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A] ;SW-CF-1F i TAE G, TR R B IR M 2 28 25
SEARAIRA A HFO0 A AL 746, s
A Wy IS 7 B s RS AT 5 T2 {81 B A ) 8 AR
H 7 JE B ; CFX96 55 B 2 ft PCR X, 3% [E Bio-
Rad;c BotClonal Amplification System HiSeq 2500
Sequencing System , ¢ [ [llumina /A F] ,
1.3 REHE
1.3.1 HEK293 40 1 3% 5% M ik % 43 2 B
HEK293 4ii ffi 4270 T 6 LA 1, 42 F0 %5 Bl 5x10°
cells/mL, & T TE I AR 35 5%, 40 00 73 Ry % REZH 4
Vit MR 2 15 5% 24 h i AR 4L 1 wmol/L
() WNWAD ¥ 9, it 8 41 A 46 455 20 24 0 A 45 4 5¢
SREFREL USSR W 24 h 5 B AL Ry
HIIMA 400 wmol/L i A AL EFHBEWL, X REZH Jin
AKGFREE W 3 A & T RAR T E 24 h,
1.3.2 & RNA Mt 54k 78 HEK293 2 fifs
BrRgh st 2 %t 3 41 HEK293 40 i it 4731 1k
WedE, B RNA 942 HU% ] Eastep®Super £ RNA
PRI SR AE VLI HEAT . 40 RNA 2467 i 2
i J >R FHBS O 0 B K 5L RNA D20 it 284 figk i v
Sy ok I HIJEK S BEBE 2~3 WRBR L 24 T R
Agilent2100 X E. RNA #E47 Bt £  , FH RNeasy
micro kit A1 RNase—Free DNase Set i 7 & 47
alifk.,
1.3.3 RNA Jifs Mg st 2lifb)5 9 RNA 7 554
A6 EE TR I E P K 260 nm A1 280 nm Y OD
B AR ODy/ODy, I LB AN TT RNA 946, If
BT g 50 RNA SEATHEERS LUK, Hidr 18S il 28S
W I ETENE B o
1.3.4 RNA P CPEME T 5 RNA-seq B2
& RNA P rRNA 2= )5, #4ifb iy RNA 2647
R B ACARBE B OKE RNA RCFE SRS — . 4%
cDNA, X} cDNA #17 K ¥l 52 3F 4% poly A iE4E
2 37wy b, e B 4 Sk & 2 5 cDNA B IR
HEZLE . H Qubit® 2.0 Fluorometer Il & I 77> 3C %
(I FE | FH FastQC vO.11.5 K450 5 SCPE i,
EAHEJE , KM Nummina Hi Seq 2500 X 3C % i
T,
1.3.5 L4l xf b fn L R Rk i K TR AR

reads 1 JE R 25 BT R B 5 A DU 4 Sk SR G A%
1Y reads, 15 2 T 41 reads., % A Hisat2 (version :
2.0.4) KT ¥ reads X H 3] 3 K 4 (version :hg38)
b B B BE 4 b reads A% RE R B R SE A
FIRACOF BRI ZAh i 5 HE PR B AL A A
M A ¢, Ml FPKM (Fragments Per Kilobase
of exon model per Million mapped reads) X} 3 ik
E AT 0 —fLAb P | B 75 2 1) fragments (a
pair of reads) K F Stringtie (version:1.3.0) X} H
L

1.3.6 RN ZERFRIRNT FEAS R 22 3 5L Y
B i F edgeR #4733 #5 il FDR (False Discov-
ery Rate)KULE p-value [ {H , % 1E 5 1 p—val-
ue Rl g—value, 22 55 FE IE 2K g—value < 0.05,
] BF, MR 4 FPKM fB 3530 22 5 3R A A5 85, B Fold—
change , 25 5 3 3£ B 25K (Fold—change) =2,

R T ik 2D WA R R ak e PR R R AL ) A
Yo &, B R FERB R A GO s
FER AT A8 . X IR PEFT GO 43 25 R
O3 R 328 AR A Yk AR A0 O Ay T D RE
A E4T KEGG 3 i #r .

