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解剖學與細胞生物學研究主題之選擇

探討生物體自細胞起各層次結構與功能之關係。
範圍除涵蓋細胞生物、解剖、胚胎、 組織等領域
外，並包括細胞組織分化、變異、退化與再生，
以及內、外在環境改變後從細胞到個體各層級形
態功能變異與重整之基礎與臨床等相關研究領域。

細胞生物學: 包山包海，大小通吃，老少咸宜

選對上天堂！選錯住套房！
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Concurrent Topics
 Cardiac Development and Disease
 Disease Modeling
 Epigenetics and Genetic 

Regulatory Networks
 Epithelial Stem Cells
 Gene Editing
 Hematopoiesis
 Metabolism and Aging
 Mechanisms of Reprogramming I: 

To Pluripotency
 Mechanisms of Reprogramming II: 

Transdifferentiation Between 
Lineages

 Muscle Stem Cells
 Nervous System Disease
 Neural Development
 Organoids in Modeling Disease 

and Development
 Road to the Clinic I
 Road to the Clinic II
 Stem Cell Niches
 Stem Cells and Cancer
 Stem Cells in Organ Development 

and Maintenance
 Technology Frontiers
 Tissue Engineering

IN MELBOURNE, AUSTRALIA
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Intermediate Filaments (IFs)

– 10 nm filaments

– Cytoskeletal component

– Tissue-specific proteins

– 6 types:
• Type I (acid keratins)

• Type II (basic keratins)

• Type III (vimentin, desmin, 

GFAP, and peripherin)

• Type IV [neuronfilaments (NFs), 

a-internexin, synemin, and 

syncoilin]

• Type V (lamins)

• Type VI (nestin)

(Chang and Goldman, 2004)
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Seven Intermediate Filament Proteins in Neural Differentiation

First neuronal IF in CNS

First neuronal IF in PNS

Neuroepithelial stem cells

Neuroepithelial stem cells

Latest
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Chien and Liem, 1995. The neuronal intermediate filament, alpha-internexin is transiently 
expressed in amacrine cells in the developing mouse retina. Exp. Eye Res. 61:749-756.

a-internexin and NFM in new-born mouse retina
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Mouse a-internexin is transiently expressed 

in amacrine cell
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Example for a PhD student training
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cDNA and Protein Sequences of Chicken a-Internexin (chkINA)

Gene 
structure 

CDS: 1302 bp
Putative protein: 433 a.a.
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 High Similarity
 Conserve structure

Sequence alignments were done by online tool, ProDom, and modified by Photoshop software. 
http://prodom.prabi.fr/prodom/current/html/form.php

Percent Identity and Similarity between Predicted 
Protein Sequence of chkINA and Other Species

Identity Similarity

55% 72%

55% 71%

56% 72%

52% 71%
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Custom Antibody – CHK 366-384
Predicted chicken a-internexin (chkINA)
•433 a.a.
•Theoretical pI/Mw: 9.37 / 48435.59 (48.4 kDa)

Epitope

Epitope
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Antibody Characterization

The antibody is specific for recognizing chkINA protein.

J. Comp. Neurol. 2013; 521:2147-64
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Expression of chkINA and Cell-type-specific Markers in the Developing 
Retina 

Scale bars 
= 25  μm

Experimental Eye 
Research. 2013; 
110:18-25.

16



Distribution of chkINA and NFs in the Developing Retina 

Scale bars 
= 25  μm

Experimental Eye 
Research. 2013; 
110:18-25.
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Dynamic pattern of NF triplet proteins during development
•Early stage  ganglion cells
•Late stage  ganglion cells, amacrine cells, and horizontal cells.

Chicken Retina

Dynamic pattern of chkINA during development
•Early stage  all neuronal lineages
•Late stage  ganglion cells, amacrine cells, and horizontal cells.
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The developmental expression of neuronal 
intermediate filament inaa in the zebrafish 

retina

19

Dr. Meng-Lin Liao 
2013 Travel Fellowship from the Japanese Society of Developmental Biologists (JSDB)



zebrafish a-internexin Homologs

* Inaa

- NP_001138256 

- 474 a.a. in length 

- ~ 58 kDa

* Inab

- NP_571107.2 

- 469 a.a. in length 

- ~ 58 kDa

* Both genes have 
highly conserved central 
rod domain. 
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Epitope for anti-inaa antibody

*

*

*

*

*
Epitope for anti-inab antibody



Transcription of inaa gene 

in zebrafish developing CNS
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Whole-mount in situ hybridization



Distribution of inaa and inab protein 

in adult zebrafish retina

Inaa: mainly in outer nuclear layer (ONL)
Inab: mainly in the ganglion cell layer (GCL), optic fiber layer and optic nerve (ON)22



Expression patterns of inaa and inab in 

developing zebrafish retina
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Inaa localized to the double-cone photoreceptors

Zpr-1: 

marker for double-cone 
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Inaa is predominantly expressed in cone 

photoreceptors of adult retina.
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Zpr-1: 

marker for 

double-cone 



IFs could be found in the cell 

body and the inner fiber of 

the cone photoreceptors.

Inaa could be a good marker 

for identifying the cone 

photoreceptors in the zebrafish.
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1 2 3 5 9 14 Adult(dpf)

Cell Types

Ganglion cell

Amacrine cell

Bipolar cell

Photoreceptor

Inaa dynamically distributed in the developing retina
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dpf

Cell types

3 5 9 14 Adult

Ganglion cell ++ ++ ++ + +

Amacrine cell - - + + +

Bipolar cell - - - - +

photoreceptor + + + ++ ++



Inaa is expressed in photoreceptor-like cells 

in the adult pineal gland

Zpr-1: 

marker for double-

cone photoreceptor

In retina 

Pineal photoreceptor-like 

cells could be identified by 

the anti-inaa antibody.

(Laura et al., 2012)

Pineal gland

Sup. view

(Balasubramanian et al., 2014) sagittal view



Ultrastructure of IFs in the cell body of 

zebrafish pineal photoreceptor-like cells

(OS: outer segment; 

IS: inner segment)

Neuronal specific IF, inaa, could be one of  cytoskeletal 

components in zebrafish pineal photoreceptor-like cells.

(Laura et al., 2012)

Outer segment

Inner segment

Basal pole
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What a PhD student learned from my Lab.

DNA level Molecular cloning 

Transfection / expression (Ex ovo electroporation 

for chick embryo)

RNA level in situ hybridization & RT-PCR

morpholino knockdown (for Zebrafish)

Protein level QC for the antibodies, Western blot、
immunohistochemistry、immunocytochemistry

Cell level Transmission electron microscopy

Confocal microscopy

Live Image of YFG-product (Tagged with GFP)

Organism level Developmental/ Species differences
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解剖學與細胞生物學發展與願景

教學熱忱，研究初衷

擴大視野，跨域合作

兄弟登山，各自努力

經驗傳承，提攜後進
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