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Intermediate Filaments (IFs)

— 10 nm filaments
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— Tissue-specific proteins ...,

structure

— 6 types: '

(Chang and Goldman, 2004)

 Type | (acid keratins)
 Type Il (basic keratins)

* Type lll (vimentin, desmin,
GFAP, and peripherin) "

. Type IV [neuronfilaments (NFs), EESSSSSIST (twoaligned

dimers)

o~-internexin, synemin, and
oy pimer 9f 2 e
syncollin} matE
. %
« Type V (lamins) a-12m

« Type VI (nestin)
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Seven Intermediate Filament Proteins in Neural Differentiation
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Characterization of the mouse gene encoding the neuronal intermediate
filament protein a-internexin

(Neurofilament; sequence homology; genomic sequence; recombinant DNA)

Chung-Liang Chien and Ronald K.H. Liem

Departments of Pathology and Anatomy and Cell Biology, Columbia University College of Physicians and Surgeons, New York, NY 10032, USA

Received by R.W. Davies: 18 February 1994; Revised/Accepted: 16 April/10 May 1994; Received at publishers: 11 July 1994

1kb
Fa,

Wl .

SSS H X H SSB  BX RS

Fig. 1. Restriction map and genomic structure of the maINX. Exons I,
[T and III are shown as filled boxes in the gene structure. The lengths
of intron I and II are about 5.6 kb and 1.6 kb, respectively. B, BamHI;
H, HindIlI; R, EcoRI; S, Sacl; X, Xbal.




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



Mouse a-internexin is transiently expressed
In amacrine cell

Immunoreactivity of neuronal intermediate filament proteins in the developing mouse retina
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v
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Y
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n.a.: no detectable immunoreactivity ; arrow indicates the same level of immunoreactivity as detected at earlier stage(s); parenthesis indicates
the weak immunoreactivity,
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Neural Expression of a-Internexin

Promoter In Vitro and In Vivo o
Journal of Cellular Biochemistry 9999:1-13 (2005)

Pei Wang, Seu-Mai Wang, Chia-Ju Hsieh, and Chung-Liang Chien*

Department of Anatomy and Cell Biology, College of Medicine, National Taiwan University, Taipei, Taiwan
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Fig. 4. PCR screening of 1.3intfs-Cre/R26R transgenics. The
data represent a typical example (this litter contains nine
newbormns) from three independent litters. R26R allele-specific
PCR and 1.3intfs-Cre allele-specific PCR were performed on
mouse tail genomic DNA from thel.3intfs-Cre transgenic line
crossed with the R26R strain. One double-transgenic 1. 3intfs-
Cre/R26R mouse can be identified from the wild type (wt),
1.3intfs, and R26K mice. M: 100 bp DNA ladder marker, +:
positive control, —: negative control.
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Example for a PhD student training

The Journal of Comparative Neurclogy | Research in Systems Neuroscience 521:2147-2164 (2013)

Molecular Cloning and Characterization of Chicken
Neuronal Intermediate Filament Protein a-Internexin

Chi-Hsiu Liu and Chung-Liang Chien”
Department of Anatomy and Cell Biology, College of Medicine, Mational Taiwan University, Taipei 10031, Taiwan R.0.C

Experimental Eye ResearCh Experimental Eye Research 110 (2013) 1825
Neuronal intermediate filament «-internexin is expressed by neuronal lineages in

the developing chicken retina
Chi-Hsiu Liu®, I-Jong Wang ", Fong-Di Wei ®, Chung-Liang Chien®*

*Department of Anatomy and Gell Biology, College of Medidne, National Tafwan University, No. 1, Section 1, Jen-Ai Road, Chung-Cheng Dist, Toipei 10051 Taiwan, ROC
Department of Ophthalmology Notional Terwan University Hospitel, Mo, 7, Chung Shan 5. Fd., Chung-Cheng Dist, Taper Cily W2, Tatwan, BOC
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cDNA and Protein Sequences of Chicken a-Internexin (chkiINA)

