How many organelles can you name!?

Image borrowed from Columbia College of Physicians and Surgeons Histology Laboratory Lab Manual
http://www.columbia.edulitc/hs/medical/sbpm histology old/index.html
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http://www.columbia.edu/itc/hs/medical/sbpm_histology_old/index.html
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Images borrowed from ib.bioninja.com.au
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Cells!

Nucleus

Mitochondrion
Cell’s control center

Produces energy for cells to use
by breaking down substances
during oxidative mefabolism.

DNA

Conlains coded information
that passes on every single
inherited characteristic.

Colgi complex

Collects, packages and
distributes molecules
made in the cell.

Endoplasmic reficulum

Smooth and rough tubes that
move and store materials
made by the cell.

Ribosome

Tiny profein
roducing factories.
roteins produce

chemical messages

that run a cell.

lysosome

Where digestion of cell

' Vacuole
nufrients takes place.

and other substances.

Cytoplasm
Jellylike fluid between cell
membrane and the nucleus.
This is where all the organelles
(litlle organs) are found.

Cell membrane /

Made up of a double layer of fatty material. It
allows some materials to pass into and out the cell at
thousands of places across the surface. It allows foods
to pass info the cell and waste to pass out of the cell.

Peroxisome

Vesicle that contains
enzymes that carry out
particular reactions, such
as defoxifying potentially
harmful molecules.

Centriole

Tiny organs that help the cell divide.

Eukaryotes:
~10-40 um in diameter

Angela Wu

Storage area from fats

Capsule
Cell wall
Plasma membrane

Plasmid
Pili

Bacterial Flagellum
Nucleoid (circular DNA)

Prokaryotes:
~|-2 um in diameter



TRANSCRIPTION AND
TRANSLATION; GENETICS
AND EPIGENETICS

How does one set of genetic instructions
generate so many different outcomes!




Biological Macromolecules

- The “chemical building blocks of life”

OH NH2

R o) o \
OH HsC HO N“
HZN"\H/ 3 HJLOH S | P
(o] n N N

OH OH

fatty acids carbohydrates nucleobases

mono-
saccharides

glycerol nucleotides

- poly-
phospholipids T T DNA/RNA

Image from Wikipedia, by BogHog
https://commons.wikimedia.org/wikilFile:Building_blocks_of_life.png
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The Central Dogma

transcription

DNA

J

replication

RNA

translation

Protein




Let’s go way back — before we knew what was
what in a cell...

% °§ 1944
=~ Avery,

“ wof 1930s McLeod,
3 A 4 Hammerling and

1902 shows that McCarty Hershey
1865 Sutton 1927 hereditary 1931 show that and Chase
Mendel and Boveri  Muller information McClintock DNAisthe useradioactive  1990s
documents propose  shows that is contained demonstrates “transforming labeling to Genome
patterns of ~ chromosome  X-rays in the nuclei genetic principle”  prove that DNA sequencing
heredity in theory of induce of eukaryotic recombination responsible is responsible  projects
1830’ pea plants heredity = mutations cells in corn for heredity  for heredity begin
L ] ]
Discovery | | T u l
of proteins T *T t |
I I I 1
1869 1915 1928 1941 1950 1953 1961
Miescher Morgan Griffith’s Beadle Chargaff Watson Jacob
first identifies  and his “Fly Room”  “transformation and Tatum discovers  and Crick and
DNA (“nuclein”)  colleagues confirm  experiments” describe the thatA=T propose Monod
oy the chromosome transform “one gene-one and C=G the double propose .
¢ theory of heredity = non-pathogenic enzyme” (Chargaff's helix the —3
] bacteria strains hypothesis rules) structure  existence =
: to pathogenic of DNA of mMRNA
¢

https://courses.lumenlearning.com/microbiology/chapter/using-microbiology-to-discover-the-secrets-of-life/
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Determining the identity of the hereditary material

green = proteins “ee| Heatis used to kill S strain of Ave ry- I I C Leo d -

blue = DNA o0 S. pneumonia and capsule
red = RNA .° | components are removed
e, o from solution.

