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Before We Begin...

Please do not eat
the strawberries!
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Where we left off...

3D Models

Sarin Nitrogen l;luslard (HN3)
I I

“...with the ongoing discourse on the Annex on Chemicals, there
is a great need to help decision makers more effectively
comprehend chemical information. Annotating the Annex on

Chemicals with chemical structures should be considered.”
- SAB-28/1, dated 14 June 2019, paragraph 8.3
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Where we left off...

ORGANISATION FOR THE
PROHIBITION OF CHEMICAL WEAPONS \
THE "SCIENCE FOR DIPLOMATS"

ANNEX ON CHEMICALS
Sarin Nitrogen mustard (HN-3)
A user friendly and scientifically annotated version of the
Chemical Weapons Convention Annex on Chemicals
(6)  Nitrogen mustards () Sazitoxin (35523-89-8)
(TUPAC Name: {(3a5, 4R, 10a5)-2,6-diamino-10,10-dihydroxy-3a,4,8,9-tetrahydro-1H-
HN1: Bis(2-chloroethylethylamine (538-07-8) pyrrolof],2-clpurin-4-ylimethyl carbamate)
(TUPAC Name: 2-chlora-N-{2-chloreethyl)-N-ethylethanamine) Scientific Advisory Board dation: including di salts
Scientific Advisory Board including comesponding d salts.
g
ﬁ | |
N
HN
ENY- Bis(2-chloroethyljmethylamine (51-75-)
(IUPAC Name: 2-chloro-N-(2-chloroethyl)-N-methylethanamine)
Scientific Advisory Board ion: including ding p sals.
(8)  Ricin

o AN

HN3: Tris(2-chloroethyljamine (355-77-1)
(IUPAC Name: 2-chloro-N,N-bis{2-chloroethyl)ethanaming)
Scientific Advisory Board ion” including sponding d salts

Cl

Ricin is a protein composed of toxic {A-chain) and cell-targeting (B-chain) subunits, illustrated
in red (A-chain) and blue (B-chain) in the stucture on the left. The right stucture is an
interactive ibbon model of the ricin molecule #

o >N

®  E Ruenber, B. I Kazin, 5. Emst, E. J. Collins, M. P. Ready, J. D. Roberns; Crystallographic

refinement of ricin 1o 2.5 Angstoms; Proseins; 1991, 10, 240-250. DOL: 10.1002/pror. 340100308,
Protein Data Benk strucnure 2AA1. Available ar: Brmps/wrwvw.rcsh. org/STucnme/ 2AAT.
Wit




Where we left off...

ORGANISATION FOR THE
PROHIBITION OF CHEMICAL WEAPONS

THE "SCIENCE FOR DIPLOMATS"

ANNEX ON CHEMICALS
Sarin Nitregen mustard (HN-3)
A user friendly and scientifically annotated version of the
Chemical Weapons Convention Annex on Chemicals
(6)  Nitrogen mustards () Sazitoxin (35523-89-8)
(TUPAC Name: {305, 4R 10aS)-2,6-diamino-10,10-dihydroxy-3a,4,8,9-tetraydro- 1H-
ENI: Bis(2-chloroethyljethylamine (538-07- %) pyrrolof], 2-clpurin-4-ylimethyl carbamats)

“The Director-General supports the SAB’s view that annotating
the Annex on Chemicals with chemical structures would better
equip decision makers to understand and draw upon key

chemistry concepts in their discourse.”
- EC-92/DG.12, dated 9 September 2019, paragraph 15

OPCW

HNS T is(2-chloroethyl)amine (353-77-1)
Name: 2-chlore-N,N-bis(2-chi rmzeth} hanamine)

Smenn.ﬁ Advisory Board including sponding

I
e TR AR [ 5 NS
&’"‘:; & "'g*. 1 ﬂ, _..__‘;; a) t"-..
A e A T L kel ASSERA - O
Aa "ji"'i" T ‘\@ - ‘
.- Sy =
Cl
Ricin is a protein composed of toxic cell-t i —chail fs, 1
in red (A-chain) and blue (B-chain) in the stucture on the left. The right stucture is an
interactive ibbon model of the ricin molecule #
N
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# E
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lebuBImeSEms E..TC,a]l.\mM.PRaﬂy . D. Roberns; Crystallographic
Tefinement of ricin 1o 2.5 Augstroms; Proieins; 1991, 10, 240-250. 10.1002pror. 3401
Protein Data Benk strucnure 2AA1. Available at \mps
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Where we left off...

