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Sl N Y NS IR NN R (S D0 B S R N O
FERLH i R R AW ST o AR R I VR 1) 2 2 1k
B 4y, & & EPA/DHA B9 % 5 BE AH % (Phos-
phatidylcholine, PC) ANMYUE &I RETENR ViR EPA
A DHA Fr B A7 (A BT Re , i HAT B N = A= 4 F)
JH 0 i 5 BB A I 3, [ IS o A K
IR NAHE , AR A, R R AT T R
P, IR I SR FH A 15 ) e AR 95 ARl i A T
Oy T SRR rE AR WA I b T
B, Ho Ll PCmE, HFES TR PC
C16:0/C18:1 .PC C16:0/C20:5 . PC C18:1/C20:5 .PC
C16:0/C22:6 .PC C16:0/C16:1 .PC 0-C16:0/C20:5
FIPC C20:5/C22:6 4512, A 5% 4 45 m A ol T 2y
R JERL, 43 B 4lifk & & EPA/DHA ()85 15 It AH
(PCrpymmn) o R JH MPPH% S A9 SH-SYSY 21 fifd 4 7
PD (RSN 3 5 A PCrpaons X MPP*IF 5 1)
SH-SYSY 4 B fit 473 (4 O A VE T, P25 A e S 4 2
AR RG R ILI LS, DI 705 PD B
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1 MRERE®
1.1 MR 5iEF

R B A, LU AR AT A R 2 W) s SH-SYSY
A ML ¥k (SCSP-5014) , B = e T 41 g & (&
) s MPP* LY [=98% (HPLC)]. — ' 511
(DMSO) \Trizol iX5f, 3£ Sigma 23 F] ; DMEM 5
WEEEFRIE R A v (FBS), L R/RAEWRHEA
BN A B B -EDTA Wb i HE R IR G
W, AL Rt R FE R R A 5 B IR R 22 vh . A
P =2 R T AR W) BT BR2 ) 5 S 05 S B TG
KOEE, E 2L B2 A R A A RNA—free
water ,PrimeScript™ RT reagent Kit with gDNA
Eraser (Perfect Real Time, Code No. RR047A) .
TB Green® Premix Ex Tag™ 1 (Tli RNaseH
Plus, Code No.RR820Q/A/B), Ki# Takara A= 4/
5 T P ARG D ) Y s B CCK -8 A6z Il 3t 571
&, Pl s RAEYHARARAA,
1.2 &#&5E

TH IR CO, UM% 3548 Fresco 21 AU & 8 v
B0 ML, EE Thermo 23 7 fH R 4 8 W%, br M {E H
B A B2 7 s LDZX-50KBS 372X e ) 28 15 K T
#r, HAR T s ol pk X ot s f il oK s s, b
T — TR FRA W 5 e 4 3 A%, T T HAR DL
S5 il 1 A PR 22 7] ;NanoDrop ND-1000 3 & 45
AN —T] UL 43 Y66 B2 T Mini Opticon Monitor 3 5
B 92 62 B PCR A% T100 % PCR X, %[ Bio-
Rad 28w 5 8] 8 28 6 B U5, H A JE BEAR X 234t
SpectraMax190 4% K BEFR 1Y, 3¢ [F Molecular de-
vices /A A ;Illumina Hiseq 4000 =38 & U 51, H
[ R SE R 2 M A PR A HD
1.3 REWH=E
1.3.1 PCepyorn WO 5 B AR R AR AR 28 95% £ 10
HA PRI 3 K, JOK O E A 2 R, il AR 5 % PC
) i B Bl R 9, P 20 A AR A I ER (4 °C)
8 000 r/min #5.0> 10 min J5# 2 B3, PR T
i 22 YRS VETTVE , B2 LI WS )5 Wi iE
FLAS BV o R AL Z AT 00 m A B AR PC R 4T 43 55
alif, AT A R R /N D 200~300 H
FEE N 1 g/50 g BERE , BEEME V et V ww=3:2,
[Tl PCZH 73 I 28 WOAR (T8 A6 I 410 i 3K 97.32% ,
2SO A 35 K I EPA FI DHA (9 AH X % 4 35

