Organic Molecules
Functional Groups

Amines: Weak Organic Bases
Carbon Derivatives of Ammonia
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Small Organic Molecules
Common Functional Groups

Name General Formula
Alcohols R-OH
Ethers R-O-R’
Amines R-NH,
Carboxylic Acids R-g-OH
ammonia__ | __methane | formaldehyde | formic acid |
PO e s

Small Organic Molecules
Ammonia & Amines
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Alkaloids: Naturally Occuring Bases
Nitrogen Heterocycles
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https://www.youtube.com/watch?v=YuJOhpNSOIY

THE SCIENCE OF

CAFFEINE

THE WORLD’S"MOST; POPULAR DRUG

http://www.coca-cola.co.uk/stories/caffeine-counter

Caffeine: a natural insecticide, LD5, = 150 mg/kg




https://www.youtube.com/watch?v=0TVES5iPMKLg

Coffee: The Greatest Addiction Ever

( A testimonial?)
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S Major in the Body .7
ADENOSINE CAFFEINE Role In the body
Acetylchoine A neurotransmiter used by spinal cord neurons to control muscles and by many
neurons i the brain to reguiate memary.In most nstances, acetyicholine s
exciatory
Dopamine

The fesings of pl release
rain reward system. Dopamine has mutple functions depending on where in
the brain it acts. It s usually inhory.

GABA ‘The major inhibitory neurotransitter In the brain
{gamma-aminobutyric acid)

Glutamate ‘The most common excitatory neurotransmifier in the brain.

Gycine. A neurotransmitter used malnly by newrons in the spinal cord. It probably always
acts as an inhibitory neurotransmitter.

hormane. In
vous system, it is part of the fight-or-fight response. In the brain, It acts as @
neurotransmitter regulating normal brain processes. Norepinephrine s usually
excitatory, but is innidory in a few brain areas.

Serotonin

A invoived in ct luding m ite, and
‘sensory perception. In the spinal cord, serotonin Is inhibitory in pain pathways.

http://learn.genetics.utah.edu/content/addiction/reward/pathways.html

R-CH,CH,NH,

HO CH,CH,NH,
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CH,0

H,CO CH,CH,NH,
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phenyl-ethylamine

dopamine
mescaline

F.D.A. Agrees to New Trials for Ecstasy as Relief for
PTSD Patients (Nov. 2016)
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HO N__
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Ecstacy (mdma)

Wajor in the Body "7
Neurotransmitter Role in the body
Acetylchotne A neurotransmitter used by spinal cord neurons to control muscies and by many
rons in the brain to reguiate memory. In most Instances, acetyicholine is
exciatory.

Dopamine The testings of pleasure by the
brain reward systam. Dopamine has muttple functions depending on where in
the brain it acts. It is usually inhiHory.

GABA ‘The major Inhibiory neurotransmitir in the brain
{gamma-aminobutyric acid)

Gutamate The most common excitatory neuratransmitier n the beain.
Tycine

A 584 malnly by neuans n e Spinal cord. i probably always
acts as an inhibitory neurotransmitter.

and a hormone. In the
Vous system. i is part of the fight-or-fight response. In the brain, i acts as
neurstransmitter reguiating normal brain processes. Norepinephrine is usually
excitatory, but s inh&dory in a fow brain areas.

Serotonin A neurotransmiter involved in many functions including mood. appeiite, and
sensory perception. In the spinal cord, serotonin is inhibitory in pain pathways.

http://learn.genetics.utah.edu/content/addiction/reward/pathways.html
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A Delicate Balance

'BLOOD ALCOHOL CONCENTRATION CHARTS
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Major Neurotransmiltters In the Body ' 7*
Neurotransmitter Role in the body
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Clinical Anxiety
How Does Xanax (Alprazolam) Work?

