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BHCS80 E F N HI %331 5 & BE A
TP A B B9 220

%xz= # & 1k F % ® RE#&k-
(HH RS FREEHFWENLRE, LiF 200032)

WE JEREAR RNA A AAS SR, BHCS0 HE AR 1 BEAE TP AE oK P 28 2R e L. 7 Y e R AGS 0 1) e SCSEA% IR B
b BHCSO FERFIE,  RoR RGN Wy DI HERAE PBLIX, JHIRIGIIZLANMIbRE Be3 globin VA K i ek o2 i A T 2 4 o
KT gatal~ c-myb~ Imo2 WG AL RNA JUA A8 S0 WoR, BHCS0 H:IR I N R garal Fric WG £1 28 T 44 4H i 38 5 4%
ZIFHMEAEIR, SELLAN MDA PBI DX ZL AN HERR, I P9 ARG FE N f1k-1 1) RNA $REF AL AT M9 2 s 58 o,
BHC80 H:RIZ235 YR 240 10 55 50 HE 2H AH LU i g LG W 8 22 5

X8R KO MM, BHCS0, LMK HE,
FRP9ES Q3, Q7

L NET DA

BHC 80 /& 41 £ 1 % £ Wt L 1 52 A W) (histone
deacetylase complex, BHC)[H—~%] 80 ku 114157,
BHCE A W2 5 A0 2 4 i Hh ph 25 ek L DR 1) e
SEAMH,  ATHEEE DR R Bl 1 I SIS AR AS 1) e s
PRS2 B FE 2 2R P 2% H3K9 2: 4
Bifk. H3K4 2 AL H3K9 HJEfk. BHCS0%
AP ah sl 8 SR Sy B 25 74 158 (leucine zipper
domains). AT K 45 #J £ (AT hook domain) 1
PHD % #J 15 (plant homeodomain /leukemia-associated
protein domain). BHC80) PHD 45 #4 4 fig 4% 45 &
BHC K & W11 FLAR 20 53 10 1 A i 25 W0 ) B e ik
F, 41238 BHCE G| Dhren. A i
FEAIE AT IR, R AT 2 AL R
TEAN [R5 AR 0] DL&s & [R)— AN BB 5L A ) 120,
BHC80ifL il PHD 4i#41 45 & H3K4mel/2 2 AL A
(177 1) H3K4me0, 5 W 447 41 85 138 2 1R o e 1
LW EEWE 1 (lysine specific demethylase 1, LSD1)5
SREE A 37 1 45 A BH 1L H3K4me0 H058T AL {L
Ji% H3K4mel/2, [Hifi BHC80Z 5 BHCH &4k Al
AR D Ree.

BHCS0 T B RIL T /NS P A2 R 4
FIEE LIRS BEA B, BHC80 FE IR Rtk 5 S50 L
PRI A SG A AT, TEIER A7 AR 3
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Difie, MBS ARSI N, ATl A H S A
ARRVE SR, BRI RN 1 28 e 7 e i A m] DA
ARV A IS ], B 0 385 1l AH DG i IR 1 5 i 5L3))
Wy ELAT e B R RS T B L £ R A AR BEA SR
B WIEH TS24 i & & 1Ak f2
S, FENIE G TR R I ) RIS 0,

