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[ABSTRACT] Objective To explore the expression pattern of Micall2a gene during the early development
of zebrafish embryos and the effect of this gene on zebrafish vascular development. Methods Whole
embryo in situ hybridization was used to detect MicallRa expression levels at different stages of early
embryo development of Tg (fli: GFP) transgenic (labeled with green fluorescent protein) and wild type
zebrafish (AB). Micall2a gene expression was downregulated by microinjection of a morpholine antisense
oligonucleotide, and real-time fluorescent quantitative PCR was used to detect mMRNA expression of the
gene at different developmental stages of zebrafish embryos. Laser confocal microscopy was used to
observe and analyze vascular phenotypic changes in zebrafish after the downregulation of Micall2a.
Results Micall2a was expressed in the brain, heart, and vascular system of zebrafish embryos at the
24th, 36th, and 48th hours post fertilization. The mRNA level of Micall2a increased after microinjection
of morpholine antisense oligonucleotides, inhibiting vascular development in zebrafish embryos,
resulting in internode angiogenesis defects in zebrafish. Conclusion Downregulation of Micall2a
expression inhibits the development of blood vessels in zebrafish.

[Key words] Micall2a gene; In situ hybridization; Vascular development; Embryonic development;

Zebrafish; Vascular dependent diseases
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GirhFGA Y, Micall2a ZEAEBE S LTI 54
R — 50, (HEAEPE D fL O S & B R
TER AR S . HAT, Mical KIEHDIRERFIE
TR B MG . iR H A LR B HESI IR
RONEFRAM R, EEEX T AR B R EARD)
BEAAATERE 7
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MARBREZ— HRSEOIEEE KM N ILD
. (1) 5 F2KES5h (5 hours post-
fertilization, S hpf), HFHRZFTMUIAR H OO E R F 74
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IR R E s —E, B 0 i R A
WSRIETHIRE, 14~ 16 hpfiBBERKTHZ&HAL,
TERIME R A5, MR LT s & 20 i AN
IEIMANE, M — 2 Rl . &
FEHIA G EF K, 224 hpf 44 H B GEER .
HTRSAEENEXSHAGHEGNS, BTy (i
GFP) %55 R B By 1 I A R A e 1 e R
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AR ME A B EHHR LT SLE R,
LA BRI R N I — B 51 I AR BRI R v, %
BRI A O R RBEME T o 1970 FEAXH] Folkman 2
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WERA IR M AR R S R AR . RN 2
DIRHOG, BEmHEsh 7 e i A sy s B 2 A2
ARSI F A RBE S0 Te (fli:GFP) FIEFAERIBED,
fi (AB) WIFFANR, RASMIGFEAILZEAR, &
W Micall2a B RITEDE 1 R AR B [F & B B B ik
(RS O G B O TR R L A R
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SEIG 7T RE PR SL S0 PR R s o B o
(45 S20210911-1001) , Firf SCEGHR/EFL IR FE 18 K 7
SEAS S ObR R ERRRE T T o
1.2 sEIEIKF

L — ZBE (diethyl pyrocarbonate, DEPC) A
ETAEPTRE (RE) BRBERAFE &R (585
B501005) o b =E bR ic A IR A7 24 22 R EE (Anti-Dig-
AP, $8511093274910) FI%E H S K N E Roche A
Flte BN RNALE B BAEMEARBIRAF 5 (57
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Invitrogen NE R (185 AM9770) » DNA Marker. #8
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Jif§ 2xphanta Flash Master Mix (£%5 P520-01). /=& R
P Je Bl 7L E & PCR A& MK 7 & ChamQ SYBR ¢PCR
Master Mix (£55 Q341-02) F1% =fUsehfoe b & &
PCR FRIE R (HiScript ITRT SuperMix for qPCR, a=1
R323-01) Jrd nliaMERAEYIRIR M A BRA F A= o
FmkRz (75 R21111-500 mL) 9 _Ei R AR
BIRAF . FFE (615 542858) NALE H REFR
FARAE M. SRR (635 M0375) FZE[E Sigma
NEIFE . SP6 RNA AT (£75 P1085) Mg =M
(b)) EFEARERAF . TRzl & (575
10296010) A ZE[E Invitrogen A F] = fo Tween—20 AL
HEKERMZARAA M (175 8221L0410) . BM-
purple—AP (55 11442074001) H%i =+ Roche A & 7%
o £ Micall2a 31K 2 L RNA %R () PCR 5 14) H1 R
HelmEYRE RN ERAT &K, ETFS T
585 -GATTTGAAGAGACGCCGCAT-3'F15'~ACCAT-
ATCCTCCGCATCCAG-3',
1.3 AR

