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How Do Atoms and Molecules Connect to our Priorities?
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Toxicology

"The study of the adverse effects of chemicals

on living organisms"

GHS hazard pictograms




Basic assumption of toxicology

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

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)

"Alle Ding' sind Gift und nichts ist ohn'

I8 opcw

B LITRES

pPPrrerrwrrererewe
PPpPPRPEPRPrRFrEREPSRFRPREFR®SY
PPPPIrPRPFPrPFrEFEPIPFERFrERPFRP®Y
T NS CGAFFEINE
reErrerrrerrereew 118 COFFEES
.J.}.J.J.}.’.).}".)l}l).) 1 coffee = approx 240ml
rerrwrerwerwreey (0r 175 shats of espresso)
pPPpPPpPEPRPPrPFREPEPEPPRwRPREPRPSY
gl}lJlJlJIJIJIJI’IJWDIJ

ALCOHOL

13 SHOTS
Where1shot = 45 ml
(40% ABV)

Q. COSO




Individual Response to Exposure




Routes of Exposure

Ingestion

melting Iy

e :
F— :

freezing
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Routes of Exposure and Physical State of Chemical Agent

Solids, including

airborne particles . . =
P inhalation

Aerosols, vapours skin exposure

and gases (absorption)
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solutions ! *7/ \‘\"

: mucous membranes

(e.g. eyes, nasal
@ cavity, mouth)

lesions, punctures by \
contaminated objects|
injection ingestion %ﬁ/\




Routes of Exposure

Acute Chronic
Single short-term exposure Repeated or continuous exposure

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

AEGL: Acute Exposure Guideline Levels

AGW: Arbeitsplatzgrenzwert
ERPG: Emergency Response Planning Guidelines
ETW: Einsatztoleranzwert

~
. S Y IDLH: Immediatly Dangerous to Life and Health
~ ~ LC: Lethal Concentration / Todliche Dosis
S MAK: Maximale Arbeitsplatz-Konzentration
E o TLV: Threshold Limit Values
WS - GSW: Geruchsschwellenwert
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Dosage Units

* Median Lethal Dose (LD.) i} i

The "dose of a chemical expected to be lethal to 50%
of the members of an exposed population.”

[mg/kg body weight] al i

* Median Lethal Concentration as a function of time (LCt;)

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/m?3]




Dosage Units
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Example: Dichlorovos

Insecticide commonly used in household pesticide strips

*Oral LD, (rat): 56 mg/kg

*Dermal LD, (rat): 75 mg/kg

*Intraperitoneal LD, (rat): 15 mg/kg

*Inhalation LC, (rat): 1.7 ppm (15 mg/m3); 4-hour exposure
*Oral LD, (rabbit) 10 mg/kg

*Oral LD, (pigeon:): 23.7 mg/kg




Toxicity classes
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Toxicity Classes: Hodge and Sterner Scale
Routes of Administration
Oral LDg, Inhalation LCs, Dermal LD,
P
. (exposure of rats for | (single application to
Toxicity Rating Commonly Used Term (smglt;:]c;ﬁgt]o rats) 4 hours) skin of rabbits) ProbabflsrL;';h:I Dose
[ppm] [mg/kg]
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)




For what?

Emergency procedures

Safety clothing and equipment
guidelines

Transportation regulations

Occupational exposure limits

Substance CHLORINE

UN Number 1017
HIN (= Hazard Identification Number)
ADR Label |
ADR Class
Classification Code
Packing group
ERIC

Emergency Response Information

TOXIC OXIDISING LIQUEFIED (

1. Characteristics
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Environmental Toxicology: https://www.slideshare.net/misteraugie/hlthi04chapterO03

What is a LD, and LCg,? https://www.ccohs.ca/oshanswers/chemicals/1d50.html



https://www.slideshare.net/misteraugie/hlth104chapter03
https://www.ccohs.ca/oshanswers/chemicals/ld50.html

What is the definition of a "toxic chemical“?

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




What is a “Life Process™?
(this is not defined in the Convention)
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Parietal lobe
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https://www.cellsignal.com/contents/science-cellular-landscapes/cellular-landscapes-vesicle-trafficking/science-landscapes-vesicle-trafficking#
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Metabolic Pathways




Part 1
Metabolic Pathways

Carbohydrate Metabolism
Acidic Carbohydrate Derivatives

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...