ML AN B 2 — MRS 2R il /Y, B HES))
AP RGIE s B A5 R [ 3 0, P O I
(1)t A P Pt A s e A7 ) 53 . B S R it
i H PR R s 1 A0 AN 22 35 22 e AEL 40 Hu B BB v L
B AR LA A, iR A3 M A AR A P A X A 28
AR T IR TS AR R B AN X A
Piok S LR O Sl AN =l LTI I S ST i O 55
(intermediate cell mass, ICM). Ji 45 Fo g 40 o /2 26
— AL A0 A, AR T D £ VR i RS
WP RE, RIGITH RS, &G/ KE)5 18h
(18 hours post- fertilization, 18 hpf) i & & fifi 4= & .
ICM A2 T FLah Y R B e 3, BEai iR EsH, i
T I B A e RS2, ICM 5 A 19 i 46 2040 i
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1E 24 hpf BEAN MG IA . B 10 1) 5 1) 3 1l A
FEPAS I 25— AN DX A7 T 22 0 1ML & (posterior
blood island, PBI) , %5 —ANXIfr T K@k - LI -
o [X (aorta, gonads and mesonephros, AGM). #x
B A 0] 3 1M 2 PBI X ™ A 20 & i 2 AH 40 i
(erythromyeloid progenitors, EMPs), 1fij H. EMPs —
PR BT 24~ 48 hpf BE S IR . € 1) 38 1L Y
T2 AGM X 7= 42 2 BEid I+ 4f ffd (hematopoietic
stem cells, HSCs)™.

FRAT P vl R AR A s 1) S S5 A% TR e AR
BHCS80 3N ZKIL, H o- AR i Fr i (o-dianisidine)
PO TSR SR ZL AN i oA, PR IG JI20 4
HAR & Be3 globin LA B3 i ik i v (1) 20 B4 5k IR 1
gatal ~ c-myb~ Imo2, WL JIRNGEEAR RNA J5i 7 A%
AT SR WEE BHCSO HE PRI 3 3E T i % B 1 #6140
KA WIFEN, X W] BHCSO 11 ML 40 i & & 77 18 1)
DIGHESE RS-

1 HMRFITTE

1.1 SR

Y AR BT T £ (AB* (i 28 ) M B BE 5 £ B
gl 3k, BEE A R IH R 48 M\ J2 [H Aquatic Habitats
ANwE]GIHE, MR E R Zebrafish Book i id F
131[8]'
1.2 ERGES

N T A RANE BHCSO FERIFRIL, FH 0 BEE £
BHC80 5 9 W& TR 10 41 &7 X 35 7 41 Bt
(1) B 422 MERBRAS T 1) i SCEEA% T IR(MO, morpholino-
modified antisense oligonucleotides), BHC80-MO:
5" AGTTTCTGATGGAAACAGCAAA GGA 3’ (5
%% [# GENE TOOLS, LLC 2w 3L [ ¥ i F1 1i 4%),
REWS 555 9 N & T AIEE 10 A 5 A8 X I 45 4
{5932 )5 1) BHC80 /b 28 10 b7, 1fi % 10 4k
723 PHD D fig 45 f 3 s LA i 40, AT
{if BHC8O/k#E 5 /> PHD 4 #4J3k. BHC80-MO #ik¥
7t 1 x Danieau ZZ V76 520 i B X 40 i 3 1)
SRR IA T, N EA NG 8ng. AT
56 UF g ok wk #0B BHCSO A AL tE ., R ATTH
RT-PCR J5 24 1IF BHC80-MO %% 4. PCR Jz v
ZAF: 94°C 5 min; 94°C 45s, 55C 45s, 72C
45's, 30 ME¥; 72C 7 min. [N 45K B
10 pls 2%BA I EEIR VK, %8 PCR F=4). IE 1]
514): 5 TGTGAAACCACAG GGAGGAC 3’ , i
[54): 5 CTCTTCCTGGTGCCTTGATG 3'.

13 EEFENE

1t Olympus fi# 1] & Gl 85 T 082 B 15 10 I8 i
AR, JFHTIEASGE. 7585 WS v 4L
IGO0 A i i A, LSRG R A S ML 4
T L.
1.4 o-dianisidine &

o-dianisidine Z & FH T K% W R i if 21 2 (1 3R
k. R RIG L ERGEENE, BT 2 44(0.6 gL
. 0.01 mol/L BEMH. 0.65% L% LAl 40% &
)R B S min, T BB R SR,
1.5 BRI