ORGANISATION FOR THE
PROHIBITION OF CHEMICAL WEA

THE "SCIENCE FOR DIPLOMAT
ANNEX ON CHEMICALS

A user friendly and scientifically annotated vers
Chemical Weapons Convention Annex on Chi

o” NI,
“The Director-Ge
the Annex on Ch
equip decision
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- EC-92/DG.12, dated ¢
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F. ORGANIC CHEMICAL FUNCTIONAL GROUPS

Chemicals are defined by the functional groups they contain within their molecular
structures. A functional group is a particular group of atoms in a molecule that defines
reactivity, and influences chemical properties and behaviour. Complex molecules can contain
multiple types of functional groups. This table provides descriptions of many of the types of
functional groups found in organic chemistry, it is not intended to be comprehensive.

Acetals  are  chermical
structures  contaning  a
RP—0 o H - carbon atom connected to
Acetal \ R =hydrogenatom |y oxygen atoms (which
s > or alkyl group serve as bridges to alkyl
1 3 groups), and to either two
-al dialkyl ocetal] RY R R, R = alkyl group hydrogen atoms or fo &
hydrogen atom and an
alkyl group.
Acid  anhydndes  are
chemical  structures  in
which an oxygen atom
Acid o o serves as a bridge between
two  carbonyl a
Anhydride " " R', R* = hydrogen carbon m:ynﬁmi'dn“r a[n
[substructure: Py o/c\"' somoralkyl growp | o veen stom through a
-oic anhydride] R! R? double  bond), each of
which is further connected
1o a hydrogen atom or alkyl
group.
H 1 Halides are chemnical
Acyl Halide e
strue containing  a
[substructure: i R =hydrogenatom | 0 eunmcuj toa
-oyl halide (e.g. ﬂ or alkyl group hydrogen atom or an alkyl
fluoride, chloride,
_ group, a halogen and an
bromide, indide, R Nx X=halogonatom | iveen atom through
astatide)] double bond.
Aleohols  are  chemical
structures  that contain a
hydroxyl group (an oxygen
Alcohol atom  attached 1 a
h
[substructure: R—OH R =alkyl group W
-af] . 0

&
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How Do Atoms and Molecules Connect to our Priorities?
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http://cms.gavirtualschool.org/Shared/Science/Biology17/WelcomeToBiology/Biology_WelcomeToBiology_Shared4.html

A “Science of the Chemical Weapons Convention” Quiz

Question’d:
What is the definitiovzzo ) "toxic chemical“?

e



Answers from the Audience (22 Responses)

What is the definition of a "toxic

chemical"?

It means so there is a skull on the
bottle

It kills or huzrt you

A chemical which is toxic.

Poisonous substance

Incurs a chemical reaction detrimental
to human health

Chemical which causes hazxm

hazardous substance

Whatever the CWC says it means

All chemicals

Chemical that do harm to human body

Non-edible

A chemical liked by britney spears

Poison

Frenemy

Poison

Harmful chemical not classified as CW

A chemical with an adverse effect’

Kills living beings in a nasty manner

A chemical that is toxic ‘[

J

Any chemical which through its chemical action on life processes
can cause death or permanent harm to humans or animals

All Chemicals

f Mentimeter




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)

"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)




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)

WATER
B LITRES

CAFFEINE
118 COFFEES

1 coffee - approx 240ml
(Or 175 shats of espresso)

ALCOHOL
13 SHOTS

Where1shot = 45 ml
(40% ABV)

OSSO




Individual Response to Exposure




Routes of Exposure

melting

e
F——

freezing

Skin absorp;tion

Duration of exposure




Routes of Exposure and Physical State of Chemical Agent

Solids, including

airborne particles . . =
P inhalation

Aerosols, vapours skin exposure

and gases (absorption)

.. . — X\
L|qU|gIs and A o
solutions ! E/Ry

. mucous membranes

(e.g. eyes, nasal
@ cavity, mouth)
lesions, punctures by
contaminated objects
injection ingestion

=




Routes of Exposure

Acute Chronic
Single short-term exposure Repeated or continuous exposure

How much of a chemical is required to cause death?

AN
0\

(18
(@) orCcw
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Testing for Toxicity

AEGL: Acute Exposure Guideline Levels

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

~
N & IDLH: Immediatly Dangerous to Life and Health
~ ~ LC: Lethal Concentration / Todliche Dosis
S ~ MAK: Maximale Arbeitsplatz-Konzentration
 ~ TLV: Threshold Limit Values
S - GSW: Geruchsschwellenwert
~
~
~®_ _ERPG-3 S
-~ ~
t = ~ ~ ¢
- ~
IDLH el ~
e ~
e ~
; ERPG-2 b S
- -~
S ETW Soo S
- - - S .-
i e = <
TEL  ERPG-1 e
- e e e bl B S — MAK,AGW,TLV'TWA

30 Min. 1Std. 4Std. 8Std. Arbeitsleben




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

Percent of population killed by

"3

~
(3]

N
(5]

