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Abstract

MicroRNAs are involved in the regulation of animal life processes, including growth, development,
biotic and abiotic stress responses. MicroRNAs and target genes have been shown to be involved in
the response of aquatic animals to environmental stress. To explore the biological function of
miR-153 and the effect of dibutyl phthalate (DBP) exposure on the expression of miR-153 and its
target gene AKT in Daphnia magna, we performed alignment of miR-153 sequences of various
species. Miranda and Targets can were used to analyze the target gene of miR-153 and perform
functional enrichment analysis. The changes of miR-153 and AKT in D. magna after DBP exposure
were detected by real-time quantitative PCR. The results showed that the sequence of miR-153 in
11 species was highly conservative, and 20 bases were completely consistent. The 742 miR-153
targeted genes are mainly concentrated in DNA template, transcriptional regulation, redox, signal
transduction biological processes. miR-153 targeted genes are involved in the regulation of endo-
cytosis, smooth muscle contraction, cytochrome P450 metabolism of allotropin and other meta-
bolic signaling pathways. After DBP exposure at different concentrations and at different times,
compared with the control group, the expression of miR-153 in D. magna increased significantly (P
< 0.01), and the expression of AKT gene was opposite. It showed a negative regulatory relationship
between miR-153 and AKT. The results showed that miR-153 may affect the expression of AKT
downstream-related genes by targeting AKT genes after DBP exposure, leading to an imbalance in
the vital activities of D. magna involved in AKT. This experiment provides a scientific reference for
analyzing the toxicological mechanism of DBP on aquatic animals.
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1. 3]

AR2R W R — T IiH(dibutyl phthalate, DBP)J& —Fh WA ERMEG WIS A, AF 38 88570412 N H
F)ERl, BRI SRR 1] SR AN IR T R AR AR N P2 AR AR TR B B
Bt BB E RN (2], BEE R SR EA R A2 A, DBP A ATER REEAN TOKIREE, B
BIAEAKAR . AR DU IR b i A U 2 DBP [IAF(E[3]. DBP i&v] LA ER, i@
B KA AR DK AR N B ARSI Y . AR AR, B DBP WKEERIHIIN, KEEth
(Larimichthys crocea)- J& % %' AE i (Oreochromis niloticus)~#(Cyprinus carpio)F4L 4 (Oncorhynchus mykiss)
S5 RZAG I AL R IR PRAIC, SUT AR TR AR Ty, RO 0 RS K AR S B 1) R B AETA (4] [5].
PR AR IE | DBP X KRG (Daphnia magna) G BRI 2 18 PETEME L AR TA T30t RS S8 IR R 4
egifi[6] [71.

MicroRNAs (miRNAs)/&—3H 20~25 MEERRALKN . fRF IR AEgR IS 55N 3T RNA, il 55
R mRNA 37 JERH 3 X 58 A 2 A HAMICXT[8], FEMAFEEE R mRNA i H LA . B4 miRNA 7]
PAE I 20 JLH 32 JUE A mRNA FFA0 R, RIS E N2 5 00 E 22 A s 30[9]. £ S M

][l
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(Brachydanio rerio) " ar il 31| — L8 5 40 i S GE AL I K B AHOC ) miRNA, 41 miR-738 i ik 5 3P 1 it
RO ME 21K, miR-738 AliEId Wnt 5 5B AE RS A OIEK E . miR-155 (EFAENEEH T R
2 cyb561d2 FHE[H, AT 5 M B 1 0 200 i 384 5 DA S A7 35 22 10] [11]. miR-8 S PHBE 5 f IR AR 17532 1A
T, Be S LEBETE BT I SR B M BORS B B AR i B AR IB [ 12]. EARGE A — 5 5 R EE bhE N
FHOEH miRNA, TEANFARIMSERR T, S5, MEHUARXT NGRS S B[ 13]. (EE 4
JBARE R T, AN S R SEH miR-155 Al miR-181a FiAETHE, miR-155 Al miR-181a @i
M HO-1 2K 2 553 8 5 iR 1 B IE e e 2R B2 U8 14] . 4 Wi(Ostrea gigas tnunb) Il 41 B AE 52 E 41 1R B
B SIBNNE J5, miR-10a-5p A miR-184b 52 B4, FR4ERFAL UGN 5 A BEDIRE[15]. AWHIT
F W FRBE(Daphnia pulex)®t B4 BRI 215 miRNA G, 1 miR-2. miR-33, miRNA @i
GTPase FIff i J2 85 FUE RS R AT, HGUMRE &0 ML iR dEid 72, T4 s 2RI B i 32 [ 16].