WA AR B NI RG . 0 1 x PBST ¥ U6
L2 RNPEEW, EEM K HL, KRnET
65C KW HEAT A4 3 hy ARG INAFT A BT R X
RNA # 5 65C Kt 2. £ R HEE
0.2 x SSC ¥ ¥k 25, I\ anti-Dig-AP (4 - Roche
2 nl) 5 R SCRNA FREFS G ARG B RPN
IxPBST #ibE2:, PN BCIP/NBT/NTMT ¥
B30 min, WIEF [ xPBST WliIE 22 &1 &
O, 78w BRIl 4 R
1.6 RARMER

Ly A1 IR iR 0.02% tricaine(0.02% tricaine ¥ T
Ringer's ¥, tricaine JJ T~ Sigma-Aldrich 2 #])J#k
WEJE, R B 1.5%BE IR pt R e, MR IRE
A Ringer's % . MK 52 8 0 N 9RO &R
(fluorescein isothiocyanate dextran). F] Olympus BX61
BREIIEE, DP70 B AL .

2 ZERESH

2.1 BHC80EERIFRIX

TS BHCSO SER I Dife, BATTHE e
HAEPE S0 R B IR R IE . IR AR R Y
AR, BHCS0 KA 12 hpf JFHA7E B St R %
ik, 18 hpf JFUALERT M Al /NI RN i i 2 0k
24 hpf FFAATERRME A E R A B REE 1. &
Z, BHCS0 JEH EZLRIL T4 REE AL
2.2 BHCSOERFIETAFEMD & LALLM
>

TS S HER SR 1) R LT R A — M e a g
SR R0 H AR mRNA BRI 5 4ES. T
9% BHCS80 FE K X B & 1 fE i R & I sgmi,
BHC80-MO i B B iR i, &5 2R Wonid S g
JUTP- MRS . A T 560 N RS 1 1) e X 5%
HIR I %, F RT-PCR J7 ¥4 iF BHC80-MO
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F o-dianisidine ¥ (A& 36 hpf R Jif ¥ 2140 fiig
B, gk R BHCSO " MEMR R ST 41 5 % AL
HMLLEZ B E GO pREE 1, KB 3). g
CLA0 M AT I iR 4 5 OB AL, R AN
PBI [X. BHCS80 FERFIE FIH4L: DN B2 X A7
R AN AT, PRI X2 2140 0, PBI X
HILA Gl R HER. BHCSO0 FE K RIE T, {Ee4l
Wk b, wIRes BHCSO HER Dy ae 2 34 &+
S Y6 5L T A 4 L B 2 AT A A SR A 5K

Table 1 Phenotypes of wild-type embryos injected
with BHC80-MO and standard control-MO

Phenotypes
MO(8 ng) n
Normal ~ Abnormal Death
BHC80-MO(%) 120 4(3.3) 93(77.5)  23(19.2)
Con-MO(%) 120 116(96.7) 1(0.8) 3(2.5)

The total number of animals (n) was scored at 36 hpf, and phenotypes

Fig. 1 Expression pattern of BHC80 during (o-dianisidine staining of globin) were separated into three categories:
zebrafish embryogenesis normal (showing erythrocytes throughout the embryo), abnormal
(a, b) 12 hpf wildtype embroys. n: Notochord. (c, d) 18 hpf wildtype (showing both decease and accumulation of erythrocytes) and death.

embroys. (e~ g) 24 hpf wildtype embroys. e: Eyes. (h, 1) 30 hpf wildtype
embroys. t: Telencephalon; d: Diencephalon; m: Tectum; c¢: Cerebellum;
h: Hindbrain. (j, k) 36 hpf wildtype embroys. (I, m) 48 hpf wildtype
embroys. (n, o) 60 hpf wildtype embroys. (p, q) 72 hpf wildtype

embroys.