Virus Cell Salt Grain Tennis Ball
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https://www.wichlab.com/wp-content/uploads/2017/08/Size-comparison-Bio-nanoparticles-1.jpg Nanometers

Similar size to a number of
classical chemical warfare agents

Proteins and DNA can be
~10 - 100 times larger
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THE CHEMICAL STRUCTURE OF DNA

“Shape”

THE SUGAR PHOSPHATE '‘BACKBONE’ WHAT HOLDS DNA STRANDS TOGETHER?
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A GUIDE TO THE TWENTY COMMON AMINO ACIDS

AMING ACIDS ARE THE BUILDIMG BELOCKS OF PROTEINS IN LIVING ORGAMISMS. THERE ARE OVER 500 AMING ACIDS FOUMND IN NATURE - HOWEVER, THE HUMAMN GENETIC CODE
OMLY DIRECTLY ENCODES 20. ‘ESSENTIAL AMING ACIDS MUST BE OBTAINED FROM THE DIET, WHILST MOM-ESSENTIAL AMING ACIDS CAM BE SYNTHESISED IN THE BODY,

Chart Tey: . ALIPHATIC AROMATIC . ACIDIC . BASIC HYDROXYLIC SULEUR-CONTAINING . AMIDIC O NON-ESSENTIAL -: :. ESSENTIAL

-y, -y, -y
s ~ 7’ ~ ’ b
Chemical L A | ) P | / bt A}
Slruclure l\/\Hj\nn 1 l\l/\])l\nn 1 I )ﬁ)J\DH i
single letter A WNH; 7 A NH; 7 v NH, 7
code ~ 7/ ~ / b Y s
P - N -
NAME (} ALANINE ) GLYCINE @ ISoLEUCINED LEvCINE (B PROLINE vaune @
three letter code Al Gly e Lew Pro Val
- .
H s b
a @;"e o / oy
0H M
@/\)\nu M i I | &*NDH |
K, o ' AHN W
b '
-
PHENYLALANINE TRYPTOPHAN TYROSINE ASPARTIC ACID 0 GLUTAMIC ACID o ARGININE o HISTIDINE 0
Phe Trp Tyr Asp Glu Arg His
TTT, TTC GG TAT, TALC GAT, GAC G, GAG CGT, OGC, O, 006G, AGA, AGG CAT, CALC
-y
’ *
I o X 0 OH O s} \/\‘)U\
| N i Hc_]/\‘)l\:_]H )\HLGH H5/\)kC|H -5 O
] ‘/\/\[ﬁl\ ’ N, NH, NH, hH,,
b ’
L
LYSINE 0‘ SERINE THREONINE CYSTEINE METHIONINE ASPARAGINE o GLUTAMINE 0
Lys SEr Thr Cys Met Asn Gin

Note: This chart only shows those amino acids for which the human genetic code directly codes for, Selenocysteine is often referred to as the 21st amine acid, but is encoded in a special manner.
In some cases, distinguishing between asparagine/aspartic acid and glutamine/glutamic acid is difficult. In these cases, the codes asx (B) and glx (Z) are respectively used.

@ & COMPOUMND INTEREST 2014 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: wwiwifacebook.com/compoundchem @ O a e
Shared under a Creative Commaons Attribution-NonCommercial-NoDerivatives licence
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Proteins are Sequences of Connected Amino Acids

Amino group

H\N—C N
/
H

R-group
H [
W——(—C
H H

R

=]

Carboxylic acid group

OH

[y

H

H

:"?0
\0

A—0O——™>I

Amide linkage (peptide bond) between two amino acids.

Peptide chain

\

NH,

Start of chain
| N-terminus)

Amide bond (linkage)

COOH

Indiividual amino acid unit

End of chain
|C-terminus)




Proteins are Sequences of Connected Amino Acids

Pleated sheet

Tertiary protein structure
occurs when certain attractions are present
between alpha helices and pleated sheets.

Primary protein structure
is sequence of a chain of amino acids.

Amino Acids
Alpha helix
“Molecular Machines”
Pleated sheet Alpha helix (these perform biological functions)
Secondary protein structure
occurs when the sequendce of amino acids
‘ ‘ are linked by hydrogen bonds.