KAVE R — M Z AR sh Y, RBKESRATYM PR3, HTHEH S, £K
WEEDR WFRTE 5 TH#AE AR FE, W AEAKESEE AR EY17]. HATST DBP
25 LR K PRI Y5 Gt /K A AL IR AA 2B B AR A0 s I AN 56 R A S B i (1) E e o ik, 5 DBP R 88 /KA
B4 miRNA &AL PR 7S A WARIE . miR-153 & —MESE LR RSF I miRNA, @il 7% H It
K, 5. A AR 8 T A A iE B[ 18] AKT /B8 miR-153 MHEIEDR, & —Fhe2 & iR/
R, WFONE A B, S5%ME S WK, WaEE. 755, /RNESIEm®%9] [20]. &
LARTE AN G, X miR-153 (R #E4T GO M KEGG Wifig & 4401, WFRRE TARIKE .. A
INFE] ) DBP X KA1 miR-153 MIEEEE[R] AKT AWM, LU E 2S5 DBP Wi e M sEEE R,
RN A BT #5718 DBP % KB 1 35 1 L A B Z AL -

2. R 55*%
2.1. SEIGEHIFNZ54 40 TE

LIS R BLRRIRE T T /K AE A E S = . B R AT IOME AR5, 58— b4 s e
RN 30+5 H/L, 3R 3~548, R EWHEMNFDEHTEE5%K.

KRANES Sy =21, WAL R B A 25 T I EUEIKE 1.0 A1 2.0 mg/L () DBP 1, —2HAExt i,
HHKE 4 NEE, SPMEZFEMPIN 100 RKRB. AT 0 KR B s m spat a5 5, Szad A
AN 24 1 48 h JEHAFIE IR B A BN 1.5 ml B0, W7k 4o AT I 1 85 0o 5 A A B RE UK
i, AT /5% miR-153 F AKT JE[E [ gPCR 7347
2.2. miR-153 FFHIROR P 1%

KA miR-153 FARk B T IRS4H AT DBP B&FE F KM miRNA LiAENFEE, FHN
UUGCAUAGUCACAAAAGUGAUG, 5&RE miR-153 F5—3. M miRbase 4 FE T &E3KE 10 4

MEGA 7.0 #fE1 cluster w HVEHHT 2 77 51 LE X o

2.3. BERFMMER S

miR-153 [#EIE K@ T TargetScan (https:/www.targetscan.org/vert 80/)F1 miRanda
(http://www.microrna.org/microrna’home.do) 3k 5.

fiFH GO 1 KEGG 77 #fr miR-153 $EE R EEAY) F IRt kS 5 T E2E S . S8 DE R
fH°5 0.05, 18 2 25 14 B 42 /0 BT RE I 8 miRNA-mRNA ¢ RATH 1) = B S ThRg .
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2.4. qPCR

AN E L 40 RE I RANE L RIFEUK B WHEEAE RNeasy W (QIAGEN, SEE)F 1%, 2.
El . VeSS EEZ J5. H TaKaRa MiniBEST Universal RNA Extraction Kit 75| & (E 44 T2 Ki&EA R
AFENFRICK B KBNS RNA, A0 RNA 7362 f5, 2380 CHIUKFE .