A McCarty
experiment

Bacteria:

S strain — smooth
surface, deadly
R strain — rough

- surface, not deadly

People knew the existence of proteins, RNA, and DNA
They had reagents/chemicals that could destroy each of those molecule types
How do you design the experiment to figure out what is the molecule of

genetic material?

https://courses.lumenlearning.com/microbiology/chapter/using-microbiology-to-discover-the-secrets-of-life/
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Determining the identity of the hereditary material

green = proteins

blue = DNA
red = RNA

0g® 0 g0 0 %o
L0 ©e%00°000000

Control. No enzyme
is used; proteins,
DNA, and RNA are
all present.

-

A\
f
,
\ A\]
v

(fo 0000 0cgo008®
ey [T
10%0 50%06%°° o

S cells present;
therefore, transformation
occurred.

Proteases degrade
proteins in the sample.
RNA and DNA

are still present.

S cells present;
therefore, transformation
occurred. Transformation
occurs in the absence of
proteins.

Heat is used to kill S strain of
S. pneumonia and capsule
components are removed

from solution.

Ribonucleases degrade
RNA in the sample.
Proteins and DNA

are still present.

+

[(>))

0g0°%0
o 0% °

o
o °
LX)

Pyl
o
o
@

S cells present;
therefore, transformation
occurred. Transformation
occurs in the absence

of RNA.

Avery-MclLeod-
McCarty
experiment

Bacteria:

Deoxyribonucleases
degrade DNA.
Proteins and RNA
are still present.

S strain — smooth
surface, deadly

] R strain — rough

i surface, not deadly

S cells absent;
therefore, transformation
did not occur.
Transformation does
NOT occur

WITHOUT DNA.

https://courses.lumenlearning.com/microbiology/chapter/using-microbiology-to-discover-the-secrets-of-life/
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Hershey-Chase experiment: DNA (not
protein) is the genetic material

— -
a7

35S-labeled protein coat

32p_|labeled DNA

@ One batch of phage @ Bacteria were infected @

was labeled with 32P, with the phage. The
which is incorporated researchers were
into the DNA. looking to identify if
Another batch of viral DNA or viral
phage was labeled protein entered the
with 35S, which is host cell.

incorporated into the
protein coat.

https://courses.lumenlearning.com/microbiology/chapter/using-microbiology-to-discover-the-secrets-of-life/
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Hershey-Chase experiment: DNA (not
protein) is the genetic material

32p_|labeled DNA

A

35S-labeled protein coat

@ One batch of phage @ Bacteria were infected @ The cultures were @ Bacteria infected
was labeled with 32P, with the phage. The blended and centrifuged with phage containing
which is incorporated researchers were to separate the phage 32p-labeled DNA
into the DNA. looking to identify if from the bacteria. The produced 3?P-labeled
Another batch of viral DNA or viral centrifuge separated the phage. Bacteria
phage was labeled protein entered the lighter phage particles infected with
with 35S, which is host cell. from the heavier bacterial 35S-labeled phage
incorporated into the cells. produced unlabeled
protein coat. phage.

https://courses.lumenlearning.com/microbiology/chapter/using-microbiology-to-discover-the-secrets-of-life/
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Chargaff’s Rules

Table 3-2 Data Leading to the Formulation of Chargaff’s Rules 1. The base

Adenine Thymine Adenine Guanine Purines composition of
to to to to to .
Source Guanine Cytosine Thymine Cytosine Pyrimidines DNA varies
between species
Ox 1.29 1.43 1.04 1.00 | .
Human 1.56 1.75 1.00 1.00 1.0 2. Inany species the
Hen 1.45 1.29 1.06 0.91 0.99 numberof Aand T
Salmon 1.43 1.43 1.02 1.02 1.02
Wheat 1.22 1.18 1.00 0.97 0.9 bases are equal,
Yeast 1.67 1.92 1.03 1.20 1.0 and the number
Hemophilus 1.74 1.54 1.07 0.91 1.0
e of G and C bases
E-coli K2 1.05 0.95 1.09 0.99 1.0 are equal
Avian tubercle 0.4 0.4 1.09 1.08 1.1
bacillus
Serratia marcescens 0.7 0.7 0.95 0.86 0.9 But why?
Bacillus schatz 0.7 0.6 1.12 0.89 1.0

sOURCE: After E. Chargaff et al., |. Biol. Chem. 177 (1949).

https:/lwww.ncbi.nlm.nih.gov/pmc/articles/PMC225 140/
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Let’s go way back — before we knew what was
what in a cell...