Quarternary protein structure
is a protein consisting of more than one
amino acid chain.
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Proteins are Sequences of Connected Amino Acids

(."‘

Scorpion toxin LQH-alpha-IT

The peptid  halphalT is a a-scorpion toxin that [

shows sign = selectivity for insect over ”
-~

mammalian .  channels. Injection of

LghalphalT into ne ‘“Musca domesti~~

larvae produced hyperacu

continuous, irregular muscle twa.  * ,ﬁﬁt .
the body.
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To Help Understand This, We Built a Model...
e | = , organelles

|

/
i —

transporter | -
proteins




Living Systems Enjoy Broad Molecular Diversity

Enzyme kineti
Degradation

Inter—conversionv
Transport
Secretion -

Accumulation

Postranslational
modifications
Conformation

Degradation
Secretion
Activation

Alternative splicing
Micro RNAs

RNA editing

RNA stability

RNA structure

Complexity =»

Epigenetics
nsertion-deletions
Allelic variants

Rev Esp Cardiol. 2013;66:657-61




Living Systems Enjoy Broad Molecular Diversity

Enzyme kinetics
Degradation
Inter-conversion
Transport
Secretion .
Accumulation
Postranslational Exogenous intake

modifications
Conformation
Degradation
Secretion
Activation

Alternative splicing
Micro RNAs

RNA editing

RNA stability

RNA structure

Complexity =»

Epigenetics
Insertion-deletions
Allelic variants
Pseudogenes

Rev Esp Cardiol. 2013;66:657-61




Why are Some Chemicals are “More Toxic” Than Others

A P N BZ (3-Quinuclidinyl benzilate )
( k ©
\V:’ | %‘
: Chlorine !
f : LCt_: 200,000
" }\‘ Dlphqsgene ! ‘L’ msc_;]-min/m3
£ i . I LCt,; 6000
c | : I mgemin/m’
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- HN-2 - LD_:800mg/kg .
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£ 2 (s I
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Decreasing acute toxicity
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Chemical Action on Life Processes: Some Examples
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Bringing Oxygen to the Brain

Hemoglobin
MW = 64,000

Heme
CH, CH,CH,COOH

CH,CH,COOH

Red blood cell

Oxygen molecule () CH,=CH CH,

Carbon monoxide and cyanide
bind to heme and do not let go,
preventing oxygen transport to
the brain

I. Oxygen 2. Oxygen bonds 3. Oxygen released
from lungs to hemoglobin to tissue cells




Bringing Oxygen to the Brain

Carbon
Monoxide
((+]0))
MW = 28

Hydrogen
Cyanide
(HCN)

' MW = 27

Toxic chemicals, ~ 2,000 times smaller
than the hemoglobin transporter
protein, shut down a vital life process

Hemoglobin

Hemoglobin
MW = 64,000




Molecule to Molecule Interactions

(a)

High Affinity
High Specificity

Low Affinity
High Specificity

Zhou, 2011: DOI:10.1016/j.tibs.2011.11.002
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Molecule to Molecule Interactions

Enzyme changes shape Products
Substrate slightly as substrate binds

[ /Active site W r

=
¢

=
-

=
¢

_ Enzymes that combine substrates also exist
Substrate entering Enzyme/substrate Enzyme/products Products leaving

active site of enzyme complex complex active site of enzyme




Enzyme Inhibition: “Turning off a Life Process”

Active

site
Enzym

(b) Inhibition

Inhlbltur

(a) Reaction
W
g
- @

Substrate
Enzyme binds substrate Enzyme releases products

<O
$é 4

Enzyme binds inhibitor Inhibitor competes
with substrate




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

Binding pocket

From PDB Molecule of the Month, 2004
https://pdb101.rcsb.org/motm/54



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

Binding Site

The AChE active site is bur-
ied deep within the enzyme.
It contains three amino acid
residues crucial for catalytic
activity: serine 200, histidine
440 and glutamate 327. The
nerve agent binds to serine
200.

The primary toxicity of organophosphorus
nerve agents results from the inhibition of
the enzyme Acetylcholinesterase (AChE).