1.3.7 Geitortr A5 R IR NV B 55 M
27 B R T 2 o B FOR 56 R 20 ) 22 S5 1) W
P W3 P<0.05, 1 8 3 P<0.01,

2 ZBR55WH
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RIN {6 =9.5, £ ALK RNA FEf 28, A &
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2.2 RNA-Seq XEWMELR

R ZE R L3 3 FI&l 2, mIZE R mTan, fr e
JE T DAHEAT LML 28 T A DN A A% 1 RNA A
an AT AEAR S, H BR AR AR UL W X 446 5 1Y Total
RNA #47 mRNA #7085 . Bfl .eDNA &5 K
Wil R R AR 58 N R AR SC
JEF 3, i Qubit® 2.0 Fluorometer X i SC
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23 MEERREER
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5 bR, BEAE HEA T ECHE 0 #T
o ' 24 HIEWAEER
. BRI ZE RIS 5, L LT A X R B RNA 3
— f— fr2e8esk  LRF R reads, HI15 L S4B X R4 |
. POIAL | PRI AL 4 A B T R T 51 59 362 132,
75 934 696,62 435 359 %, FIH Seqtk X K15 i) 5t
L 3 7 8 f reads PEAT IS EALBE
TE X 3/D3 . X BEZH RNA; 8 3/S3 . 4 il RNA; R 3/B3. 44024 25 HEAXLE 5 RIZEEES T
RNA ; Ladder:maker, ISR IR 6, SR AT, SN x) S5

B 1 Agilent 2100 Bioanalyzer # il RNA RE % #
Fig.1 Assessment of RNA quality using

ESIN P E=Y N

Agilent 2100 Bioanalyzer

®1 RNARKZER
Table 1 The results of RNA quality inspection

L T A . %R
FE ALK HARWL EFg A/ R
(ng/pL) RIN 285/18S
1 3 527.8 100 52.78 2.00 9.5 1.8 RNA % A =47
2 %" 3 441.2 100 44.12 1.99 9.6 1.9 RNA %%F
3 2t 3 651.1 100 65.11 2.01 10.0 2.1 RNA %4F

TE A 3 % ML 451 3 S5 2L s fR 3 AR 4L RIN Dy RNA SEHETE  RNA S8 MR AOAS 6 A5, DA 0~10, U {E B  RNA 9 56 HE VB iy

% 2 BNA REfRERIRH R —
Table 2 The standards and instructions -
of RNA quality control | 7 £
B R A RIN 28S/18S 2 )
bt =70 >0.7 '
,"pﬁ
3R o 5 iR =6.0 <0.7 * 1 o I BB B
3 100 150 200 300 400 500 600 1000 2000 | 10380
% <6.0 — bp

2 ¢ DNA X E#MEERITM
Fig.2 Assessment of ¢ DNA library

% 3 Qubit® 2.0 Fluorometer T2 % £
Table 3 The quantification result of Qubit® 2.0 Fluorometer

A5 AR & AR Ril %5 & BRI (ng/pL) F %K bp
1 3 20 13.1 479
2 #*® 3 21 12.0 479
3 2+ 3 22 19.3 479

TEXF 3 S BEAL 450 3 Sy B2 s Of 3 S AR



50

2
&

Al

2024 4F55 10 14

x4 WFERRESR

Table 4 Quality tests result of sequence rusult

B 4 AR m kA 7 6] R4 BIEH(G) 020 ¥ /%
B3 mRNA Forward/Reverse 10.1 94.05
D3 mRNA Forward/Reverse 9.5 94.02
S3 mRNA Forward/Reverse 12.2 94.09
TE B3 042 ;D3 g X B AL 5S3 i 43 41 5Q20 HR=0Q20 Hi it/ 4 F i 5L 4,
%5 Clean it &
Table 5 Clean summary
o £ AR JR 45 3 4 AR A AR EI% %3 E rRNA rRNA s %/%  rRNA Bt
D3 63 047 588 59362 132 94.15 59 301 786 0.10 56 793 330
S3 80 757 042 75 934 696 94.03 75 823 481 0.15 72 748 826
B3 66 557 296 62 435 359 93.81 62 345 964 0.14 59727 328
TE:D3 g Xf IR ZH 5 S3 Sy i A 4 s B3 S 47 20 5 3 0 BOH LL 238 = (O 1 R8T 46 B8R ) x100% 5 rRNA HE =] (I 1 B — 18 575 rRINA) /3 1 5L
i 1x100% .
6 EFEAXMILAR
Table 6 Mapping result of genome statistics
5 M T ) b 3t 3] A
vt 3] K B o IR R 3 PR — AT % A pe st x
B & AR JRAE R 3 . EWSE R . . . AHats
20 9 7 5 4 ) Mg rEla BRI BEWRIIR
) % 7] e &%
D3 56 793 330 53904 728 52 408 544 496 184 52768 644 136 084 93.15
S3 72 748 826 68 406 771 67 756 192 650 579 68 218 798 187973 94.03
B3 59 727 328 56 130 383 55595 676 534707 55792 084 158 299 93.98

