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Abstract

It was known that prenatal alcohol exposure may cause serious birth

defects and developmental disabilities. The molecular mechanism of this

fetal alcohol syndrome still remains unclear. Here we used zebrafish embryo

as a model to investigate the toxic effect of alcohol in retinal development.

The histochemical analysis revealed that the cell lamination was prohibited

by alcohol incubation. It appears that the retinal cell differentiation was

inhibited. As revealed by whole mount RNA in situ hybridization, it appears

that the transcription of a number of retinal-related regulatory genes,

including rx1, pax6b, six3b, alpha-crystallin, rho, neuroD and huC, were all

inhibited in zebrafish embryo by alcohol exposure. The transcriptional

profile of alcohol-exposed embryos was also compared with normal

embryos by microarray analysis at different stages. It appears that 16% of

retinal-related genes were all repressed by 1.5% alcohol incubation,

including several retina-related transcriptional factors, including crx, rybp,

irx4a, optx2, rx1, brn3b1and vsx1. Our results suggest that alcohol did not

interfere the early development of the eye, but has inhibited the final cell

differentiation of retina cells. This study helps us understand the molecular

mechanism of alcohol-mediated retinal malformation.
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(Kesmodel et al., 2002a; Kesmodel et al., 2002b)

fetal alcohol syndrome (Mukherjee

et al., 2006)

chemical teratogen

apoptosis (Ikonomidou et al., 2000) retinoic acid (Deltour et

al., 1996; Duester, 1991; Grummer and Zachman, 1995) GABA NMDA

(Toso et al., 2006) oxidative stress

(Cohen-Kerem and Koren, 2003) (Bearer, 2001)

3

(Chen and Ekker, 2004; Hill et

al., 2005)

1.5%
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hsp70 (Carvan et al., 2004; Hallare et al., 2006; Reimers et al., 2004)

2006

2007

http://www.ntsec.gov.tw/activity/

race-2/2007/pdf/050003.pdf
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A.

(Danio rerio)

B.

Nicotine hydrogen tartrate salt 100% absolute

alcohol PTU, 1-phenyl-2-thiourea Paraformaldehyde

Alcian Blue glycerol (PBS, Phosphate Buffered

Saline) 37% Hydrochloric Acid Xylene Glycerol

Gill-Hematoxyl Eosin Methanol Formamide

Heparin tRNA Yeast tRNA Maleic acid

blocking reagent NaCl MgCl2

Tris-HCl Tween20 polyoxyethylene (20) sorbitan monolaurate BCIP

5-bromo-4-chloro-3-indolyl phosphate, toluidinium sal NBT nitro blue

tetrazolium

C.

50ng/ml Proteinase K

D.
1. 0.37%

37% 2.5ml
247.5ml

2.
100% 140ml
0.37% 60ml

3. 0.1%
50ml
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5g
4. 0.5% 0.075ml 100% 500ml

1 % 0.75ml 100% 500ml
1.5% 7.5ml 100% 500ml

5. 70% 35 ml 15 ml
6. PBS, Phosphate Buffered Saline

NaCl 8 g
KCl 0.4 g
Na2HPO4 2.88 g
KH2PO4 pH7.4 0.48 g

1000 ml
7. 4% 4 g 100 ml PBS
8. PBT PBS 0.1%Tween 20
9. 75% +25%PBT 75ml 25ml PBT

50% +50%PBT 50ml 50ml PBT
25% +75%PBT 25ml 75ml PBT

10. 20×SSC
NaCl 87.64g
Na citrate 44.1g

500ml
11. HYB

50-70% Formamide
5× SSC
0.1% Tween20

12. HYB+

HYB
Heparin 50 g/ml
Yeast tRNA 500 g/ml

13. Maleic acid buffer
100mM Maleic acid
150mM NaCl
0.1% Tween20

14. blocking solution
blocking reagent 1g
Maleic acid buffer 100ml

15. NTMT
0.1M NaCl
0.1% Tween20
50mM MgCl2
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0.1M Tris-HCl
16. (BCIP/NBT)

1 ml NTMT NBT

1. 1.5%

RNA

2.

