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What are Antibodies?
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Antigen

Antibodies Bind to Proteins

Epitope: The part of the 
bacterial or viral protein that 

antibodies bind to



What do Antibodies Look Like?

"IgM scheme". Licensed under CC BY-SA 2.5 via Wikimedia Commons - http://commons.wikimedia.org/wiki/File:IgM_scheme.svg#mediaviewer/File:IgM_scheme.svg
http://www.greatplainslaboratory.com/home/eng/total_igg_vs_igg4.asp http://www.rcsb.org/pdb/101/motm.do?momID=136
http://www.scq.ubc.ca/mucosal-immunity-and-vaccines/  http://www.turbosquid.com/FullPreview/Index.cfm/ID/605294

There are many kinds of antibodies, 
also called Immunoglobins (“Ig”).  

The most common is called “IgG.”
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How do 2 genes create antibodies that 
can bind to any foreign object?
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Isotypes:
• IgA
• IgD
• IgG
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• IgM



Antibody Diversity is Achieved via Genetic 
Recombination
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The Human Genome Contains Multiple Heavy 
and Light Chain Gene Segments



Antibody Model Activity



• 2 long chenille stems of the 
same color = 2 heavy chains

• 2 short chenille stems of the 
same color = 2 light chains

• 4 small black chenille stem 
pieces = disulfide bonds

Gather Your Materials



• Use two black 
‘disulfide bonds’ to 
attach the two heavy 
chains to each other

• Bend the two ‘arms’ of 
the antibody model 
apart

Disulfide Bonds on Heavy Chains



• Attach each light 
chain to each 
heavy chain using 
1 disulfide bond 
each  

Disulfide Bonds on Light Chains



• Heavy Chains: 
• Choose 2 “V” beads 
• Choose 2 “D” beads
• Choose 2 “J” beads

• Light Chains: 
• Choose 2 “V” beads 
• Choose 2 “J” beads
• Light chains don’t 

have D regions

Heavy Chain
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V D J

JV

Increasing Antibody Diversity:
V(D)J Regions



• Place the 3 
V, D and J 
beads on 
each heavy 
chain

• Place the 2 V 
and J beads 
on each light 
chain

V
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Increasing Antibody Diversity:
V(D)J Regions



Final Antibody Structure:
Each One is Different!
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Antibodies Can be Used as Research 
Tools

• Stimulate B cells with a foreign protein of interest

• Immortalize B cell to grow in culture

• Produce large quantities of antibody to protein of 

interest

• Label antibody with fluorescent molecule or other type 

of detectable marker

• Use labeled antibody to bind to and detect protein of 

interest:

o on cells

o in an assay



National Cancer Institute (NCI) Definition 
of a Biomarker

• “A biological molecule found in blood, other 
body fluids, or tissues that is a sign of a 
normal or abnormal process, or of a condition 
or disease.”

• Biomarkers are used to differentiate between 
a person affected by a disease and a person 
without the disease.   



Types of Biomarkers

• Proteins (enzyme, receptor etc)

• Nucleic acids (microRNA, other non-coding 
RNA)

• Antibodies

• Peptides

• Changes in gene expression

• Changes in metabolic signature



Biomarker Detection

• Circulation:

– Blood, Serum, Plasma

• Excretions or Secretions:

– Stool, Urine, Sputum

• Tissue:

– Requires biopsy or other imaging

• Genetic:

– DNA or RNA isolated from patient tumor cells



"Cancer biomarker figure" by K.go2011 - I made it in power point tonight and saved it as an imagePreviously published: Not published. 

Licensed under CC BY-SA 3.0 via Wikimedia Commons - 

https://commons.wikimedia.org/wiki/File:Cancer_biomarker_figure.png#/media/File:Cancer_biomarker_figure.png



Examples Uses of Biomarkers

• Determination of a patient’s risk of developing cancer
– BRCA1, BRCA2 mutations (breast cancer, ovarian cancer)

• Diagnosis of a patient’s cancer – determination of the 
presence of disease
– Elevated levels of CEA (lung cancer)

– Genetic translocations/Philadelphia chromosome (AML)

• Determine prognosis -- can the disease be treated 
successfully
– Elevated levels of metallopeptidase inhibitor I (TIMP I) – a 

marker associated with more aggressive forms of multiple 
myeloma

• How should the cancer be treated 
– Kras mutations and anti-EGFR treatment (colorectal cancer)



Biomarkers found in bodily fluids are 
the easiest to sample

They are often detected using the 
ELISA test

Breast Cancer Antigen CA 27.29 is 

found on the MUC1 protein.



