhV
(DMSP) , “ 7z
( ) ; (SPT)
(Daniels et al, 2018), (SD) (FAD) (LPP)
(E. huxleyi virus: EhVs) (GT) /
(Ruiz et al, 2017) , EhV-Eh (Cers/LAGI1) ,
, s (Wilson et al, 2005;
* , 42076086 , 41576166 ; , 2019J01696 , E-mail:

850524611@qq.com

, E-mail: ljwsbch@163.com

1 2022-04-04, :2022-04-28



126

Lindell et al, 2007; Rose et al, 2014; Nissimov et al,
2017)

>

(Wilson et al, 2005)
EhV ,

DNA ,

(Rosenwasser et al, 2014; Malitsky et al, 2016; Zeng et
al, 2019) )

B

(Rose et al, 2014)
2016 EhV
vSPT(

(vGSLs),
(Ziv et al, 2016) , VGSLs
(reactive oxygen species, ROS)
H,0, (Sheyn et al, 2016) (Vardi et al, 2009;

2012) ,
metacaspase ,
(Bidle et al, 2007; Liu et al,
2018; ,2019) , VGSLs
/ ,
(Hunter et al, 2015) , EhV-SPT
, EhV
) C22-SD
C-5 , C22-SD
ERG)S >

, P-450 (CYP450)
(Skaggs et al, 1996) (C22-SD

, -5,7,24(28)-
-5,7,22,24(28)- , ERG4p
(C24=28 ) -5,7,22,24(28)-
( , 2010)
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( ,2007) C-5
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B C-5 C-6 (Nakamura
et al, 2004) , ERG3
, ERG3
, ( ,2020)

54
(FAD)
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FAD
A9FAD
C16:0/C18:0

C16:1/C18:1 (Stukey et al, 1990; Nagao et al,
2019)
( , 2014)
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, (Kurdrid et al, 2005)
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, (Candida glabrata) med15A
elol  A9FAD
olbl
pH ( ,2021)
SD (ERG5) FAD (OLEI)
YMRO15C  YGLO5S5W
PCR EhV99B1
EhV-FAD ,
pYES2/CT-SD
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UPLC-Q-Exactive-MS

EhV99B1

1

1.1
EhV-99B1
(Schroeder et al, 2002),
bratbak Saccharomyces
cerevisiae BY4741  SD (ERG5) FAD (OLEI)
YMROI15C YGLO55W
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«C )
1.2
( Thermofisher, Q-Exactive), (
Waters, ACQUITY UPLC), (
BECKMAN COULTER, Avanti J-26S XP),
( , Tissuelyser-24)
S.c.EasyComp™
Invitrogen ( )
1.3 pYES2/CT-SD pYES2/
CT-FAD
EhV-SD  EhV-FAD
pMDI19-T-SD  pMDI19-T-FAD ,
PCR ,
, EhV-SD  EhV-FAD GenBank
CAZ369370 YP 293815 Xbal/
Xho 1 Xba 1 / Pst 1 pMD19-T-SD
pMD19-T-FAD pYES2/CT
, pYES2/CT-SD
pYES2/CT-FAD, Top10
, PCR
(S.c.EasyComp™)
pYES2/CT-SD  pYES2/CT-FAD
YMRO15C  YGLOS5W
, pYES2/CT
I5SmL SC (
50 pg/mL 20 g/L ) ,30°C
, PCR ,
14
2% D- SC-U , 30 °C
24 h, BY4741 YDP
24 h 20 mL ,
—80 °C RNA
4~5
1.5
5 500 uL 8
(65 Hz, 6 /3 min), 1 mL
417 pL Milli-Q , 5 min
, 250 pL

250 uL
(quality control, QC), QcC
, —-80 °C
1.6 UPLC-Q-Exactive-MS
1.6.1

(UPLC-Q-Exactive-MS)
AQUITY UPLC BEH C8 (2.5 mmx100 mm, 1.7 pm,
) A :
(IPA © ACN)=90 : 10 (10 mmol/L ),
B CAN ! H,0=60 : 40 (10 mmol/L
), : 32% B
1.5 min, 14 min 85%,
0.1 min 85% 97%,