42.88%,

1.3.2 SH-SYSY M7  SH-SYS5Y 4l &
10% FBS ) DMEM ¥5 332 (%4 100 U/mL ¥ %%
ZF1 100 we/mL #E % R ), 7E 37 C % 5% CO, 1Y
fE R CO, A0 I35 TR b Ji 98, PR ML A= K Ol B
2~3 d 1 R AR 3 G TR 25,
2 AR AR AR 13 AR LAY IO 50 1) 4 i
P J 1] R B B 58 ' Sl Aol B X 24 I 2
1T %L,

1.3.3 A% rd

1.3.3.1 PD @Rk Rk F 40 M3 Fh T 96
fLAR, >4 SH-SYSY 42k K %5 3k 70%~80%Hf
AN X B (AN IS i MPP*) \MPP 56 28 il
25 V2 (IS A 55370, TC AL ) , MPPH 55 26 43 5]
JIA 150,300,450,600,1 200 wmol/L. MPP*, 153
24 h 5 AT KA 3 A, B 4 FLAEPAT .
1.3.3.2  PCrpyous I IR E B I3 T 96
fLAR, 4 SH-SYSY 4t g 2F K %5 i 3K 70%~80%
SR 1) X B AN MPP* T PCrpapin; 2)
PD #5541 ;MPP* ;3 ~5)PCppypus T~ i 2 : MPP*+
PCpyons (I P R0 543 5104 2,10,20 pmol/L)
6) ZFHA, WEAEFRI, LA, MPP (600
wmol/L) Wi AT 6 h [ iz % 41 ¥ i A [\ 551 42 i
PCrpynn FEAT FIAL B | A5 T 211 A6 BE 2L A (7] {4
R, IS MPP4k 2215 5% 24 h J5 dE47 W48 I
K o, B4 4 FLAE AT,

1.3.3.3  CCK-38 fill 40 ffu ¥4 58 1% J) #% B 1.3.3.2
THEAT oA B R A S LI A S 5 T CCK-8
VS 20 WL, S5 FRAAGREEEEFE 1.5 h J5 T K 450
nm AL W OCAE I TR0 MO TR . 40 R AE X
jj(%):(A wpa—A wom)/ (A gua—A 2pn0)x100, &
FLAZI 3 WK,

1.3.4  JEMESE ROS Rl 4% BUUAFR LE 1:1 000 H
JC L1 B IR R B 2,7 O R LR TR
(DCFH-DA) , 24 i 4 10 pmol/L., 41 Ui 5 I
BF T i B U9 DCFH-DA |37 “C4i g 15 32 44
MIEE 20 min, #fF 3~5 min BENR S —F  ffi £
BT RN T 4 2 A, G LY AN R % VR VR 4N
L3 vk, PAFRsr KB A A0 1) DCFH-DA
K2 YT bR AL AT RE I, (5 FH 488 nm 3 A& U
£,525 nm B SR, RISk iR I s
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1.3.5  Zifer RNA 4250 A e i s 1k 40 i Of &
B TR ,2 000xg #0> 5 min, 5+ WS,
JIMA 1 mL Trizol Zf 40 fu 24 % , = IR CE 5 min,
BT ML R T 4 CAMET 12 000xg B> 5
min, FULTE , A 200 pL 505, IR G55, =il
BCE 15 min, FFRIE R, T4 CHMET
12 000xg &0 15 min, WL JZ KA T80 880 4
L A 500 L SN EE IR A ISR, & R
5 min, FERMEEHRE, T 4 CHAET 12 000xg &
0> 10 min, 37 FIEH, R BAY RNA DUTBOE L,
A1 mL 75% & B3, v B0 8, BT
RNA, T 4 C& /T 8 000xg & 0> 5 min, 5+ I
HW, T 10 min 5, iMA 50 wL. RNA-free
water A fiF RNA #Ehh, 025 )5 B T-80 C&H .,
1.3.6  RNA-Seq SCEM & W P HU 5 pg &
RNA, { F oligo (dT) 2k Xf Hfk A7 1 48 4l 4k, % L
HT A PolyA 1) mRNA #EA7H: ek, # & 2k
1 mRNA 7E & il 25048 T R Z o B2 e 4T
Bl i 2 3 e S AR DR i Befk i RNA & K
cDNA, SR H KBFTFE (E. coli)DNA poly-
merase 1,5 RNase H #E17 4% & A, KX &8 DNA
55 RNA (95 4 XUEERE LB DNA XUEE , [A] IfAE —
fE A DUTP, K XUHE DNA B AR S £h 57 0 F R
Ui o PR P 0 45 0 b — > A Bl (B AS 5K
vt A T BBk B Sk R AT R, M REER O H
BOR/N AT S 24, DL UDG B IH 1k — 4, 7
2 PCR i HIE i A Be K B0 (300 + 50)bp 19 3C
J# . B 5 il Tlumina Hiseq 4000 I 774 4% B AR
HERRAE XS H AT X0 I 1 | 1324 150 bp,