V ACLE. ILO o s
e
)I\W ~. (very fast) )J\O-

Acetylcholine {ACh) Acetate Choline

HO" ™S

AChE is responsible for breaking down the
neurotransmitter acetylcholine (ACh). This
switches a nerve signal from on to off. If
the enzyme is inhibited, ACh accumulates
in the synapse and the signal continues to
transmit.

I Figure 1: Life Cycle of ACh. I

Effects and Symptoms

Inhibition of AChE in muscarinic
synapses (neuromuscular system)
induces cholinergic crisis. Nicotinic
synapses (central nervous system,
e.g. brain) are also effected.

Ho-C-
4

cu,cu o+ C-CH, > +
: cHSMacy,
Mo \I‘

Treatment

of AChatmuscarinicrecep-
tors and treats SLUDGE.

"| salivation
Lacrimation
Urination

Gl upset (diarrhea)

Miosis KierBsjng process. SN G

Bronchoconstriction E;]\’

Symptoms include sweating, saliva-

i
Acetylcholinesterase

Inhibition

created by Sofia Sola Sancho and Maria Hemme

o °

/ b
/
= s CH,CH,OH i o
rrT——— inovribledoacthston) B

Figure 2: Breakdown of ACh by AChE (the \©®/—

normal function of the enzyme). sorb
Figure 3: Mechanism of in
hibition of AChE by Sarin.

Atropine blocks the action \"ﬁ on

Atropine

Daphoresis (sweating)  OXimes such as 2-PAM (pralidoxime) can reac-
Emesis tivate inhibited AChE, but only before the ag-

~ g 2 2 S Fig. 3, Step 3 N
tion, miosis (pinpoint pupils), pa- Bronchorthes (Fig. 3, Step:3) o
ralysis, respiratory failure, seizures v(° _{)
and eventually death. et I A Q
e oy
et
B i.m..,um.m.. nitigion)
Aopine ®  2PAM @ Figure 5 prlnted D L
) oY) Figure 4: Inhibition of AChE by Sarin and satn @ ModelofAche N
Treatment with Atropine and 2-PAM.
- F

Figure 6: printed 3D Model
of the AChE surface
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INerve Agent Molecular Shape and SIzeI
e Cm Ace,
M‘“\“ y ﬁ“"@ 6 %I’“""re
Sarin F%
2 LD, = 0.015 mg/kg
(|v rabbit)*

oo¢ BN - ¢ e e

|.|:\C yc:)omssa:gr;kg 'Buwl g u:l exﬁ' :téan:lgl/‘kg
{i.v. rabbit)* LD, = 0.012mg/kg Gy raphity*

(i.v. rabbit)*

Toxicity of an organophosphorus nerve agent depends
on the ability to access the AChE binding site. Size,
shape and hydrophobicity of the nerve agent exerts
an effect. As alkyl substituents increase in size and de-
grees of freedom, toxicity decreases.

0 | mirror plane O H cH
3

A b
vuyF Enantiomers IS ;
A

C(R)P(R)-S -
|J()R) (_Rz 3 g;r)fgn E)(s)'.):? Soman

50 (s.c)
Racemic mixture of Soman

H
N

g
RN

LD,, = 0.71 mg/kg (skin exposure)

1 mirror plane

H cn3

s 1 u 2
$ 2 %
X ..u,,F Enantlimers P

HJ
; EA 2 /j

C(S)P(R)-Soman
LD, ..,= >2 mg/kg LD,

C(R)P(S)-Soman
= 0.099 mg/kg

50 {s.c.)

The spatial orientation (shape) of the molecule also
matters, as illustrated by toxicity differences across the
our stereoisomers of Soman.

[ - Black, K. M., & Llarrisos, 1. M. (20093, ‘T Chiemistry ul€ Chesival Warfare Age

f Functiomal Giroups. dois] L1NG2i07804 7062531 pet 170

is. BALALS Cheamisiy]




Normal Nerve Function

Acetyicholine

doe




When Nerve Agent Inhibits Acetylcholinesterase

Acetyl CoA

Choline

Acetylicholine




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

Cyclo-Sarin

LD, = 0.018 mg/kg
(i.v. rabbit)*

&0
Sarin

LD, = 0.015 mg/kg
(i.v. rabbit)*

it
Butyl-Sarin

LD,, = 0.012 mg/kg
(i.v. rabbit)*

Hexyl-Sarin
LD, = 0.145 mg/kg
(i.v. rabbit)*




Acetylcholinesterase Inhibition: Nerve Agent Size, Shape and Orientation

0 | mirror plane

wyF  Ena ntiémers F“:I‘

DN D)

