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How Do Atoms and Molecules Connect to our Priorities?

http://cms.gavirtualschool.org/Shared/Science/Biology17/WelcomeToBiology/Biology_WelcomeToBiology_Shared4.html

http://cms.gavirtualschool.org/Shared/Science/Biology17/WelcomeToBiology/Biology_WelcomeToBiology_Shared4.html
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"The study of the adverse effects of chemicals

on living organisms"

Toxicology

GHS hazard pictograms
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Basic assumption of toxicology

"The dose makes the poison"
(Latin: sola dosis facit venenum) 

"Alle Ding' sind Gift und nichts ist ohn' 

Gift; allein die Dosis macht, dass ein 

Ding kein Gift ist."

All things are poison, and nothing is

without poison, the dosage alone

makes it so a thing is not a poison.

Paracelsus (1493-1541)
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Individual Response to Exposure

Individual sensitivityIndividual sensitivity
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Routes of Exposure

Inhalation

Ingestion

Skin absorption

Duration of exposure
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Routes of Exposure and Physical State of Chemical Agent
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Routes of Exposure

Acute
Single short-term exposure

Chronic
Repeated or continuous exposure

How much of a chemical is required to cause death?
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Testing for Toxicity
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Dosage Units

• Median Lethal Dose (LD50)

The "dose of a chemical expected to be lethal to 50% 

of the members of an exposed population."

[mg/kg body weight]

• Median Lethal Concentration as a function of time (LCt50)

The "concentration of a chemical (in vapor phase) 

expected to be lethal to 50% of the members of an 

exposed population for a specified period of time."

[mg.min/m3]
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Dosage Units



12

Example: Dichlorovos

Insecticide commonly used in household pesticide strips

•Oral LD50 (rat): 56 mg/kg

•Dermal LD50 (rat): 75 mg/kg

•Intraperitoneal LD50 (rat): 15 mg/kg

•Inhalation LC50 (rat): 1.7 ppm (15 mg/m3); 4-hour exposure

•Oral LD50 (rabbit) 10 mg/kg

•Oral LD50 (pigeon:): 23.7 mg/kg
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Toxicity classes

Toxicity Classes: Hodge and Sterner Scale

Routes of Administration

Oral LD50 Inhalation LC50 Dermal LD50

Toxicity Rating Commonly Used Term
(single dose to rats)

[mg/kg]

(exposure of rats for 

4 hours)

[ppm]

(single application to 

skin of rabbits) 

[mg/kg]

Probable Lethal Dose 

for Man

1 Extremely Toxic 1 or less 10 or less 5 or less 1 grain (a taste, a 

drop)

2 Highly Toxic 1-50 10-100 5-43 4 ml (1 tsp)

3 Moderately Toxic 50-500 100-1000 44-340 30 ml (1 fl. oz.)

4 Slightly Toxic 500-5000 1000-10,000 350-2810 600 ml (1 pint)

5 Practically Non-toxic 5000-15,000 10,000-100,000 2820-22,590 1 litre (or 1 quart)

6 Relatively Harmless 15,000 or more 100,000 22,600 or more 1 litre (or 1 quart)
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For what?

• Emergency procedures

• Safety clothing and equipment

guidelines

• Transportation regulations

• Occupational exposure limits
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Environmental Toxicology: https://www.slideshare.net/misteraugie/hlth104chapter03  

What is a LD50 and LC50? https://www.ccohs.ca/oshanswers/chemicals/ld50.html 

https://www.slideshare.net/misteraugie/hlth104chapter03
https://www.ccohs.ca/oshanswers/chemicals/ld50.html
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What is the definition of a "toxic chemical“?

Any chemical which through its chemical action on life processes 

can cause death, temporary incapacitation or permanent harm to 

humans or animals. This includes all such chemicals, regardless 

of their origin or of their method of production, and regardless of 

whether they are produced in facilities, in munitions or elsewhere

- Chemical Weapons Convention Article II, Paragraph 2
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What is a “Life Process”?
(this is not defined in the Convention)
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“Molecular

Machines”
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https://www.cellsignal.com/contents/science-cellular-landscapes/cellular-landscapes-vesicle-trafficking/science-landscapes-vesicle-trafficking#

https://www.cellsignal.com/contents/science-cellular-landscapes/cellular-landscapes-vesicle-trafficking/science-landscapes-vesicle-trafficking
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This is NOT a UN Org Chart!
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This is NOT a UN Org Chart!
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This is NOT a UN Org Chart!
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Just Like Chemistry, Molecular Biology is also About Molecules…

The molecules are just very large…

https://www.wichlab.com/wp-content/uploads/2017/08/Size-comparison-Bio-nanoparticles-1.jpg 

Similar size to a number of 

classical chemical warfare agents

Proteins and DNA can be

~10 – 100 times larger

https://www.wichlab.com/wp-content/uploads/2017/08/Size-comparison-Bio-nanoparticles-1.jpg
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Just Like Chemistry, Molecular Biology is also About Molecules…

“Shape”

“Short-hand”
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Proteins are Sequences of Connected Amino Acids
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Proteins are Sequences of Connected Amino Acids