1.3.7  WFEs 40 A i Cutadapt 1 P9 &8 (1)
perl B 2240 5 18 E &% 95 g% | AR BT RE R
B X DL Y reads, i FastQC 56 UE ¥ 51 i, il
F HISAT2 #4444 L3k reads BT 2 fip . //ftp.en-
sembl.org/pub/release —96/fasta/mus_musculus/dna/
R 2], filfi ] StringTie 2 2% 45 4~ FE A< (1) W 5
reads, #RJ5 i LC Sciences BJ% 7 Perl A&
A e R AR LR 5 e sk 4. L FPKM 11922

SAER > 2 #i< 0.5, P < 0.05 MR 2% F F ik
RN, 52 % KEGG B w22 7 R KN k177
R E 00T,

1.3.8 Bl #r SR SPSS 21.0 #E47 & & M4
B, 3 00 KU 35 LU S (A e (i 22 R, R
H EXCEL MetaboAnalyst 3.0 S 15 )1 7 £& 43 #7 °F-

£ https ://www.omicstudio.cn/tool SZ B,

2 #R57e
2.1 MPPHEER EHIF 1%

MPP J3 6] 248 M 3% 7 1 s i DL & 1, F BT
L, HHRIEART 300 wmol/L B, MPP*X} SH-SY5Y
ML 7 B SE R BN TR 2 MPPAE R B2 Y 3
hn,SH-SYS5Y 4 ft i 77 2 3 TR (P<0.05)
24 MPP#¢ £ 35 F] 600 wmol/L 1 1 200 wmol/L H |
B % 24 h J5 40 M TG 1 86 BEAH 4 ) R [ (53.71
3.21)%H(70.83 + 4.83)% ., NIk, J5 228 56 vE %
600 wmol/L. MPP*i#E47 PD &5,
2.2 PCeaoin Z % MPP*E S SH-SY5Y 4
EA T

PCipyps X MPP*i5 3 1Y) SH-SYSY 41 fifd % /1
(52 UL 1L 2, BB 2 BT, PCrpyona P 751 22 4K 61
PERESR MPPH F#9 SH-SYSY 40 i% /7, HA K
R IR AROCR N B3 (P>0.05), T i )
PCpyonn ZH BEAE T 20 40 B 1% 7 53 0038 m (19.96 +
3.80)%F1(30.77 + 6.01)% , % 7 HA G il 2 8 X
(P<0.05),
2.3 PCerapn Z#% MPP+E S8 SH-SY5Y 4Rk
EERE

& 3 AT ARG ) AR OISR X R
2 SH-SYSY 40 Jig LA BE 20 g o 32, /b & 41 fifl &
7, 4 M MY s 2 R A T L)l 98 45 44 7 40
[]JE Gz 3216, PD A5 7Y 20 4 B A5 == i /b, BB
A0k W AR Ak T2 e B 40 i G B A 9 R
TEAER 2 A AR R SRS 2 A il
AR BIE R AR SS BRI D 28 PCrpyonn AL BRI
SH-SYS5Y 4 J i BE 45 PD B A2 1 2 s, B
LT S TR S S50 G TR 52, 2230 1E 5 4l LB