C(R)P(R)-Soman C(S)P(S)-Soman
LD, .= > 5 mg/kg LD, ..,= 0.038 mg/kg

50 (s}

Racemic mixture of Soman
LD,, = 0.71 mg/kg (skin exposure)

H4C

I mirror plane

H, O i

ons ¢ i
< 41y F Enantiomers Fw
—_— 4

e Hs Hy
38 &

C(S)P(R)-Soman C(R)P(S)-Soman
LD,, . ,= >2 mg/kg LD_, . ..= 0.099 mg/kg

50 (s.c.}

H,C, H




Acetylcholinesterase is also Found in the Brain...

cholinergic pathways

frontal cortex

septum pellucidum

Decreased ACh levels with AD

nucleus of
Meynert

hippocampus

I

Increased ACh levels with choli

postsynaptic membrone

Levels of acetylcholine (ACh), the
chemical messenger important for
learning and memory, are low in
the brains of people with
Alzheimer’s disease,
Cholinesterase inhibitors (AChE
inhibitors) partially correct the
deficit by blocking the action of

- ] ~
B ic Q ) acetylcholinesterase (AChE) and
CIY::P" o 90 °°°° Qo °° ° o choline + acetate thereby increasing the amount of
v Qo °° ACh° o °° o < acetylcholine that remains in the
° °° Q@ o ) synaptic cleft
0 0% 9 JoACHEg i AchE
_ = inhibitor

Y 4 &
—=7\/k —_
y ¥

posisynaplic membrane

Source: Geriatrics Aging © 2009 1453987 Ontario, Ltd.

AChE inhibitors are used in the

treatment of Alzheimer's Disease!
(but not Scheduled “nerve agents”)




Acetylcholinesterase is also Found in the Brain...

Primary

event

Sec \Jﬂddry

effects

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



Modulating Pain Response
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Modulating Pain Response

DOI: 10.1124/pr.112.005942

G-protein-dependent
signaling
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Central Nervous System (CNS)-Acting Chemicals

by Sofia Sola Sancho, Maria Hemme and Ayah wafi

d;m‘c mw w mﬂ“ Office of the Science Policy Advisor r - o Bz (&qmm‘dlﬂy‘ benz“m)
.

Toxic chemicals that target the central nervous system (CNS). These ch can act as ar
and analgesics. Specific CNS-acting chemicals discussed in the context of the Chemical Weapons Convention have
¥ included a2-adrenergic receptor agonists, inhaled anaesthetics, fentanils and the Schedule 2A.03* chemical BZ. BZ is a gheolste anticholinergc compound and s a  ocaly
X ol “CNS-acting  chemical’  found  in the  Anmex  of  Chemicals
Dexmedetomidine D % of the Chemical Wespons Comvention (Schedule 24027,
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» Asof May 2018, the 20 fel I der the Single Convention on Narcotk: Drugs

S N T 3 Antidote: Physostigmine
inhibiting sympathetic activity. This results in decreased blood pres- § )