1E 1.2%3FEbiEER: 2 HT RNA 528, ] Scientific nano drop 2000 (nano drop Technologies
Wilmington, USA )KL i 8 RNA FIVE FI4E R . miR-153 S Eg SR A=) TRA TR A B3R AL miRNA
Ist strand cDNA synthesis kit 1 SYBR® Green Premix Pro Taq HS g-PCR Kit IT (Rox Plus)i7fll . AKT
PRI 2658 SR A9 23 7] i1 Evo M-MLV RT Kit with gDNA Clean for qPCR %} KU ) 4 RNA #HT U 5%
qPCR 7E Applied Biosystems™ 7500 {5347, KBZ&MF: 95°C 30s, (95C 5s60C 20s), 40 MEH .
LA U6 /BN miR-153 (NS5[, Beta-actin {Ey AKT (I S48 . KA AKT £ [H NCBI /7515 7:
LOC116917643. H NCBI-Primer W il4F k514, KA U6, Beta-actin 51 ¥k 51 H[21] [22],
T qPCR HIBIYF 5104 1| Fias, AR T A TR (L) 78 e N2 2724 0 3 K % miR-153 AT AKT
FEDRI AR 05 &

Table 1. Primers for gPCR
# 1.qPCR FTASI#

Gene Primer sequence (5'-3")
miR-153 CCGCGCGCGTTGCATAGTCACAAAAG

AKT primer R CGGCCATCCATTCTTCCCTTT
AKT primer F GGACTTGCTGAACCACTCAA
U6-F CCCCATTTATGAAGGTTACGC
U6-R CCTTGATGTCACGGACGATTT
Beta-actin-F CCCCATTTATGAAGGTTACGC
Beta-actin-R CCTTGATGTCACGGACGATTT

2.5. BIRabIE

1 ] Excel (T-test £&:56) A1 SPSS 17.0 (one-way ANOVA)#AES3#15% FRZL AT DBP AbHEZ K7 7% miR-153
AT AKT BRI ERIE R, p<0.05 AEFA SRR L(H*RR), p<0.0l AZERRILEEZEH>LR).

3. 458
3.1. miR-153 FFHIRFHE D

7t miRBase #(#ft FE RS S0 B BE S, JEPNIELRSE 10 MOFTI miR-153 ZFFH]. KR,
FORBE BEL AR AZREE 11 MR miR-153 RIS R BANE & (08717 ) F S tabmic SR (5 2). %
ANPrFP miR-153 FPHIKE A 20 £ 23 MEEALE, H A RANE miR-153 JFFIKE R 22 Mt .

BT Clustal W I Z FE FIRT LA 0T, RBUKTE miR-153 S0 4R FRBERIF 62— 5, 45
B GWAIR B R T E R, BED . 29, R, Do AR BRI 11 MR, DRSS
B miR-153 () 20-23 (IAZFER T U, 55 1 358 20 MEFFERIRIE 72 & — 2L SR F5LE 1~3
MEHRRIIZE R 1), B8 miR-153 7EA4 WAk A% b s AR+ .