TTCGCTCCTCTC CGCCECGATRAGC TACAGCGTGGAACCEC CEGGCEGCTAGCCGCCTCCTCC

M 8 ¥ 8 Vv E P P A L A A B B8
CECCECCTGCTC GCCCAGTCCCCGCGGCGCACGGAGGGCGC TEAGC CGC GCC GTGCTAGT
R R L L A Q 8 P R RT E G A E P R PER A 8
GAGAAGGAGCAGCTGCEGEGECCTCAACGAGCGCTTCGCCEGEGTTACATCGAGC GTGTCCGE
E K E ¢ L R G L N E R F A G ¥ I E R ¥V R
GCGCTEGAAGAGCGCARACCEGECTCTGGCCEGGCGAGCTGEC GEAGC TAAGGC GEGCTECCT
A L. E E R N R A L A G E L A E L R R L P
CCCGAACCGLCGC CETCTGHEGCAGC TGCTGEGC GEEGAGCTEGCGEEGCCCTEGC GCGCCCET
P E P R R LLh ¢ Q0 L L ¢ & E L R A L R A R
TTGGAGGAGGCACACGECGAGCEGGCGCAGECCGCECTGEAGCGGGFCEC GGC TG GCCGAG
L E E A H G E R A QO A A L E R A R L A E
GAGACGCAGCGECTGCEEECGCEGCTGCGAGEAGGAGGCGCEGEGEGCCGCEGCCGAGGCGGAG
E T @ R L R A R C E E E A R G R A E A E
CAGGCGITGCGCGCCCEECAGCAGGLGGCCRACGEEGCEECCCEGEGCCCECECCGACCTS
Q A L R A R Q Q A A D G A A R A R A D L
GAGCGEC GGG CERAGGCECTGCEEEAGGAGC TGGCEGAGCTGCGGC GCGCCCACGCCGAG
E R R A E A L E E E L A E L R E A H A E
CAGCTGGCCCAGCTGGEGAGCCGCEGC TCCEGCECCGCCEGCTCCCCCGGCCTCCGEEGCCCCCG
Q L A Q L & A A L R A A A P P A B G P P
ACGGCGCGEECCCGACCTGGCEGC TGCGC TGCGGGAGCTGCGCGC TCAGTACGAGGCGCTG
T A R P D L A A A L R E L E A Q T E A L
CCGGCCCGCAACCTGCAGGCGGCCGAGGACTGGTACCGCGCCCGCTEGCGCCAGCCTCCAC
P A R N L Q A A E D W ¥ R A R C A 8 L H
GAGCGEGCGGECCCGCAGCCAGRAGGCCGTCCGGGCCAGCCGCCGCRAGGCGEGC GAGTEC
E R A A R 8 0 E A WV R A 8 R R E A G E C
CGECCGEGCAGC TG CAGGCCCGGGTGE TGGCAGATGGAGAGC CTGCGCGGAGCTCAC GAGTCC
R R @ L Q@ A R Vv v E M E 8 L R & A H E 8
CTCGAGAGGCAGCTGCAGGAGCTGGAGGAAAGGCACAGCGCCGAGGCCGCCGGEGCTGCAG
L E R Q@ L QQ E L E E R H &8 A E A A G L Q
GACACCATTGGGECAGCTGGAGGC TGACCTGCGTAGCACTAAAACCGAGATGGCTCGGCAC
D T I ¢&6 9 L E A D LZE 88 T KT E M A R H

