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Immunocytochemistry and Immunohistochemistry
Primary antibody:

Monoclonal antibody (mouse)
Polyclonal antibody (rabbit)

Secondary antibody with fluorescence:

1. FIGAR: FITC-conjugated goat anti-rabbit IgG (Green)

2

3. FIGAM: FITC-conjugated goat anti-mouse IgG (Green)

4.

Figure 1-3. Direct and indirect
methods of immunocytochem-
istry. Left on Figure, An anti-
body against the antigen was
labeled with a fluorescent dye
and viewed with a fluorescent
microscope. The fluorescence
occurs only over the location of
the antibody. Right on Figure,
Fluorescent-labeled antibodies
are prepared against an anti-
body that reacts with a particu-
lar antigen. When viewed with
fluorescent microscopy, the re-
gion of fluorescence represents
the location of the antibody.
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Double immunos

Mouse monoclonal Ab + Rabbit polyclonal Ab

FIGAM: FITC-conjugated goat anti-mouse IgG (Green
ROGAR: Rhodamine-conjugated goat anti-rabbit IgG (

Microtubules (Red)

& Anti- Internexin (FITC) R _sses)
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Simplified Protocol for immunostaining:

1. Cells (or tissue sections) can be fixedin the PBS with 4%
paraformaldehyde (or other fixatives) for.10-15 min.

2. Rinse samples with PBS 2-3 times (3-5 min. eachtime)

3. Normal goat serum blocking (with Triton-X if necessary).for 20-30 min.
(Optional)

4. Prepare primary antibodies. For example: Mouse monoclonal antibody

and/or rabbit polyclonal antibody.

5. Immunostaining: add primary antibodies to cover the samples, 4 degree
for overnight (or 37 degree for 2 hr).



anti-mouse IgG (1:100 dilution) and/or Rhodamine-conjugated goat
anti-rabbit 1IgG (1:200 dilution) at room temperature for 1 hour.

8. Wash the samples with PBS for 5 times (5 min. eac
9. Mount the samples with Crystal Mount.

10. Observe the samples under the Microscope.

*Basically, primary antibodies are the key factors for
Immunohistochemistry or immunocytochemistry.

** Please make sure your antibodies are good for
Immunostaining before doing the experiment.




] Neuroscience From Chemicon

Antibodies for Neurobiology Research

Species Known
Description Reactivity Applications Format Host Quantity Catalog #
Tyramine [P-Tyramine] Rt IH Serum Rabbit 100 pL AB124
New'  Tyrosine Rt IH Serum Rabbit 100 pL AB5500
Tyrosine Hydroxylase Rt, Amph, IB, IH Asc Ms IgG; 100 pL MAB318
Mky, Vole

MAB318 recognizes an epitope on the outside of the regulatory N-terminus of Tyrosine Hydroxylase.
Recognizes a protein of approximately 59 kDa by Western blot. Does not react with the following on
Western Blots: dopamine-B-hydroxylase, phenylalanine hydroxylase, tryptophan hydroxylase,
dihydropteridine reductase, sepiapterin reductase or phenylethanolamine-N-methyl transferase
(PNMT). Immunogen: Tyrosine Hydroxylase purified from PC12 cells.

Mouse anti-Tyrosine Hydroxylase (MAB318). Embryonic rat
mesencephalic dopamine neurons.

Tyrosine Hydroxylase Rt IH Sup Ms 1gG4 1mL MAB358
Tyrosine Hydroxylase, clone 2/40/15 Rt, Bov, Chk 1B, IH Pur Ms I1gG,, 40 pg MAB5280

Mouse anti-Tyrosine Hydroxylase
(MAB5280) Localization of

Tyrosine Hydroxylase in rat mid brain.
Photo courtesy of Dr. Robert Sloviter,
University of Arizona.




Nucleus Staining

1. Prepare a stock solution at 10 mg/ml of DAPI (M.W. 350) in distilled
water, protect from light, and store at 4 C .
Prepare a 5000-fold dilution in PBS to be used for labeling.

