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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. ROGAM: Rhodamine-conjugated goat anti-mouse IgG (Red)

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

4. ROGAR: Rhodamine-conjugated goat anti-rabbit IgG (Red)



Double immunostaining

Mouse monoclonal Ab + Rabbit polyclonal Ab

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

ROGAR: Rhodamine-conjugated goat anti-rabbit IgG (Red)





Simplified Protocol for immunostaining:

1. Cells (or tissue sections) can be fixed in the PBS with 4% 

paraformaldehyde (or other fixatives) for 10-15 min. 

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

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.

(Dilutions depend on the titers of antibodies).

5. Immunostaining: add primary antibodies to cover the samples, 4 degree 

for overnight (or 37 degree for 2 hr).



6. Rinse samples with PBS 3 times (5 min. each) 

7. Apply the secondary antibodies. For example: FITC-conjugated goat 

anti-mouse IgG (1:100 dilution) and/or Rhodamine-conjugated goat 

anti-rabbit IgG (1:200 dilution) at room temperature for 1 hour. 

8. Wash the samples with PBS for 5 times (5 min. each). 

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.



From Chemicon



Nucleus Staining

LABELING FIXED CELLS : Labeling DNA Using DAPI

1. Prepare a stock solution at 10 mg/ml of DAPI (M.W. 350) in distilled 

water, protect from light, and store at 4 ℃ . 

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. 





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 ℃. 

Prepare a 100-fold dilution in dH2O 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. 





Probes for Organelles 
(from Molecular Probes)

1. Mitochondria: 

MitoTracker Probes 

2. Lysosomes: 

LysoTracker Probes: Acidic Organelle 

3. Endoplasmic Reticulum (ER): 

ER-Tracker Blue-White DPX 

4. Golgi Apparatus: 

BODIPY FL C5-ceramide 

http://www.probes.com/


1. Mitochondria: MitoTracker (Red) probe

MitoTracker Red CMXRos to label the 

mitochondria. 

After fixation and permeabilization, the 

cells were stained with BODIPY FL 

phallacidin to label the F-actin filaments 

(Green) and finally counterstained with 

DAPI to label the nucleus (Blue). 



1. Mitochondria: MitoTracker (Green) probe

Bull sperm prelabeled with MitoTracker Green FM and used for in vitro

fertilization of bovine oocytes. After fertilization, eggs with bound or 

incorporated sperm were fixed in 2% formaldehyde, made permeable with 

Triton X-100 and labeled with anti-tubulin (Red) antibody followed by a 

tetramethylrhodamine-labeled secondary antibody and counterstained 

with DAPI (Blue). 



2. Lysosomes: 

LysoTracker Probes: Acidic Organelle



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 C5-ceramide, 

LysoTracker Red DND-99 

and Hoechst 33258. 

Green-fluorescent BODIPY 

FL C5-ceramide localized to 

the Golgi apparatus, 

red-fluorescent 

LysoTracker Red stain 

accumulated in the 

lysosomes and 

blue-fluorescent Hoechst 

33258 dye stained the 

nuclei. 



3. Endoplasmic Reticulum (ER): 

ER-Tracker Blue-White DPX



Live bovine pulmonary artery 

endothelial cells stained with 

ER-Tracker Blue-White DPX

Live bovine pulmonary artery endothelial 

cells stained with ER-Tracker Blue-White 

DPX and MitoTracker Red CM-H2XRos. 

The endoplasmic reticulum appears 

green and the mitochondria appear 

orange. 



4. Golgi Apparatus: BODIPY FL C5-ceramide

Selective staining of the Golgi apparatus 

using the green-fluorescent BODIPY FL C5-

ceramide (bottom panel). At high 

concentrations, the BODIPY FL fluorophore 

forms excimers that can be visualized using a 

red longpass optical filter. The BODIPY FL C5-

ceramide accumulation in the trans-Golgi is 

sufficient for excimer formation (top panel).

Green-fluorescent 

BODIPY FL C5-

ceramide: Golgi 

apparatus

red-fluorescent 

LysoTracker Red: 

lysosomes

blue-fluorescent 

Hoechst 33258: 

nuclei



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.