A. (Westerfield, 2000)

A-1

7-20

(30.5cm×61cm×33.5cm W×L×H) 30 28 ,

14 10 ( )

A-2

20

30 ml 1.5%

28.5 oC 1.5%

B. RNA (RNAwhole-mount in situ hybridization)

B-1
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DNA 10 g 12 l 10 ×

1.2 l 100 × BSA 2 l H2O 120 l 37

3~4 5 DNA

1μg 8 linearized plasmid DNA 2 RNA polymerase T7, SP6,T3

20U/ l 2 10 × DIG RNA labeling mix 4 5 × Transcription Buffer 1 RNase

inhibitor 20U 2 DTT 100mM DEPC-H2O

20 37 2.5~3 in vitro transcription RNA

20U, RNase free 37 30 DNA

2 l EDTA 0.2M 2.5 l LiCl 4M 75 l isopropanol 100

20 30 14,000rpm 30 1ml 75

EtOH DEPC-H2O votex pellet 14,000rpm

5 75 EtOH DEPC-H2O pellet

100 l formamide 5 l 1 agarose(in TAE)

(RNA) (probe) 20

B-2

-20 methanol 75 methanol/25

PBT 5 1 50 methanol/50 PBT 5 1

25 methanol/75 PBT 5 1 100 PBT 5

4

proteinase K

24 proteinase K 24

10 g/ml proteinase K 12~15 36 10 g/ml

proteinase K 15~20 48 25 g/ml

proteinase K 25 60 25 g/ml proteinase K

30 72 50 g/ml proteinase K 25
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84 50 g/ml proteinase K 30

96 100 g/ml proteinase K 30

PBT 2 4 paraformaldehyde in PBS 20

digest PBT 5 3~5 HYB 65

heater 5 HYB 3 65

(0.2 × SSC 70 )

65 75 HYB /25 2 × SSC 5 50 HYB /50 2 ×

SSC 5 25 HYB /75 2 × SSC 5 2 ×

SSC 5 70 0.2 × SSC 10 2

maleic acid buffer 1ml 1ml 1 × blocking

reagent 2 l Anti-DIG-AP Antibody 4 14

14,000rpm 10 1/500 Ab solution

B-3

4 PFA/PBS(Para formaldehyde/PBS) overnight Para formaldehyde

mRNA PBT 5 PBT buffer

solution T20

Dehydration PBS 25 methanol

5 PBS 50 methanol 5

PBS 75 methanol 5

methanol 10 2

(Rehydration) 75

methanol/25 PBT 5 1 50 methanol/50 PBT

5 1 25 methanol/75 PBT 5 1 100

PBT 5 4

proteinase K 24 proteinase K

24 10 g/ml proteinase K 12~15
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36 10 g/ml proteinase K 15~20 48

25 g/ml proteinase K 25 60 25 g/ml

proteinase K 30 72 50 g/ml proteinase K

25 84 50 g/ml proteinase K 30

96 100 g/ml proteinase K 30

Proteinase K PFA/PBS 20

PFA proteinase K digest PBT 5

4 Prehybridization HYB HYB

60 formamide 5 × SSC 0.1 Tween 20 formamide probe

SSC probe HYB 65

2.5 HYB HYB yeast tRNA heparin yeast

tRNA heparin probe

RNA probe-HYB containing 20~100ng RNA probe 68

10 , 68

probe

probe-HYB 65

Probe removal

65 75 HYB /25 2 × SSC 10 200

HYB /50 2 × SSC 10 25 HYB /75 2 × SSC

10 10 70

45 2

5 2 SSC probe

probe

r 100mM maleic acid, 150mM NaCl, 0.1 Tween 20

2 blocking

probe mRNA blocking reagent probe
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mRNA antibody DIG

blocking reagent 1 8000

4

antibody solution

antibody 30 4

NTMT buffer 5 4 NTMT buffer

particle

BCIP/NBT buffer particle

10 3

100 methanol 20 3

10 PFA 5 2

PBT

4

C.

C-1 RNA

1.5% 1.5ml tube

reagent DEPC-H2O

Tri reagent 1

1 25 Agilent Total RNA Isolation Mini Kit

Agilent 70

C-2 cDNA

Agilent Low RNA Input Linear Amplification Kit Agilent cDNA

Cyanine 3-CTP Cy-3 Cyanine 5-CTP

Cy-5 Agelent Agilent G2519F

Zebrafish Oligo Microarray Kit
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C-3

Cy-3 Cy-5 6hpf Cy-3

normalization

-crystalline 12 141.8
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A B

W.T. 1.5%EtOH

A B

W.T. 1.5%EtOH

A B

W.T. 1.5%EtOH

72 hpf

72 hpf

72hpf

72hpf 1.5%

B

(yolk) (trunk)