2. Prepare a fresh 3.7% formaldehyde solution for fixation. Also prepare a
0.2% Triton X-100 solution for permeabilization.

3. Aspirate the cell medium and Rinse cells three times with PBS:

4. Fix the cells for 10 minutes in 3.7% formaldehyde solution.

5. Aspirate and rinse the cells three times for 5 minutes each in PBS.

6. Permeabilize the cells by immersion in 0.2% Triton X-100 for 5 minutes.

7. Aspirate and rinse three times for 5 minutes each in PBS.

8. Incubate the cells at room temperature for 1-5 minutes in the DAPI
labeling solution.

9. Aspirate off the labeling medium, rinse three times in PBS and mount.



Fetal rat amygdala neurons in culture. Ducle and neural
filaments stained green with Rabbit Anti-Neurofi lament 200 (Product No. N 4142) and Goat Anti-Rabbit

I§G-FITC conjugate (Product No. F 9887). [From R. Gabr, West Virginia Univ., Dept of Pharmacology &
Toxicology, Morgantown, WV].




LABELING LIVE CELLS:
Labeling DNA with Hoechst 33342

1. Prepare a 10 ug/ml stock solution of Hoechst 33342 (M.W. 642) in
distilled water, protect from light, and store at 4 °C.
Prepare a 100-fold dilution in dH20O to be used for labeling.

2. Aspirate the cell medium.

3. Rinse cells three times with PBS.

4. Incubate the cells at room temperature for 10-30 minutes in the
Hoechst labeling solution.

5. Aspirate the labeling medium and rinse three times in PBS and
mount.
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Probes for Organelles
Ugely )

1. Mitochondria:
MitoTracker Probes

2. Lysosomes:
LysoTracker Probes: Acidic Organelle

3. Endoplasmic Reticulum (ER):
ER-Tracker Blue-White DPX

4. Golgi Apparatus:
BODIPY FL C.-ceramide


http://www.probes.com/

1. Mitochondria:-MitoTracker (2 cd) probe

MitoTracker in COS 7 cells

~ MitoTracker in Neuro 2A cell

MitoTracker Red CMXRos to
mitochondria.

After fixation and permeabiliza
cells were stained with BODIPY
phallacidin to label the F-actin fil
(Green) and finally counterstaine
DAPI to label the nucleus (Blue).



1. Mitochondria:-MitoTracker (Green) probe

™

_

o

Bull sperm prelabeled with MitoTracker Green FM and used for in vit
fertilization of bovine oocytes. After fertilization, eggs with bound or
incorporated sperm were fixed in 2% formaldehyde, made permeable
Triton X-100 and labeled with anti-tubulin antibody followed by a
tetramethylrhodamine-labeled secondary antibody and counterstained

with DAPI (Blue).




2. Lysosomes:
LysoTracker Probes:

H33342 GFP-MAP1A

cidic Organelle

16.00 pm

Lyso-tracker

16.00 pm




Bovine pulmonary artery endothelial cells (BPAEC) incubated
simultaneously with 50 nM LysoTracker Red DND-99 and 75 nM MitoTracker
Green FM at 37°C for 30 minutes. Both dyes showed excellent cellular
retention, even after cells were fixed in 3% glutaraldehyde for 30 minutes.



Viable Madin-Darby canine
kidney (MDCK) cells
sequentially stained with
BODIPY FL C.-ceramide,
LysoTracker Red DND-99
and Hoechst 33258.
een-fluorescent BODIPY
ramide localized to
aratus,

FL
the G
red-fluor
LysoTrack
accumulate
lysosomes an
blue-fluorescen
33258 dye staine
nuclei.



3. Endoplasmic

ticulum (ER):
ER Tracker Blue-White DPX

ER-tracker GFP-MAP1A

20.00 pm 20.00 pm

.............

Lyso-tracker

20.00 pm




Live bovine pulmonary artery
endothelial cells stained with
-Tracker Blue-White DPX

Live bovine pulmonary art

cells stained with ER-Track

DPX and MitoTracker Red C

The endoplasmic reticulum ap
"™ green and the mitochondria app
~ % orange.