% °§ 1944
- Avery,
M vl 1930s McLeod,
3 \_4 Hammerling and
1902 shows that McCarty Hershey
1865 Sutton 1927 hereditary 1931 show that and Chase
Mendel and Boveri  Muller information McClintock DNAisthe useradioactive  1990s
documents propose  shows that is contained demonstrates “transforming labeling to Genome
patterns of ~ chromosome  X-rays in the nuclei genetic principle”  prove that DNA sequencing
heredity in theory of induce of eukaryotic recombination responsible is responsible  projects
1830’ pea plants heredity = mutations cells in corn for heredity  for heredity begin
L ] ]
Discovery | | T u l
of proteins T *T 1 |
I T I 1 I
1869 1915 1928 1941 1950 1953 1961
Miescher Morgan Griffith’s Beadle Chargaff Watson Jacob
first identifies  and his “Fly Room”  “transformation and Tatum discovers  and Crick and
DNA (“nuclein”)  colleagues confirm  experiments” describe the thatA=T propose Monod
oy the chromosome transform “one gene-one| and C=G the double | propose .
¢ theory of heredity = non-pathogenic enzyme” (Chargaff's helix the —3
] bacteria strains hypothesis rules) structure | existence ——
: to pathogenic of DNA of mMRNA
¢

https://courses.lumenlearning.com/microbiology/chapter/using-microbiology-to-discover-the-secrets-of-life/

Angela Wu



The discovery of the structure of DNA
explains Chargaff’s rules

Angela Wu



DNA double helix

Cytosine .

e
— Nuclecbases

Guanine .

2 Q
NH NH
- g{,\
N~ N _ |
H Base pair H
Adenine Adenine
HN @ H;MN @
20 ¥,
QN N {N N
H H
Uracil Thymine .
HyC
NH H
(E)% helix of
N o sugar-phosphates wo
Nuclecbases Nucleocbases
of RNA of DNA
RNA DNA
Ribonucleic acid Deoxyribonucleic acid

By Difference_DNA_RNA-DE.svg: Sponk (talk) translation: Sponk [CC BY-SA 3.0 (http://creativecommons.orgllicenses/by-sa/3.0, via Wikimedia Commons
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9 Purines

\ 0 NH2
/F: e I’/,,I O N =N Nr . N"’H
0=5 igOmP—1 ~p— Base G Il sl G TR 2]
© ] S\ VAIRN TN N TONTTNK,
0 O "o glycosidic bond
© Adenine Guanine
Pyrimidines
feeee--nuCleoside -—---- NHz o W ohe 2 ’
3
-nucleoside monophosphate ---i E‘{“ fk“l \ﬁl\s""
i 6,‘45&0 ",:I,*o ER&J%O
| |

nucleoside diphosphate ----------

nucleoside triphosphate-------- . Cytosine Uracil Thymine

https:/lwww.diffen.com/difference/Nucleoside_vs_Nucleotide
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© Hydrogen
@ Oxygen

@ Nitrogen

© Carbon

© Phosphorus

Minor groove

Major groove

Purines

Pyrimidines

Person Education, Inc., 2012
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DNA replication

Three postulated methods of DNA Replication

DODPDPUPDI <7 &M Mu ™

Semi-Conservative

MW<MM}@®W

Conservative™
Dispersive*
T Newly, synthesized strand From: wikipedia

Discussion: Design an experiment to show which of these is the
correct model

Angela Wu




Meselson-Stahl demonstrated that DNA
replication was semiconservative

Helpful video: https://www.youtube.com/watch?v=4gdVWOWjioBE

EXPERIMENT

HYPOTHESIS: DNA replicates semiconservatively.