CTGAGGGAGTAC CAGGAC CTGCTGAATG TCAAGATG GCCCTGGATATTGAGATTGCTGCC
L R E ¥ Q DL L N V KM ATULTUD I E I A A
TACAGGAAGC TG CTGGAGGGAGAGGAAAACC TGTTC AGCATGGGGAGTGTTGGCCTTCCA
¥ R K L L E & E E N L F 58 M & 8 v G L P
GCCATGAACCCCCTCCCCAACCCCACCTACTCTTITCCGGCCACGCTCCTCCACTCCATCC
A M N P L P N P T ¥ &8 F R P R 8 8 T P 8
TTCAAGAAAGAGGAGCAAAGAGAGGCAGTTAGAGCGACC TC CAAGATAC CATCTGGTCAG
F K K E E Q R E A VvV R A T 8 K I P 8 G Q
GCTGGAGTGC TTGAC GEGACCATAACCACTGCTAAGAGAAC GGAGAGATTCAACGTGCAT
A G VvV L D G T I T T A KR TEURUFN V H
GGAGGAATCATTGCAAATGC TAAAGTGCAATGG TEG GAACCCCATCCCTTTTGCATTIGA
G & I I & N A K V Q W W E P H P F C I *
GEGEEEAGCAGTC TTCAGTTGGCC CTTTAATTGC CTC TTG GG CACTGEETTGTGC TCAGTA
GCTCTGATTACAAGGACC CCCATAGGGTCAGGECTC AGCAGCCTCTEECARAGCAAGEGC
CGAGCTCAGCACACTGCTCCCTC TCAAGTCAGE TGECGGCCACACGGETCGC TEGGTGCA
TGCTGETGGETE TTGTEEGTGCACGGEEATTCGTEGCAGCEAGCAGGAGACTCGCTGCAA
TTTGGGGAGGGE CTGECEAGGGCAACGGAAC TCAAC TACAACTAGGATTAAGGC TACAGT
CCTTCACCTACTGTC CAAATCCATG TGTAGC TARAGTGTTTCCTCTTCTTCAAGGCGTAG
CCATCCACGTTTAACCCAGAAGCACAGARATAGCCATAAACACACC TTGTITCTGGTCTG
TGAGCCACTTGTATTTTAAACTATAAGGAATGEGGTTTTTTCGTTC TGACAACTCTTTCT
GTTTCTTAGTAGCGTTAGTC TGGCCACGTGCATGEGGTTTG TTGGTTGGGAACTGGCACT
CAGTGCC TGTCTCCATETACAGC AGGGAGCECTEEE TCC TECCAAATECCACATCCACAC
CTCCACTCCAGC CTTCCAACATG TG CCARATCTGATGTAGGATT TACAACTG TAGGTTIC
TTTCAATGCC TTAAAATTGCCAGCTTCTGCACGAGC CAGAGACTGC GTGTGTGTGCTATA
TGTCGETGCC CE GGC GAGGTTGC CATCATGAGACCTTATTG CCCTC TCAGTG TTGCCAGA
GTAGTTC CTGGAACCAGC AAACTGTTCGCTCACACTCTTTC CTCTC CTACTG TAAGGCAC

AAGTTAATARTTAANAAGAAAGAAA TAGTTATG TCAACCARAAAARAAAARARR

CDS: 1302 bp
Putative protein: 433 a.a.
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Percent Identity and Similarity between Predicted
Protein Sequence of chkINA and Other Species

Rod
Chicken Head Coil 1A Coil 1B Coil 2 Tail
Putative a-internexin {433 a.a.} I_W_l | i’ |_| 1 1 : | +_E_

Rod

Head Coil 1A Coil 1B Coil 2 Tail Identlty Slmllarlty

Human
w-internexin (499 a.0.) I Y [TT T 1§ == 55% 72%
Mouse
winternexin (504 0.0 I TSSSNT TP T == 55% 71%
:—iitnternexin {205 a.a.}) -_| AN B 1 ! L E 56% 72%
Zebra fish _ . ___
Gefiltin {471 a.a.l S NN SNSSCEE [ 4 [ 52% 71%

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

v' High Similarity
v' Conserve structure
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Custom Antibody - CHK 366-384

Predicted chicken a-internexin (chkINA)

*433 a.a.

*Theoretical pl/Mw: 9.37 / 48435.59 (48.4 kDa)
MSYSVEPPALAASSRRLLAQSPRRTEGAEPRRASEKEQLRGLNERFAGYIERVRALEERN.
RALAGELAELRRLPPEPRRLGQLLGGELRALRARLEEAHGERAQAALERARLAEETQRLR.
ARCEEEARGRAEAEQALRARQQAADGAARARADLERRAEALREELAELRRAHAEQLAQLG.
AALRAAAPPASGPPTARPDLAAALRELRAQYEALPARNLQAAEDWYRARCASLHERAARS.
QEAVRASRREAGECRRQLQARVVEMES LRGAHESLERQLQELEERH SAEAAGLQDTIGQL.
EADLRSTKTEMARHLREYQDLLNVKMALDIEIAAYRKLLEGEENLE SMGSVGLPAMNPLP.
NPTYSERPRSSTPSFKKEEQREHF&R%%%&PSGQHGVLDGTITTHKRTERFNVHGGIIHN~
AKVQWWEPHPFCI *GGAVLITSEF -

Rod

Head Caoil 1A Coil 1B Caoil 2 Tail

[y ANSNY [T 1 7 ===

Rod

Human

a-internexin {499 a.a.)