4. Golgi Ap

tus: BODIPY FL C.-ceramide

Selective-staining of the Golgi apparatus
using the green-fluorescent BODIPY FL C.-
ceramide (bottompanel). At high
concentrations, the DIPY FL fluorophore
forms excimers that can be visualized using a
red longpass optical filter.

lysosomes
blue-fluoresc
Hoechst 3325
nuclei




Fluorescence probes in the living cells

Fluorescent proteins (GFP,YFP, CFP,and DesRed) are ideal
for monitoring gene expression and protein localization in
Vivo, In situ, and in real time.

Fluorescent proteins do not require additional proteins,
substrates, or cofactors for detection.

NEW PRODUCTS

Living Colors” Red Fluorescent Protein

The only red fluorescent protein for expression studies

e Exclusively available from
CLONTECH

e |deal for in vivo, multiple color
labeling

e Virtually eliminates background
fluorescence

¢ Highly specific antibody available

CLONTECH introduces Living Colors® Red
Fluorescent Protein'—the only commer-
cially available red fluorescent protein (RFP)
for expression studies. This unique protein
(DsRed) was isolated from the IndoPacific sea




NEW PRODUCTS

Living Colors” Red Fluorescent Protein..continues

Figure 2. Triple labeling with DsRed1, ECFP, and EYFP. Hela cells were transiently transfected with pECFP-Nuc
(#6904-1), pEYFP-Tub (#6118-1), and pDsRed1-Mito (n/a), which label the nucleus, tubulin, and mitochondria, respec-
tively. The cells were incubated at 37°C for 48 hr, fixed in 3.7% formaldehyde in PBS, and observed by fluorescence
microscopy using a Zeiss Axioskop. The images were taken with Omega filter sets XF35 (propidium iodide) for
DsRed1-Mito, XF104 for EYFP-Tub, and XF114 for ECFP-Nuc, a cooled CCD camera (MicroMax Interline Transfer
Camera, Roper Scientific), and MetaMorph Software (Universal Imaging Corp.). Individual images were overlaid and
pseudocolored. The overlap of EYFP and DsRed gives a bright yellow color.
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Figure 3. Excitation and emission spectra for all Living
Colors® fluorescent proteins.




Some commercial available expression vectors
for fluorescent roteins: (from BD Biosciences Clontech)

*N-terminal Protein Fusion expression vectars: pDsRed2-N1, pECFP-N1,
PEGFP-N1, N2, N3, and pEYFP-N1

N-Terminal Enhanced Fluorescent Protein Vectors

pucC Pewv e

ori

pDsRed2-N1
';ngTA( PECFP-N1 proten
pEGFP-N1/2/3
pEYFP-N1
Ranl 4.7kb

N r
€0 svaoori

PSV40
e

N1 MCS

G CTA GCG CTA CCG GAC TCA GAT CTC GAG CTC AAG CTT CGA ATT CTG CAG TCG ACG GTA CCG CGG GCC CGG GAT CCA CCG GTC GCC ACC ATG GTG

Nhe! Ecod7lll BgI “Xhol gy, MMdM  EcoR1 “psti+ iac/c A Ag,%’!lél—Apa | XmalBamH| Agel**
Ecl136 Il L nBsp1201Smal

N2 MCS

sToP
GC TAG CGC TAC CGG ACT CAG ATC TCG AGC TCA AGC TTC GAA TTC TGC AGT CGA CGG TAC CGC GGG CCC GGG ATC CAC CGG CCG GTC GCC ACC ATG GTG
Nhe | Ecoa7 Ill Bglll —ypo 5 IHind W EcoRl ~pst1  Sall  Kpnl Apal ~_BamH| Eag It
ac

Accl Asp7181 Bsp120 1
Ecl136 11 Sact " ';(r'n"aa |I

N3 MCS

GCT AGC GCT ACC GGA CTC AGA TCT CGA GCT CAA GCT TCG AAT TCT GCA GTC GAC GGT ACC GCG GGC CCG GGA TCC ATC GCC ACC ATG GTG

Nhe | Ecoa7 Il Bglll “xho! Hind 1l EcoR|l—psr Sall Kpnl Apa | BamH Xcm 1§
Ecod7 i Xho| A Pst | Acci ASp718IS : Bs;’))‘lzol }ma Iam |
ac

