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BE  BEKRAPRAERAGFENIRE S RO TEZRT, IEERSHA G TS RME. 4
FrgiAn &t B 5 Rk E e k. BE & B LIPINI R -5 B8 b tm oAb B3R RE Ko R ) A4 3L B,
%% A5 4 B I 5§ B2 B (phosphatidate phosphatase, PAP)fE AR = BhH i &, P AL K 4E4E A, B 4EHA
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J BRE BB AR AR ARG R R B T AR, FUR AR PAHI ) f8 PR A 694, i8R R TR K
MERE AR B KA E AR ERHRE LT A KRB LR TH TR/, BT HRE
B A M & FEAIT R GAT T ARLIPINIK B 5 B8 EFPAH IS B % A4 % @ £ 45 A= 2 fE R a9 4k
T, g F A B LIPINT 6 20 0. 5h G A 50 3R A3 A ah 5505 .
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Expression of Human LIPIN1 Gene and Its Functional Analysis in Yeast

Fang Zhijia', Du Xiuxiu', Huang Zhiwei'*, Wang Song?, Shi Ping**
('College of Chemistry, Chemical Engineering and Biotechnology, Donghua University, Shanghai 201620, China,
*State Key Laboratory of Bioreactor Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract The regulation of lipid metabolism is important in maintaining the energy balance. Its
disorder induces many diseases, such as obesity, diabetes, high blood pressure and so on. LIPINI, a key gene for
adipocyte differentiation induction and lipids synthesis regulation, encodes phospholipids phosphatase (PAP) and
plays an important role in triglyceride synthesis and lipids homeostasis in human. In addition, LIPINI acts as a
transcriptional coactivator in various regulations of nutrition and growth metabolism, and many similar genes have
been found in other species, indicating its various functions and species conservation. In this paper, we constructed
PAHI mutant yeast and transformed it with human L/PINI to study effects of LIPINI on yeast growth and lipid
synthesis based on the convenience of Saccharomyces cerevisiae in lipid metabolism study and phenotypic
observation, and the clearity of cellular function of PAHI. Thereafter, we compared LIPIN1p with PAHIp in
structure and function via functional complementation analysis and bioinformatics, and confirmed the functional
conservation of PAP in human and yeast. This work will provide evidence for the cellular function study of LIPINI.
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D= H 3t 8 = 18 A e i D7 A AR R A ) Ak e
ST () IR, 3 — BT IR Y SR 5 AR
FEAE L OBE PR B At o Ji L9 1) IR
PRI, 5 2 B VI R IR 38 FE I LIPIN T 12001 4F4E
e HTAS B /)N Bl (fatty liver dystrophy, Ad)iF57 4% &
IR AR S5 R TSI T R A E S 5 a4 Y
NE AR R OGBS RIS, A% BE R I SR AR S8 5 | e N A
NEWi AR Dy Re AL, P AR MR R N, X —
Ey ) WAV SEEUN NS i BUB ks &5 SAYN !
RO RIN, — 7 1M, NE 253 R LIPIN T i 9 ) g
Jii 1% 1% i (phosphatidate phosphatase, PAP)if] 15 /& P
() = H 5 ™, SRAERE AR B R AP 450
IR H 9 A REC P 8 I TR (phosphatidic acid, PA){E
PAPIAEN, Wit 25 W MR AL 10 i — Mk H i1 g
ZAE N AL A% g 04 R T il =k ™. 5
—J71fl, LIPINIJJ 4 i (P PAPISAE Ay H5 B 1 A sk A
W25 200 BB A G E, 5 AR E )
A DR [ R 5 0 07 A A DG L R R Rk i
TG A A0, R IE nTRe 2 T NARHBUIR
B ORI R BUR SR, H)RR T ELsh Y
2 A0, 22 IE8 [ 2 2 IR e IR S sk, VF 2
AN Dy REME LA 7=, 11 LUKS R 1)) R BH A 2 2 2R
YA L DR D AR 2R (1)1 & WA S e i A 3