.}' This dose, called LD50,
r is lethal to hailf

1 1 A o

S 6 7 8

50% of the
population
dies

50% of the
population
lives




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

Toxicity Classes: Hodge and Sterner Scale
Routes of Administration
Oral LDg, Inhalation LCs, Dermal LDs,
P ——
3 (exposure of rats for | (single application to
Toxicity Rating Commonly Used Term (smglt;:]c;ﬁgt]o 1) 4 hours) skin of rabbits) ProbabflsrL;';h:I Dty
[ppm] [mg/kg]
1 Extremely Toxic 1 or less 10 or less 5 orless 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? ERICards

Substance CHLORINE
UN Number 1017

HIN (= Hazard Identification Number) T

ADR Label |

ADR Class

Classification Code
Packing group

* Emergency procedures

Emergency Response Information

TOXIC OXIDISING LIQUEFIED ¢

 Safety clothing and equipment 1. Characteristics

+ Corrosive, causing damage to ski

n L]
gu Id el I n es + Toxic by inhalation or skin absorp

+ Intensifies fire.

ES.

+ Not flammable.




For what? ERICards

Substance CHLORINE
UN Number 1017

HIN (= Hazard Identification Number) T~
ADR Label {
ADR Class
Classification Code

* Emergency procedures Packing oroue

Emergency Response Information

TOXIC OXIDISING LIQUEFIED ¢

 Safety clothing and equipment L —
guidelines

* Transportation regulations




For what? ERICards

Substance CHLORINE
UN Number 1017

HIN (= Hazard Identification Number) T~

ADR Label |

ADR Class
Classification Code

* Emergency procedures Packing oroue

Emergency Response Information

TOXIC OXIDISING LIQUEFIED ¢

 Safety clothing and equipment Characteristies
guidelines

Transportation regulations

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

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



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

A “Science of the Chemical Weapons Convention” Quiz
Answer

Any chemical wh|ch through |ts chemlcal actlon on llfe 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 Il, Paragraph 2
fw’t v '4..?._’

Que,Sthﬂ.l
What is the defmltloq?H "toxic chemical“?




What is a “Life Process™?
(this is not defined in the Convention)

st




A “Science of the Chemical Weapons Convention” Quiz

What is the scbnﬁ,flc basis for
the definition ot? toxic chemical?

e



Answers from the Audience (9 Responses)

° o ® 0 ° 1 Mentimeter
What is the scientific basis for the
LJ @ Ld L L

definition of a toxic chemical?

Tests it has a certain LD50 Toxicology

A chemical with adverse effects on Chemistry Biochemistry

human , animals...

What is the procedure to die Art II adverse Affekts on Action on
Chemical testing ) Life processes
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Parietal lobe
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This is NOT a UN Org Chart!

Part 1
Metabolic Pathways

4o Edition, Part | - Editor: Gerhard Michal




This is NOT a UN Org Chart!
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Nucleotide Metabolism Nucleotide Antibiotics
Part 1 Purines " Metabolism Penicillin, Cephalosporin
| Metabolic Pathways NAD, NADP i
- Carbohydrate Metabolism i
Acidic Carbohydrate Derivatives - o
Amino Acid Metabolism
Histidine
Carbo- Carbohydrate Amino Acid Metabolism Bacterial
hydrate Metabolism _ Lysine Meta-
. r?w‘ Pentoses and i 2:"5:':: s
olism Pentose Cycle nicillin,
Inositol ¥ Amino Acid Metabolism 'ce:""'“‘
n : ' Serine, Threonine, Cysteine, M el
Carbohydrate Metabolism Carbohydrate Metabolism E:
Di- and Polysaccharides Amino Sugar Derivatives :nac‘e:*:l
: etabolism,
Butanol/
Butyrate,
| Fermentation
Carbohydrate : . T e —
Metabolism K — Bacterial Carbohydrate Citrate and : Tetrapyrrole Metabolism Tetrapyrrole Metabolism
Nucleotide Sugars Metabolism Metabolism Glyoxalate Cycle -1 Porphyrins, Cobalamin Heme, Cytochromes, Chlorophyll
. \ | Methane Oxidation Pyruvate Turnover \ N
N 1
pa—l = 1
& =
) __ Carbohydrate Metabolism i
" Glycolysis and Gl genesi l
: el e | !
C1-Metabolism Lipid Metabolism R Lipid Metabolism Amino Acid Amino Acid Metabolism Nucleotide Metabolism
Glyco- and Phospholipids | Fatty Acids Metabolism Gl Proline, Hydroxyproli Pyrimidines
] A Urea Cycle !
b
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Bacterial i
. Metabolism g - .
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Sphingolipids Alkane Oxidation
Amino Acid Metabolism ~  Lipid Metabolism Steroid Metabolism
Leucine, Isoleucine, Valine C; ids and Isop id Steroid Mineral ds and Gl d
» eroi ’
Metabolism N
Phytosteroles __ Steroid Metabolism