Small

Ecl136 11




C-terminal Protein Fusion expression vectors:
pDsRed2-C1, pECFP-C1, peGFP-C1, C2, C3, and pEYFP-C1

C-Terminal Fluorescent Protein Vectors

pUC PCMV IE
ori

pDsRed2-C1

Fluorescent

pECFP-C1 Protein
pPEGFP-C1/2/3

DEYFP-C1
4.7 kb SV40

poly A

SV40 ori f1
p ori

PSV40
e

CLMCS
ECFP/
EGFP/EYFP

e —
TAC AAG TCC GGA CTC AGA TCT CGA GCT CAA GCT TCG AAT TCT GCA GTC GAC GGT ACC GCG GGC CCG GGA TCC ACC GGA TCT AGA TAA CTG ATCA
BspEI' Bglll Xhol Hind Il EcoR Pst1 Sall Kpn | Apal BamH | Xbal Bcl |
Sacl Acc|l Asp7181 Bsp120 |

Xma |
Sacli
C2 MCS Ec/136 11 Smal STOPs
EGFP

TAC AAG TCC GGC CGG ACT CAG ATC TCG AGC TCA AGC TTC GAA TTC TGC AGT CGA CGG TAC CGC GGG CCC GGG AéTC ('I-'AC CGG ATC TAG ATA ACT GAT CA
Eag |** Bglll —%po1 Hind . EcoRl —pgeis Sall  Kpnl Apal amH | Xba 1™ Bcl I”
& e L Accl AspT181 \ Bsp1201 “Xmal
Ecl136 1l sacll Smal

STOPs

EGFP 5
TAC AAG TAC TCA GAT CTC GAG CTC AAG CTT CGA ATT CTG CAG TCG ACG GTA CCG CGG GCC CGG GAT CCA CCG GAT CTA GAT AACTGA TCA

Sca I* Bglll ~ Xhol Hind Il EcoR1 “pst1  Sall Kpn| =< Apal ~_ BamH | XbaT Bcl I”
S\ac | Accl Asp7181 Bsp1201 \Xma i

Ecl136 11 Sacll Smal




Living Colors™ Subcellular Localization Vectors

e Localize fluorescence to specific organelles or structures in living cells
e Visualize biological processes as they occur
® Dual- or triple-label cells with different fluorescent proteins

Peroxisomes

Mitochondria

Endosomes
e 0

Plasma
membrane

Actin & Tubulin - AN ® e
*e - N R === f — Nucleus
, _ . ® e
& Eilip N e Endoplasmic
@ EYFP . » reticulum
@ ECFP

@ DsRed

Figure 1. Organelles targeted by Living Colors™ Subcellular Localization Vectors.




Living Colors™ Subcellular Localization Vectors continued

Figure 2. Dual and triple labeling with Living Colors™ proteins. HelLa cells were tran-
siently transfected with pDsRed1-Mito, pEYFP-Tub, and pECFP-Nuc, and were fixed.
The images were taken using Omega filter sets XF35 (propidium iodide) for DsRed1-
Mito, XF104 for EYFP-Tub, and XF114 for ECFP-Nuc; a cooled CCD camera (MicroMax
Interline Transfer Camera, Roper Scientific); and MetaMorph Software (Universal
Imaging Corp.). Individual images were overlaid and pseudocolored. Panel A.
pDsRed1-Mito & pECFP-Nuc. Panel B. pDsRed-Mito, pEYFP-Tub & pECFP-Nuc.