. Head cCoil 1A Coil 1B Caoil 2 Tail
Chicken —

Putative a-internexin (433 a.a.) I_W_l BEE : ] ] %

Epitope '*




Antibody CharaCterization J. Comp. Neurol. 2013; 521:2147-64

A ["chkINA mRNA | chkINA protein |

‘El chkINA mRNA |[ chkINA protein |

COS7 cells
< e ; f2ATL §
- —~ < Zz PR , s -~ .o
= z = & PN e,
Chicken & g £ 5 Q1 3 Lo ;
- B ) T & ] -
e 3 § R <
a <€ O O 3 = Q. . 4
.g ! m l
GE, =
-—
= = o
kDa kDa (0
anti-chkINA =79 ‘. —70 =
— 55
—— - 90
— 40
L~
| . |f
() L
Q) .
()
ACTB | w— - e Gy - - qh,

| Primary cultured chicken brain cells

chkINA

chkINA

chkINA

The antibody is specific for recognizing chkINA protein.
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Chicken Retina
Embryonic Day
Cell types 2 8 9 10 11 12 13 14 15 16 17 18 19 20

Expression Pattern

. B e
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————————————— Visinin |

- Icell .ChKINA I
L Horizontal ce NFL/NFH B
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- I
Bipolar cell ChI:INA .
PKCa I

chkiNA I——
o .
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@
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Dynamic pattern of during development
*Early stage = all neuronal lineages
*Late stage 2 . ,and

Dynamic pattern of during development
*Early stage =
Late stage 2 ~and




The developmental expression of neuronal
intermediate filament inaa in the zebrafish
retina

Dr. Meng-Lin Liao
2013 Travel Fellowship from the Japanese Society of Developmental Biologists (JSDB)
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zebrafish a-internexin Homologs
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Epitope for anti-inaa antibody

* 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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Transcription of inaa gene
In zebrafish developing CNS

Whole-mount in situ hybridization

(C) 3 dpf (D) 5dpf

(E) 9dpf (F) 14 dpf
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Distribution of inaa and inab protein
In adult zebrafish retina

Inaa inab |

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




Expression patterns of inaa and inab in
developing zebrafish retina

inab
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naa localized to the double-cone photoreceptors

a/ Zpr-1/ Hoechst _y

Zpr-1:
marker for double-cone
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Inaa Is predominantly expressed in cone
photoreceptors of adult retina.

Zpr-1 inaa + Hoechst

[ ’ [ 4

ok o o < - ’ ’L? - 4 b o ,' ,>"

PEPME R [ e P 7 r- 1
{ 7 o EESRORE OIS | arker 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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Inaa dynamically distributed in the developing retina

Adult
Cell types

Ganglion cell

Amacrine cell - - + + +
Bipolar cell - - - . +
photoreceptor + + S B ++
(dpf) 1 2 3 5 9 14 Adult
Cell Types ‘ ‘ ‘ ‘ ‘ ‘ ‘ >
Ganglion cell B

Photoreceptor
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(Laura et al., 2012)

Inaa is expressed in photoreceptor-like cells

Sup. view

In the adult pineal gland

inaalzpr-1/Hoechst | b/zpr-1/Hoechst

Zpr-1:

marker for double-
cone photoreceptor
In retina

Pineal photoreceptor-like
cells could be identified by

the anti-inaa antibody.




Ultrastructure of IFs in the cell body of
zebrafish pineal photoreceptor-like cells

Outer segment

-

Inner segment

(OS: outer segment;
IS: inner segment)

Neuronal specific IF, inaa, could be one of cytoskeletal
components in zebrafish pineal photoreceptor-like cells.
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Comparative Ultrastructure
of Cerebrospinal Fluid-Contacting Neurons
and Pinealocytes

B. Vigh, 1. Vigh-Teichmann and B. Aros

2nd Department of Anatomy, Histology and Embryology,
Semmelweis University Medical School, Budapest (Hungary)
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Fig. 6. Schematic drawing comparing the intraventricular dendritic terminal (FCN) of the

CSF contacting neuron with pinealocytic outer and inner segments (EPf 1-5) in I fishes,

2 amphibians, 3 reptiles, £ birds, 4 mammals. Arrows indicate the direction of the regression of

photoreceptor lamellae. In mammals (F P 5) the structure of the outer segment is identical
with that of the cilium of the CSF contacting terminal (FON)
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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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