Cofactors and Vitamines
Coenzyme A

Androgens and Estrogens

Steroid Metabolism
Cholesterol Synthesis
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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
' 4 ,';»/
N O ':'/; = l::f 4 & ’)’).f

102 103 104 10° 10¢ 107 108

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

THE SUGAR PHOSPHATE '‘BACKBONE’
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WHAT HOLDS DNA STRANDS TOGETHER?
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THE CHEMICAL STRUCTURE OF DNA

“Shape”
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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 '
L
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\* ’ Nk, i, NH, NH,
b s’
L
LYSINE 0‘ SERINE THREONINE CYSTEINE METHIONINE ASPARAGINE o GLUTAMINE o
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: wwwi facebook.comicompoundchem @ 0 a e
Shared under a Creative Commaons Attribution-NonCommercial-NoDerivatives licence
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Proteins are Sequences of Connected Amino Acids

R-group
H R
Amino group N—I!.‘—C Carboxylic acid group
H b OH
H R 0O H o
|l |
\N—c—c—m lt.‘.—-:.‘-ff'}r
Y

Amide linkage (peptide bond) between two amino acids.

Peptide chain

|

F

Amide bond (linkage)

NH COOH  End of chain
H
|C-terminus)
Start of chain

| N-terminus)

Individual aming acid unit




Proteins are Sequences of Connected Amino Acids

R-group

[=1

Pleated shest

) 9§
) B
) 9§

Alpha helix

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

Amino Acids

Secondary protein structure
occurs when the sequence of amino acids
are linked by hydrogen bonds.

Pleated sheet

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

Alpha helix

“Molecular Machines”
(these perform biological functions)

Quarternary protein structure
is a protein consisting of more than one
aming acid chain.

Individual aming acid unit

[




Pr Scorpion toxin LQH-alpha-IT

Pleated sheet Alph

The peptid 1alphalT is a a-scorpion toxin that 3

shows sign * selectivity for insect over
mammalian . channels. Injection of
LghalphalT into nhe ‘Musca domestis~'

larvae produced hyperacu.

continuous, irregular muscle twi. ~ * _aghout "
the body.

structure
ain attractions are present
elices and pleated sheets.

hes”
I functions)

in structure
ng of more than one




To Help Understand This, We Built a Model...
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To Help Understand This, We uiIt a Model...
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To Help Understand This, We uiIt a Model...
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To Help Understand This, We Built a Model...
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Living Systems Enjoy Broad Molecular Diversity
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Living Systems Enjoy Broad Molecular Diversity
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Why are Some Chemicals are “More Toxic” Than Others

A . BZ (3-Quinuclidinyl benzilate )
S
Blood Agent ; \M?L
Hydrogen Cyanide : Chlorine '
- & Diphosgene | ‘ A LCI;:;: r?\?r?}?\:)?
= :100 mg/ks INLGE: 6000
S LD, g/kg
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. -min/m?*
c > & e |
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O % LCt,;: 3000 mg-min/m’ \
=1 -
= Blister Agents . o :
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g < ! '
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© O mg-mm/m I—n‘-;].rn‘m/m3 LCt 1400 LD, 100 mg/kg | L
< mg-min/m3 LCtso: 900 I \ "
<) : 3 1
= Tabun e LCt,; 870 mg-min/m’
c Nerve Agents 8. ! s 0 MY
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% Cyclosarin Soman |p_:21.42mg/kg Sarin I or not applicable
VX Nerve Agent - LCt,;: 70 mg-min/m’ q !
o &S |
(*g) ol I
LD,; 042 mg/kg LD, ;:0.71 mg/kg LD, : 24.28 mg/kg |
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% 3 &
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Decreasing acute toxicity




Chemical Action on Life Processes: Some Examples
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Chemlcal Actlon on Llfe Processes Some Examples
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Bringing Oxygen to the Brain

Heme
CH, CH,CH,COOH

Hemoglobin

Oxygen molecule CH,=CH CH,CH,COOH

Hemoglobin CH,

molecule

() CH,=CH CH,

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




e

e

Bringing Oxygen to the Brain

Hemoglobin
Heme MW = 64,000

Heme
CH, CH,CH,COOH

Hydrogen
Cyanide
(HCN)
MW =27 Carbon
J Monoxide
(o))
MW =28

CH,CH,COOH

I. Oxygen 2. Oxygen bonds 3. Oxygen released

from lungs to hemoglobin to tissue cells




Bringing Oxygen to the Rss

2mogilobin
= 64,000

ieme
CH; CH,CH,COOH

I. Oxygen 2. Oxygen bonds |*
from lungs to hemoglobin




Bringing Oxygen to the Brain

~)xygen
from lungs

2. Oxygen bonds

to hemoglobin

Hemoglobln

,CH,COOH

—«uvon
Monoxide
(CO)
MW = 28

3. Oxygen released

to tissue cells




Molecule to Molecule Interactions

(a) Rigid protein
e High Affinity
‘ High Specificity
Target
(b)