20064, Han %5 *I7E BRI I RE P R I, PAHTRE N
5 NBLIPINIRE R AT A R (M ARACLRE o 3L 2w 14
[FIPAP [F] K fie 1 i (b PAREAT GBI A1, JE Rl — I H
IO AR Y =Tl S Y, JF RS AEZn R
TR T 52w R B0 O P 1R A P A B
W2 Ah, I JLAE BT GE ik IR, PAH A 2 F5 1%
RETE 8 28 K SO 5 AU i b 7 AR FT,
WHRPUIERE M AERF SRR AR IO, S

B R NG TE B SR04 ARSI sk A6 i PAH T 58
ARTERE, 3T PAHIRAZ R, W] IR LIPIN I/ PAH T
PR SRk, I Dh e AN T dE— PR R
i NVRLIPINI 5 1% REPAH T2 [R)/E 40 IR #E Hpi8 55 J7 1H
[FIFEEA DhRe IR~ M, R4 &AM B EARIR T T
PR G AL (AR B 28 3 4 (R AR s

1 MR57R%E
1.1 R 5

T ALl Bam HI. Hind III. Not 1. Pst1. Kpn 1
BN F K% TaKaRa/A 7] ; Taqlf. Pfufif. dNTP mix.

10xbuffer(MgCly). 10xbuffer(MgSO,). T.i% 2 filf & 2%
MR T A AR T RE A R A W] ; Lyticase(Fy
AT Sigmazs wl; MZLOH A HIR MR A M- -80
W T [ 2 A S0 B R % BESaccharomyces
cerevisiae BY4742a. it 1] Jit ki YCplac33(ura3* Ap
ori)s YEplac195(ura3” Ap” ori) i A 52 ¥ % #2 fit.
YEP51-LIPINI(leu2" Km' ori) 1 Dr. Elpelegiit M4, 5z
55 It H 1 #%Bio-Rad gene pulse xcell. Bio-Rad 2 mm
CUP/ J-Bio-Rad("" [E]) A 7]; PCR ABI 2720/ J-ABI
23 w); Tanon-3500%E I B AR R G0 T LR BERMLA
B2 w0 S0 i P P B PRI 2H 4 BBG ) & 0) 1-K
WRADREAT IR A 7 KA v FoRi 3 st & 1
Biomiga /A ); #E/BDNA [N & T+ b4 g 2
"o 25 mmx8 mmii JZ 2 M it A HSGF-2541 A
EVLRRERIFRATIR A Ao 0.5 mmx100 mm S FEE4l
W T L O R A AR A PR 22 75 0.5 mm B B Bk
AR AN AL AR A ]
1.2 EHRE

T B T bR W E 5 1 Bk B 7Y 1% JR JE (synthetic
complete medium lacking uracil, SC-Ura): JG % & I
% i H(yeast nitrogen base without amino acids,
YNB) 1.7 g/lL. A% (glutamic acid) 1.2 g/L. JRbE
W 75 7 B B VR A W) (drop-out mix) 2.0 g/L.  Fi] 25 b
20.0 g/Lo Hm A RIS 1) 75 ks F7 55 YNB 1.7 g/L
Glutamic Acid 1.2 g/L. Drop-out Mix 2.0 g/L. H i
20.0 g/L. JHifRR;IR3E: YNB 1.7 g/L. Glutamic Acid
1.2 g/L. Drop-out Mix 2.0 g/L. H%i##20.0 g/L.
1.0 mmol/L. DMSO 1.4%.
1.3 KEHAE
13.1 B EPAHIRR R ZARGG#E RSOk
(25770 Jr B T PRS2 41 J00RL i 8 b ic 5 X 9 4%
FIT FH B R 9 S PAH TS DR S 1 37, o2 51490
OH30: 5'-GGG AAG AAA TTA CTG AAG ATA GAC
ACA TCG GTC GAT TAT GCA GAT TGT ACT GAG
AGT GCA C-3'; OH31: 5'-TAT GCA GTA TGG ATC
GTT ATA AAT AAT ATT CGG CTA CAA GAATCT
GTG CGG TAT TTC ACA CCG-3'. LAPRS400)i ¥
VE B, 47 39 1 & KanMX4T5 36 bR 0 3 R & s
PAH W55 [ Y58 (IDNA F B, BT PAH T RR -
132 B¥BPAHIZAEBARGME  PAHIERIL
BAAYEplac195-PAH K Hs 2 2% SCHR[26-27 13047 F4
& i Saccharomyces Genome Database £ 2 7 & ic [
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LR -