Fluorescence probes in the living cells





Some commercial available expression vectors 

for fluorescent proteins: (from BD Biosciences Clontech)

*N-terminal Protein Fusion expression vectors: pDsRed2-N1, pECFP-N1, 

pEGFP-N1, N2, N3, and pEYFP-N1



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









Fluorescent Organisms: 
Transgenic GFP mouse
Method for introducing genes into mouse embryos:

DNA injection into fertilized eggs 

(over-expression, multiple copies of GFP transgene)



傳統基因轉殖:
將欲探討的基因直接打入動物的受精卵。

../Transgenic2001/MCB0801.MOV


(cited from Dr. Nagy’s Homepage: http://www.mshri.on.ca/nagy/visual.html)

Fluorescence Stereomicroscopy (Leica MZ FLIII )

Transgenic GFP mouse

GFsP-5





In vivo electroporation

Effective gene transfer into the embryonic mouse 

brain using in vivo electroporation (Developmental Biology 

240:230-246, 2001)

http://www.frontier.kyoto-u.ac.jp/rc01/in_vivo_electroporation.html

•Transfection Efficiency 

•Apparatus

•Procedures

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


In vivo electroporation





Transgenic fish





Fluorescent calcium indicators in the living cell

Fluorescent probes that show a spectral response upon binding Ca2+ have 

enabled researchers to investigate changes in intracellular free Ca2+

concentrations using fluorescence microscopy, flow cytometry and 

fluorescence spectroscopy.

I. Fluorescent Ca2+ Indicators Excited with UV Light: Fura-2, Indo-1 and 

Derivatives; Quin-2 and Derivatives 

False-color image of free Ca2+ concentration 

in a Purkinje neuron from embryonic 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 

glutamate receptors, in the absence of 

extracellular Ca2+. The composite image, 

which represents the ratio of images obtained 

with excitation at 340 nm and 380 nm, reveals 

the mobilization of internal Ca2+ stores without 

contribution from Ca2+ influx. 



Fluorescent Ca2+ Indicators Excited with Visible Light: 

Fluo-3, Rhod-2 and Related Derivatives; 

Calcium Green, and Calcium Orange

Spontaneous intracellular Ca2+ 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 Ca2+.

Pseudocolored images of changes in intracellular free calcium 

in AtT-20/D16v-F2 cells, monitored at 9-second intervals with 

fluo-4.





Simultaneous visualization of F- and 

G-actin in a bovine pulmonary artery 

endothelial cell (BPAEC) using F-

actin–specific Oregon Green 488 

phalloidin and G-actin–specific 

Texas Red deoxyribonuclease I.

Cytoskeletal Dynamics

Actin probes:
Fluorescently labeled actin is an important tool for investigating 

cytoskeleton dynamics in vivo: 

1. Phallotoxins for F-Actin

2. DNase I Conjugates for G-Actin 



Tubulin-Selective Probes:

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. 

Vinblastine: for labeling β-tubulin 

*Vinblastine inhibits cell proliferation 

by capping microtubule ends, 

thereby suppressing mitotic spindle 

microtubule dynamics. 



Microtubule Associated Protein (MAP) probes

Cell mitosis

Axon outgrowth



TauMAP2

Microtubule Associated 

Protein (MAP)



A B

GFP-MAP1A Tubulin

Taxol-

treatment

GFP-MAP1A Tubulin

C D

Nocodazol-

treatment



MAP1A-HC MAP1A-LC Tubulin

Taxol

Nocodazol

Taxol Nocodazol



GFP-MAP1A in COS 7 (Taxol 10 M)

590 frames 

(10 sec./frame)

98 min. 20 sec.



GFP-MAP1A in COS 7 (Nacodazol 10 g/ml)

425 frames 

(10 sec./frame)

70 min. 50 sec.



Taxol

98’ 20’’

Nacodazol

70’ 50’’



Nocodazol treated Cotransfected DsRed-MAP1a + YFP-Tubulin

COS7 cell                                       10 second / frame, total 216 frames, 36 min

2 216 1 215

DsRed-MAP1a YFP-Tubulin



0 min 36 min

0 min 36 min

DsRed-

MAP1a+

YFP-Tubulin

in 

Nacodazol-

treated 

COS7 cell

10 s / frame, 

total 216 

frames, 36 min



EB-1 microtubule capping protein 

Microtubule dynamics: plus end capped with GFP-EB-1

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

16_3.mov


EB-1-YFP in process of COS 7 cell



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



Confocal Microscopy

Http://info.ntu.edu.tw/biotech/main.htm

../Confocal01/NTUconfocal/index.htm