Low Affinity
High Specificity

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




Molecule to Molecule Interactions

High Affinitv

Enzyme changes shape Products
Substrate slightly as substrate binds
[ Active site r

=

= =

Substrate entering Enzyme/substrate Enzyme/products Products leaving
active site of enzyme complex complex active site of enzyme

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



Molecule to Molecule Interactions

High Affinitv

Enzyme changes shape Products
Substrate slightly as substrate binds
[ Active site 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

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



Enzyme Inhibition: “Turning off a Life Process”

(a) Reactlon

Substrate

Active
site

W
8 )
- @
Enzym

Enzyme binds substrate Enzyme releases products

¢o:é &

Enzyme binds inhibitor Inhibitor competes
with substrate

(b) Inhibition

Inhlbltur




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

Binding pocket
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A Simple Shape and Spatial Orientation Excercise
Exercise #1.:

Enzyme Combine substrates inside
The enzyme (do not combine them
Before inserting into the enzyme)

Inhibitor



A Simple Shape and Spatial Orientation Excercise
Exercise #1.:

Combine substratasine d :
Eazyme : ‘ Wt&db rfethm

Inhibitor

Exercise #2:

Use enzyme to break apart the “wedge”
(do not pull apart outside enzyme)

Exercise #3:

Inhibit the enzyme

substrates/products |
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The primary toxicity of organophosphorus The AChE active site is bur- K NN N L{ﬁ - Hling
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neurotransmitter acetylcholine (ACh). This H°-g— (i.v. rabbit)

switches a nerve signal from on to off. If cnzcuz olech >+ @

the enzyme is inhibited, ACh accumulates : eHCHacy, . Toxicity of an organophosphorus nerve agent depends
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I Figure 1: Life Cycle of ACh. I

Effects and Symptoms Treatment

Inhibition of AChE in muscarinic
synapses (neuromuscular system)
induces cholinergic crisis. Nicotinic
synapses (central nervous system,
e.g. brain) are also effected.
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Acetylcholinesterase Inhibition: Nerve Agent Size, Shape and Orientation




Acetylcholinesterase Inhibition: Nerve Agent Size, Shape and Orientation

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

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

!; J |
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
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Acetylcholinesterase is also Found in the Brain...
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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
acetylcholinesterase (AChE) and
thereby increasing the amount of
acetylcholine that remains in the
synaptic cleft




Acetylcholinesterase is also Found in the Brain...
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Modulating Pain Response

Substance P
Endogenous
Bioregulator
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Morphine
(more potent)

) 1/

Fentanyl
(even more potent)



Central Nervous System (CNS)-Acting Chemicals

d;nnu'glc receptor agonist examples
i

i o
Dexmedetomidinem %

Mechanism of action: Damedermidng
et thvaioncfhend
i Prevynaptic
releace. i Fth,
(e gative feedback.
g J jon of the '

inhikiting sympathetic activity. Thiz rezults in decrassad blood pees-

sure ard heart rate.
« Produces analgesic, sedative, and arviolytic effects.

Occupationsl expozire band (0E8) 5: control exposure to < 1 pg/im.

o8s

by Sofia Sola Sancho, Maria Hemme and Ayah wafi
Office of the Science Policy Advisor
Toxic chemicals that target the central nervous system (CNS). These chemicals can act as ar heti datives,

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.

Fentanils

« Fentanils are a highly potent family of oplold narcotk: analgesi: drugs.
« The family Includes fentanyl, a narcoti: linked to an Increasad risk of overdosa amongst oplokd addicts.

+ As of May 2018, thare were 20 fentanil dervatives schadulad under the Sing ke Convention on Narcotk: Drugs
Properties

+ Fentanyl and itz analogues are solids that require asrosolization for weaponization phne andnarin.

Foor drug dosags, poly-dru
@ 3nd addkthn are 3l con-
fributoes 0 the Ngh raas of

purposes.
« Routes of exposure for fentanils include inhalation (aercsolized form), ordl exposure