ponily iz

sure anvd heart rate. 5
Propetties binding reversibly to antichofinezterase.
« Produces mlge:x, sedstive, and arviolytic effects.
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ot puposes Foor drg dosags, Safety Ratio of BZ
e 3nd additon are II cow
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: cause significant opicid tosicity. - - at a dosage much lower than a kethal dose.
+ Reduces release of porsdrenaline at both central and perpherd Sl itz S l T
-
sympathetic nerve terminals. apel onicnd t p
+ Produces dose-elsted sedation, analgesia and arsiclysis. HARnner e DA T 1 | ] Dose in [mg.min/m?]
+ A rechiction in the effective dose of other anaesthetic agents ]
2o Q- = | . .
and opioids & also cbeerved. X = Mechanism of action: Presynaptic
. : im /4
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« LD, (et ik Bmakg t mitter acetykholine (ACh] in postsmaptic ACh re-
— —— ——— ' - P
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nhaled anaesthetic examples P — B ' tie poportion of receplces mealeble ek Bkt to
v * In'the CNS, fentanils bind to opicid f acetykholine decreases, resulting in an undsrstim-
receptors, specifically prreceptors. . 7 ulationcfnerve signal transduction Choline (Ch) 1 {
Mechanism of action: Theze receptors are found predeen: ¥ + When adminisered by inhdation fin serosolieed 4 7
+ Enhences y-amincbutyric acid (GARA) binding to its chlorid Pantly in the brain and spinal cOd | smate viremems bR O form), sbsompticn to the bloodstream is more pro-
+ Theincrasee in Mlular chloride levels peod) Halothane Salieg ks CHSSS e —— 1 e : nouncedthan with ceal adminiztraticn.
+ Biomnilblity from inhalstion ex: @l | NS effects:
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2 S— X L1 — duces concrete and panceamic illusions and halks-
F .- 3 ' cinaticns. G ) = Conntyme A
Hakthang X ,» . E;’?-um—
(] ) Peripheral effects:
Isoflurane L : in i
— + Mydriasis, Hurred visicn, dry mouth and sin, initial- Wschankam of actin of B2,
Pe— L1t
cl £ v § ly @pi heart rate; lateq norml or dow heart rate.
— -
; AL ' - PG 24
o = == — A/
Qystdl structure of e p-cplald recap- e— ( 1 L ==
R S Do 3 s gt — - Toxlclty
Foten  Data Bank  ucture 40K r ] )
Sevoflurane oo ey Parel / ) |
. Effects:
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@ Riot Control Agents

Y \AS
orcw Fauzia Nurul Izzati, Jonathan E. Forman and Christopher M. Timperley
(What is the definition of a Riot Control Agent (RCA)? YT How do Riot Control Agents work? 9
From paragraph 7, Article il of the Chemical Weapons Convention: RCAs produce irritation through binding to TRP (Transient Receptor Potential) receptors. This activates some
“Any chemical not listed in a Schedule, which can produce rap;dfy in humans sensory irritation or disabling physical effects which of the same biochemical pathways that are triggered by eating horseradish or hot peppers.
disappear within a short time following ination of exp
%5 T NG J
~\
(What are Riot Control Agents? A What are TRP Receptors?
Chemicals that meet the criteria of an RCA include the following:
™ o 2 AN el B { A~ B £ TRP receptors are a family of ion channel receptors mainly located on cell membranes of multicellular
j\/\ ‘\ Q)\—’/\~ ‘b% NA_ M7 % d ((\/" w k_,av»,\/' \f R organisms. TRP receptors are classified into seven subfamilies: TRPC (canonical or classical), TRPV (vanilloid),
- v " a e R g I | . 3 Q\( TRPM (melastatin), TRPA (ANKTM1 homologues), TRPP (polycystin), TRPML (mucolipin), and TRPN
2 CNlceoacatophenone KN 2 iteile 1C5) 01,430 o 2N . ¥ (NOMP-C homologues).
Nace. A2 K00 OB (10% X 5% bor Dol SR G s AR TRP receptor functions are diverse; the receptors serve as versatile sensors that allow individual cells and
LT oot sod 5 O O, m‘mﬁ”.% Mo mblepoater e ¢ o entire organisms to detect changes in their environment. This includes experiencing changes in temperature,
S oy bl 72 SR B touch, taste and other stimuli (including pain).
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TRPV1

Capsaicin, homocapsaicin, and other
related compounds bind to the TRPVa
receptor. These chemicals are naturally
found in hot chili peppers.




Riot Control Agents
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Fauzia Nurul Izzati, Jonathan E. Forman and Christopher M. Timperley
" s 3 £ . i
(What is the definition of a Riot Control Agent (RCA)? R How do Riot Control Agents work?
From paragraph 7, Article Il of the Chemical Weapons Convention: RCAs produce irritation through binding to TRP (Transient R ial) receptors. This activates some
“Any chemical not listed in a Schedule, whcch can produce rapndly in humans sensory irritation or disabling physical effects which of the same biochemical pathways that are triggered by eating homud:sh or hot peppers.
disappear within a short time following of exp
e 5 k7
£ - N Y
What are Riot Control Agents? What are TRP Receptors?