TE:D3 X B s S3 B3 20 s B3 Sy PRy 2 5 e % 31 3 P2 1 )3 41 Ll 8= L X 3905 PR 4 1 ) 0 B30/ D ) 5 8

26 MHAMRESEREXME

R SE R LK 3 I 4, dgs R al s, ke S %
KA () 3) R BN 2 AN B UE IH A 3t
B RE S A RS AR R OO s PR 3
1 3 A5 17 50 LA B e = B SR R | AR B R R A A
1500 o HRHE 2 35 AH DG M A B (BT 4) T DAA A 2
ASFEAS A SRR
27 EFBEMEURNTEALSFERHRGH
HEK293 4 fifl 5 [ 3 3% B9 % i

I LE R ULIE 5, Al B aT LA AR AL
H 2SR G . H Audic /48 L
Kot E B R P IKYE FH JE HEK293 41 Jifd 114 22
SR, M — AN 5 LA EE ) L s )
TV 2 fiE, B R 2E R R IEN . FEAR L
e B A S T B A EL, R 866 AN IR 25 5
Tk, EXEERT, 311 A EEFE L=
2fold) , F 555 1~ & T I (< -2fold) ; f- 4 41 5t

DA b, 2oy 226 S FE R 22 5 3R 5K 7 ik SE S ]
A 104 A B (=2fld) B 122 MR E T
P (< -2fold) . R RIBAKEAR A 95 P EE K TE
H,0, % 58145 4 (H,0, alone) A1 25 75 V8 B & Ak ik
PRI H (WNWAD+H,0,) H [F 35 1, 4 fr 7 22 5+
RIKIEDN 9.4% (K 6), TEXLEIEP h Horp 41
AN 5L A o 40 &5 S 1005 1 HEK293 33k I
P, RIS IR BT A AL K WNWAD i ik 3 i
HEK293 4iifirfr, ik SeILpe g & F i, Hrphfy 47
A EERHE o AL S S 1 1) HEK293 &3k T
P, M A VE R BT A I WNWAD i 4 2R Y
HEK293 4 fifg i $2 5L i 2 B (% 7)),
28 EREFEGO = &ELH

2 R ILIE 7 AR 8, 4] A, B R
YA AL AT A AL S AL BE HEK293 41 )5 22 55 3
K& 1 GO 45 H R AAEIE E GO 43 T
58 FE R AE 2 F DI RE (MF) AE 9 2 (BP) F1 40 ffd
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Fig.4 Correlation figure of expression
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Table 7 The genes expressed in the control group, the injury group and the protection group

N
RIS

A& B 4 AR

A AE (95 4)

RPI11-47311.9 ,SH3BPI ,RHEBPI ,RPI11 -196G11.1 ,RABL6 ,1SY1 -RAB43 , NDUFC2 -KCTD14 ,

ATP6VI1G2-DDX39B ,NIPAL2 ,C100rf12 ,RP11-119K6.6 ,CLECIIA ,AC005519.4 ,RP11-717K11.2,
ZNF24 ,RP11-1035H13.3 ,AC018804.7 ,BLOC1S5-TXNDC5 ,CTC-260F20.3 ,ASAH2 ,RP11-521B24.4,
BIVM -ERCCS5 ,ERF,AC009336.19 ,RP11-76217.5 ,SIAHI ,TRAPPC2 ,NEATI ,HELLPAR ,GPRASPI ,
MAP3K2 ,RP5-1039K5.12 ,DUSP3 ,Clorf95 ,TMEM164 ,RP11-482H16.1,ITIH4 ,RP11-548K23.11,
TGFB2 , TMEM265 , MTURN , METTL16 , SAMDI2 , ZNF804A , RP4 —583P15.15,RPI1 -97012.7 ,
RNASEK -C170rf49 ,CDIPT , RP11 —140L24.4 ,TBCID20 ,RPI11 -77P16.4 ,PI15 ,P2RY 11 ,TUBB4A ,
SH3BP5-AS1,CCDC93 ,HA PLN4,PDXP,MATR3,TGFA ,ANKRD34B,SOGA 3 ,SCHIPI ,RP11-432B6.3,
AC1384304,SUMO3,CTD -307407.11,FBX016,AC098614.2,HOXD3,RUNX2 ,RP5 —-10561.3.3,ZBED6
PAKG6 ,CTD -2196E14.9 , MUSTN1 , EIF2S3L , RP5 —1139B12.3 , RUNDC3A -AS1 ,TCAF2 ,SLXIA ,
ARM CX4 ,BAX ,RPI11-146B14.1 ,MINOSI-NBL1 ,AC010547.9 ,RP11-574K11.31,C%rf47 ,LEAP2
AC007192.4,HRH1,PTGSI ,RP13-104F24.1,GPR12,ZNF497