(IR H (P 2): 300 bp PCR 724 i W f /2 11 5 P 95
£ BHC80 cDNA JBL(EH 9 AN T~ 5 12 4B T,
249 bp PCR =¥ J Wi 1) 52 BY V) 2 BHCS80 55 10 Ak
7(51 bp)J5 ) BHC80 cDNA Fr B, 1] BHC80-
MO eI TN BHC80 K5

Fig. 3 BHCS80 knockdown cause decrease and
accumulation of erythrocytes
bp M ! 2 All showed o-dianisidine staining of globin (representing erythrocytes) in
embryos at 36 hpf. Erythrocytes of BHC80 knockdown embryos(b, d, f,
g) were far less than control (a, ¢, e, h). Erythrocytes of control migrated
throughout the embryo,while those of BHC80 knockdown embryos
decreased at the yolksac circulation valley (black arrows), disappeared at
the trunk axial vasculature (blue arrows) and were limited at the

posterior blood island(PBI) (red arrows).

23 BHCS80 EREFIETEX IS & ARG E A 220
i BHC80 FE R T g 5 | L (1) 21 40 ffa 5 = o />

Fig. 2 RT-PCR analysis of BHC80 expression AT BE 55 3% i 40 M b A 25, Sk TIE WX Rl T A
down regulation PE, AL I f RNA 5B 2452 7 A0

1: Injection of standard control-MO at 8 ng per embryo produced 300 bp . . e
band. 2: Injection of BHC80-MO at 8 ng per embryo produced 300 bp T 363 glObm\ gataI\ c_myb ﬂil] Imo2 EX;I%EEI]Z{ H

band and 249 bp band. M: D2000 DNA marker. J‘i%lﬂji EF‘ 24 hpf %D 36 hpf E(J ?%ﬁ'l%ﬁ .
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Be3 globin MG WALLAN Mubr i, 3 AT AE ik
I ICM X, 2 I AGM X . 5 [7] i I PBI
X K R 402, BHC80 K K ik N 41
24 hpf JILJifi Be3 globin FKIETCW WAZ4L. BHCS0 H
B 2635 T W 241 /0 36 hpf iE it B % % 4§ 3
Be3 globin AIAR/DHRINERIL, 1 PBIIX ] Be3 globin
KISAHNRZ (K 4).

Fig. 4 BHCS80 knockdown show altered

Be3 globin expression

(a, b) 24 hpf Be3 globin expression was normal in BHC80 knockdown
embryos. (c, d) 36 hpf Be3 globin expression scatterred throughout the
control embryo, while those of BHCS80 knockdown embryos were
limitted in the ICM, AGM, PBI and trunk axial vasculature(red arrows).

Black arrows pointed to the yolksac circulation valley.

gatal 7L ZIARE, 20 AT 70 BE T iR fif
LR MR AR I ICM X, 2 i il AGM Al PBI
X8 BHCSO RERIZRIA N AL 24 hpf NG gatal
FIETCW AR, BHCSO FEFIZRIL T 4L 36 hpf
W gatal A AREIL, TR CIERIE(A 5).

Fig. 5 BHCS80 knockdown show altered gatal expression
(a, b) 24 hpf gatal expression was normal in BHC80 knockdown
embryos. (c, d) Persistent gatal-expressing cells in 36 hpf BHCS80
knockdown embryos. (¢, d’) Higher magnification views of (¢) and (d).
Red arrows pointed to the ICM, AGM, PBI.

c-myb 7 HSCs FRa&, AL 1 I 5 1]
IEIMX AGM A1 PBI X, BHC80 FER ik T iH 41
c-myb FIETCH WK 6).

Fig. 6 BHCS80 knockdown show normal c-myb expression

Imo2 FEIE I - M ARG AR, AR
6 R I 1L 5 R 5 1) 3 I AGML X1, BHCSO H& K 4%
I8 AL Imo2 FRIETCH BARLE 7).

