Group Final Project Topics

Project topics have been posted as DISCUSSION TOPICS in Canvas; please
form your project teams in the discussion area of Canvas.

Guidelines for team formation:

Form teams of 4; you can form your own teams, but teams MUST contain
members from at least 2 different research labs, and 2 different departments.

You must let me know your topic of choice before 23 March

Topic choices: « CAR-T

* CRISPR * Cryo-EM

* Nanopore sequencing * Al-assisted diagnostics (not limited to

* Mass spectrometry digital pathology)

* Directed evolution * Optogenetics

* Super-resolution fluorescence * Propose your own topic — subject to my
microscopy approval



< C @& https://canvas.ust.hk/courses/23885/groups#tab-6324 & % & aqao .

9 Hang Seng e-Ban... [ standard Charter... m ender - Synology ... [ https://cergl.ugc.... Canvas q'] UST intranet - ad... “ The Science of Th... » B3 Other Bookmarks

TTOTIC

Self sign-up is enabled for these groups. (?)

Announcements
Groups are limited to 5 members. + Group
Discussions Unassigned Students (14) Groups (5)
Account Grades Search users
» CAR-T 3/ 5 students
Dashboard . .
- it JIANG, Bojing + » CRISPR 2/5 students
Files & LI, Cheuk Yin +
Courses
— Syllabus i LIN, Xuyan + » Directed evolution 1/ 5 students
-
Calendar i3 LIV, Yaxin +
ii MORALES NAVARR... + » Nanopore sequencing 3/ 5 students
i NG, Chun Ning +
Conferences it REY REDONDO, Car... + » Super-resolution 3/ 5 students

Collaborations

Library Toolbox

Once your group is decided, | will set up your group on
canvas, so you can submit assighments and receive
communications as a team
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o« o Tips on writing paper
Othel" |OgIStICS reviews will be given out the

week before midterm

- About the midterm:

« Slight change in format from previous years

- The midterm will be based on a paper:

* | will upload the paper to be reviewed to Canvas 48 hours before the
class when Midterm takes place (midterm is 3|1 March; paper will be
uploaded on 29 March at 9 am)

* You have 48 hours to read the paper and make notes; you may use any
resources to help your reading, including lecture notes, internet, etc.

- Part | will consist of short and long answer questions
relevant to the paper to directly assess knowledge learned in class

- Part Il will be a short review of the paper

* You will write this short review during the exam time (i.e. March 31
9am — | 1:50am)

 Exam invigilation will be carried out through zoom video
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TRANSCRIPTION AND
TRANSLATION; GENETICS
AND EPIGENETICS

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




Quick Recap of last lecture

» Cellular structure
- Cellular organelles

- Cellular specialization (morphology, cellular and molecular
characteristics)
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Cells!

Nucleus

Mitochondrion
Cell’s control center

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

DNA

Contains coded information
that passes on every single

Colgi complex
inherited characteristic.

Collects, packages and
distributes molecules
made in the cell.

Endoplasmic reficulum

Smooth and rough tubes that
move and sfore materials

Ribosome
Tiny protein

roducing factories.
made by the cell. Broleins roduce
chhemica melslscges
that run a cell.
lysosome

Where digestion of cell

' Vacuole
nufrients takes place.

and other substances.
Cytoplasm
Jelly-like fluid between cell
membrane and the nucleus.

This is where all the organelles

Peroxisome
(litlle organs) are found.

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

Centriole
Tiny organs that help the cell divide.

Eukaryotes:
~10-40 um in diameter

Angela Wu

Siorage area from fats

Capsule
Cell wall
Plasma membrane

Plasmid
Pili

Bacterial Flagellum
Nucleoid (circular DNA)

Prokaryotes:
~|-2 um in diameter



Biological Macromolecules

- The “chemical building blocks of life”

OH NH,

R o) o N
OH HsC HO N“
qu/kn/ 3 ﬁJJ\OH S K D
(o] n N N

OH OH

fatty acids carbohydrates nucleobases

mono-
saccharides

glycerol nucleotides

— poly-
phospholipids saccharides 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

W

replication

RNA

translation

Protein




DNA double helix

Cytosine
A ~Nucleobases
o
H
Guanine .
0
NH
-
N N
H Base pair
Adenine
HN @

helix of
sugar-phosphates

Nucleobases
of RNA

RNA

Ribonucleic acid Deoxyribonucleic acid

Cytosine
yrosine W
QL
H
Guanine .
Q
H
2 )“NH-;
N
H
Adeni
emneH,N
oy
L
H
Thymine .
HyC y
0

Nucleobases
of DNA

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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DNA replication chemistry