0.1 min 1.9
min, 0.26 mL/min
1.6.2 (ESI),

s (Sheath Gas Flow Rate) 55 arb,

(Aux Gas Flow Rate) 12, (Spray
Voltage)3 kV, 3.0 kV, (Desolvation
Temperature) 265 °C,
Voltage)2.5 kV,

2.4 min,

(Capillary
100~1 500 ,
) 6 uL,
10 °C
1.6.3

, LIPID

MAPS , LipidSearch Xcalibur (Thermo,
) UPLC-Q-Exactive-MS

, MS-DIAL v2.94 ,

SIMCA-P
( Umetrics) ,
MeV
SPSS 17.0 t ,
(VIP  >1),|FC|>2 t
P <0.001
1.7 qRT-PCR EhV-SD EhV-FAD
RNA (RNA simple total RNA Kit,

DP419, ) RNA Hiscript
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(Hiscript IT Q RTSuperMix, ) RNA 2
cDNA, :55°C, 15 min; 85°C, 5s
2.1
Primer Premier 5.0 (p-actin)
pYES2/CT-SD pYES2/CT-FAD
, 1 gRT-PCR
PCR 1, EhV-SD  EhV-FAD
10 pL, 1 uL cDNA, 5 pL 1><SYBR
) 987bp ( 1la) 963bp( 1b),
Green Premix (Vazyme, ), 3.6 uL dd H,O
, qRT-PCR
0.2 uL F/R , ,
) ] ) , EhV-SD  EhV-FAD
qRT-PCR Applied Biosystems 7300 Real-Time
PCR qRT-PCR : : 95 °C ’
30s ; :95°C30s, 60 °C 30 s,
. ) o R o %1 qRT-PCR T3
50 > 195 °C 155, 60 °C 60 s, 99 °C Tab.1 Primers used in qRT-PCR
15s5,60°C 15s (5'~3")
1.8 Scp-actin-F ATGCAAAAGGAAATCACCGC
SPSS 22.0 , ScB-actin -R CAAGATAGAACCACCAATCCAGAC
+ (mean £ SD) s t EhV-SD-F TCACCGAGCACTTCATCATCCTA
* P<0.05, ok P<0.01; *** EhV-SD-R GCATGAGCTGCGTATGGAAATAG
P<0.001 Origin 2019b Adobe EhV-FAD-F CGTCCCATCATCTTGAACTTACTC
. EhV-FAD-R AAACATTGGTCGGAGAAGATAGG
illustrator
a M, 12 3 4 M, b M, 12 34M,
bp bp
5963 5963
5000 5000
2000 2000
1000 987 1000
963
1 pYES2/CT-SD  pYES2/CT-FAD PCR
Fig.1 Agarose gel electrophoresis of plasmid PCR and double enzyme digestion of recombinant vector YES2/CT-SD and
pYES2/CT-FAD
:a. pYES2/CT-SD PCR ;b. pYES2/CT-FAD PCR
M1: 5 000 bp DNA Ladder Marker; M2: 2 000 bp DNA Ladder Marker; 1: pYES2/CT-SD(a) pYES2/CT-FAD(b);
2: pYES2/CT(a-b); 3: pYES2/CT-SD(a) pYES2/CT-FAD(b) PCR ; 4:
pYES2/CT-SD(a) pYES2/CT-FAD(b)
2.2 Omics 27 , 19 271,
, 20 156
) (LPC)
(TIC) (LPE) (PE) (PC) 12
EhV-FAD
( 2 29 , 19 203
LIPID MAPS s 22 150

EhV-SD

LPC

(PG) PE PC 12
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Fig.2 Total ion chromatogram of lipid in S. cerevisiae in ESI+ mode
ta. YMRO15C ; b. EhV-SD YMRO15C ic. YGLO55W
; d. EhV-FAD YGLO055W
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Fig.3 Principal component analysis score scatter plot of total lipids in five S. cerevisiae cells in ESI+ and ESI- mode, respectively
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Fig.4 OPLS-DA and cross-validation plots of lipid in EhV-SD recombinant S. cerevisiae
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Fig.5 OPLS-DA and cross-validation plots of lipid in EhV-FAD recombinant S. cerevisiae
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, , 3 (  6a),
, , EhV-SD I
20 , (FA) (Cer-NDS) (Cer-NS),
(Cer) (TAG) 1,2 PC PG PS LPE, FAHFA FA
(DGTS) (DAG) (Gle-ADG) a-
(PE PS LPE) , (Cer-AP), LPE LPG (LPD),
10 34 | 10 30 DAG DGTS TAG ,
, EnV-FAD 22 , EhV-FAD
, (TAG DAG) (PC PG 3