S. cerevisiae 2888C PAHIFHICFEN P4, 0 SillAEPAH] I
J7501 bphh. 32 bphb LA S PAHI T 768 bpit. 642 bp
A BEVHIT R 514 OH21 5'-CGG GAT CCG TTC GCA
GTT CCT AAC ACT G-3'; OH22 5'-ATA AGA ATG
CGG CCG CTA TCT TCA GTA ATT TCT TCC-3';
OH23 5'-ATA AGA ATG CGG CCG CGA TCC ATA
CTG CAT ATT AA-3"; OH24 5-ACG CCA AGC TTG
GGC GTA CAA TAA TTG CTT-3'. LAEEREHRE N4
BRI 9140H21. OH22F1 5] #JOH23. OH24,
a3 A B PAHTIE R s 19 1) 5 B 5 BtPAHIL-
promoter. PAHI-terminator, 400 bp. 600 bpZcfi.
SR I 43 il LhBamH 1. Not 10§ YJPAH1-promoter, LA
Hind 111, Not IFJJPAH 1 -terminator, PABamH 1. Hind
)Y Eplac195 JF0bE . 283 T4 BE il % 42 S N, T
FTURLY Eplac195-PAH1, # N KA AT R DHS o5 75
AR5 2 LB AR P IE FH 1 o b

133 AR E A BLIPINIEEF & 5 R &k 4
AR SRS Y A R RE R U 5 S B
T ADHI1pH] 1 %% 15 Jit K1 YEplac195-ADH1p, 2R i
R #8 YEPS1-LIPINTI J3* 45 R, 43 ) /ELIPINTIE 46
B A AN 2 b A A BT T S 4 HO66:
5-GCT CTA GAC GAG ATG AAT TAC GTG GGG
CAG-3"; HO67: 5'-GGG GTA CCG GAT CTT TAC
GCT GAG GC-3's L3k i ki YEPS1-LIPIN1 Jy 45
B, H 51 ¥HO66. HO67H 3 HHLIPINIHE K], K /)
2142 700 bp. R J5 LAXba 1. Kpn 1l 1) 4 14 7= 1)
M YEplac195-ADH1p. 453 T, 3% 2 Bl 3 4% I v, TE
B J KEYEplac195-ADH1p-LIPINT, # A K 7 ¥
DH5a5 HI 7524 R 75 57 2 I LB TR ks M s e
134 SR RMEBARIAHT RISk
[15,28-29101 K H (1) 77 i AT P BEE B M LA
RYE L BrUE R 2 KR WA S R I (DR
BEPEATIN: HXZY 1% 10" RERELN M (Dsoo=1), 1015 LLIEAT
B BE AR R 5 (FRORES AR JE), BFN IR BEAR JE IS pL A
BEJE BRI, e IR R IRk, 30 °CHEgR, LIAE
TR F 15 FRFEAE R 6 o ()i P sk AR I BN &4
1x 107 BESH B, 1045 LG EAT B BERGRE 5 (FORE SN 6
FE), AR BE B BE IS WA R i () RV, 9 AESCHSE
FiFE, 37 °CREFE, LL30 CCREFRMIHEAE N XTI . (3)
T U5 R A - B2 1< 107 R REA D, 105 LLIEAT
ol S 4 s (RS AN B ), AN TR S B2 S LA
BE ST B, W AE LA H A E el R 7R3, 30 °C

R g%, DL AR A B IR I 15 R I o B (R
AV AT KR8 225 SCHRR[30-3 11 H B e BE R AR, B
e UIIRE BF A0 B 29 7% 10%(Deoo=70), BEAT IR B I a2 Y,
PEHCE 1) NG HI30 pl B P/ S TR A VY, 2:1)iE
TTHR o FRH 22 SCHR[32], AU 2 2 B i A 0 1
RERSPE =6 H o & 5, T R AR 200 1E e/ £ T/
FR=80:20:2(V/V/V), Y07 A 78 .