Clonidine o ingestion Transdermal absorption is possble ffor example, the we of tansdemal R phctory S
S patches), however o5 the process is dow, such that brief incidental expozures may not
Mechanism of action: cantse significant oplokd tichy: :
+ Reducss release of rorsdrenaline at both central and perpheral Seameluamaie s oy |
sympathetic nerve terminals gt st
+ Produces dose-relsted sedstion, anskgesia and aroclysis. HATRNInCr LR MDA !
+ A rechiction in the effective dose of other anaesthetic agents ~
and opios & also choerved. Shoa -
+ LGy {rot inhi: 197 mgim/4 Heurs [e———
« LD, iret iv: W makg
LR LY .
— - :
l Mechanism of action: e
nhaled anass C exampies P — i
« In the CNS, fentanilz bind to cpicid
® receptors, specifically jrraceptors. x
Mechanism of action: Thess receptors are found predom- e $
< Erberces o i (GABA bining o s choid ; inantly in the beain and spinal ord | puevivytey ’
Thsincremse b olar chloride levels peodu: ot + They act to depress CNS functicn.
+ Gioavolibiity from inhalation ex- Y .
R o posre can range from 12-100% -_— .
Prevynaptic ™ Nt
;5 uu\‘ AS
@ = Halcthan o .
Isoflurane .
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al £ >
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¥ e ystdl stucture of the p-pleld recap- arbetise E 1 L 7
for bound to 3 merphinan antagoniz X —
Froteh  Data Bk Sncture 40KL Lo
Sevoflurane s b it Wi )
. Efficts: b
5. , Antidotes: Naloxone hydrochloride (Narcan) or Naltrexone
+ Loss of pain sensation ] z Z
; 551 [Orhs « Opioid receptor antaganists.
* Miods + Bind to the opicid receptors more strongly then o fentanyl derivative, but da nct o
R P = » Decreazed intectind paristalsis (conztipr  tivate the receptor.
Mechankm of action of Ishled anaesthatics. : B r tion) « Quickly reverse signs and symptoms, ezpecidly life-threstening respinatory deffes-
Seveflrans N ol i shon.
ormmtr S _+ Short halfiife, zymptome may return in an apparently stabilized patient and gtidctes
» Dosedependent respirstory  depression ik need tobe resdministered :
L5 e g 1 i chrind fubichcmlemtlo dnty - 04mgisthe standard starting d zome fentaryl derivatives dozegff to 2
. 2 kebeeonmod Ngiminiched mental dertess reailtng in  mg have been required 4 R
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Fatarnt

Stremit

~ BZ (3-quinuclidinyl benzilate)

BZ is a gheobste anticholinergc compound and iz a  caly
“CNS-scting  chemical  found in  the Annex  of  Chemicab
of the Chemical Weapons Convention (Schedule 24034

Properties

+ Odourless crystalline powdes with bitter tasts.

+ Pessistentin soil and water and on meet surfces
+ Halfife in moist air ~ 34 weshs.

Antidote: Physostigmine

« Temponrily mizes

binding reversibly to anticholinesterase. I ¢ 3

Ol EESE

Safety Ratio of BZ
B | The lage difference between the median
—— e lethal concentration (LCyy) and the medisn

e incapacitating concentration Cg,) allows for
“! the onzat of CNS-acting symptoms b appes

at a dosage much lower than a lethal dose.
hg -
-t

Dose in [mg.min/m?3]

Mechanism of action: Presynaptic

+ Bcts % a competitive inhibitcr of the neurotrans- e
mitter acetykholine (ACH) i postsymaptic ACh re-
ceptors, P

« As the concentration of BZ at these stes increases, ; Acatylcholine
the propartion of receptors available for biring to
acetykholine dacresses, resuting in an understim-
ulatisnofnerve signaltransduction

+ When adminiztered by nhalaticn (in serozolied
form), sbsorption to the bloadstream is more pro-

nounced than with ceal adminiztration.
CNS effects:

§ Postsynaptic
« Stpor atada, confusion, and confabulstion. In-

cell
duces concrete and pancamic illusions and halku-

cinaticns, Can ) = Conntyme A
: ACE « Reatycholnasterese
Peripheral effects:
+ Mydriasis, blurred vision, dry mouth and skin, initial-

Machankm of action of E2.
ly mpkd heart rate: lateq normal or dow heart rate

Toxicity
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Fauzia Nurul Izzati, Jonathan E. Forman and Christopher M. Timperley

R (How do Riot Control Agents work? i

(What is the definition of a Riot Control Agent (RCA)?

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 rapidly 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 termination of exposure.”
& NG .
N
(what are Riot Control Agents? N ( What are TRP Receptors?
Chemicals that meet the criteria of an RCA include the following:
™ o 2 AN bk B o~ S ~ ¢ TRP receptors are a family of ion channel receptors mainly located on cell membranes of multicellular
jﬁ/\ \ Q)\—‘A~ (& SA N % d g//\/" w oy - \f By organisms. TRP receptors are classified into seven subfamilies: TRPC (canonical or classical), TRPV (vanilloid),
- ’ ‘ a e R 3 o 3 v\t TRPM (melastatin), TRPA (ANKTM1 homologues), TRPP (polycystin), TRPML (mucolipin), and TRPN
2 Chiceoacetophencns IKN) 2 e 1CS) 11,40 o 2.0 M ” (NOMP-C homologues).
S00oe G FRAL I DRI O 4035 Naw: Dol ISR G PSS SRR TRP receptor functions are diverse; the receptors serve as versatile sensors that allow individual cells and
e oy, T cica sovogets, TS (13 Ch M gubosctl Vel bl porcies S o3¢ Uauid entire organisms to detect changes in their environment. This includes experiencing changes in temperature,
e T e ), IV R TR ey et o naia 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.
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(What is the definition of a Riot Control Agent (RCA)?