A
BN o



H24k K5

EPA/DHA & B fig BE J2 55 5 MPP*i% 349 SH-SYSY 28 g 45 45 69 4% 47 15 A 141

110 -

I AR X 35
Relative cell viability/%

A AL 150 300 450 600 1200
MPP*¥ i
MPP* concentration/pmol - L™
T 7 R 50 IRZHAH LE 22 53 .35 (P<0.05), T 1Al

1 MPP+R B X 48 Bl i& 71 B9 5% i
Fig.1 Effects of MPP* concentration on cell viability

(a)XTHE4]

(b)PD # %1 2H
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8 g AH S
Relative cell viability//%

0
AAL BURAL 2 10 20

PCrpuony #eJE

PCrpypis concentration/pmol - 1!
B 2 PCeapmn 3 MPP*% 5 /) SH-SY5Y 4 & 1
kAl
Fig.2 Effects of PCppypuy on the viability
of MPP*—induced SH-SY5Y cells

(¢)PCrpmin e 7 A1

B 3 PCerapma ¥ MPP+%E S8 SH-SY5Y H AR %
Fig.3 Effects of PCipypus on the morphology of MPP*—induced SH-SY5Y cells

2.4 PCeraomn &% MPP+E S SH-SY5Y 41
ROS &

F & 4 AT, 42 MPPARHLS | L2 ROS 7K
SR R IR (3.90 + 0.72) 5, H 22 5% B & (P<
0.05), 1% fl PCEPA/DHA 317 il &b # 1) 21 Jitg
ROS 7KF- S50 S Ak R Bk 3, P IR s 40
2SR R 4L ROS KT 490 F R
FX ALY (217 £ 0.43) £ AT (1.61 + 0.33) 4%, H
25 % (P<0.05),
25 HRAZFHEFESW
25.1 ZSRHENGI  FxF A PD AR FE
F R PCypyony T FL 4L (KPC_PD) #F 17 % 55 41 2 1
J¥, JEXF A AR 25 S RIR N HE AT S i, LA
log, (22 A5 50) ARl , LL-1g(PAE ) M9\, LL2r
R E L EAhEE T, KENESFADR
FLeH O EILE S gei R E L6,

H 6 n 1, PD 414 0 IR 4 i 2 b H LN

5

ROS #H X 7k
Relative level of ROS

g BT 2 10 20

PCipypuy concentration/pmol - 1!

B 4 PCeapn X MPPi% S #) SH-SY5Y 4k
ROS #8137k F 19 8 i
Fig.4 Effects of PCgpypuy on the relative levels
of ROS in MPP*~induced SH-SYSY cells

2 965 4, T 1 605 4~ ; KPC_PD 4H %5 %t FE 24 i 2
#1463 4, Fi#E 1101 4> ;1 KPC_PD 4H% PD
HIBE FWEEE 1054 4, T 1248 4,
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Fig.5 Volcano plot of differential genes among groups
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Fig.6 Histogram of differential genes between groups

252 KEGG & 7Hr X 257 W 1T KEGG
AT AR LA T AN 8, Al 7 WL PD 41
AT R 4 22 18] 14 22 S i DA X2 25 4 B ROBE 4 (R
bosome ) ,AMPK {5 7 if % (AMPK signaling path-
way) . S R(55H M (Insulin signaling path-
way ) \Hippo 1% 5 il % (Hippo signaling pathway) .
Z [} e P 28 28 filk (Dopaminergic synapse) , N 7
i (Endocytosis) . 24 2o ki (K B g # (Mi-
tophagy — animal) mTOR {55 % (mTOR sig-
naling pathway )%, Hi &l 8 n] 1, PD 47 KPC_PD
21 2 1) FY 2% S ik D A 2 AR B PISK-Ak {5 5
# (PI3K-Akt signaling pathway) Hippo {5 5 i #%
(Hippo signaling pathway) . 4 i % & (Cellular
senescence) MAPK {5 %5 i #% (MAPK signaling
pathway) | 2 EL i BE it 26 28 fifl {5 53 % (Dopamin-

ergic synapse) . TGF -beta 17 %5 i % (TGF -beta
signaling pathway) .p53 1 %5 # % (p53 signaling
pathway) . JE B B8 A 28 58 fish 5 *5- 38 #% (Cholinergic
synapse )% .