SOXE3 BE72E LT : FREXNaCl 14.6 g KC1 0.65 g\
CaCl, 1.81 g. MgSO, &1k 4.05 g, A ddH,0 7855 7 iR
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G, BHEZ1L, FH022 pmERGTEE, 1XE3 R
il BRE20 mL A 50XE3 F5FRIAT 10 mL AL FHEEEE, 0
FlloL@aiKF, RTES. 0.003% A i fix
(phenylthiourea, PTU) BZzEwaiicd]: FREXO0.3 g PTU ¥}
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MS-222 37K, FH 300 mL 8B4l /K 78 /AR, REER
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PBST /AR ] : ¥ 5 mL 10xPBS %[ 45 mL DEPC 7K
i, FAN50 pl Tween—20, FRAASHEHECH]: IRHEL 25 mL
FAEZ . 12.5 mL 20xSSC. 460 pL A8 (1 mol/L,
pH 6.0) F150 WL Tween-20, JIA DEPC ZKANZE 50 mLo
Ze R MR BC ] . PR EL 25 mL H L% . 12.5 mL 20xSSC.
460 pLATER (1 mol/L, pH 6.0). 250 wL F%EE RNA
(20 mg/mL) . 50 pL AF E 9 (50 mg/mL) F1 50 pL
Tween—20, fII A DEPC ZK#NZ 50 mLo 4% 25 2% H I [i]
ERHCH]: FREL4 s LR AR, FH IXPBS 727315 iR
G, E&EZE100 mLo
14 HMESEZEE

SZRE TR BT — R, R A= BB o
Feo 1 2mFR Al (R APRE) . IRHE
BT ER AR, FREEREZEIN. K2R
G SR RIGREE R (1xE3) fr, BT28.5 “ClEH
BE 7R RS FREAL, 24 hpf FFUATE 1 0.003% PTU 1A TR
PR, DARG IR R EEAER, 53 5I7E 24 hpf. 36 hpf Fll
48 hpf, FEL20 Z£BE AR, Jo 4% 23R FEREIA TN
TEREM FEE2 h, 2RfGHE Tween—20 A 1XPBST
EWE, HEEK, —20 CiEfF.
1.5 ZRRRBFEMFTERT MicalRaBERIX
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EHKIEMA, =R T RIERRAE R E BRI %S
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APTREMIFE 4 CibrR, SAJS{HH PBSTIAWEE, A
BM-Purple-AP VA% 37 "CEE T, BfE1 h FIEERE
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Wik, DONHH, EREMEMENE, DR AR,

DI R I A AR 1
1.6 RREHIBMRXEREETE MicalRa®
ExRix
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AATAGCCGCCATTCTCTC-3, ¥ 3 ng Micall2a-Mo &
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S 7E & PCRIEK Micall2a FATEN . RI% & TR
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RINARZAIFE: 2xChamQ SYBR qPCR Master Mix 10 L,
E. RS04 pl, cDNA 200 ngiR5], BEMA
ddH0 R RN E 20 pLo SERTEE PCRFEF: 95 CTR
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2 NRETER 401K . ISfRIIZRFE: 95 °C15s, 60 C
155, 95°C 155, RNETRGHINZ N E & PCR Y
M ZRFIA MR ZE, 17 PCR @ BN HIEFR TR
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1.8 HAHREEMKEMNBOELRS
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50 hpf BESh H AR 7% 10 2%, FH BRI 25 MS-222 JRR i
JG. FH0.7% (N s Bt iE b 8 g 1) ZE A1 A 35 5 I
o FFEHE Nikon AR HD25 e H R A A BT 22 BT
DaERRFRMERNLZEER: EERMAE T, AlEsg
B MABOEERAET M 20 5 L&, I
HTEIGEH,
1.9 Hitoth

BSLUGEEE 3R, #F GraphPad Prism {4117
Gt o . WAL ZE R RA (iR, PAP<0.05
NESEEZIT R L
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2 #®: H . Micall2a SR A %5 (B 1) 7E 36 hpf fif
] FY BOE T 00 JE TG P R A D10 3 5 2 58
21 Mical2aBEEM DS &IPS RIE B85, RHELM DML T 48 hf MEE G,
SIRIAE RIS G R TR, 1224, 36RI48 hpf ) Micall2a 5 [H 7656 5 6 0 0 BERT AN SF R A 5 2 5
BETh NG A0 TS E AN R BB TAMmE  AEE.