Base 1

Nucleophilic
attack

OH

S, 0-——F—0OH + energy

0
|
|
0

0

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




Question

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

TYPES OF CELLS

NERVE CELL MUSCLE CELLS

BONE CELL

BLOOD CELLS White blood cells

REPRODUCTIVE CELLS

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




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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(U »

Watch later

https://youtu.be/vLz2A | cjPH8
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https://youtu.be/vLz2A1cjPH8

The Central Dogma

transcription

DNA

W

replication

RNA

translation

Protein




Pre-mRNA
transcript

Splicing;
polyA

mRNA transcript

Y

[ Polypeptide ]

\_ CYTOPLASM -

Angela Wu

CYTOPLASM

© 2011 Pearson Education, Inc.

Ribosomal
subunits

mlnoacyl
tRNA synthetase

Growing

| polypeptide /
ﬁ:minoacyl

(charged)
tRNA

,Q

Antlcodon

Ribosome

-,




Ribosome

- It makes proteins!

Rough
Endoplasmic

/ Reticulum

* Needs help from other
things in the cell like tRNA

recycling

b protein H
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
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Translation: Messages to end products

—— Amino Acid
attachment site

Anticodon loop

Anticodon

cuc

GAG

GUC CAG !!!CCA UAG
mMRNA

Codon

Q ‘.

e

o Amino
o Polypeptide .zacids

tRNA with
amino acid

attached
Ribosome

UsusulGsGacl

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 loop

Anticodon

cucC
GAG

GUC CAG CCAUAG

mRNA
Codon

Angela Wu

First letter

U

{m

uuU ucu UAU UGU u
uuc}Phe uce | ¢, uact [ocetors | ¢
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

Third letter



Putting everything together

— AT GATCTCGT AA
TA C"\’AGAGCA TT

DNA

ATGATCTCGTAA
Tanscrption
v AuGAocu/"‘NA
TACTAGAGCATT

= AV G AOC uceum\ Tronscvipt
(RNA)

i ”. folypapticte

Trans\oXion

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 s 0 R o s R YT B e e S
G s 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

Double strand breaks

- Homology directed & Homologot thcombieiod

repair (HDR) ona oS8 ona D35
/N /A /N/AS /N /NS /N /AN

b Non-homologous end joining

 Requires homologous

DNA to be Pr.esent RPA fep KU70 and KU80

- https://www.youtube.co M@ ﬂh([) /Amﬂ\
m/watch?v=86]CMM5kb s
2A /NN NN/ l

- Non-homologous end SN SFNFNMFN\

joining (NHE]) ' -
* https://www.youtube.co s.{e/msmd WS/
m/watch?v=3 [ stiof]jYw ucvl l

V/\'/ U8/ N TN/ NN TN\ A\

2 March 2020 BIEN 5010



https://www.youtube.com/watch%3Fv=86JCMM5kb2A
https://www.youtube.com/watch%3Fv=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

4 8 | B ~ K ¥ é Py
" [ K r s s

L8 4 A f (B

c £ 3% % u v -
1 2 3 4 5

tEs e0 4

'Y | d L ) 3 e - 4

. % - 2 o 4 X .

g B 3 :s R R =N UK MR
6 7 8 9 10 1 12
- & i » a - o »

B |- ' X ¢ 8 . (R3]

13 14 15 16 17 18

A A
"~
] “n ) q -
19 20 21 22 X Y
B - 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
22q11.2
(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)

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

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

W’\ recorded SNPs
G ’ o
W\J AGA Link to personalized

G TT medicine

Angela Wu




Question

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

TYPES OF CELLS

NERVE CELL MUSCLE CELLS

BONE CELL

BLOOD CELLS White blood cells

REPRODUCTIVE CELLS

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




Epigenetics — Layers upon layers of
information

Angela Wu

Mitotic chromosome

Histone modification

Nucleosome

Mitotically
retained
TF Foci

\NANNAN Methylated DNA e N



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 ks
NH ke
Ac Ac Ac/M
AcMe 14 K18 Ac/Me Mé Ph Ac Me
NH, K9 K27 K36 K8 R3

R2 R17
K4 Rg S10,, K23
Me Me Me Ph Me £s R26S28
Me Ph

K26 Ac/Me

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 f A A - A \ 2 a
H3K27ac 4 k. o 0 N AR | ¥
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H3K36me3 M. .. . i ade e bl . sk A
H3K79mMe3 bl s mmtlt s, st st e it i s S st cmmsbisticistins fo o SR .oy . sl ot
H3K79ME | i et imtilhciabmadibi, & i dom o emmokiesitn. bt bttt o
H3K36me2 i o oo dhn i b NPTV NPT S PPIPR ' Y SRR Y P Y
H3K36me | 4 i o wsdhe o e PO WP ¥ YU Sy S
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http://lwww2.gurdon.cam.ac.uk/~ahringerlab/research-3.html
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Epigenetics — DNA methylation

