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Abstract: The dynamic changes in gene expression profiles of human embryonic kidney (HEK)293 cells during the injury process
induced by food contaminant patulin (PAT) were-analyzed: HEK293 cells were treated with 5 uM PAT for 3 h and 24 h, and the differentially

expressed genes were screened

a digital gene expression (DGE) tag profiling technique. Gene ontology (GO) enrichment analysis and
Kyoto Encyclopedia of Genes a es (KEGG) pathway analysis were carried out, and some of the differentially expressed genes were
verified by -ti?‘;uantitative polymerase chain reaction (PCR). The results showed that 79 and 261 genes were differentially expressed after
3-h and.24-h PAT induction, respectively. Among them, 71 and 192 genes were upregulated, while 8 and 69 genes were downregulated. PAT
mainly induced the differential expression of apoptosis-related genes; differentially expressed RNA degradation genes were all upregulated, and
differentially expressed RNA polymerase genes were downregulated. Most differentially expressed genes of ubiquitin-mediated proteolysis were
upregulated. Mitogen-activated protein kinase (MAPK) cascade signaling genes were mainly involved in the downstream process, and most
related genes were upregulated. The DGE technique provided numerous clues to renal cell damage induced by PAT at the molecular level and

laid a foundation for the study of the biological effects of related genes.
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ACTB tegtgegtgacattaaggag aggaaggaaggctggaagag = 178

2 ZR5L

2.1 PATxt AR & 20 fi 7 25 B 40 B, 7 7 89 5% )

0h 3h 24h
A
Light phase |
Hoechst 33342
&1 PAT i ﬁﬂkﬂt
Fig.1 Cell morﬁloglcal ch caused by PAT treatment
120

Cell viablity (% of control)

100 +
80 F
60 | *
40}
20}
0 0 l 3 ’ 24

Hours after treament
2 PAT XF4RAGEIE FIH04EI
Fig.2 Inhibition of cell viability by PAT
SIEASMEL R I, 5 uM PAT 4bFE HEK293 #ifif1
24 h SRS R A W RHSCE, AR N %
MM EEAR AL % (8] 1A). SRH] Hoechst 33342

40

XY A TR Tt S5 KW, 5 uM PAT Ab#E
24ch B 5 RAMIESH B R, KA, o9
K AN A% U R, e iR A, Pl T
TEA (EAB s ARG JJFIK, 7E 3 F124 h 5 PAT X}

YA ZEAH 5008 5.9%F1 47.6% (B 2),
22 MF BT B E R IR A
250
W Up-regulated
Down-regulated
200 F 192
5 150}
(=]
4
£ 100
:2 71 69
50
8
0 Ohvs3h Ohvs24h

35 uM PATAE3 h, 24 h ZREFRIEER
Fig.3 Differential gene expression of HEK?293 cells treated with
5uM PAT for 3hand 24 h

XTREZHMIA 5 uM PAT 534545 550 (3 h) . IR
(24 O A id e mnd S P 204, 23 1521 3282379,
3416010 13461725 4~ clean tag. F|f clean tag #4T
P E R IR FRIE L. GO 4 #f KEGG 155
R AT
MNE RS EILRBCN 22748 4>, HAEA CATG
AR REON 21495 4, (RS FE RN 94.49%.
Zb Ny iV, PO -3 ISR DHEEAL i A (A V-2 1 T
40 A AN 2 IR B R 43301 13016+ 13083 AT 13235
A, FERFRIE B> B 57.22% 57.51%F1 58.18%.



MR BRI

Modern Food Science and Technology

2017, Vol.33, No.6

el i ik FDR<0.001 ELA7% % e 2 £ DAk
MR, IANIRSZ PAT AN T RIAHER . ik
B, 3h. 24 h 32 5 uM PAT %312 7 RIEFER 4>
BN 79 MR 261 A, Horb BIFRISEERE 8 71 A
FT192 A4S, FIFEFIEEERH 7304 8 M 69 ANCILE 3D