3 Youlube

) A XANAX ‘

https://www.youtube.com/watch?v=Kq6oNcd3d-U&feature=push
-u&attr_tag=LeRwov3XCoYUsxI4-6

Drug Uptake:
Rank from slowest to fastest.
a) injection; b) ingestion; c) inhalation; d) snorting
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A) a<b<c<d B) c<a<d<b

C) b<d<a<c D) d<b<c<a

Drug Uptake:
Rank from slowest to fastest.
a) injection; b) ingestion; c) inhalation; d) snorting
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A) a<b<c<d B) c<a<d<b

C) b<d<a<c D) d<b<c<a




morphine
/A
e

5

Lysergic acid

DNA — RNA
Genetic Bases - Nucleic “acids®

Central Dogma

DNA

~22,000 define
a human

Amanda Ruby

morphine

ibogaine

Nucleic “Acids” _
Genetic base

Nucleotide: (3 units, base; Organic base: R-NH,
. NH
sugar; phosphoric acid) |
H3p04 : T H T Adenine unit
i N7 N
Phosphoric HO_}‘,_UJ_‘S‘]
acid unit :
OH 3 ¢ H 3, H h
| \I\ H
| G

OH H
1 Deoxyribose unit

five carbon sugar
Nucleoside: does not
include the phosphoric acid

Genetic Bases in DNA & RNA

DNA and RNA have different sugars (dexoyribose
vs. ribose).

There are only five bases found in DNA and RNA:
—adenine (A),

—guanine (G),

— cytosine (C),

— thymine (T found in DNA only), and

— uracil (U found in RNA only).

DNA & RNA: Nucleic Acids

 Store & carry genetic information.

o0

» DNA (deoxyribonucleic acids) have molecular
weights ~ 6 x 10° to 16 x 10° daltons (amu) and
are found inside the nucleus of the cell.

» RNA (ribonucleic acids) have molecular weights
~ 20,000 to 40,000 amu and are found in the
cytoplasm outside the nucleus of the cell.




Genetics & DNA
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Gene on a single strand of ONA

GGATATCCAAGC

Nudeotide sequence

Q} DNA: Size, Shape & Self Assembly

http://www.uma alpt htm

Views & Algorithms

Protein Biosynthesis

http://chemconnections.org/general/movies/PROTEIN1.MOV

https://www.dnalc.org/resources/3d/09-how-much-dna-codes-for-protein.html

Nucleus of cell

TRANSCRIPTION

BI0LOGY —
TRANSLATION

Protein  ~22,000 define
a human
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m R N A Sense vs. Antisense strands

Sense strand - the “other”

} \ strand, not transcribed.
X \ Antisense strand - the one
2 mRNA attaches to, and is
5 complimentary to.
"3 mRNA is similar to the sense || |
A strand, except T>U. 2

1Al

Antisense DNA from the left: GTAGGT...
mRNA: CAUCCA...




I I | | { NA Coding Strand !
T 3
(Codons) 555> TTC >>>3
DNA
Template Strand |4 T s
(Anti-codons)
mRNA | Messaee §'>>>.cnun- UUC------ >>>3
(Codons)
N Tranfer | . ,
tRNA | i codons) 3 <<<AAG<<<§
Protein ':::;"“ Amino > > > Phenylalanine > > > Carboxy

Coding Strand = Antisense strand: TTC
Anti-coding = Sense strand
mRNA: uuc

Protein Biosynthesis

Codons

mRNA is translated in
“chunks” of three,
called codons

+ The starting nucleotide
is determined using
bioinformatics to find
the reading frame
The genetic code is
degenerate

(similar, but not identical)

- @@ 5

5'AUG CAA CCC GAC UCC AGC3'
3 UAC GUU GGG CUGAGGUAGS' &

t--Gln—Pro—Asp-Phe—Ser

Protein Biosynthesis

Codon Chart
Second Letter
u c A c
uuu |Fne ucu VAU | T |ucu |cys v
u |uuc ucc | ser [UAC uGe c
uut\l,_eu UCA UAA  Stop [UGA Stop|A
uuG uce UAG stop (UGG Trp |G
cuu ccu CAU | His |ceu u
¢ |cuc | Leu|cce | Pro |cAC cGC | arg [C
1t CUA CccA CAA I cin [cca A [sg
cuG cce CAG cGG G
letter| | ayy AcU AAU IAsn AGU |Ser u |letter
A |auc | e [Acc | mr [AAC AGC c
AUA ACA AAA AGA A
AUG et |ACG el A L
Guu Gcu GAU | Asp |GGU u
c|cuc | va |Gcc | aa |GAC 66c |y [C
GUA GCA GAA | Glu | GGA A
cuG 6ce GAG GGG G