253 ZEREFES A2 FABE KR E
FEH AT T AR 1, o AL B R 1L
22 S R IR L AT BR 23 B, PD v MT-
NDI .MT -ND2 MT -ND3 .MT -ND4 MT -NDA4L .
MT-ND5 MT-ND6 NDUFSI MT-CYB .MT-COI .
MT-CO2 MT-CO3 MT-ATP6 MT—-ATPS Fi
ATPSMC3 %5 3RO B2 35 i, Hodh MT-
ND3 MT-CYB MT-CO2 MT-CO3 % JE [N 3% 35 &
A g %F B 4H 49 0.04,0.06,0.05,0.06 1% . KPC_PD
g LR AR PD B 3 BE, Hh MT-ND3 |
MT-CYB MT-CO2 MT-CO3 % 3 [N 2 1k & 43
b PD 40#9 16.92,14.52,13.72,10.21 %,

HWR, 22 T e S 5 finh A AR 1 R OG 22 S B A
HEAT B ARG B . PD 40 UBA7 .UBE2L3 .DDC |
SLCISAT % K= D A xf M4 i 2 F 8 ,SNCA |
SNCAIP .PINKI .DRD2 F1 ADCY5 4 3 [H %5 Xf &
B LE, Hoo SNCAIP ik & 3% i =X}
HEA1RY 9.14 % ,UBE2L3 ik i i 3% T~ 8 % % 1g
HEY 0.12 fi5, KPC_PD ZHH Fif 3L R ik 548 PD
4 R 3 E 9, Hod SNCAIP %3k 7 0 PD 411
0.101%,

It 4h ,PD 4 " IDI ID2 .ID3.ID4 SPPI .
SNAI2 XIAP SGKI .CXCLI2 ILIB %3 [H ik &
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Btk DNAZ i
AMPK(: 5 ) M - °
B A 5 i ° PI3K-Akt {5 ilikk - @
SR M TRP - ° WXIG e
ORI LRERGES S L e Hippofii‘ill#h @ Pl
T2 SRR A A - e 0.0025
CGMP-PIKG {3530 o MAPK (i 53k | @ Ig;ggfg
(SUpsLEiEl] . ® 40 2 Eheh e Rfh - L] 0.0010
R -4 g TGF-beta {3 il # . Riazw
£ Hippofi il 0N X% el RS o
E T SO g B A R . oo
2T wkueme . nos | = 2 PSS it 1 o2
e kil b Iuoos TUE MRTARREING S e o
TE ek B 0004 = SRS £ ® 50
= mTORfi%ils ® i S kR e ® 60
0.000 o ® 0
WS KIES . BRI
R @ LY T
AN AR . Rapt i il - ®
REMARS NG ® i i 2 e -
AR BRI AR . AN NEER | e ‘
025 030 035 040 045 0.2 03 04
BT BRI

Rich factor

7 PD@AMIREAEREREMN KEGG 217
Fig.7 KEGG analysis of differential genes between
the PD and control group

XA R E M, Hd IDI D2 SNAI2 CX-
CLI2 =ik R X 41 % 0.05,0.08,0.07,0.05 15,
i SLC25A6 DDIT3 VDAC2 Fl VCAMI %5 3L R %
KRN A 2 B, o DDIT3 F1 VCAMI
A3 5B R R X ALY 7.65 £ A1 8.52 % . KPC_PD
i bR N R Gk A PD 41 W i, Hod
IDI ID2 SNAI2 .CXCLI2 ik EHZE PD 41/
18.40,12.96,13.00,14.63 1% ,