Table I: Living Colors™ Subcellular Localization Vectors

Targeted
subcellular
structure

Color variants
available

Localization
tag or gene

Potential
applications

Endosomes Green, cyan, yellow

Mitochondria Cyan, yellow

Nucleus Cyan, yellow

RhoB

Targeting sequence
from subunit VIII
of cytochrome ¢ oxidase

SV40 T-antigen NLS*;
3 tandem repeats

* Observe movement of
vesicles of endocytic
pathway

* Monitor endocytosis of
labeled receptors or
ligands

e Study normal & disease
state

* Track mitochondrial
dynamics

¢ Study nuclear import

eTrack cell lineage

¢ Monitor cell growth
& division

Product

Size
pPEGFP-Actin Vector

pEYFP-Actin Vector
20 pg

20 pg

pECFP-Endo Vector
20 pg

Cat. #

6116-1

6902-1

6934-1

pEGFP-Endo Vector
20 pg

6935-1

pPEYFP-Endo Vector
20 ug

6936-1

pECFP-ER Vector

20 pg  6907-1

pPEYFP-ER Vector 20 ug

6906-1

pPEGFP-F Vector

pECFP-Golgi Vector
20 g

20 ug

pEYFP-Golgi Vector
20 pg

6074-1

6908-1

6909-1

pECFP-Mem Vector
20 pg

6918-1

pEYFP-Mem Vector
20 ug

6917-1

pECFP-Mito Vector

20pg  6903-1

pEYFP-Mito Vector

20 ug  6115-1

pECFP-Nuc Vector 20 ug  6904-1

pPEYFP-Nuc Vector 20 ug

6905-1

PEGFP-Peroxi Vector

20 pg  6932-1

pECFP-Peroxi Vector
20

6931-1




CFP-Golgi GFP-MAP1A
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Fluorescent Organisms:
Transgenic GFP mouse

Method for introducing genes into mouse embryos:
DNA injection into fertilized eggs
(over-expression, multiple copies of GFP transgene)

@ MICROINJECTION of @ GENE TRANSFER inlo
— cloned DNA inlo |

ES cells with cloned DNA
zygoles or by infection

selection, characterization

ES-chimaera formation

g

| Mice carrying foreign genes | |

__.n'
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Inject foreign DNA
into one of the
pronuclei
Pronuclei <[
Fertilized mouse egg prior
to fusion of male and

female pronuclei B
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../Transgenic2001/MCB0801.MOV

Transgenic GFP mouse

(cited from Dr. Nagy’s Homepage: http://www.mshri.on.ca/nagy/visual.html)
Fluorescence Stereomicroscopy (Leica-MZ FLIII )




Transgenics

Figure 1. Use GFP to study gene expres-
sion in whole organisms. Photos A & B.
CLONTECH's EGFP expressed in trans-
genic mice. Photo A was taken in normal
light, Photo B in UV light. Notice that the
control animal in Photo B is not fluores-
cent. (Photos provided by M. Okabe,
Osaka University.) Photo C. GFP expressed
from a Sindbis virus vector reveals infec-
tion of the eyes and nervous system in the
head of a mosquito. (Photo provided by
S. Higgs, Colorado State University.)




In vivo electroporation

Effective gene transfer into the embryonic mouse
brain using in vivo electroporation-evelopmental Biology

240:230-246, 2001) N

http://www.frontier.kyoto-u.ac.jp/rcO1/in vivo electroporation.ht

*Transfection Efficiency
*Apparatus
*Procedures



IVE.pdf
in vivo electroporation.htm
transfection_efficiency.htm
apparatus.htm
procedures.htm

In vivo electroporation

micropipette
electrodes

TABLE 1

Effect of Voltage and Pulse Mumbers on Survival and
EXFP-Fositive Rata

Voltage No. of Embryo EYFF" Mo, of operated
R pulses  survival (%6)  embryos (%) embryos (Litters)

=l La

a3

= )




ession in restricted regions of the brain.