Several nucleic acids linked
together form DNA

Three nucleic acids in a row
form a codon, which codes for
different amino acids

Several consecutive codons
form genes

Genes code for a sequence of

min i
amino acids ~22,000 define

. . . a human
Several amino acids linked

together form proteins

DNA: Genetics & Genomics
Timelines

https://www2.edc.org/weblabs/Mendel/MendelMenu.html

DNA: Molecular Discovery

X-Ray Crystal Structure
http://info.bio.cmu.edu/courses/03231/ProtStruc/ProtStruc.htm

B-DNA: Rosalind Franklin

12 base sequence £

http:/molvis . . /dn: form.|
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MOLECULAR STRUCTURE OF
NUCLEIC A

* DOUBLE HELIX

STRUCTURE o DNA

Restriction Enzymes / Recombinant DNA

Berg, Boyer, Cohen, and many others

http://nar.oxfordjournals.org/content/early/2013/10/18/nar.gkt990.full
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Recombinant
Plasmid DNA

Sticky ends

tps://www.dnalc.org/resources/3d/19-polymerase-chain-reaction.html

PCR: Polymerase Chain React &gt ™

Kary Mullis, Cetus-Chiron-Roche, Emeryville
&\\/\\ Polymerase Chain Reaction 7

Original double-stranded DNA
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Miions and Milions of copies

The Human Genome Proje
Exploring our Molecular Selves.
MORE ON THIS YEAR Salquist
Chairman
CEO
Calgene

Animation | SEE¢

FON FLAVR igene,
Inc. of Davis, California — marked the firsttime the agency evaluated afood
F

stay fim after harvest, so they can be lefton the vine konger before
shipping. The FDA decided the change In the tomatoes was not great
enough
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Genes, Variation The Future of How to Sequence Glossary
Human History  Research & Medicine aGenome

Genetic Fingerprinting
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- Blood on glove found one
Simpson's property appeared
to contain genetic markers of
Simpson and both victin;s.

OJ Simpson and the bloody glove.

The Human Genome Project: P o

Exploring our Molecular Selves. seres
Animation | SCTEEN

genetic map completed

Archaea genome ngwu#
Congress outlaws geneti discrimination in he:

Genes, Variation ture of How to Sequence Glossary
Human History R aGenome

http://www.genome.gov/25019879
http://unlockinglifescode.org/timeline?tid=4




CLONING
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DONOR CELL I8 RACED NEXT TO
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AN ELECTRCAL CURRENT

! euBRY0 DEVELOPS AS THOUGH
ANEWLY FERTILSED £G3

CHROMOSOMES ARE REMOVED FROM UNFERTILSED £0G

Human Distribution of the

of 26,383 human genes.

N icsion ks (12809, 41.7%)

Panther categorics

J. Craig Venter et al. Science 2001;291:1304-1351 Science
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Golden Rice

http://www.goldenrice.org/
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Hunan Study 2008
Golden Rice Paper 2012
Patents for Humanity Awards 2015

Transgenic Crops
Genetically Modified Organisms (GMOs)

+

GeneX Gene for transposase

ONA njected into bloodstream in ipid
capsules that enable i o enter cells

O‘/.
‘The enzyme cuts out
o geneKand nseris

Gene machine
£
i

http://www.greenpeace.org/international/Global/international/publications
lagriculture/2013/458%20-%20Golden%20lllusion-GE-goldenrice.pdf

http://www.i-sis.org.uk/rice.php

Golden Rice

http://www.goldenrice.org/

WITHDRAWN July 2015

Patents for Humanity Awards 2015

http://news.sciencemag.org/asiapacific/2013/09/golden-rice-not-so-golden-tufts

@’l‘hc American Journal of

CLINICAL NUTRITION

HOME | CURRENT ISSUE | SMALALERTS | ARCHIVES | SUBSCRPTIONS | SEARCH FOR ARTICLES
CusTom PusLCATION FAQ | ASN

p-Carotenc in Golden Rice isasgood as -
carotene in oil at providing vitamin A to
children®23:4