From paragraph 7, Article Il of the Chemical Weapons Convention:
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Proteins as Toxic Chemicals...
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ﬁ‘ : « ‘. Glxcoprotein/Glyc’plipid

a) Ricin B chain binds to
the cell surface, entering
through endocytosis in
membrane vesicles

Vesicle

b) Ricin molecules enter the
Golgi apparatus and undergo
retrograde transport to reach
the endoplasmic reticulum

Loop of 285 rRNA
in 60S Subunit

1 Endoplasmicy’ .-
Reticulum "\ /' ¢) Cleavage of A and B chains

~ occurs, followed by translocation . CASTBR BEAN

of A chain to the cytosol RICINUS
40S : '

mANA Ribosome

*” Ribosome 60S
Inactivation
d) In the cytosol, the ricin A
chain inactivates ribosomes
by removal of an adenine
from position 4324 of the 285
rRNAin the 60S ribosomal

subunit '
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Glycoprotein

Vesicle

b) Ricin molecules enter the
Golgi apparatus and undergo
retrograde transport to reach
the endoplasmic reticulum

Glycolipid

d) In the cytosol, the ricin A
chain inactivates ribosomes
by removal of an adenine
from position 4324 of the 285
rRNAin the 60S ribosomal
subunit
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Why |ts Important to FuIIy Understand Life Processes

Part 1 Purines
Metabolic Pathways
Carbohydrate Metabolism
Acidic Carbohydrate Derivatives
Amino Acid Metabolism
Histidine
Carbo- Carbohydrate
hydrate Metabolism
Me_ta- Pentoses and
bolism Pentose Cycle
lnoshol =
Carbohydrate Metabolism Carbohydrate Metabolism
Di- and Polysaccharides Amino Sugar Derivatives
[+
Carbohydrate 5 =
Metabolism —~ —  Bacterial Carbohydrate Citrate and
Nucleotide Sugars Metabolism Metabolism Glyoxalate Cycle
\ | Methane Oxidation Pyruvate Turnover \
N\ 1;
y | =
R4
__ Carbohydrate Metabolnsm
" Glycolysis and Gl |
= N : — ‘i =
C1-Metabolism Lipid Metabolism Lipid Metabolism Amino Acid
Glyco- and Phospholipids Fatty Acids Metabolism
= | Urea Cycle
L=
3 [
Bacterial &
Metabolism
Methanogenensis Lipid Metabolism A

Sphingolipids

Amino Acid Metabolism
Leucine, Isoleucine, Valine

Cofactors and Vitamines
Coenzyme A

Bacteria Metabollsm

-~ Lipid Metabolism

Carotenoids and Isoprenoids

Nucleonde Metabolism

Alkane Oxidation T —)

Amino Acid Metabolism
. Lysine

|

Amino Acid Metabolism
Serine, Threonine, Cysteine, M

e

. Tetrapyrrole Metabolism
- Porphyrins, Cobalamin

i

Amino Acid Metabollsm

Gl Proline, H yp

Steroid Metabolism

Mineralocorti

ds and Gl d

Steroid
Metabolism
Phytosteroles

Steroid Metabolism
Cholesterol Synthesis

Nucleotlde Antlhloncs
“Metabolism Penicillin, Cephalosporin
NAD, NADP '

Bacterial
Meta-
bolism
Penicillin,
Cephalos-
porin

Bacterial
Metabolism,
Butanol/
Butyrate,
Fermentation

Telfii:yrrole -Metabolism
Heme, Cytochromes, Chlorophyll

Nucleotide Metabolism
Pyrimidines

__ Steroid Metabolism
Androgens and Estrogens




Why its Important to Fully Understand Life Processes

Nucleonde Metabolism Nucleotlde Anuhlotlcs
Purines “Metabolism Penicillin, Cephalosporin
NAD, NADP

Practical Guide for

M = d | Cd | M ana g eme nt Amino Acid Metabolism :na;t;ﬁal
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bolism Penicillin,
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Carboh

Bacterial
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Butyrate,
Fermentation
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jde Metabolism
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Leucine,

~_ Steroid Metabolism
() I) (, \/V Androgens and Estrogens

Steroid Metabolism
Cofactors and Vitamines Cholesterol Synthesis
Coenzyme A k-



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

ALAAAG

TRYPTOPHAN

Trp

SERINE

Ser

T, TOC, TCA, TOG, AGT, AGL

AROMATIC . ACIDIC . BASIC

Gly

G0, GOA, GGG

GLYCINE @

TYROSINE

Tyr
TAT, TAL

oH
MH,

THREONINE
Thr

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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THE CHEMICAL STRUCTURE OF DNA
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DNA: The “Instructions”

RNA and Transcription
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DNA: The “Instructions”

RNA and Transcrintinn
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Models, Diagrams and Plastic Parts Help Us to Visualize What Biochemistry Looks like...
What does it really look like?
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* 1" totake your DNA home with you)
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Models, Diagrams and Plastic Parts Help Us to Visualize What Biochemistry Looks like...
What does it really look like?