1.3.5 ML ARHESCHER[20,331 01K H 1 7 vt
AT TR BRI Vo T O Y (0 S Ao ¢ o SO0 4502 K3
(IR RE AN B LA T LT OB A 20O A 3131 1%
(I 21O 5 A B A -5 240 IRDORLZE KR ), it
4,10 min, 2X )5 FH50% 5 N BEVENE 1R, R KB
Wo Y05 MR E T8k A b, WAomisE.
1.3.6 AMEEFHH EXSRIE TR RS
LA N HUPAP, W JIBLASTX. BioeditflClustalX%5
PG B HEAT O 1T

2 4
2.1 BEPAHIRTIARMZEMBEREEEE
MI3E

FHIPCRY™ 14+ AR B E5 A7 PAH TN [+] Y5
e KanMX497i 1% br it 55 8 () il 5 DNA J B, i BEK
ANEHARAE B 291 500 bp, HL Pk 45 3 W E 1A FT
No MW BE LA AL HOR, ¥ Rl 5 DNAJT Boe A
PR I BE TR . BREXBE AR B G418 1) I BERE H K IR Hi
%4 Wi 1% 7% 3 (yeast extract peptone dextrose medium,
YPD)H AR KR I BE PR 5 [ R AT B VA PCR %8, L1
T B PAH XU T 359 2 A= 14 [0 05 55 20 0 e B o e 1
AN, UK R 1BITR .

I HIPCRY™ 14 £ A 3R B F A PAHIXLU M [7] Y5
W, 3ol 1Y Y PAH TS PR o ) [R] U508 v BEPAHL-
promoter. PAH1-terminator, J1 B K/NEA S HHS(H—
2, WIS R 1CPT 7R, A H gap-repairfi AP
H 4 YEplac195-PAH /= R IA B0 AA, & 2K FHIHEBE)5T
32 BT o SR 2H TR, 4 0 38 1) = A Bk
e N K AT R I S2 25DHS o, 4R )5 K H B 7% PCR T
VT W B AT PAH TR 3K JURE (1) 48 M 5 B 54N, 11 7%
PCRIFHLIK &5 R 1 E 1D PR .

N USLIPINT PP b i A g T A ST SI2 56 7 %
1.3.301ik, SR HPCRY M+ AR SKINADHI I 5)) ¥
X Z1500 bp Jr B, HLIK& R U NET R, JR4 5 3
IADHI 3 81 X, B9 BEYS 5% 55 3)) - ADHP1p,



s K5 NIRZIE N LIPIN AR A (¥ 50K S 40 D e 0 i 653

T ¥ A4 2 3] v K ORI Y Eplac1951 . 4R 5 70 4 2t AT g 3% i P 3k R 80 1k S, 3 ok L A PAH Tk B
U 1R 485 4l A I BEBR % 00 91 )3 31 ADH1plf 3 P B S WTREREAE30 °CRI37 °CIAEKARML, &I
I8 i RLY Eplac195-ADH1pH 4 A N Y LIPINTHE [A], PAH T 5 A1 BRI 0 XL 20 BOURE, e 75
K H B V& PCR I 7 V503 H IE A48 A LIPIN1HE A (1) P BEFE3T CCIf AR KR ZE o« EI2C A PAH TFE IR i

T TAN, WV PCRIT) IR 45 R AN B TF TR S (R RBIE ) R A, PAH TR 152 5 14 1 R R )
2.2 PAHISBaRE R IR ORI TWTEERE, FEATCvEAE 2% H il AE A