1o'&'N fight) medium;

T some bacteria ]

E i & bacterlal growth continues.
-
Before the bacteria reproduce 1 £} Take sampies after O
themlﬂmehmelmlnwdumato Sample at Sample after Sample after minutes, 20 minutes
minutes), all ONA (parental) Is heawy. | O minutes 20 minutes 40 mirutos (after one round of
{ { repiication), and 40
Q Q - minutes (two rounds
— — — TR
ONADN fight) DNA 1 !
CNDBN (intermediate) DNA s,
EnBN DNA
o T S
First Second
Parent g 4
{all heavy) generation . foneration
l (all intermediiate)  (half intermediate, half light)
RESLLTS ORI

haif was light only; there
was no heavy-only DNA. pm" New

_

After 2 ganerations, half the _w RN —» RRRRR
DNA was intermediate and WMM

strand By ctrmd‘DN PR

CONCLUSION: This pattern could only have been observed if each DNA molecule contains a template strand

from the parental DNA; thus DNA replication is semiconservative.

https://www.nature.com/scitable/content/the-meselson-stahl-experiment-1855 |
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https://www.youtube.com/watch?v=4gdWOWjioBE

DNA replication machinery

DNA primase

DNA-ligase RNA primer,
DNA-Polymerase (Pola)

AU

/ {
X

\\\
DL

DNA Polymerase (Pold)
Helicase

Single strand,
https://lcommons.wikimedia.org/wikilFile:DNA _replication_en.svg Binding proteins

0
O=P—0
| Base
N %
y
|/ 2'
O OH

Lagging
strand

T % 4

Topoisomerase
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https://www.youtube.com/watch?v=TNKWgcFPHqw
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https://www.youtube.com/watch?v=TNKWgcFPHqw

DNA replication machinery




DNA replication chemistry

CH; Base 1 |

Nucleophilic
attack

—-

u]

Q
*'lp_
!

https://chem.libretexts.org/Bookshelves/General_Chemistry/Book%3A_ChemPRIME_(Mo
ore_et_al.)/20Molecules_in_Living_Systems/20.20%3A_DNA_Replication

OH H
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Transcription: Blueprint to Messages

Elongation Non-template

strand of DNA

RNA nucleotides

Direction of transcription
(“downstream”)

Template
strand of DNA

RNA

Molecular Biology of the Cell, 5th Edition Garland Science, 2008.
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https://youtu.be/vLz2A | cjPH8
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https://youtu.be/vLz2A1cjPH8

The Central Dogma
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Pre-mRNA
transcript

Splicing;
polyA

mRNA transcript

Y

[ Polypeptide ]

\_ CYTOPLASM -

CYTOPLASM

© 2011 Pearson Education, Inc.

Aminoacyl-
tRNA synthetase %
0

Growing

polypeptide /

e
Aminoacyl 4
R ibosomy g;l;‘ali'ged) -
subunits
-

(

A

/ N
C, 1 4
()
g 4 / _
\Y E c
AAA
UGGUUUAUG

N\

Anticodon

Ribosome
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Ribosome

- It makes proteins!

Rough
Endoplasmic

/ Reticulum

* Needs help from other
things in the cell like tRNA

recycling

" proteinﬁ
ribosome 0

\ § \ D
mRNA \
O

start stop

Animated Gif By Bensaccount at en.wikipedia, CC BY 3.0, https://commons.wikimedia.org/wl/index.php?curid=8287100
Angela Wu




Translation: Messages to end products

* g "
0 o)
: 5} ﬁ
— Amino Acid
attachment site | Amino
® polypeptide ‘ZaCids
@) tRNA with
amino acid
T loop ) attached
D loop Ribosome

Anticodon loop

Anticodon

cuc

GAG

GUC?AG !!!CCA UAG
mRNA

Codon

3'

Molecular Biology of the Cell, 5th Edition Garland Science, 2008.
Molecular Biology of the Cell, 7th Edition Garland Science, 2013.
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Translation codon: The genetic code

—— Amino Acid
attachment site

Anticodon
cucC

GAG

GUC ?/\G !! ! CCAUAG
mRNA

Codon

Angela Wu

First letter

U

{m

uuU ucu UAU u
uuc}Phe ueellc - T [ C
UUAY, ¢, | UCA UAA Stop|UGA Stop| A
UuUG UCG UAG Stop|UGG Trp |G
cuuy | ccu CAUY ... |CGU u
Bcuc| . [ccclo, CAC}H'S ceC |, |C
| cua CCA }Gm CGA [0 | A
cuc) |cce S CGG G
AUU ACU AAU AGU u
Auclue ACC |10 AAC JASn [ Acc Jser |2
M AUA | |AcA AMAY 45 |AGA A | A
AUG~ Met | ACG AAG AGG G
| Guu) GCU GAU GGU U
clelleliceell - GAC}AS" GGC | |C
GUA GCA }Glu GGA [V | A
Guc) |cce gAc GGG G

Second letter

| uGuU }Cys |

Third letter



Putting everything together

_ ATGATCTCGTAA

TACTAGAGLATT
J« DNA

ATGATCTCGTAA

Tronscv '\-“OY\ \
) AU GAROC O, "N
TACTAGAGCATT DNA
= AUGAOCUCGUAA Tronscvipt
(RNA)
Trans\oXion

”. folypoptide

Image from Khan Academy
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A review!