3 itit

B b WA AR HOE O R IX 2
REPR 28T Y KRS ME (BRACFIFE T, LA K H 5% B
$ b |0 T8 0 T8 R M AL TR AR (Lewy /NMA) (19T
B Lewy ZIMAIE B OG5 A0 BRI 2 a5 il %
# H (a=Synuclein ) i 55 B4 . a-Z k& A ]
URERY TR o S S 1L Y: (K SR I ey L U O]
Z W&, SRR RAL S o2 fil A% A 2 0
PERRER, 40 AN B8 A B 3 5 B 0] 25 o) 28 50 ™
AR BEPET IR AR FET SNCA BE 2 a5 fill
B B R OB R, &5 PD A 5% Y AH
K WAL By N 25, PINK 1 Ay [R) 5 s 1 g — 5k

Rich factor

E 8 PD % KPC_PD A% REREH KEGG 7
Fig.8 KEGG analysis of differential genes between the
PD and KPC_PD group

EHE IR 1 L, 7R GORL R Sy
A7 &A% T B AR, W 9 0F S 5 A= 78 PINK T (3 3%
IR AR U £ B R BE Al 48 0T R R ¥2 Ak 1§ (Tyro
sine hydroxylase, TH)ZRik 5 2 EL LG R,
SNCAIP %i i -5 fil 4% 2 1 09 A AR T8 1, )
PR3 Lewy /IMAKE AL R Y R #h 22 A M, ik
R AR EIESE S PD B A& YIS 32
BN T A A8 2 X S 8 A R R AT
Wep it %) T ZE A0 BROAIL AR, T o 5 Ml A 2R 1 45 4 B )
e N &5 EZ R-EAMERED R R, 5
o T Ml A% B 0] AR 4R R R TP L Lewy /MK,
HE T 51 A2 o AR RN, A WESE T, PD A
SNCA .PINK1 Fl SNCAIP 1) 335 - 55 %) BE 41 g 3%
VAT UBA7 (12 R WG B 7)1 UBE2L3 (12 R %
FE £213) 235 35 T #8278 PD 4 a-%
il A% B 11 % 28 S 0 RN B 1 5 R T BE SRR
SR, 7E 28 PCopypmy THAL LY KPC_PD @, |k
FEA ) ik i 2 M, R PCrpaony A B T 05
/L SH-SYSY 20l N a— 58 fili % 2 11 14 5= 8 & A
SRR DT 2 fift b 2 T i

W R, A% oy BPEREAL T B H ML IThy
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Protective Effect of EPA/DHA-rich Phosphatidylcholine on SH-SYSY Cells Injured by MPP*

Ge Lijun', Lu Weibo', Jian Shikai', Zheng Huimin', Xue Jing"*
('Institute of Seafood, Zhejiang Gongshang University, Hangzhou 310012
*Collaborative Innovation Center of Seafood Deep Processing, Zhejiang Gongshang University, Hangzhou 310012)

Abstract To investigate the anti—Parkinson’s disease (PD) activity of EPA/DHA-rich phosphatidylcholine (PCpypypia) and
related mechanisms, MPP*-induced SH-SY5Y cells were used to construct a Parkinson’s disease cell model, and the ef-
fects of EPA/DHA-phosphatidylcholine (PCgpypis) on the viability, cell morphology and ROS levels of MPP*—induced SH-
SYSY cells were analyzed, and the mechanism was explored by transcriptomic techniques. The results showed that the
optimal condition for PD modeling was 600 pmol/L. MPP* treatment of SH-SY5Y cells for 24 h. The relative cell viability
of the PD model decreased by (53.71£3.21)%. PCgpypuy dose—dependently enhanced MPP*—induced SH-SYSY cell viabili-
ty, improved cell morphology and reduced cellular oxidative stress levels. Transcriptomic results showed that the protective
effects of PCgpypus on MPP'—induced SH-SYSY cells were closely associated with improved mitochondrial dysfunction, im-
proved dopamine and synuclein alpha-related functions, and inhibition of apoptosis.

Keywords PCppypuy; Parkinson’s disease; oxidative stress; transcriptomics