23 =RARAME L

IR GO 7P RIK R, W ZERFIEEE R 73l H b
WAL E . T Ihie. S5 REMBRERAT 17035
iR 4 s, b 2RI K, A2
Wt i 25 1) T UMEZEIERZ . Sokifdk. S A 2 n4n e
JREHKIT . R TIIRERM T, Ao R 2
FA45e. BRI G . BB E s, Aoy
AR AT S . JARERAS. MAPK
59 B CBIRRE. B/RZZIEERANIA SRR A

a
Golgi apparatus m3h
Vesicle m24 h
Ribosome
Peroxisome
Nuclear
Mitochondrion
Plasma membrane
Microbody
Envelope
Cytoskeleton
Cytoplasm ? : ,
0 20 40 60 80
Number of genes
b Kinase binding m3h
Signal transducer activity m24h
Transcription regulator
Hydrolase activity
Protein binding
Oxidoreductase activity
Nucleic acld binding
Metal ion binding
Transmembrane
Protein kinase binding
Ligase activity . . . ;
0 10 20 30 40
Number of genes
C l B 1 Apoplosis B 2 Purine metabolism
Tr 03 Spiceosome B4 MAPK signaling
3h B 5 Oxidative phosphorylation B 6 mRNA surveillance
B7 Cell cycle B & Endocytosis
6r B9 RNA degradation B 10 Tigh junction
B 11 Parkinson's disease 112 Phagosome
» 0 13 Focal adhesion 14 Histidine metabolism
o 5 15 Alzheimer’s disease B 16 Pathway in Cancer
5 117 Ubiguitin mediated protelysis 1 18 NOD-like receptor signaling
< 4
=]
8 3
=]
=
=
< 2
1

12345678 9101112131415161718

C2 25 B 1 Apoptosis B 2 Purine metabolism
B3 Spiccosome B4 MAPK signaling
24h 05 Oxidative phosphorylation B 6 mRNA surveillance
07 Cell cycle B & Endocytosis
20 - B9 RNA degradation 0 10 Tigh junction
B 11 Parkinson's discasc ¥ 12 Phagosome
8 013 Focal adhesion 1 14 Histidine metabolism
= 15 Alzheimer's discase B 16 Pathway in Cancer
g.’n 15F 17 Ubiquitin mediated proteolysis 18 NOD-like receptor signaling
(A
=]
1
2
= 10f
=
Z

1 23 45678 9101112131415161718
A W4
& 4 ERERFITHRESS . S FINEEREMHFIZA GO IEE
e

Fig.4 Assignment of genes classified

molecular function,

functional categories:.c

ellular compon
Sin

KA T T, SRR HIZE 3 .
24 h NRIEZFIRT 2 B, RS Bk 2
Ji7Ne, BT RBL, S2OPAT R TEAE A O R ZLI
ock protetin B8)FE[A, fE3 h. 24 h &
K E T ARMEFEGT R 615 fE 0 607 £5. HSPBS
R R TERRASER, B THE. .
TR AT T S AR S e ThRe, SAE
M FUAL ., BURIARSD . AW 5 R I HSPBS
(1) 7 i R IK G 7R HAE PAT (VAR F At S A i
YEFH . JaBRATIEXT HSPBS JE[H7E PAT &tk 4=
VI DIReEAT RGBT . HRIZE REER 53 310 K 3
M, bR SRAEALIERR L. AR
By, HEFIZ. RNA BE S, ZR1NSFHREER
NI EREPENE

PASEZIN € 5 PCR J5VESSUEAN [F] AL BERT[R] (324 h)
Je MR AR b R 70 R ) mRNA SRIA/KF, G55 40
K5 o, BARRIAEEISH 25, (H 4 NERIRIL
WHEEH 5 DGE NP4 REE AR —2, XK Y] DGE £
AP AL ) His BA B RS FE AR

FERLIEF 2 AN TR i — SR 2 340 7R Ak A,
Horbr 263 52 PAT IEVREE, 77 ALK SZ PAT ffififz.
T PAT REVE SAIM R AR T- IS, BATE ST
T IRE R RR I I 45 L], —3LF 23 M
FEDA5Z PAT f, HHAfE3 h A 6 MATIEK, 4
FIEFRIL, AE 24 h BPA 22 NMERZRE (17 NS
i, 5 AREHE . AR EZEY K caspase Kk