DOI: 10.12677/ams.2022.92015 143 PR EERTI


https://doi.org/10.12677/ams.2022.92015

Kiin S

Table 2. Mature sequences of miR-153 in eleven species

2 2. 11 M miR-153 BIRELES

o l K
27 Wy R3S (R ot
miRNA name Species Serial number Conservative sequence length (bp)
. KAV
dma-miR-153 Daphmiamagna T UDGCATAGUCACAAAAGUGAUG 22
: FOR
dpu-miR-153 Daphnia pule MIMAT0012642  UUGCAUAGUCACAAAAGUGAUG 22
dre-miR-153a-3p Dfifr%io MIMAT0001849  UDGECAUAGUCACAAAAGUGAUC 22
hsa-miR-153-3p Homoﬁapiens MIMAT0000439  UDGCAUAGUCACAAAAGUGAUC 22
&
mmu-miR-153-3p Mus f;;‘cu s MIMAT0000163  UDGEAUAGUCACAAAAGUGAUC 22
- o
eca-miR-153 Equus caballus MIMAT0012936  UDGEAUAGUCACAAAAGUGAUC 22
e
ocu-miR-153-3p s MIMAT0048270 UBGEAUAGUCACAAAAGUGAUCA 23
Oryctolagus cuniculus
. e
gga-miR-153-3p Gallus gallus MIMATO0001119 UDGCAUAGUCACAAAAGUGA 20
15
mml-miR-153-3p sz”:f;a MIMAT0002271 UDGCATAGUCACAAAAGUGA 20
ssc-miR-153 Sus i%';m a MIMAT0002160 UDGCATAGUCACAAAAGUGA 20
. e ek
xtr-miR-153 Xenopus tropicalis MIMAT0003607 UUGCAUAGUCACAAAAGUGA 20
10 20

dma-miR-153/1-22
dpu-miR-153/1-22
hsa-miR-153-3p/1-22
mmu-miR-153-3p/1-2
dre-miR-153a-3p/1-22
gga-miR-153-3p/1-20

xtr-miR-153/1-20

ocu-miR-153-3p/1-23
eca-miR-153/1-22
ssc-miR-153/1-20
mml-miR-153-3p/1-20

Occupancy

CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA

> > > P>P>>P>PDD>

| |
CACAAAA
CACAAAA
CACAAAA
CACAAAA
CACAAAA
CACAAAA
CACAAAA
CACAAAA
CACAAAA
CACAAAA
CACAAAA

UUGCAUAGUCACAAAAGUGAUCA

N

Figure 1. Alignment analysis of miR-153 mature sequences in eleven species

& 1. 11 #4#he miR-153 REFFIMZ FHIEE xS
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3.2. miR-153 SRR T L

J#id miRanda I TargetScan K15 miR-153 EERERIILA 742 4~ 4 miR-153 #EIEFEXGT R GO B
IR 7 O)Re. ML A B =3 R ER DR B i s RIS P(J4] 2), miR-153 [RHEHE
(A =5 B R AL 7T 4 i JIE (membrane) « 411 2% 5 i (integral component of membrane) 14l il #% (nucleus ) 5 V. 41 g
HR AT H . miR-153 LB pr 2 54 )=t 2 DNA BRI #% 5% i 42 (regulation of transcription,
DNA-templated). %8 4418 J5 i F2 (oxidation-reduction process) 15 5 5% S (signal transduction)2, IXLLHERE
REEEE 54 EE T4 4 (metalion binding) F1 55 H Jii 45 & (protein binding) i 4> T ZhEE(E 2).

. biological_process cellular_component molecular_function
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Figure 2. Go enrichment analysis of target genes of miR-153

2. miR-153 $BEF K GO EE R

8 ggplot2 %t KEGG & 54 Hr4h R AR BUE A 2 IL(E 3), K miR-153 FHEEE JR2EH] 118 4%
KEGG i . Rich Factor Bk, LR 71 40 M5 5l BE & AR R 58S o P value (HBRV/), & 4EBE .
miR-153 [{J#EHE X 3 % & 24 il B (Endocytosis) (358 4N “F-HE WL 4 (Vascular smooth muscle contraction)
(175 M)~ 43R P450 XI5 48 &K 194X (Metabolism of xenobiotics by cytochrome P450) (44 M%& (&5 5
.

3.3. DBP REXTAEE miR-153 Fl AKT FikK AN

7t DBP 25 T, KANEM miR-153 RIEELHUIE 4(A)FR. SXTIRAAMLE, BEEEKREN 1.0
A12.0 mg/L [¥) DBP ¥ 24 48 /MB 5, miR-153 RAEWHIMEEFF@E < 0.01). KAE miR-153
FKiLEAML S DBP ACFI A AR EE AR, 7F 2.0 mg/L i) DBP F4bFE 48 /NS, miR-153 FikE .