AS
&
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Models, Diagrams and Plastic Parts Help Us to Visualize What Biochemistry Looks like...
What does it really look like?

" propylaicohol

* 1" totake your DNA home with you)

A s

; Isopropyl alcohol:
A rubbing alcohol and also a
A )

sarin precursor!




Your kit contains:

Strawberryina plasticzipperbag

R RS

Do You KNow WHAT DNA LooKS LIKE? ..

FH-ScienceforDiplomats DNA Extraction Kit OPCW

50 ml Falcon Tube
Coffeefilter

A tube containing 20 of ml “DNA Extraction Solution”
A vial containing 15 ml of 96% isopropyl alcohol

Plasticpipette

EppendorfTube (In case you'd like to take your DNA home with you!)

DNA Extraction Solution:

ey
D=

Mix the followingingredients to prepare 1 litre of DNA Extraction solution

(enough for 100 extractions)
100 mi of dish washing detergent
15 g of table salt
900 ml of water

DNA s like a set of “instructions’]
Hereis your chance to see what the instructions fora sfrawbeng look like!

Sfep 1
Start off by gently crushing the
strawberry in the zipper bag. Push
your fingers against the table
surface to turn the strawberry into
a pulp. This breaks open the cells.

Pour the DNA extraction solution
into the zipper bag containing the
strawberry pulp. This breaks down
the cell membranes and extracts
the DNA into the solution. Gently
swish the mixture around, try to
minimize the amount of foam that
forms.

Use the coffee filter as a funnel in
the 50 ml Falcon Tube. Fold the
filter appropriately so that it is fully
inserted into the tube.

Step &

Slowly pour the content of the bag
into the coffee filter funnel. Don’t
pour in too much solution at once
to avoid overflow and spillage!

Remove the coffee filter with the
remaining strawberry cell debris.
Pour 20 ml of 96% isopropyl alcohol
into the 50 ml Falcon Tube. Observe
what happens at the interface of
the alcohol and strawberry DNA
extract solution.

The whitish, gooey, stringy, buhbly
stuff you see is strawberry DNA!
The DNA can be collected with the
pipette and transferred to an

\ Eppendorf Tube if you wish to take
it home.




International DNA Extraction Exercise
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International DNA Extraction Exercise




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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= The Scientific Basis of the Chemical Weapons Convention is
“Biology”
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Scientific Advisory Board Update

X) ORGANISATION FOR THE PROHIBITION OF CHEMICAL WEAPONS

Working Together For a World Free of Chemical Weapons

Temporary Working Group on Investigative Science and Technology

Reporting to the Scientific Advisory Board (SAB), the Temporary Working Group (TWG) will in particular consider the following questions:

Question 1:

Which methods and capabilities used in the forensic
sciences could usefully be developed and/or adopted for
Chemical Weapons Convention-based investigations?

Question 4:

What are the best practices for the collection, handling,
curation and storage, and annotation of evidence?

Question 10:

Do collections of physical objects, samples, and other
information for chemical weapons-related analysis exist
and can they be made available to investigators for

retrospective review? How might these collections be

used to support investigations?

@opcw : :
@opcw_st /opcwonline /lopcwonline

Question 2:
What are the best practices and analysis tools used in the

Question 6:

Which technologies and methodologies (whether
established or new) can be used in the provenancing of

In addition, the TWG will provide advice on Technical
Secretariat proposals for methodologies, procedures,
technologies, and equipment for investigative
purposes.

m /company/opcw ” /photos/opcw
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Periodic Table of States Parties to the Chemical Weapons Convention
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1

4
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In Honour of the International Year of the Periodic Table of Chemical Elements 2019

Order of Entryinto Force

Country Element

(2 )
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S
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A Special Thank You for Today’s Lunch!

Periodic Table of States Parties to the Chemical Weapons Convention

1

SE

Swedanium
17/06/1993

3
AU

Australium

06/05/1994

11
HR

Hrvatskium
23/05/1995

Namibium
4/11/1995

Malium

28/04/1997.

EI Salvadoriury
30/10/1995

Cote divorium
18/12/1995

Fijium
20/01/1993

Czechium
06/03/1996

(87

SR

Surinamium

Panamanium
07/10/1998

<

1D

Indonesiuum
12/11/1998

Congovium
04/12/2007

(153 )

K@)

Tongovium
29/05/2003

Lebanonium

Order of Entryinto Force

Country Element Hydrogen
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In Honour of the International Year of the Periodic Table of Chemical Elements 2019
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