(CARDS, caspase 8 recruitment domain family,

member 8). FET-ZEMIESE . Bel2 Kk (Bel2L12,
Bcl2-like 12; BMF, Bcl2 modifying factor). TNF 52

41



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.6

& Zjf (TNFRSF1, tumor necrosis factor recptor
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Table 2 Genes with more than 2-fold difference in expression at 3 h and 24 h after PAT treatment

Fold change Fold change
Gene Gene description ID
(log2)3h (log2) 24-h | 4
HSPBS8 Heat shock 22 ku protein 8 615 (9.3) 607 (9.2) NM 014365
MIF4GD MIF4G domain containing 5.0 (23) 54.(24) NM_020679
ULBP1 UL16 binding protein 1 4.6 (22) 5.4 .024) ‘NM. 025218
BCL2L12 BCL2-like 12 (proline rich) 42 (21 3.7 (1.9 ' NM_001040668
ATP6V1C2 ATPase, H+ transporting, lysosomal 42 ku, V1subunit C2 38 (1.9) 3.6 (1. 01039362
WWP2 WW domain containing E3 ubiquitin protein ligase 2 3.8 (1 é)4 (1.8) 007014
IF127L1 Interferon, alpha-inducible protein 27-like 1 35018 TN 35 (8) NM_ 145249
FIS1 Fission 1 (mitochondrial outer membrane) homolog 33 .01.7) 4.0 (2.0) NM_016068
RNF34 Ring finger protein 34, E3 ubiquitin protein ligase 32 (1.7) 3.9 (2.0) NM_025126
HMGNI1 High mobility group nucleosome binding domai 1 3.0 (1.6) 23 (1.2) NM_004965
CSTF3-AS1 CSTF3 antisense RNA 1 (head to hea 3. 6) 3.1 (1.6) NR_034027
COPRS Coordinator of PRMTS3, differentiation stimulator 2.9 (1.5) 3.1 (1.6) NM_018405
TM2D3 TM2 domain containing 3 28(15) 3.7 (1.9) NM_078474
PITRM1 Pitrilysin metallopeptidase 1 2.8 (1.5) 23 (1.2) NM_001242309
NCDN neurochondn'na 2.7 (1.5) 23(1.2) NM_014284
RBM38 RNA binding motif protein’38 2.7 (1.5) 3.0 (1.6) NM 183425
UNKL Unkempt family zinc fi 2.6 (1.4) 2.5 (1.4) NM_023076
REEP4 Receptor accessory pr ein 4 / 2.6 (1.4) 32 (1.7) NM_025232
GUCY1B3 Guanylate‘cyclase 1, soluble, beta 3 2.5 (1.3) 5.1 (2.3) NM_000857
CIAPIN1 Cytokine induced apoptosis inhibitor 1 24 (1.3) 33 (1.7) NM_020313
SNX7 - Sorting nexin 7 24 (13) 3.0 (1.6) NM 152238
PAPD7 ssociated domain containing 7 24 (13) 22 (1.1) NM_001171806
SLC37A3 k olut ier family 37, member 3 23 (12) 24 (1.3) NM 207113
PDXD ‘ Pyridoxal-dependent decarboxylase domain containing 1 23 (1.2) 22 (1.2) NM_015027
C 36 Chromosome 6 open reading frame 136 23 (1.2) 32 (1.7) NM_ 145029
NDUFA4  NADH dehydrogenase (ubiquinone )1 alpha subcomples, 4,9 ku 23 (1.2) 2.1 (1.1) NM_002489
UFCI Ubituitin-fold modifier conjugating enzyme 1 22 (1.2) 22 (1.2) NM_016406
FAM135A Family with sequence similarity 135, member A 22 (1.1) 34 (1.8) NM 001162529
IGBP1 Immunoglobuliin (CD79A) binding protein 1 2.1 (1.1) 2.5(1.3) NM_001551
SURF1 surfeit 1 2.1 (1.0) 2.4 (13) NM 003172
PI4KA Phosphatidylinositol 4-kinase, catalytic, alpha 0.5 (-1.0) 04 (-1.3) NM_058004
FAMI173A Family with sequence similarity 173, member A 04 (-12) 0.3 (-1.9) NM_023933
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