BI2A K PAH T DR i B I 0 I 5 B0 1k A DU BV ) B g v AR K. PAHT B K 5 350 B 6
G5 PAHTGGR o R TR B3I L O Jalt 198 0 i sk B MR AR IR RRUR, X 5 SCHR[17,19] 1045 R — 3.
WTAEA T MHRA S A1 mmol/ LR YPDE 773k 2.3 RERERELIPINI 5B S PAHIA KAL) RE RIR
AR K 25 AN K, PAHTH B B 1 REAE R 25 I 1R 1 S iy
YPD#; FRAE TP AR K IR A IE &, (HAE S AT mmol/LiHl ¥ NJELIPIN I NPAH1 537344 b | T8 i W8 4E
TR YPDE; Fe i h AR AR A K. KI2B A PAHT AL PAH I 9 5835 A vh S RIS LIPIN T 3E R )5, WERE()

A v (B)  M123456789101112

3000 bp
1500 bp 3000 bp
800 bp 1500 bp
800bp
© (D)
1 M2 M 1234 567891011121314151617 181920
750 bp 5000 bp
500bp ZOOObp
800 bp
300 bp
(E) M1 234567 8910 F M 1234567 8910
3000 bp —
1500 bp —
800 bp —
800 bp

500 bp

A: PAHTXUN [F1J5 8 K KanMX 4575326 b 25 D 10 Rl £ DNATRI R I, JKIE 1A 85 A7 PAH DU RIS M KanMX495 56 b5 25 IIPCR™ H); B: W BEPAHT
AR FIBRTEPCRIN MEE, VKIE 1~12 4 15 %08 (I REPAH T AR, C: PAHT 5" RIS F03 5 [R5 (PCRY™ 1, Yk IE 10 53 [R5, vkiE2 43!
Ui [R5 s D: PAH T AL JTORE R BT VA PCRAE SE, VKIHE 1~202 T B B BRI T PCR™ W); E: ADH1pJii )1 [¥) T B A4 2t JKAE 18 DAL PR 4 R BB )
PCR&“HY(ME o FRPE S ), VK20 LS ORI PCR ™ (15 I 2 Ji); DKIE3~104 5 % B (KT BT 7 PCR™4); F: YEplac195-ADHIp-
LIPINT H 41 SURL IR V. 38 A4 22, JKE 124 YEPS 1-LIPINUSURL A BEAR IPCR ™ W (1 4 B 1 22 1), Yk &2 0% B 1 UKL BB IRIPCR ™ (1 A 17
TEZ ), VKIE3~1024 38 5 TR K B V5 PCR ™ 4); VKIEMCDNAZF f R bRid .

A: the integration DNA of PAHI bilateral homologous arms and KanMX4 genes, lane 1 is PCR product of integration DNA of PAH1 bilateral
homologous arms and KanMX4 genes; B: the identification of yeast PAHI mutant by yeast colony PCR, lane 1~12 are colony PCR product of yeast
PAHI mutants; C: PCR amplification of 5" end and 3’ end homologous arms of PAH1, lane 1 is PCR product of 5 end homologous arm; lane 2 is PCR
product of 3’ end homologous arm; D: the identification of PAH recombinant plasmid by colony PCR, lane 1~20 are colony PCR products of clone
strains; E: the construction of recombinant plasmid of ADH1p promoter, lane 1 is PCR product of yeast genome (as a positive control); lane 2 is PCR
product of empty plasmid (as a negative control); lane 3~10 are PCR products of clone strains; F: the construction of recombinant plasmid YEplac195-
ADHI1p-LIPINI, lane 1 is PCR product of YEP51-LIPINT1 (as a positive control); lane 2 is PCR product of empty plasmid (as a negative control); lane
3~10 are PCR products of clone strains. Lane M is DNA molecular weight marker.

Bl EEEPAHIREREMEFERE R T E
Fig.1 The construction of PAHI mutant and the cloning of related gene
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SC+2% glucose
A JIRTFRURPERN, PAH TG TR S B A T AR AE S IN0EK T mmol/LIYSCIFAE KAG L, B: Wi FERBURAE R I, PAH TS84 A ST AR T A BR 7630 °C
37 °CHF A IRLEE T ML AR UL, C: GRS AR, PAH 154 1 Bk S B 2 TR0 V8 PR A LA 2% (10 36 26 B 02 o F ) H- b/ A B 5t (K1 SC o (9 AR A 00
A: lipotoxicity-resistance test of PAH/ mutant, and wild type yeast that growing at SC with 0 or 1 mmol/L oleic acid; B: heat sensitivity test of PAH

SC+2% glycerol

mutant, and wild type yeast that growing at SC and incubated at 30 °C or 37 °C; C: utilization of carbon source test of PAH/ mutant, and wild type

yeast that growing at SC with 2% glucose or 2% glycerol.