PCL
OPL

INL
IPL

GCL

A B

W.T. 1.5%EtOH

PCL
OPL

INL
IPL

GCL

A B

W.T. 1.5%EtOH
84 hpf PCL photoreceptor cell

layer OPL outer plexiform layer INL inner nuclear layer

IPL inner plexiform layer GCL ganglionon cell layer
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12 12 hours-post-fertilization, 12 hpf`

optic primodria optic

vesicle

optic cup 24 hpf

neural retina

choroids fissure hyaloid

blood vessels 72 hpf

rod cells cone cells amacrine cells

bipolar cells 84 hpf 1.5%

B

A B

W.T. 1.5%EtOH

pax6b pax6b

1.5% pax6b

24 hpf

Pax6 homeobox

Xenopus leavis pax6 misexpression

ectopic (Chow et al., 1999) pax6a pax6b

pax6 Pax6a Pax6b activator Pax6b
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Pax6a (Nornes et al., 1998)

pax6b

2. rx1

A B

W.T. 1.5%EtOH

rx1 rx1A B

W.T. 1.5%EtOH

rx1 rx1A B

W.T. 1.5%EtOH

rx1 rx1

1.5% rx1

24 hpf

rx1 pax6 homeobox gene

(Mathers and Jamrich, 2000)

rx1 retinal stem cell progenitor cell

retina rx1

(Zaghloul and Moody, 2007c) otx2

six3 pax6 (Andreazzoli et al., 1999) rx rx1 rx2

rx3 optic primordia rx1 rx2

(Chuang et al., 1999; Chuang and Raymond, 2001; Mathers et al.,

1997) (Casarosa et al., 2003)

rx1

(Zaghloul and Moody, 2007a) rx1
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3. six3b

A B

W.T. 1.5%EtOH

six3b six3bA B

W.T. 1.5%EtOH

six3b six3b

1.5% six3b 24 hpf

Six3 homeobox gene

six3 lens placode

epithelium (Oliver et al., 1995) medaka

six3 ectoderm lens six3

(Loosli et al., 1998)

misexpression six3 (Oliver et al., 1996)

1.5% six3b

pax6b rx1
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4. neuroD

A B

W.T. 1.5%EtOH

neuroD neuroD

36hpf 36hpf
C D

W.T. 1.5%EtOH

neuroD neuroD

48hpf 48hpf

of of

A B

W.T. 1.5%EtOH

neuroD neuroD

36hpf 36hpf
C D

W.T. 1.5%EtOH

neuroD neuroD

48hpf 48hpf

A B

W.T. 1.5%EtOH

neuroD neuroD

36hpf 36hpf
C D

W.T. 1.5%EtOH

neuroD neuroD

48hpf 48hpf

C D

W.T. 1.5%EtOH

neuroD neuroD

48hpf 48hpf

of of

1.5% neuroD B

olfactory bulb

NeuroD bHLH DNA

undetermined precursor cells

amacrine cell photoreceptors (Morrow,

1998; Yan and Wang, 1998) (Ahmad

et al., 1998) 1.5% neuroD

B D
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5. rho

A B

W.T. 1.5%EtOH

rho rhoA B

W.T. 1.5%EtOH

rho rho

1.5% B 72 hpf

rho rhodopsin

G-protein-coupled receptors GPCR

(Vihtelic et al., 1999)

rho 50hpf

(Raymond et al., 1995) rho

1.5% rho

6. N-cadherin

A B

W.T. 1.5%EtOH

N-Cad N-cadA B

W.T. 1.5%EtOH

N-Cad N-cad

1.5% N-cadherin

N-cadherin (N-cad) Ca2+-dependent cell
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adhesion protein

(Erdmann et al., 2003; Masai et al., 2003) 1.5%

N-cad

7. -A crystalline (cryaa)

A B

W.T. 1.5%EtOH

cryaa cryaa

C D

W.T. 1.5%EtOH72hpf 72hpf

cryaa cryaa

36hpf 36hpf

A B

W.T. 1.5%EtOH

cryaa cryaa

C D

W.T. 1.5%EtOH72hpf 72hpf

cryaa cryaa

36hpf 36hpf

1.5% alpha crystalline-A chain B

D

alpha crystalline-A chain molecular chaperon

lens fiber cell

Cataracts (Bloemendal et al., 2004; Franck et al., 2004; Goishi et al.,

2006; Horwitz, 2003) alpha crystalline-A chain (cryaa)

cryaa

30 hpf 36 hpf
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A 1.5% cryaa

36 hpf cryaa 72 hpf cryaa mRNA

cryaa

8. huc

A B

W.T. 1.5%EtOH

hu-c pax6bA B

W.T. 1.5%EtOH

hu-c pax6b

1.5%

huC

HuC RNA

(Kim et al., 1996; Marusich et al., 1994) huc

(Ekstrom and Johansson, 2003)

huc

1.5% huc
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1. 1.5%

86%

11%

96%

4%

A B

86%

3%

11%

96%

DNA

4%

A B

1.5% A.