Fig. 7 BHC80 knockdown show normal /mo2 expression

M, G MM gatal v c-myb F Imo27E
BHC80 H& K33k 41 24 hpf 2§ Rk I W B 48
1. X ARG garal 23K M\ 30 hpf JF 46 &0
BB, 36 hpf X BRI gatal CATIIANSILIS,
1M BHCSO #: KL F A A #RIA, X5 PBIIX
(1) Be3 globin 33534 2 FNLT 40 o HEFA— 3, $27R
BHCS80 3R ZRIE N garal B 21 2 H 4441 3
JEI % . 454 o-dianisidine Y {7 1) BHCS0 H& N &
MR LA MR D R AR, ) BHCSO HE R
KRR R TR
24 BHC80 EEFTIETIAXMS & MER BRI

Flk-1 21 ML N B 40 F AR e 208 i A5
A2 K [l 7 (vascular endothelium growth factor,
VEGF) N2 A%, JEMlE W&, H k-1 () RNA
PREF B A A2 AR I 1 3 R B IS oL, a5 R BN,
BHCS80 H& [F &3 T 1 41 ifn 5 15 %oF B 28 41 EL 375 b AT
DLTE W 22 5 (P 8a, b). T2 WA I 45 B 2
7R BHC80 %K 33K N R 41 1M 8 5 f B 41 AH LE 7]
FEAR LB 2 75 (B 8c, d).
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(@) (b)

BHC80-MO

Fig. 8 Whole-mount ir situ hybridization and
microangiography showing a nearly
normal vascular pattern
Whole mount in situ hybridization with flk-1 RNA probes showing
almost normal flk-1 expression pattern in the trunk of BHCS80

knockdown embryos (b), compared with control (a) at 36 hpf

Microangiography showing apparently normal trunk blood vessel (d)

compared with the control(c) at 48 hpf.

3 it it

BATE IR RGUEL T BHCS0 3 R TEBE £ 1)
FARTRAL S LI T 5 R B fa G LT di ek
FEH: gatal ARICLL R TR Mg GE G 2 3F H Ak
IR, 4 4 M JF /> F1 PBI X 40 40 H HE R, R W
BHCS0 H R K T 2040 B 3 AT X3, it I8 v fig 2
BHC80 JEPR{E T 4l (1 R I8 me A/, AN DAl
ik, WnlHE BHCSO BN HAS B HAE R T 2040 M,
VAT HAB IR T 5. BHC B st &2 A b i
LSDI 520 40 Jfo Jo 4%, 24l g 58 i, LSDI
FERNEE NN RER, Gl Wguml, ST
G2/M TRI 20 B34 o, sl 40 B S 5 189 5 R 43 A0 17,
AN A BHCSOE BHCH AWM 2 & M,
HRIE N AE BHC AW AW Dy ae R %,
gatal FRIC LA B HT 440 o G E R A3 Ak, DRI
CLGHM AR sl D FIHERR. SR, LA 1) R 2Rk —
WHESE:  a. BHC80 FEPRIZRIR R T 24 41 fa ik />
A4 AT SSE D b, BHCSO F: K AE i I
40 A B TR 23 - B

s % X W
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The Effects of BHC80 Down Regulation on
Embryonic Erythropoiesis in Zebrafish

HOU Jia-Yun, JIANG Qiu, ZHANG Jie, TAN Li, SONG Hou-Yan"
(Key Laboratory of Molecular Medicine, Ministry of Education, Fudan University, Shanghai 200032, China)

Abstract Whole mount in situ hybridization with BHC80 RNA probe showed that BHC80 was expressed in
zebrafish central nervous system. Morpholino-modified antisense oligonucleotide was injected into zebrafish
zygotes to knock down BHCS80 expression. BHC80 knockdown resulted in striking decrease of erythrocytes and
accumulation of erythrocytes at PBI. Further investigation of embryonic erythrocytes marker Be3 globin and
hematopoiesis transcription factors gatal, c-myb and [mo2 by in situ hybridization showed that the erythroid
progenitors marked with gatal in BHC80 knockdown embryos were high proliferation and their differentiation
were delayed, which led to decrease of erythrocytes and accumulation of erythrocytes at PBL. Both in situ
hybridization and microangiography indicated that vasculature pattern of BHC80 knockdown embryos were almost

normal.

Key words zebrafish, BHCS80, erythropoiesis, in situ hybridization
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