ME 4B LA H, SxTRRZAAMHIL, KA R T 1.0 A1 2.0 mg/L 1) DBP &+ 24 £ 48 /I )=,
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AKT f] mRNA /KT 15 i I 2 2 BRI (p < 0.01), £ 8] AKT %F DBP % F R UK, 754 B A R
T A5 R IR A

Statistics of Pathway Enrichment

Vascular smooth muscle contraction - o
VEGF signaling pathway = [ J
Toll-like receptor signaling pathway - [ ]
Terpenoid backbone biosynthesis - [
TGF-beta signaling pathway - ( ]
Synthesis and degradation of ketone bodies - o
Regulation of actin cytoskeleton -
® Gene_number
RIG-I-like receptor signaling pathway - [ ] ® 5
@ o
Phenylalanine, tyrosine and tryptophan biosynthesi - o . 15
E
5';" Neuroactive ligand-receptor interaction - .
§ pvalue
£ NOD-like receptor signaling pathway - [ ] 0.20
©
o 0.15
Metabolism of xenobiotics by cytochrome P450 - [ ’
0.10
Inositol phosph lism -
nositol phosphate metabolism ( } 0.05
Glycosphingolipid biosynthesis - globo and isoglob - .
Glycosaminoglycan biosynthesis - heparan sulfate / - [ ]
Endocytosis - .
Drug metabolism - other enzymes - [ J
Cysteine and methionine metabolism - [}
Arachidonic acid metabolism - [ ]
Apoptosis- @
0.025 0.050 0.075 0.100 0.125

Rich factor

Figure 3. KEGG enrichment analysis of target genes of miR-153
3. miR-153 $BEEH) KEGG BENH

A B
16
12 [ O control
Ocontrol *k 14
10 @ 1mg/L
[ @lmg/L
k) o/ %*11 [ @2mg/L
@ @2mg/L 8
Ng F 10
S ® 1.
£ £
g6 2os
- <
[32]
n Z 06
L 4 £
o
E Coa
0.
2
0.2
0
0.0
Time(h) Time(h)

Figure 4. qPCR analysis of miR-153and AKT expression levels in Daphnia magna exposed to DBP (A: Expression of
miR-153; B: Expression of AKT)
[ 4. DBP & TAEIE miR-153 FFEEE AKT FIHETRIEE(A: miR-153 BIEXIRIAE; B: AKT WEXRIAE)
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4. Wig

T DBP fE/KMEEMIRFELA ARG AW E 41, DBP (/K AEAS TR RN Rk [ P9 A0 I3 1) #4
MBI FEAIE ] DBP /K AE S R B, SEGSIIAE T AR R B W RS T MR L EE(23] [24].
miRNAs J& AP N — 258 1 AEGm Y IR TE RNA Kk, 258 MA R At e, ERREREE G
BRI EZREEMN, RS54 ERKRRE U an 25, RV N RWER. €48, =
G JEFIA LG RS )0 AR miIRNA 1R IEAH 53552 m[26] [27]. DBP 5 b il 42 72 175 G4,
HAL B DU A A R CBONTR 28], (H27E miRNA 25 40 P 3 R 1015 5 m K2
T fit DBP EEVEAE FALHI AT 7858 R WARIE .

