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IMMUNOFLUORESCENCE
MICROSCOPY



PREPARATION AND STAINING OF SPECIMENS

• increases visibility of specimen

• accentuates specific morphological features

• preserves specimens



FIXATION 

•process by which internal and external 
structures are preserved and fixed in position

•process by which organism is killed and 
firmly attached to microscope slide

• heat fixing

• preserves overall morphology but not internal 
structures

• chemical fixing

• protects fine cellular substructure and morphology of 
larger, more delicate organisms



Preparation of Fixed Samples

Why use fixed samples at all?

- Primary cells cannot easily be transfected and transgenic animals are time-

consuming to produce and not always possible

- Brighter than fluorescent fusion proteins

- Injection of antibodies only possible with big cells (e.g. oocytes)

- Can detect four different labels or even more at the same time

- High-throughput screening



DYES AND SIMPLE STAINING

• dyes

• make internal and external structures of cell more visible by 
increasing contrast with background

• have two common features

• chromophore groups

• chemical groups with conjugated double bonds 

• give dye its color

• ability to bind cells





IMMUNOFLUORESCENCE MICROSCOPY:
• When an antibody, or the antiimmunoglobulin antibody used to 

detect the antibody is labeled with a fluorescent dye

• This method is used when looking at the subcellular location of a 

protein of interest

http://www.kcl.ac.uk/depsta/biomedical/randall/images/fluo-mt.jpg
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http://www.kcl.ac.uk/depsta/biomedical/randall/images/fluo-mul.jpg


IMMUNOFLUORESCENCE MICROSCOPY:







HOW DO WE GET FLUORESCENT 
PROBES INTO CELLS

• Kill the cell and make the membrane permeable

• Live cells

• Diffusion: some can cross membrane

• Microinjection- stick and tiny needle through membrane

• Trauma: rip transient holes in membrane by mechanical shear 

(scrape loading) or electrical pulse (electroporation)

• Lipid vesicles that can fuse with membrane

• Transfect with fluorescent protein vector



LOADING CELLS (ALBERTS 4-59)





TYPES OF PROBES

• Some change intensity of fluorescence depending on pH or [Ca++]

• Some bind specific structures 

• ER 

• actin

• Golgi

• Plasma membrane

• Mitochondria

• Fluorescently labeled purified protein

• Antibodies



IMMUNOFLUORESCENCE LOCALIZATION OF 
PROTEINS IN DEAD/FIXED CELLS

• You can purify almost any protein from the cell (Biochemistry)

• Make an antibody to it by injecting it into a rabbit or mouse 
(primary antibody)

• Use the antibody to bind to the protein in the fixed cell

• Fixed cells can be made permeable so antibodies can get into 
interior

• Use a fluorescent “secondary antibody” (anti-rabbit or mouse) to 
localize the primary antibody





ANTI-TUBULIN IMMUNOFLUORESCENT LOCALIZATION OF MICROTUBULES





• Common dyes: fluorescein, rhodamine

• Dyes chosen are excited by a certain light wavelength, 

usually blue or green, and emit light of a different 

wavelength in the visible spectrum

• Eg. Fluorescein emits green light 

• Eg. Rhodamine emits orange/red light

• By using selective filters in a fluorescence microscope only 

the light from the dye is detected

• Available fluorescent labels now include red, blue, cyan or 

yellow fluorescent proteins

TECHNIQUE:



USES:

• This can be used to detect the distribution of any protein

• By attaching different dyes to different antibodies the 

distribution of two or more molecules can be determined in the 

same cell or tissue sample







Do not trust your eyes for image comparisons



The same image can be displayed in different ways by adjusting 

the contrast settings or the LUT. 

Nevertheless, despite the different appearance, the values of the

pixels are the same in all three images.









ImageJ composite image sample Fluorescent Cells. Using the Channels

Tool... 

and the slider at the bottom of the window, you can view the channels individually

or simultaneously.







Pretty pictures are nice, but many times we need to turn our images into 

quantifiable data. ImageJ is useful for getting information from images, including 

pixel intensity.

There are a number of different ways to get intensity information from images 

using the base package of ImageJ (no plugins required).

Basic Intensity Quantification with ImageJ



Quantify Gray Levels 

Across an Entire Image 

or Single Object/Region



If you want to limit your measured area to 

just your object you draw a region of interest 

(ROI) around your object with one of the 

drawing tools (in the toolbar) and then

Analyze 

Measure









Alternatively, you can go to 

Analyze > Set Measurements

and check off the box next to “Limit

to Threshold.”

Then use 

Image > Adjust >Threshold 

to highlight the area you want to

analyze, and then 

>

Analyze



You can use Analyze > Plot Profile to create a plot of intensity values 

across features in your image. 

In the example below, the plot gives the intensity values along the line 

drawn across three cell processes.



To Quantify Gray Levels for Each Object 

in Images with Multiple Objects

convert to grayscale create a binary image, Process > Binary > Watershed



Analyze > Analyze Particles

>



An simple image analysis workflow for detecting and measuring small spots,

applied to the red channel of the sample image HeLa Cells.









https://youtu.be/GHvndpGQKe4

ImageJ How to Measure Mean Fluorescence 

Intensity Over Timelapse Image Stack 

https://youtu.be/nIRhHb04u_k

Short introduction to histogram processing



2018 - Light microscopy in  Cellular Biology

Question?

Thanks for your attention!
Gabriele Baj 

gbaj@units.it