Intercepts: R (cum) = (0, 0.42),Q° (cum) = (0, -0.71)




132 54

g o & 5 T8 M 5
a8 3 Mme——— b § § [O—
8 9 -20 0.0 2.0 S 5 20 0.0 2.0
S o EhV-SD s 3 2 EW-FAD o ammy
S &8 < SaRmmE | THEEAR L2 T SABGAR SR
sum of PER S &
sum of PIRS 8
sum of LPCR S8
MGDGR =8
Cer-NS@28
PCR38
TAGRZE
Cer-APRZS8
LPARSE
Cer-ADSm=8
Cer-ASRES&
DAGRZE8
SQDG/U\%%
PGREE
— GIcADGm= &
PSmE&
FARSE
FAHFAR S
SMP 38
DGTSm=8
LDGTSE28
6
Fig.6 The heatmap of significant differential lipids in S. cerevisiae
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Fig.8 EhV-SD and EhV-FAD mediated lipid metabolic pathways in S. cerevisiae
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FUNCTIONAL ANALYSIS OF STEROL DESATURASE AND FATTY ACID
DESATURASE GENES FROM COCCOLITHOPHORES EMILIANIA HUXLEYI VIRUS
BASED ON LIPIDOMICS

MA Hui, WANG Cai-Feng, LI Gui-Ling, LIJian, LIU Jing-Wen
(College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, China)

Abstract The interaction between Emiliania huxleyi (Eh) and its specific lytic virus (EhV) plays a significant role in
determining the fate of carbon and sulfur in the ocean and the climate modeling. Viral infection resistance is essentially an
arms race of biochemical metabolism. During co-evolution, EhV “hijacked” a series of key enzyme genes involved in de
novo biosynthesis pathway of sphingolipids from the host genome through gene horizontal transfer, supporting viral
specific needs by rewiring host’ sphingolipid metabolism. At present, the function of these enzymes remains largely
unknown. Therefore, the sterol desaturase (EhV-SD) and fatty acid desaturase (EhV-FAD) genes from EhV-99B1 strain
were subcloned to construct the yeast recombinant expression vectors pYES2/CT-SD and pYES2/CT-FAD, and were then
transformed into those corresponding gene-deficient Saccharomyces cerevisiae strains YMRO15C and YGLOS55W,
respectively. Furthermore, UPLC-Q-Exactive-MS untargeted lipidomics technique was used to analyze the changes of total
lipids in S. cerevisiae cells. Results show that the EhV-SD and EhV-FAD genes were successfully expressed and
biologically active in S. cerevisiae. EhV-SD and EhV-FAD genes overexpression significantly altered the total lipids
contents and composition in recombinant S. cerevisiae. The abundance of phosphatidylcholine (PC, 20 : 4/20 : 5/20 : 6)
and triglyceride (TAG, 12 : 3) containing polyunsaturated acyl chains increased significantly, whereas the contents of some
polyunsaturated fatty acids (FA, 16 © 2/16 . 4) and phosphatidylglycerol (PG, 16 : 2/18 : 4) containing polyunsaturated FA
decreased significantly. Similarly, EhV-FAD gene overexpression significantly induced the biosynthesis of
monounsaturated FA in recombinant S. cerevisiae. In particular, the palmitic oleic acid (C16 : 1) and oleic acid (C18 : 1)
accumulated remarkably, while the content of saturated fatty acids was declined significantly, suggesting that EhV-FAD
and A9FAD of S. cerevisiae had similar biological functions. The identification of these new genes from marine virus
provided an insight into the interaction between E. huxleyi virus and host, and also expanded their potential application in
biotechnology.

Key words Emiliania huxleyi virus; sterol desaturase gene SD; fatty acid desaturase gene FAD; Saccharomyces

cerevisiae; lipidomics