WITHDRAWN:
For lack of evidence that all human
participants provided full consent

supported
by Massachusettes Court (August 3, 2015)




Genome Editing / CRISPR-Cas9

https://www.youtube.com/watch?v=SuAxDVBt7kQ

https://www.youtube.com/watch?v=2pp17E4E-O8

Genome Editing / CRISPR-Cas9
Target
B-Thalassemia: Shortage of

Normal 3-globin

https://www.dnalc.org/resources/3d/17-sickle-cell.html

Genome Editing / CRISPR-Cas9
B-Thalassemia / Human Embryo Research

http://chemconnections.org/general/chem121/Gene%20Editing
/Gene%20Editing%202015-0153.pdf

CRISPRICas3 madiaind gone 63tog n htran pronucies Zygos RESEARCH ARTICLE
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Genetic FinaerorintirScience:
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-
nanograms
= Amount of DNA needed =
= for fingerprinting when the -
=y technique was first published -
D in 1985. It corresponds to *Forensics
5 about one drop of blood or = <Paternity

100,000 cells.

WHEN DNAIS = -Military-ID

LYING 0.1 = e

*Anthropology
= +Medical
nanogram Diagnosis
The amount that, in some
cases, suffices today. It
corresponds to about 20
cells, a number that could be oy

found in a fingerprint.
http://science.sciencemag.org/content/sci/351/6278/1133.full.pdf

Fig 1. Storing the total amount of information encoded in DNA in the biosphere, 5.3 x 1031
megabases (Mb), would require approximately 1021 supercomputers with the average storage
capacity of the world’s four most powerful supercomputers.

5.3 x 10" Megabases of DNA

= 10" Supercomputers

http://journals.plos i ?7id=10.1371/journal.pbio.1002168#pbio-1002168-g001

Landenmark HKE, Forgan DH, Cockell CS (2015) An Estimate of the Total DNA in the Biosphere. PLoS Biol 13(6): €1002168. doi
10.1371/journal.pbio. 1002168
hito/127.0.0, 10,137 1/iournal.pbio. 1002168

@PLOS ‘ BIOLOGY

Table 1. The total DNA content in the biosphere

DNA amount (Mb)
Prokaryotes 1.6(1.1) x 10%
Unicellular eukaryotes 1.3(09) x 107
Fungi 1.7 (3.4) x 1077
Animals 4.2 (1.5) x 10%
Plants 3.6(3.4) x 10°"
Viruses 4.0 (3.4) x 10*
Total 5.3 (3.6) x 10!

0i:10.1371oumal pbio.1002168.1001

Landenmark HKE, Forgan DH, Cockell CS (2015) An Estimate of the Total DNA in the Biosphere. PLoS Biol 13(6): €1002168. doi
10.1371/journal pbio. 1002168
hito/127.0.0 110.1371/iournal.pbio, 1002168

@PLOS ‘ BIOLOGY




2017 Bioengineering:

Structural Materials & Molecules
Bacteria & Yeast

Healing Concrete
http://heronjournal.nl/56-12/1.pdf

Copitrol specknen,
after healing

.

B: Bacterial specimen Bacterial specimen
before healing et healing

Bioengineering: Artemisinin

Bacteria, Yeast & Chemical Synthesis
Chinese Wormwood (Artemisia annua)
& Malaria

Zf\,—\ Polymerase Chain Reaction

% Original doutie-strandod DNA ; §
T | Ken Myambo
: PRI Cetus Research
Associate
=

PCR: Polymerase Chain React &gt ™
1989 Kary Mullis, Cetus-Chiron-Roche, Emeryville m ﬂ

Miions and Milions of copies

https://www.dnalc.org/resources/3d/19-polymerase-chain-reaction.htm