TIRER (41 A)

RPI11-47311.9,SH3BPI1 ,ISY1-RAB43 ,NDUFC2-KCTD14 ,ATP6V1G2-DDX39B,C100rf12,CLECIIA ,

AC005519.4,RP11-1035H13.3,AC018804.7 ,CTC -260F20.3 ,RP11 -521B24.4 ,ERF ,RPI11 -76217.5,
HELLPAR ,MAP3K2,RP5-1039K5.12,DUSP3 ,RP11-482H16.1 ,RP11-548K23.11 METTL16 ,SAMDI12,
CDIPT,RPI1 -140L24.4,TBC1D20,BAX ,P2RY 11 ,TUBB4A ,HAPLN4 ,SCHIPI ,RPI11 -432B6.3 ,CTD —
307407.11 ,AC098614.2 , HOXD3 ,PAK6 ,MUSTNI ,SLXIA ,RP11-146B14.1 HRHI ,PTGSI,GPRI2

LARIRE (47 )

RHEBPI ,RPI11-196G11.1 ,NIPAL2 ,RP11-119K6.6,RP11-717K11.2,ZNF24 ,ASAH2 ,BIVM-ERCCS5,

AC009336.19,SIAHI ,TRAPPC2 ,NEATI ,GPRASPI ,Clorf95 ,TMEM164 ,ITIH4 ,TGFB2 ,TMEM265 ,
MTURN ,ZNF804A ,RP4 -583P15.15,RPI11 -97012.7 ,RPI11 -77P16.4 ,SH3BP5 -AS1,CCDC93,PDXP,
MATR3,TGFA ,ANKRD34B,SOGA 3 ,AC138430.4,SUMO3 ,FBX016 ,RUNX2 ,RP5 —1056L3.3 ,ZBED6 ,
RP5-1139B12.3 ,RUNDC3A -AS1,TCAF2,ARMCX4,AC010547.9 ,RP11-574K11.31,C9orf47 ,LEAP2,

AC007192.4 ,RP13-104F24.1

) GO & H i FERF AT 4 FURe s 2h A
(= A B S I o | s e o [0
0005488], 5 11 45 A 16 TE[GO : 0005515 Fl & 1 25 &
W PE[GO:0043167](P < 0.05) ; 76 3 PR BIF &b i 41 i
P28, A5 AR B 3] i) 3k PR o i 2] 40 i
A 45 [GO:0031224], #H A 4b X 45 [GO:
0005576]; TEHEH LA e 2 5 0y A= Wy 2 ik B 4 2
A AR L By R g T B 48 i A AR (GO
00099871, 1.1 1 F2[GO : 00081521, 2 it 1k 72 (1) I
TGO :0050794], 41 Jitd A% 15 3 F2[GO . 00442371, 4H
J 3 TR A% 3 [ GO . 0050896155 , #A 1M, H Hii 5 [H /3
FURIEF W R BES B0 A 45 51, W% aE ad i
5 it — 20 BIE

Pl S WA A A (B3 vs S3), 1 226 4~
225 HFE T A 168 A FEE gL ] GO & H i,
TEFE AT 20 F o e s e h, AR m bl i &

A o B 20 A3 AL A P 45 6 16 1R [GO 10097159,
KR 45 A 1% [GO:0003676], BHES T4 4 0t
[GO:0043169], 4 J& B T 45 & 16 1E[GO . 0046872],
DNA 254 7% M]G0 :0003677] (P < 0.05) ; 78 3 [H f
Qb () ML 2H 53 43 2l A AR BB Y R PR A T
B B A B4 (GO 0031224, B £ B 43
[GO:0016021], = /R FEAK[GO 0005794 ; 7 FE K LA
K& 5A i for 2, AR e L i S A
B 53 BC B0 ALY B RNt R [GO - 00100337, 4
i 2 1 52 AR A% 5 8 BR[GO : 0007166] , 48 Jifd % 4 #l
YR R [GO:0071310] 1 N 42 fi [GO .
0046907].,