B. 4% DNA

6, 12, 24, 96 hpf

21,495

0.67

1.33 0.67-1.33

3%

539 11% 2355

86% 18601 ( A)

DNA / 539

4% 22 B
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1.5% DNA

SNAPc -43 kd subunit TC294178 zgc:86933 NM_001002084

Nr1d1 NM_205729 LOC407718 NM_214797

HDAC NM_001002171 fig1a NM_198919

FIG alpha TC296075 L3MBTL3 AF149720

her12 NM_205619 crx NM_152940

egr2b NM_130997 maf NM_131844

hoxc9a NM_131528 rybp TC279689

dharma NM_130979 wu:fi15h09 AW116541

per4 NM_212439 zgc:85969 NM_212914

BC076175 BC076175 irx4a NM_205698

rx1 NM_131225 optx2 TC2740544

DNA 5

crx rybp (ring1/yy1 binding protein) irx4a rx1 optx2 HDAC (histone

deacetylase) crx otx2 nr1

(Chen and Cepko, 2007) Crx Six3b

rhodopsin (Manavathi et al., 2007; Peng and Chen, 2007; Shen and Raymond,

2004) Rybp (RING1/YY1 binding protein) polycomb

(Pirity et al., 2007) Irx4a

slit1 (Jin et al., 2003) Rx1

(Mathers and Jamrich, 2000) Optx2

(Bernier et al., 2000; Zuber et al., 2003)

RNA rx1

six3b



24

six3b

six3b

2. 1.5%

16%

84%
95%

5%

16%

84%
95%

5%

A B

A. 1.5% 5%

B. 1.5% 16%

539 29

5%

184 16%

3%
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gnat2 NM_131869 RGS-R TC283615

zgc:56548 NM_201014 opn1mw1 NM_131253

opn1sw2 NM_131192 opn1mw2 NM_182891

opn1lw2 NM_001002443 opn1sw1 NM_131319

rds4 NM_131567 rds2 NM_131566

pdc1 BC060908 crx NM_152940

zgc:73336 NM_200794 nsf NM_201490

pde6g NM_212799 gsnl1 NM_178131

vangl2 BC065983 -crystallin M2 TC290579

optx2 TC270544 RPE65 TC292426

uncl19b TC292819 brn3b-1 TC271657

RGS9 TC278031 Phosphodiesterase

6 subunit rod form

TC275774

opn4 NM-178289 blue-sensitive opsin TC269441

col11 alpha-2 TC293803 vsx1 NM_131333

fgf8 NM_131281

vsx1 brn3b1 optx2 crx

Brn3b1 (Das et al., 2007) Crx

rhodopsin (Manavathi et al., 2007; Peng and Chen, 2007;

Shen and Raymond, 2004) Optx2 (Bernier et al., 2000;

Zuber et al., 2003) Vsx1 (Clark et al., 2007)
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Discussion:

1. Pax6 and rx1 (Dev Biol 306)

2. BMP13 regulate pax6, reduction of pax6 caused small eye size, stop lamination

and cell differentiation (BMC Dev Biol 6)

3. competition between alcohol and retinal metabolism

Pax6 rx1

rx1 Pax6 rx1

stem cells Pax6

(Zaghloul and Moody, 2007b) rx1

Pax6 six6b

pax6 rx1

3%
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11% 86%

4% DNA

16%

1.5%

RNA

7

crx rybp irx4a optx2 rx1 brn3b1 vsx1 RNA

rx1

six3b

A retinol

retinoic acid acetic

acid A

alcohol dehydrogenase aldehyde dehydrogenase

A

(Clagett-Dame and DeLuca, 2002; Marill et al., 2003)

pax6
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RNA

pax6b rx1 six3b

pax6b rx1 six3b

N-cadherin
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評語 

 

本作品係針對酒精對胚胎的發育的影響進行研究。應用斑馬魚系統觀察酒

精對眼睛發育的影響，本研究發現 1.5%酒精時眼睛的發育有些微的影響

(16%)。研究的設計尚稱合乎邏輯，工作的進行亦詳盡，除了運用酒精之濃

度應再考量外，是一件具有潛力的作品，頗值鼓勵。 
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