MUC-1 

• Found on the surface 
of cells

• Altered form found in 
breast caner cells

• Part of MUC-1, called 
CA 27.29, is shed from 
the cell surface during 
metastasis

B P Danysh et al, Theranostics (2012) 2: 277-287
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MUC-1 Biomarker
CA 27.29

MUC1: A Target Molecule for Cancer Therapy

R Singh and D Bandyopadhyay, Cancer Biol and Therapy (2007) 6: 481-486



ELISA Activity



ELISA: Analyzing Many Samples at 
One Time

ELISA Plate During Development ELISA Plate After Development is Stopped



Horseradish Peroxidase (HRP)

PDB ID 1W4W

• Found in the roots of horseradish plants
• Converts a substrate (3,3’,5,5’-

Tetramethylbenzidine or TMB) from a 
colorless solution to a blue solution

• Because this is an enzymatic reaction, it 
will continue to completion unless 
“stopped” with acid (1M H2SO4)

• Amount of color is a measure of amount of 
analyte initially present

ELISA Plate During Development ELISA Plate After Development is Stopped



Basic ELISA Steps: 
ELISA Models

• Coat Plate with Antigen

• Block unbound space on plate to prevent non-specific binding

• Add patient samples, positive and negative controls

• Wash away unbound protein

• Add enzyme-conjugated antibody

• Develop by adding substrate (TMB) for enzyme (HRP)

• Stop the reaction

• Analyze data



Different Types of ELISA
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Sandwich ELISA: 
Enzyme-Linked Secondary Antibody

Primary or 

Capture/Coating 

Antibody

[specific for Ag]
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[specific for Ag:

Conjugated to HRP]
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Coat the Bottom of the Well with 
Antibodies to the Protein of Interest

Y Y Y Y

Y
Y



Wash Away Unbound Antibody

Y YY Y
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Y



Add Blocking Solution
Milk Proteins Block Extra Spaces

Positive Control Negative Control

Y Y YY Y Y YY



Wash Away Excess Blocking Solution

Positive Control Negative Control

Y Y YY Y Y YY



Positive and Negative Controls

Positive Control Negative Control

Add Protein of Interest No Protein of Interest

Y Y YY Y Y YY



Wash Away Unbound Protein of 
Interest

Positive Sample Negative Sample

Y Y YY Y Y YY



Add Secondary Antibody 
Linked to an Enzyme

Horse Radish Peroxidase (HRP)

Positive Sample Negative Sample

Scissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip Art

Y Y YY Y Y YY

Y Y Y Y
Y

Y Y
Y

Y
Y

http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html


Wash Away Unbound Secondary 
Antibody

Positive Sample Negative Sample

Scissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip Art

Y Y YY

Y Y Y Y Y

Y Y
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http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html


Add the HRP Enzyme Substrate:
TMB

Positive Sample Negative Sample

Scissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip Art
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HRP Cleaves TMB Substrate: Product is Blue

Scissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip Art

Wells with the protein of interest in them turn 

BLUE

Positive Sample Negative Sample

Y Y YY

Y Y Y Y
Y
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http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html


The Stop Reagent Inactivates the HRP

Scissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip ArtScissors Clip Art

Wells that have protein of interest  in them 

turn YELLOW

Positive Sample Negative Sample

Y Y YY

Y Y Y Y
Y
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http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html
http://www.clker.com/clipart-scissors-17.html


ELISA Plate Read Out With TMB Substrate

Serial Dilution for

Standard Curve

500  U/mL

250 

125 

62.5 

31.25

15.6

7.8 

Positive Control

Patient Sample in Triplicate

?

?

?

?

?

?

3.9 

- - -

? ? ?



ELISA Plate Read Out 
After Addition of Stop Solution

Serial Dilution for

Standard Curve

500  U/mL

250 

125

62.5 

31.25

15.6

7.8

Positive Control

? ?

Patient Sample in Triplicate

3.9

?

???

---

? ? ?