Chemicals that meet the criteria of an RCA include the following:

1 o N AN c | N o~ g TRP receptors are a family of ion channel receptors mainly located on cell membranes of multicellular
° &L ‘L o K\)\ﬂ : s " w K”Y\) “*: organisms. TRP receptors are classified into seven subfamilies: TRPC (canonical or classical), TRPV (vanilloid),
9 Q o o
24N 2 iteile 1C5) 0

S 83 TRPM (melastatin), TRPA (ANKTM1 homologues), TRPP (polycystin), TRPML (mucolipin), and TRPN

(NOMP-C homologues).
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The 17 RCA'’s activate peripheral nervous

system ion channel receptors (TRPA1, TRPV1) . ‘1.
- these initiate an irritation response




Proteins as Toxic Chemicals...
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Molecular Machinery...
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Loop of 285 rRNA
in 60S Subunit

Ricin B chain can be
removed from the A chain
and used to deliver other

“chemicals” into a cell




Part 1
Metabolic Pathways

Carbohydrate Metabolism
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Why its Important to Fully Understand Life Processes

Practical Guide for
Medical Management

of Chemical Warfare
Casualties 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




Chemical Action Does Not Always need to be So Complicated..
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A GUIDE TO THE TWENTY COMMON AMINO ACIDS

AMING ACIDS ARE THE BUILDIMG BELOCKS OF PROTEINS IN LIVING ORGAMISMS. THERE ARE OVER 500 AMING ACIDS FOUMND IN NATURE - HOWEVER, THE HUMAMN GENETIC CODE
OMLY DIRECTLY ENCODES 20. 'ESSENTIAL AMINO ACIDS MUST BE OBTAINED FROM THE DIET, WHILST NOMN-ESSEMTIAL AMING ACIDS CAN BE SYNTHESISED IN THE BODY.

&mfﬁg.y . ALIPHATIC

Chemical
Struclure
NAME (}

three letter code

PHENYLALANINE

Phe
TTT, TTC

LS

LysINE @

I"}“Z

AAA ARG

TRYPTOPHAN

Trp

SERINE

Ser

TET, TEC, TOA, TG, AT, AGE

AROMATIC . ACIDIC . BASIC

Gly

G0, GOA, GGG

GLYCINE @

TYROSINE

Tyr
TAT, TAL

oH
MH,

THREONINE
Thr

ACT, ACE, ACA MCG

HYDROXYLIC SULFUR-CONTAINING . AMIDIC O NOMN-ESSENTIAL -: :- ESSEMTIAL
- - -y
s b Y ' b Y ! hY
Ho: 70N ) A | / i A
l\/\Hj\nn | l\l/\])l\nn | I )\‘)J\DH |
LY MH, I L NH, I LY NH, I
LS s LS 7’ hY e
- - -
ISoLEUCINED LEvCINE (B PROLINE vaune @
Iie Lew Pro Val
-y
s b
/! g A\
L~ oH |
NH; g
b ’,
- -
ASPARTIC ACID 0 GLUTAMIC ACID o ARGININE o HISTIDINE 0
l'.:!sf.ﬂ-( ..-\fl:."::.:. CGT, OGC l:-..f'rl'gl G, AGA, MGG (-\.‘I:.I:'s.-'\l'
0 (=]
5
OH - OH
CYSTEINE METHIONINE ASPARAGINE o GLUTAMINE 0
Cys Met Asn Gin

Note: This chart only shows those amino acids for which the human genetic code directly codes for, Selenocysteine is often referred to as the 21st amine acid, but is encoded in a special manner.
In some cases, distinguishing between asparagine/aspartic acid and glutamine/glutamic acid is difficult. In these cases, the codes asx (B) and glx (Z) are respectively used.
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THE CHEMICAL STRUCTURE OF DNA

THE SUGAR PHOSPHATE 'BACKBONE’
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DNA: The “Instructions”

RNA and Transcription

| /—Nuclear membrane

S
&
Chromosome ~ b D N A
= \ Transfer RNA
" =) with amino acid
= 4 = A anticodon
/ PN ‘,. e\
A\NY & /
3 LNNY P
& . 7 V4

Polypeptide chain

Ribosome

PROTEIN

Codon

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



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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