“Molecular Machines”

(these perform biological functions)
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Proteins are Sequences of Connected Amino Acids
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To Help Understand This, We Built a Model…

signalling pathways

transporter

proteins
ion channels

organelles

enzymes
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Living Systems Enjoy Broad Molecular Diversity

~100,000  transcripts

(human)

~20,000-25,000 genes

(human)

>100,000, 000 proteins

(human)

?
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Living Systems Enjoy Broad Molecular Diversity

Biological systems are 

very complicated…

(a system of 

simultaneous and 

interacting processes)

Toxic chemicals can interfere with a multitude of life 

processes, and these can impact other life processes 

through interference in a “different” part of the “system”
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Why are Some Chemicals are “More Toxic” Than Others
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Chemical Action on Life Processes: Some Examples
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Chemical Action on Life Processes: Some Examples
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Chemical Action on Life Processes: Some Examples
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Bringing Oxygen to the Brain

Carbon monoxide and cyanide 

bind to heme and do not let go, 

preventing oxygen transport to 

the brain

Hemoglobin

MW = 64,000
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Bringing Oxygen to the Brain

Oxygen

MW = 32

Hydrogen

Cyanide

(HCN)

MW = 27

Carbon

Monoxide

(CO)

MW = 28

Hemoglobin

MW = 64,000

Toxic chemicals, ~ 2,000 times smaller 

than the hemoglobin transporter 

protein, shut down a vital life process



40

Molecule to Molecule Interactions

Zhou, 2011; DOI:10.1016/j.tibs.2011.11.002

High Affinity

High Specificity

Low Affinity

High Specificity
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Molecule to Molecule Interactions

Enzymes that combine substrates also exist
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Enzyme Inhibition: “Turning off a Life Process”
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From PDB Molecule of the Month, 2004

https://pdb101.rcsb.org/motm/54 

In Addition to Size and Shape – Chemical Functional Groups Still Matter

Binding pocket

Sarin

adduct

https://pdb101.rcsb.org/motm/54
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AChE = acetylcholinesterase

Normal Nerve Function
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X

When Nerve Agent Inhibits Acetylcholinesterase
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Acetylcholinesterase Inhibition: Nerve Agent Size, Shape and Orientation

Soman (                 ) adduct
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Acetylcholinesterase Inhibition: Nerve Agent Size, Shape and Orientation
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Acetylcholinesterase Inhibition: Nerve Agent Size, Shape and Orientation
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Acetylcholinesterase is also Found in the Brain…

AChE inhibitors are used in the 

treatment of Alzheimer's Disease!
(but not Scheduled “nerve agents”)
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Acetylcholinesterase is also Found in the Brain…

Interference with life processes in the brain 
nerve agent exposure can lead to long-term post-

exposure neurological conditions
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Modulating Pain Response

m-opioid

receptor
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Modulating Pain Response

m-opioid

receptor

DOI: 10.1124/pr.112.005942
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Modulating Pain Response

m-opioid

receptor

Substance P

Endogenous

Bioregulator

Morphine

(more potent)

Fentanyl

(even more potent)
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The 17 RCA’s activate peripheral nervous

system ion channel receptors (TRPA1, TRPV1)

 – these initiate an irritation response



58

Proteins as Toxic Chemicals…



Proteins as Toxic Chemicals…
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Molecular Machinery…

A “Garden Variety Toxin”
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Shuts down protein synthesis.

Impacts on life processes 

throughout the cell.

Ricin B chain can be 

removed from the A chain 

and used to deliver other 

“chemicals” into a cell
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Why its Important to Fully Understand Life Processes
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Why its Important to Fully Understand Life Processes

A more specific effect on a 

unique life process allows 

more targeted/effective 

medical countermeasures to 

be developed
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Chemical Action Does Not Always Need to be So Complicated..

An alkyl halide will transfer an “alkyl” (R) group to another 

molecule through reaction with a “nucleophilic” functional group 
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Chemical Action Does Not Always need to be So Complicated..

R-X



66nucleophilic groups
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DNA: The “Instructions”

If the DNA strands cannot separate, there are “reading errors”

- can generate impact on downstream life processes

- can lead to cell death and/or long-term health effects of exposure
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DNA: The “Instructions”
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What Did We Learn Today?
▪ The scientific basis of the Chemical Weapons Convention is 

“biology”

▪ The scientific basis of “biology” is “chemistry”

▪ functional groups of connected atoms (molecular structures) matter!

▪ Biological systems are made up of interacting components and 

chemical signals are an integral part of these processes

▪ Different classes of chemicals impact life processes through different 

mechanisms – understanding these mechanisms provides a basis for 

effective medical response

▪ Models and analogies of how it all works are useful for 

understanding

▪ However, the molecules of life are not rigid plastic parts!

▪ Science is fun!
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What Did We Learn Today?

The purpose of the Chemical Weapons Convention is 

NOT to define scientific disciplines! 

The purpose is to ban chemical weapons

The Convention draws upon a sound (and trans-

disciplinary) scientific basis to set out its definitions
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