Plate Plan

- -

-

-
Highest

Concentration

Standards

Lowest

Concentration

Patient Samples in Triplicate
Negative Control in Triplicate



How do you figure out how much protein is 
in each patient sample?

?

Serial Dilutions for

Standard Curve

500  U/mL

250 

125

62.5 

31.25

15.6

7.8

Blank (0) 

Positive Control

Negative Control

Patient Sample in Triplicate

? ?



Convert Colors to Numerical 
Values

Standard Curve (Positive Control)

500  U/mL

250 

125 

62.5 

31.25

15.6

7.8 

Negative Control - Blank (0)

Measure the optical density of the samples on a Spectrophotometer 

using the appropriate wavelength of light

0.9

0.49

0.24

0.13

0.06

0.03

0.01

0.001



Graph the Standard Curve Values

4
5

0

U
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Compare Patient Sample Values to 
the Standard Curve

Patient Sample = 0.7

Use the Equation of the line to determine the concentration of protein               

y = mx + b   Where:  y = OD value

    m = the slope of the line 

    b = y intercept

    x= ug/mL

U



Solve for X

y = mx + b

y = 0.7

m = 0.002

b = 0.008

mx = y – b

      

x = y – b

         m
4

5
0

Patient Sample = 0.7

y = 0.002x + 0.008

x = 0.7 – 0.008 = 346 U/mL

             0.002

U



Lesson

Sometimes you actually do use algebra

 in your daily life!!!!!!!!!!!!  ☺



Cancer Biomarker ELISA kits



Malaria ELISA kit



Lupus ELISA kit



HIV ELISA kit



E. coli ELISA kit


	Slide 1
	Slide 2: What are Antibodies?
	Slide 3: Antibodies
	Slide 4: Immune Responses to Infection
	Slide 5: Antibodies Bind to Proteins
	Slide 6: What do Antibodies Look Like?
	Slide 7
	Slide 8: Antibody Diversity is Achieved via Genetic Recombination
	Slide 9
	Slide 10: Antibody Model Activity
	Slide 11: Gather Your Materials
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18: Antibodies Can be Used as Research Tools
	Slide 19: National Cancer Institute (NCI) Definition of a Biomarker
	Slide 20: Types of Biomarkers
	Slide 21: Biomarker Detection
	Slide 22
	Slide 23: Examples Uses of Biomarkers
	Slide 24: Biomarkers found in bodily fluids are the easiest to sample  They are often detected using the  ELISA test
	Slide 25: MUC-1 
	Slide 26: MUC-1 Biomarker CA 27.29
	Slide 27: ELISA Activity
	Slide 28: ELISA: Analyzing Many Samples at One Time
	Slide 29: Horseradish Peroxidase (HRP)
	Slide 30: Basic ELISA Steps:  ELISA Models
	Slide 31: Different Types of ELISA
	Slide 32: Sandwich ELISA:  Enzyme-Linked Secondary Antibody
	Slide 33: Coat the Bottom of the Well with Antibodies to the Protein of Interest
	Slide 34: Wash Away Unbound Antibody
	Slide 35: Add Blocking Solution Milk Proteins Block Extra Spaces
	Slide 36: Wash Away Excess Blocking Solution
	Slide 37: Positive and Negative Controls 
	Slide 38: Wash Away Unbound Protein of Interest
	Slide 39: Add Secondary Antibody  Linked to an Enzyme Horse Radish Peroxidase (HRP)
	Slide 40: Wash Away Unbound Secondary Antibody
	Slide 41: Add the HRP Enzyme Substrate: TMB
	Slide 42: HRP Cleaves TMB Substrate: Product is Blue 
	Slide 43: The Stop Reagent Inactivates the HRP
	Slide 44: ELISA Plate Read Out With TMB Substrate 
	Slide 45: ELISA Plate Read Out  After Addition of Stop Solution 
	Slide 46
	Slide 47:  How do you figure out how much protein is in each patient sample?
	Slide 48: Convert Colors to Numerical Values
	Slide 49: Graph the Standard Curve Values
	Slide 50: Compare Patient Sample Values to the Standard Curve
	Slide 51: Solve for X
	Slide 52: Lesson
	Slide 53: Cancer Biomarker ELISA kits
	Slide 54: Malaria ELISA kit
	Slide 55: Lupus ELISA kit
	Slide 56: HIV ELISA kit
	Slide 57: E. coli ELISA kit