Transgenic fish
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Fluorescent calcium indicators in the living cell

Fluorescent probes that show a spectral response upon binding Ca?* have
enabled researchers to investigate changes in.intracellular free Ca?*
concentrations using fluorescence microscopy, flow cytometry and
fluorescence spectroscopy.

|. Fluorescent Ca?* Indicators Excited with UV Light: Fura-2, Indo-1 and
Derivatives; Quin-2 and Derivatives

False-color image of free Ca?*'concentration
in a Purkinje neuron from embryanic mouse
cerebellum. Neurons were grown in dispersed
tissue culture for 12 days, loaded with the
pentapotassium salt of fura-2 using a
microelectrode and then challenged with
trans-ACPD, an agonist of metabotropic
gy glutamate receptors, in the absence of
4 extracellular Ca?*. The composite image,
which represents the ratio of images obtained
gt with excitation at 340 nm and 380 nm, reveals
: the mobilization of internal Ca2* stores without
]» contribution from Ca?* influx.



e Fluorescent Ca?* Indicators Excited with Visible Light:
\<E i Fluo-3, Rhed-2 and Related Derivatives;

=~ Calcium Green, and Calcium Orange

Spontaneous intracellular Ca?* fluctuations of neurons
developing in vivo. The spinal cord was dissected from a
neurula-stage Xenopus embryo and loaded with fluo-3.
Regions of fluo-3 fluorescence on the ventral side of the
spinal cord are presented pseudocolored in gold and indicate
areas of highest intracellular Ca?*.

Pseudocolored images of changes in intracellular free calcium
in AtT-20/D16v-F2 cells, monitored at 9-second intervals with
fluo-4.

)
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Cytoskeletal Dyna

Actin probes:

Fluorescently labeled actin is an important too
cytoskeleton dynamics in vivo:

1. Phallotoxins for F-Actin

2. DNase | Conjugates for G-Actin

r investigating

Simultaneous vis F- and
G-actin in a bovine
endothelial cell (BPA
actin—specific Oregon
phalloidin and G-actin—s
Texas Red deoxyribonucl



Tubulin-Selective Probes: a-Tubulin B-Tubulin

Paclitaxel (Taxol):

BODIPY Paclitaxel Conjugates
(green-fluorescent)

*Paclitaxel promotes tubulin
assembly, producing aggregates
that cannot be depolymerized by
dilution, calcium ions, cold or a
number of microtubule-disrupting

drugS. GTP Taxotene
Vinblastine: for labeling B-tubulin e
*Vinblastine inhibits cell proliferation a-Tubulin GTP GDP  A-Tubulin
by capping microtubule ends,

thereby suppressing mitotic spindle | oo

microtubule dynamics.




Microtubule Associated Protein (MAP) probes
Cell mitosis

Axon outgrowth

- GCIN B Major Microtubule-Associated Proteins

Protein
Tyre |

MAPI1A

MAP1B

Tyre I
MAP2a

MAP2b

MAP2c

MAP4

Tau

MW Domain Organization™
300,000 heavy chain 1 FE S e e e
255,000 [ ] = T b
280,000 R 11
200,000 e 111

42,000 B

210,000 e 111

55,000-62,000 B 1T

[.ocation

Dendrites and axons

Dendrites and axons

Dendrites

Dendrites
Embryonic dendrites
Non-neuronal cells

Dendrites and axons

“Yellow, microtubule-binding domain; pink, projection domain; green, 18 amino acid repeats.



Microtubule Associated
Protein (MAP

- microtubule

MAP-2
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GFP-MAP1A Tubulin
Taxol- b
treatment L
GFP-MAP1A
Nocodazol-

treatment
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P-MAP1A in COS 7 (Taxol 10 uM)

590 frames
(10 sec./frame)
98 min. 20 sec.




GFP- A In COS 7 (Nacodazol 10 pg/ml)
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Taxol
98’ 20”

Nacodazol
g 70 50"




DsRed-MAP1la YFP-Tubulin

23 246




DsRed-
MAP1a
YFP-Tubulin
in

Nacodazol-
treated

COSY cell

10 s / frame,
total 216
frames, 36 min ~

0 min 36 min

36 min

0 min




EB-1 microtubule capping protein

(B)
spindle microtubule

growing bud
EB1 protein

—

Kar9
protein

microtubule anchored through
EB1-Kar9 binding

(movie from Molecular Biology of The Cell, 4" Ed. 2002)


16_3.mov




EB-1-YFP in process of Neuro 2A cell




Confocal Microscopy



../Confocal01/NTUconfocal/index.htm