& 8 /R /& Rich Factor HE4% /i 30 19 GO
% H ., HH Rich Factor =(FE4 GO term F 2 7
FE R A H H /BERS T N B GO B R Y BT 22 5
KR AR H )/ (FAS GO term H40 & YL AL H Y/
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Fig.6 Venn diagram showing numbers and percentages

of gene expressions induced by peptides and H,0,

RERS X L E GO Xtk 5 b i B iy £ K H ), Rich
Factor # K, /8 E FE R E K  g-value 22 H
R KL IR 2 J5 1) p—value , BUE /N R IR &
A

AN, X0 A AR 2 AT 2 S R DR R A T
GO Thaesrtr. TEAEMER” (BP) h, SEKF
(vich_factor) e W45 H b . H &k E[GO:

0051216], 4% 4 40 21 & e[GO :0061448], [ #4 51 2
(1) 25 8Bl 15 5 [GO :0031098] , 75 7K Fk /)N il 1) 5
iz [GO:0048193], 4 Ji 103 i A5 22 53 24 1 o 45
[GO:0007346],MAPK 15 5 % 5 75 [GO :0043408],
21 B JE 451 A9 18 15[ GO - 0051726] (P<0.05) , GO 43 #Hr
iR, XEEFIRIANIEHFTES S T4
BagE Ak PR T LA A LS AR R A 2 A A A
AR, Ihe S g A R A A A T A BRI A
Kt
29 £REFKEGG EBBEENT

AL R ULE 9 FPE 10, fgsfarm, tad
FALEIE SR HEK293 4 i it 22 53 46 3k 1) 3
WA e 5T 2 5@ B0ES, Xk 54k
V7 ORT A0 PR JR T A B R PR S . KT 22 R
IR B A U N S R A A B4 15 (KEGG)
BE 2, i WER B B0 SR B X A% b 22 Sk
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BT A5G SR P B R 0 SR Y ORE 5% 38
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induced Helia cell apoptosis via regulating TAK1 u-

Transcriptomic Analyses of Antioxidant Peptides from Egg White on H,O,-Induced Oxidative
Stress Injury in Human Embryonic Kidney 293

Zhang Yan, Wei Rujun, Zhang Ting, Liu Boqun, Liu Jingbo®
(College of Food Science and Engineering, Jilin University, Changchun 130062)

Abstract This article used transcriptomic analysis and bioinformatics analysis to study the differentially expressed genes
at the transcriptional level and related signal transduction pathways of antioxidant peptides from egg white on H,0,-in-
duced oxidative stress injury in human embryonic kidney 293. The results showed that when HEK293 cells were injured
by H,0,, 866 genes were differentially expressed compared with the control group. When egg white—derived active pep-
tides were added, a total of 226 genes were differentially expressed in the protected group compared to the injured
group. Among these genes, 95 genes are expressed in the H,0,-induced injury group (H,0, alone) and the egg white—
derived antioxidant peptide protection group (WNWAD+H,0,). Among these genes, 41 genes were significantly up-regu-
lated (=2 fold) in HEK293 damaged by hydrogen peroxide, but these genes were significantly down-regulated in
HEK293 cells pretreated with WNWAD, an antioxidant peptide derived from egg white; and 47 genes were significantly
down-regulated (=<-2 fold) in HEK293 damaged by hydrogen peroxide, but these genes were significantly up-regulated
in HEK293 cells pretreated with the anti—oxidant peptide. In the end, these differentially expressed genes were analyzed
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for GO function and KEGG pathway enrichment. The results showed that these differentially expressed genes may be in-
volved in multiple biological processes such as cell proliferation, differentiation, apoptosis, and cell signal transduction.
KEGG pathway enrichment analysis results show that the differentially expressed genes in HEK293 cells injured by hy-
drogen peroxide may be involved in the mitogen—activated protein (MAPK) signaling pathway, transforming growth factor
signaling pathway, WNT signaling pathway, and hippo signaling pathway, inositol phosphate metabolism, p53 signaling
pathway, cancer regulation pathway and many other pathways, these pathways have a greater correlation with oxidative
stress and apoptosis. Among them, 13 differential genes are involved in the conduction of MAPK signaling pathway.

Keywords antioxidant peptides from egg white; oxidative stress injury; transcriptomics; HEK293 cells