* Which main molecular components are needed for:
- DNA replication

* RNA transcription
* Protein translation?

- How might these processes be different in prokaryotes
compared to eukaryotes!

Angela Wu




In prokaryotes, translation can begin before
transcription is complete due to lack of
compartmentalization

iy - A LS A R T T 0 R o e YT B e e S
G A SR AN I 07 A
R g NNy ) ‘
5

> .

200 nm
-s—— Direction of transcription RNA DNA
~ polymerase
i
—A— A
Polyribosome
f Ribosome
mRNA

Direction of translation
Copynght € 2004 Pearson Education, Inc., publishing as Benjamin Cummings,
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[t’s Time For A Break
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Genetics - DNA repair

- Homology directed
repair (HDR)
 Requires homologous
DNA to be present

* https://www.youtube.co
m/watch?v=86]CMM5kb

2A

* Non-homologous end
joining (NHE])

* https://www.youtube.co

m/watch?v=3 I stiof]jYw

25 February 2020

Double strand breaks
a Homologous recombination b Non-homologous end joining

DNA DSB DNA DSB

V/N/A/IN/ A /N NS /N /AN

RPA KU70 and KUSO

Sister chromatid
BRCAZl

XRCC2

V/N/N/AN
VNN

Sister chromatid
LIGIl l

V/ N/ / N T\ W/ N/ NN\ T\

BIEN 5010


https://www.youtube.com/watch?v=86JCMM5kb2A
https://www.youtube.com/watch?v=31stiofJjYw

Genetics — DNA repair is a crap-shoot

- Mutations

* What kinds of mutations would affect gene function?

Large scale
changes

- Aneuploidy

- Large chromosomal translocations/truncations
- Other inversions, translocations

- Copy number variations (CNVs)

- Point mutations — non-sense, missense, frame-
shift, silent...

- Single nucleotide variations/polymorphisms
Small scale (SNVS/SNPS)

changes

Angela Wu




Genetics - Aneuploidy

- Down Syndrome
« XXY — Klinefelter Syndrome

g 4 ,-z’.‘: Gl ¥ é P
" r | N !
LB " AKX G ! i
w L 4 3 R »d v 3]
1 2 3 4 5
4 - 8
A 1 . ’ LN | & tl - -
v a - } h! a i $
A S5 NB Ez BR aes NE
6 7 8 9 10 11 12
- '-! i » 8 - o o
=8 - ; & g8 " gl
13 14 15 16 17 18
A A
-~
9 L ) q 3 G
19 20 21 22 X Y
R - 47, XXY Cell No.: 003

http://study.com/academyllesson/aneuploidy-definition-disorders-quiz.html

By User:Nami-ja, via Wikimedia Commons
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Genetics — Large chromosomal aberrations

- Philadelphia chromosome and CML; BCR-ABL fusion

Normal Translocation
chromosome 9 1(9:22)
Normal Philadelphia
chromosome 22 chromosome
22ql11.2
(bcl)

9q34.1
(abl)

By Aryn89 (Own work) [CC BY-SA 4.0 (http://creativecommons.org/licenses/by-sa/4.0)], via Wikimedia Commons
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Genetics - CNVs

» Huntington’s disease
- CAG repeats, more than 44-46 times =2 likely to develop disease

» Breast cancer HER2/NEU/ERBB?2 amplification

Short arm of chromosome 4

HD gene

TRANSCRIPTION (in the nucleus)

Ll

Codon (triplet of 3 CAG codes for Repeating CAG codons.
nucleotides which code the amino acid The normal gene has less than 36 repeats.
for a specific amino acid) glutamine Mutated gene has more than 36 repeats