E2 PAHTERBAEEEERBR MRS
Fig.2 The phenotypic character analyses of the PAH1 knockout yeast

MEREPUPE. W AU YE . BRE A R LR A
WA NG DL, UEWILIPINI 5 PAHIAE V) fg b H AN, 1
NE#EPLPE b, W E3ATTIR, SMIEPAHT S 35344 1)
e N W0 35 M vy T PAH T I TR T G Vil 8 114 i 52
PE, KNGOS WTAHAL, SMELIPINI =38 18 8AA 1)
e N A W S R T T PAE T Y 6 3ok 1R ) it
Ak, (S WTEEE N SN PAH TR (1 5822 (R M L,
AR BN 22 o AR UK b, W EB3BETR, Ak
JRPAHIFNLIPINI {5 32 15 274 1) e N TR BEAS 42 /5
PAH T I3 70 P REXCE PR S580 FE (52 v, 3 7R ik 4 4
DUIEA S TR i G Ol — 8. W E3CHoR, 4b
JRPAHIFNLIPINT {5 32 15 200 1) i N TR BEAS 42
PAH Tt I3 7R P R P55 v e 05t ) R FH 2k, 3R 2R
S RSP RS —8. BT, WA
YERFIEREAE AR . 22 NE 23 b 5507 T R R R
AR S BELR S 1 o
2.4 LIPINISPAHIFEREZE & R LRI BEARST 1%
JIE 2 W 18 55 1 28 1 B B8 D) A DBl st
LIPINI 5 PAHIAE G4 B B Sh RefR v 0 b, 1
W ¥t — DA R LIPINTAE N 2R AR #5440 T Fy s ) 5
B, IS PAH TR BT RERE, R ILPAH Tk [
R RE S WTAH LG, JE 070 0 % b, anEl4A

IR, X2 BT =R G s R DG S B PA PR 2K
JIT I J I, PAPHR 2% B 45 5 350 =6 H il ok 32 0 oh vk
A i k2>, 33T S5 ST I ¥ T R A P ks> o

[ i, g 3 — 25 WA LIPINT 5 PAH 1T 4 1) 1)
PAPYE T fig b (¥ £ 53 1, A% SCa# i 43 W LIPINIAE
PAH Ik b3 B4 P B v s 5 0 i = H il 5 i 5 )0
I3 R PR AR A SRAS I P 7 (1) D e LR sy 1k o 7N T
IE R L, W E4AT 7R, LIPINIAE PAH TR A % R
B SN AT E e L anE Rl oA
BCECR, JLMAL NG DUFEAS 5 5 A8 PAH TR e A1 PR
—3, E =B WA b, LIPINIAEPAH G I 750 i
REH (1 S5 95 9 T R R R A% I 25 8 i 9 RE AN M P —
B H S, AR A WTI70%, X 5w 3kik
PAH TP B TR AR FE AR — B, %45 R4 75 T LIPINI
AR 3 BT 3l R s 0 P ROk 2 i i
ISE
2.5 LIPINIpSPAHIpAYIERF NI