A B C
|/
e DA . . DA
A Mg L

i DA
PCV pPCV L/

’ ’ Iéle PCV

A gr g

F: A~CoBIAZREE24. 36F 148 ho ISVATEIME, PCVAGEEEK, DARNEERK. Brakik, He O (A& KERNE)-
Note: A-C, Micall2a expression levels at the 24th, 36th, and 48th hours post fertilization in the zebrafish. ISV, intersegmental vessel; DA,
dorsal aorta; PCV, posterior cardinal vein; Br, brain; He, heart. Red arrow indicates the location.

El1 MicalRaB RN S &L E R FHRIFRIX

Figure 1 Expression of the Micall2a gene in the vascular system of zebrafish embryos

22 MicalRaBRAFRXTESEMIGRIEME  ERKRETHAAVSME, H8429% s K e/
BRI FILRE ;. 7E 50 hpf (KRZAJZE 48 hpf B 248 15 [A] 45 &
¥ Micall2a—Mo T3 5 21| 1 21 jfo I HH 6 %% B PR B 2 BIEA), £925.71% 875 R I8 A K 2 1 ER N W)
1 Tg (fli:GFP) FRFAT, 45 BI85 % 24 hpf #1150 G, B, T MicaRe ERREGEHERT
hpf, FECEHERERMRGRARWEIF oot DE 550 hpf, Micall2a 3 525 IR AG R 3 ikE
RGBS, ERWE 2R, Mical2a i S RAMEEZY, HFHAKS M2 HLE
Rt 2H DE S5 1 JRRG 7E 24 hpf, (B2 2.86% HY T3 [A] ML M (E2)

A Control Micall2a - Mo B 100
B 1o DLAV

:j Cross myoseptum
To myoseptum
Under myoseptum

80

24 hpf

60

40

ISV phenotype /%

20

50 hpf

Control 24 hpf 50 hpf

Micall2a - Mo

FANEMESEBME Y ERER TAEERND & Tg(fli: GFP) MicalRaEE (MicalRa-Mo ) FiFEHERARPBSEERNS &
(Control ), HIEFESHE24h (24hpf) F150h (50 hpf), HSEHIEATENEESHHALRERHERGER; SUARYED
Me (DLAV) HABXLET, KFENBEAREECRERT. BASEHURSERMBPTEIME (1ISV) £KNREL (IeNEEREY
MHpamenNneg, BerFINREE, EEARXERRE, SeRNRET). BE10MEE, B8MRIBREIT7ISV.

Note : (A) Laser confocal microscope image of internode vascular morphology in zebrafish embryos with microinjection of morpholine
antisense oligonucleotide knockdown of the expression of MicallRa in Tg (fli:GFP) transgenic lines (Micall2a-Mo group) and injection of the
same volume of PBS in transgenic zebrafish (control group) cultured to 24 and 50 hpf. The dorsal longitudinal anastomosis vessel (DLAV) is
indicated by a solid red line and the horizontal septum by a yellow dashed line. (B) Phenotypic proportion of internodal vascular (ISV) growth
in zebrafish embryos (red indicates blood vessel growth to the dorsal longitudinal anastomotic blood vessel, orange indicates growth
through the myseptum, yellow indicates growth to the transverse myodiam, and green indicates submyspheric growth). 10 embryos per
group and 7 ISVs per embryo were counted.

B2 Tif MicalRaBEZFRXE 245050 hpf BB EEIEPHEMNENESER

Figure 2 Morphology of zebrafish embryos larval internodal vascular after the knock-down of Micall2agene at 24 and 50 hpf
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2.3 MicalRaEE TifEE mRNAKFIEM

N T RIE Micall2a BRI R FER0R , SR SEIN 2
7E & PCR B 77 {EAR M Micall2a mRNA #5582 KSF, £5 5
ZSHA ;. T£ 24 hpf, Micall2a—Mo 7 5T f5 Micall2a mRNA
KL EF s T XA (P=0.000 5) ; fE 48 hpf,
Micall2a—Mo 13-4 f5 Micall2a mRNA 7K i 3% =5 % i8
H (P=0.001 7) (&3). 524 hpf L#, 48 hpf [
Micall2a=Mo 2 mRNA 7K {5 3 /=5 T 24 hpf ] Micall2a~
Mo 4 (P=0.0013),