Normal Abnormal huntingtin (mHtt) with

cytoplasmic protein, more than 36 glutamine

huntingtin (Htt) with - residues

less than 36 glutamine
residues @
Huntington's disease

Glutamine chain

https://ghr.nlm.nih.gov/condition/huntington-disease
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Genetics — Point mutations

* RAS mutations leading to cancer

) Transcription \
factor {activator)

ona 7RI

https://lwww.quia.comljg/ 1 276704list.html
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Genetics - SNPs

+ CCRS5 receptor and immunity to HIV infection

- Difference between SNPs and ‘just a mutation’

>1% abundance in
population

Humans have over 3 million

M’\ recorded SNPs
G I
M\J AGA Link to personalized

G 7T medicine
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Question

- So many cell types, so few genomes...

TYPES OF CELLS

NERVE CELL MUSCLE CELLS

ardiac

GLAND CELLS BLOOD CELLS White blood cells

@ W 0

Red blood cells  Lymphocyte Monocyte

BONE CELL

https:/Iwikis.engrade.com/aéthgradescience2/body
Angela Wu




Epigenetics — Layers upon layers of
information

Angela Wu

Mitotic chromosome

Histone modification
Nucleosome

Mitotically
retained
TF Foci

WW Methylated DNA V o &’



Epigenetics — controlling transcription

- Control of protein binding to DNA
- Control of DNA accessibility

+ Allele specific? X-inactivation?

- Control of coordinated expression of genes through 3D
chromatin structure (Hi-C)

- Control of mRNA degradation

- Mis-regulation results in bad things:
- Down syndrome

« Many many many cancers

Angela Wu




Epigenetics

 Mechanisms of regulation:
- DNA methylation
- DNA hydroxymethylation
« DNA XXX-ylation...
- Histone modifications
- miRNA silencing
* IncRNA

 Enhancers, repressors, ERVs,

Angela Wu




Epigenetics — The histone code

Ac
K12 K5
NH \'—mg
Ac Ac Ac/Me

AcMe (14 K18 Ac/Me Me Ph Ac Me
NH, K9 K27 K36 -
ve K4 R8 810 S1
e Ph

K26 Ac/Me

COOH S3 Ph
NH COOH

2

Perla Cota, Mehdi Shafa and Derrick E. Rancourt (2013). Stem Cells and Epigenetic Reprogramming, Pluripotent Stem Cells, Dr. Deepa Bhartiya (Ed.), InTech, DOI:
10.5772/55983. Available from: http://www.intechopen.com/books/pluripotent-stem-cells/stem-cells-and-epigenetic-reprogramming
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Epigenetics — The Roadmap/ENCODE project

H3K4me3 J A [ " A A 24 a
H3K27ac 4 Lk, o Y Y PO R | %
H3K4me2 fu. a4k o A B P NPT SRS | P |
HiKlac a . M. A ™ | S ™ PR | R S
VL VAR S S P A" WU TR S Wy
H3K4me | Mbha s omh b ol R w%u%hwu&% e T Y}
H4K8ac B P NI RS S NR— R PRI
H3K36me3 Ml .. . olelbweade Ml s o oadiie . sadka

H3K79MeE | il ieeosni mmiilhcibmadiin, 4 i ko cesmnsliesna cbmbtd ot o . et 4
H3K36me2 ‘)_,.-_,_ __.Lm&._‘_ — -LJJL,ML t___-_M-ﬂ.._M

H3K36me | 4 A . wsdhe o . J_L,*_,“._,.,..#_,L_‘L;.. B SR

H3K9me3 _andbh N— "
mm.mwwmuowmm“munm“ 1
422G -2 -9 SO 3 dac-1 chac- 149 conh-1 -2 K3 KDG¥l2 mp-2  NIDF1N2 wnd  T2MCA2 TMHC4A R wr-23 T28C4 9 FIa

http://lwww2.gurdon.cam.ac.uk/~ahringerlab/research-3.html
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Epigenetics — DNA methylation

DNA Methylation

) 1
(")

Methylating the cytosine of a CpG ARl lclcEl<iEd |« |al< B[R <
motif silences genes T|e AA A Tml 1|k

)

NH, NH,
N f‘j DNMT N @
0% N ; ; 07 N
| SA SAH |
H H

Cytosine 5' Methyl-cytosine

http://pubs.niaaa.nih.gov/publications/arcr35 | 16-1 6.htm
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