T8 16 LIPIN 1 p-5 PAH 1 pdE A7 0 57 45 R 3543 A
)5 51 53 A S BRI R P B Lo o3 AT, R I 2
AR I R, R L S T 48%. 11 45 A4 4k
PRAFVE A3 BT, IR 25 4 B AT P AR 5F (¥ Lipin_
N5 fo) 35 RN 28 =7 1R I =i B (haloacid dehalogenase-
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like, HAD_LIKE)&5 #43, WiESA, R T XA
[Fi] 49 Tl oA U TR PA P 38 Tk 3 P A [ U 45 4 358k A
AT MR ART B LAt A= ARG AR DG 1 3 Th g, & W
TN 5 RE I PAP AT 5 i 1R &5 74 A D e DR ~F 1
1 ZENCBIM 3 [ Blast[m] Y £ % 73 #r, Wi EISBT R,
PAHIp(NP_013888) 5 LIPIN1p(NP_663731.1)f] 7] I
JF 8 BB Y8 3 AT AN AR S DXSORT 3 C oA g X 8K, 35X
T EISA M g5k — 3. O T2 KuEPAHLp
EJLIPIN I pfEI% P /> DX 358 (1) [R5 P, 4% SCR) H Bioedit
TVRAFE R A R SHAT T 2 P41 Eex), WilElsC
JIi7~, PAH1p5 LIPIN 1pfEiX /> X 35 (1 2 58 7 51
FETRE . RS A2 B 43 B 5 FAR S i EDIE 1 Rif T
PAHTH PR )R R ST

SC+0 mmol/L OA

SC+2% glucose

A: SNISPAHTERLIPINIR PAH1 5875 BIRR NG 4 V2 R0 52 10 S0, 58572

3 itig

LIPINIAE Jg R AR & OB HE R, 0 MR AR
WA 7T b HAT F ORI STANE, )R PR T AL 3h ) 1)
s, VP2 R AN Y ReE LA 7R, 105 AT AL
LIy RS (1) 19 RE NG 22 38 R PAHT W BIF 5T L 380E 1) . 1% 3
BRI Z Zn S5, JFAE 2 MR G 1 v 4 o 2
1O, IR AU AH OB S AR B LIPINT R 1
DI RE IR FEEETEMY 1 o AR FH BRI e B A0 R 2RAR S
RGPS, W FE R R SR B AR, i T
PAH I[P R, T8 3k X612 e 58 70 g RE AT AR 4y
BT, UESE T MR SR IE RN PAH TAERRIE R < 5 B i 52 A
NEBEMN 52 B A EEAEH . 8 7E B RE b iR
IKLIPINIIER], J SLLIPINTRE S 57 vR A BH T PAH T

‘WT+Vector
PahlA+Vector
PahIA+PAHI

PahIA+LIPIN1

WT+Vector
PahlA+Vector
PahlA+PAH1

PahIA+LIPINI

WT+Vector
PahlA+Vector
PahIA+PAHI

PahIA+LIPINI
SC+2% glycerol

JIRL, SMIEPAHT . LIPINIHE R 83005 SO (1] PAH 15825 W AR AE 5 In 05k

1 mmol/L{¥SC-Uralfy 4 KA1, B: AN PAHTERLIPIN DG PAH 1575 BRG] il 5 S50 0 e 2 1R 5 00, 485 415 AN [R) JBORE IR PAH 1 58 A8 TR AR AE30, 37 °C
B R T AR RS L C: AR PAHTERLIPIN D PAH 1578 BRAR B D5 R FH 26 W B2 TR 400, 3852 A TR TR (19 PAH 158 A8 VAR AT LA2% (1 %] %5 1 5

2% 19 H I AE R B IE I SC-Ura i 1 A6 KA B

A: effect of exogenous PAHI or LIPINI on the phenotype recovery of lipotoxicity- resistance of PAHI mutant, empty vector, PAHI or LIPINI in PAHI

mutant and wild type yeast that growing at SC-Ura with 0 or 1 mmol/L oleic acid; B: effect of exogenous PAHI or LIPINI on the phenotype recovery of
heat sensitivity of PAHI mutant, yeast strains that growing at SC-Ura and incubated at 30 °C or 37 °C; C: effect of exogenous PAHI or LIPINI on the

phenotype recovery of utilization of carbon source of P4/ mutant, yeast strains that growing at SC-Ura with 2% glucose or 2% glycerol.
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Fig.3 Effect of exogenous PAHI or LIPINI on the phenotype recovery of PAHI mutant yeast
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Fig.4 Functional conservation of PAHI and LIPINI in lipid synthesis
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