##

micall2a mRNA relative expression
N
T

24 hpf 48 hpf

E: MicalRa-MoHARHFIEIRBMR X ERER NARERKRS &

Tg(fli: GFP) A MicalRa ERAFHIZFEZHE 24 h (24 hpf) F150

hpf; XFBBANESFHERARPBSHEERKRDE., SHBALLE,

“P<0.01, **P<0.001; 524 hpftBtk, **P<0.01. BHISPKH,

IRWES 3R

Note: The Micall2a-Mo group was microinjected with morpholine

antisense oligonucleotide and the expression of Micall2a in Tg (fli:

GFP) transgenic lines and cultured to 24 and 50 hpf. The control

group was injected with an equal volume of PBS. Compared

with the control group, *P<0.01, **P<0.001. Compared with 24

hpf, **P<0.01. The experiment was repeated three times for each

group of 15 embryos.

3 ERYSRHEREE PCR A MTiEST Micall2a-Mo [E Bt S & R A

AW MicalRa EEFTXZTk

Figure 3 Real-time PCR analysis of Micall2a gene
expression changes in zebrafish embryos after
injection of Micall2a-Mo

3 g

MR R 3 i B o ¥ oa PSSR, HRT A IR,
B E 8D Mical RIBEEA, HHE Mical2, Mical3 1
Micall2 IS EATTRBR 55 R FITEEE A . e, SR8
o Mical A EBERIA THERZGMIIAHAL, TR
S, WUZZHSRS A AERER S, 3 TFELsh
YIRIIRRG &, BRI T 2308 Mical TSR

A, JEHENFEATHERS 7, MfEREEmR
FLENHLR T, Mical KRR EEFRIA TN, BHE.
TN SN = N1 N s AN 17N 2N S AP Y S
Y B AN F S A AL 1. Xue 1 BFRRAE R B R,
MicalRa TR TS MNE ., ZANAHFFEHE N Z4s8 45 5 [H]
FEAESE, Micall2a BERIFRIATDE S ARG HA R I £
gi, 5 OERARIE, FERRRIGHEI A
A ) 73 A

A 4 B B I 2 B SN P (A PA D Jo58  ) FAl
BN ME & E Al Pl AW AP e S &4
(vasculogenesis) FIIME#Hi4 (angiogenesis) o2t A
R A e, R AR I 75 W 2 AR R
SN ANEL, i SEMRELEER. MmER
WA KRR R EE R, S
ARG REIEN, B T ARG R M E R
SR o AR SEA IS PN B AR e = PO bR i
G BB D0 Tg (fli: GFP) "), 5595 Micall2a %
RIERRRG BRI R B R B DIRE . 7RSI Micall2a B [A]
RIKG, A 24 hpf FBE S AES 7375 8] L A e
KEEHAAYEINE, FELREEH (50 hpffF),
I8 AR KT 0] 32 Z B 5200 o [ S A 578 5k FH SR 22
Y6 E B PCR AL AR B Micall2a BRI, RITE
A Micall2a—Mo BIBE S E IR AR H Micall2a FE K15 =
TXPHEEH, XA EE 2 BT Micall2a—Mo SEZFE R AN
BB, MW~ EREER, BREZH
RNA B AT, KIS SRt — 5 AR %
Ao

L bRmA, EXE SR B R T Micall2a 3
HeE Mg ks, EhykiarisafE—
BT ARWHFEEE RN — PRI Micall2a 5 R 1
PR I A A A PR T ER AR AR

[EZ{CI2 7= Medical Ethics Statement]

KRR RO BN LR S REMBAFIRNCE
ZRETEEAE (H5S20210911-1001), FrESLIMIRIENIZ
BREBAFLRHY P ORERERERT, ERPEIE
IEYLEPSERESFSIESVE-3

All animal experiments involved in this study have been
reviewed and approved by the Experimental Animal Ethics
Committee of Nantong University (Approval Letter No.
S$20210911-1001). All experimental operations are carried
out in accordance with the standard operating procedures
of the Laboratory Animal Center of Nantong University and
in accordance with the relevant laws, regulations and
regulations of Chinese laboratory animals.
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