KBRS KRB )5 Yo stk i, i AR AR S E B 2R, W ROK A S R A TERTS
PP IFE RN [29]0 N T HRPT miR-153 7E DBP % Fe xR AO% 8 A F el e i NI 2SR, 3R
AT Je 647 7 miR-153 FIORSF PR FISE S R (¥ D e & B2 40 . 7E miRBase %48 22 7% miR-153 H& [R5 41 i
ITHE, KI miR-153 JZAAET MMKEE B 55 10 & MR . H AT/ HT miRNA R #EEER B0 A 00424
B EFEHEILZAEE miRNA I mRNA [ 3R IERN B X 2 18] (0 5 4 EAMAEREAT IR, 1A 0 8 5 07 B 2
miRNA (87 XIRAZ R 2-8). FRATERAER . FREE 11 ADNFI miR-153 75 bsiE A7 7
F(F 1) H MEGA7.0 H1 1] Clustal W HEX KR 1) miR-153 7415 SR 385 55 AL+ Fzny)
ff) miR-153 AT ZFEHIEEAT(E 1), RIEYFR miR-153 B RE O RIEFEFIAR R, H KRB AR B
miR-153 P52 —3, HRFEWMIMRARKERR. ZIPHIHXT 4 REH miR-153 £ EEER
o BEEER S0 HT 45 SRR B miR-153 Al EE R ECE NANE I mRNA (B 2 fTE 3), A4 4T XU R g Al
G J55 B 1 BN S B B6AIE () Jagged ] - SRCGALNT7. Snail . AKT Z53£[A[30] [31] [32].GO JERB K I miR-153
HEEER RS 5T DNA SRR i d iR AAE i g RS 5 7 S5 2. miR-153 (1)
BRI R R PR UL . ARt R P450 X574 R AR 4E KEGG pathway 15 ‘5 18 #% o
DA b 45 878 miR-153 X AEP) A i I 2 2 — 1> miR-153-$EJE R 4% W 28 2 5 I 5 4= (1 72

miR-153 G Y 50 R A A A, 463 miR-153 HJSERE R0 R LD Rt
TR miR-153 J& Ak X AL AKT (e, 25 K808 DBP PRE it 4 W 52, FRAT TR R 8 5%
#T 1.0 mg/L 1 2.0 mg/L ff] DBP &K 24 /N F1 48 /N5, FIF qPCR AR M%< DBP 8 T KM%
miR-153 5 AKT &K mRNA JZRIA BT S0 R RWRES . A AR ¥ DBP %8 f5, KAEA
P miR-153 fRIAY) B3 = TXHRAL(A 4(A)). FRIBERMIE RN miR-153 Fik/KF 8k 4s,
YiAH miR-153 75 SRRSO 8 W ia i R k3 T — € BIPEAI[33]. PI3BK-AKT JE: PG 5@ & 57K A 3)
WA i S 5 8 A 5 ) SR BN i N M5 5 8 B IR 1R [34] B IETRE B RGN (Macrobrachium rosenbergii) 42 it
SR A AL R, KR PIBK. AKT 1 FoxO K] mRNA 7EAN [ 40 2RI A ] fp e ik (] 357 HH 20 BH 2 1)
ZEFFRIK[35]. AKT & PI3K-Akt {5 5@ LI O E, SRR EEEAEMBAN. FHe. gL
B A S A MR 22 55T THI[36]. fEEERRER T, SRAFTI AT AKT MBERRAG/KTF 22 T, KRB Ma
AKT B35 P32 BI4IH], 7] e -5 FCE o i 40 J i T /K38 n[34]. K A4% AKT mRNA 7E 1 mg/L 1 2 mg/L
DBP # & FHIMIX RIEZH E N EE 4B)), H#EN DBP " A4 T4 PI3K-AKT 15 5 18 4 AH < 1 40 j 2F iy
W5l 1M KAEETE DBP #8% F miR-153 Rk E S+, AKT ) mRNA RIAE TR, IEL T KA miR-153
5 AKT #K mRNA H7HIEx &,

gE b, ARICYFNIE miR-153 FFHI LR 57 1 K LR FE R ThEEEAT /007, RIL miR-153 JFAI7E L |
I EORSE, HEDRASE miR-153 @A N S SN ) — S EEAY) LR, W DNA R 5%
W B E R ARG 5% 355 DBP £ 51 K% miR-153 2 F &1L, 7 AKT £:K mRNA
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EEmHE
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