DNA Methylation

Methylating the cytosine of a CpG AR l<l<BI<Ed | Al R <
motif silences genes rle .. A 'm* ||

-~

NH, NH,
N)j DNMT NF | @
07 NN ; ; 07 NN
| SA SAH |
H H
Cytosine 5' Methyl-cytosine

http://pubs.niaaa.nih.gov/publications/arcr35 | 16-1 6.htm
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lllustration of epigenetics at work:
Spermatogenesis

| » > DNA, HIK4 2nd HIK9 demethylation &T
| > Erasare of impeiating A e
PGCs 1 > Hd deacetylation N &
§ J > Expression of DNMT3A, DNMT3B asd DNMT3L &~
E n "ll{v
i
o | ' > Progressive methylation of DNA
Spermatogonia “? > Establishment of paternal methylation P |  ar |
e
J C
87
’ ' ‘-\. / G P
s 4 | “ \ » H3K9 methylation F o
permatocyte / » H3K4 methylation F
\ ) QA
Lot
- .' /
- » Hyperacetylation of H4 Histone
Round - Af » Histone to TPs transition
spermatid x 7 DNMT]1 expression @‘ L&
‘ 7 Maintenance of DNA methylation J 4/- %
| & |
" Elongated 7> Demethylation of H3IK9 & :
. spermatid ¢ » TPsto protamines transition 3 al
@ ~ % Protamines
t Spermatozoa } 7 Maintenance of genomic imprinting \ \‘

Stuppia et al. Clinical Epigenetics (2015) 7:120
DOI 10.1186/s13148-015-0155-4
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lllustration of epigenetics at work:
Spermatogenesis

A Meiosis | Meiosis Il Spermiogenesis
I 1T 1T 1

Segregation of
Xand Y chfomosomes

fﬁg_i <
ol5P ¢

Spermatogonia |Pachytene
Spermatocyte

Secondary
Spermatocytes

Histone-to-protamine exchange
—

Step9 Step 10 Step 11 Step 12-16

=+ Mature sperm

Elongatir

Elongating spermatids Elongated
spermatids

‘ m
a. bt
. k1]
-h

)

o«

Round
Spermatids

MSCI — Meiotic Sex
Chromosome Inactivation

Namekawa et al. Current Biology 16.7 (2006): 660-667.
https://doi.org/10.1016/j.cub.2006.01.066
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BASIC MOLECULAR
BIOLOGY TOOLS AND
TECHNIQUES

How to characterize DNA and protein




A tiny bit of biophysics to start: DNA
denaturation

- Melting DNA from double stranded to single stranded

ZITS — By Jerry Scott and Jim Borgman — —

SOCNT | [ LETHESEE REMND WM THAT | Y FEmENS N
COUTE | | TR CONDRENLY 2
LAKEP DADTRINKS. GOME RELAXSTION!
(9 |

DNA WIL UIND
: &
i ()
778

o

"

o |
HE AL
LS
iggiisl W
namte il
v.‘l\“'l il
X.\.‘,!-',u-‘ %y
sl W

©2000 1TS ranserrip. Disrtused by King Featires Synceans
RN
AR

ibs

- [AB] < [A][B]
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DNA denaturation

» The temperature where equilibrium state (half dsDNA, half
ssDNA) is achieved is called Tm (DNA melting temp)

-

T ss DNA

K—

¥

s
1
|

l
|

§
|
RAVAVAV,
RaVaVaV

g
2

l
1

Azso (AU)

Absorbance (AU)
2
>
| 1 1
| '
a
S
>
}'.".I...'..'.ll

LA [ SN BN SN R | = L B S | g
10 30 50 70 90 110
Wav::(::gth (nm) Temperature (°C)

http:/Inptel.ac.in/courses/102103047/7
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DNA denaturation  semssces

R
NF N guanine

I thymine
. . . o NJ\N’H 2\fo
- Conditions favoring o N
denaturation/melting: H,E i,?g © k)I ?
- low salt concentrations: DNA is a CytosmeK/MR adenine
polyanionic molecule. High salt
concentrations "shield" the negative At pH > 10
charges on each phosphate. In low salt, N\ guanine
the electrostatic repulsion of the f\),“\ ] thymine HYO
negatively charged strands makes it S E N/ fo.
energetically more favorable to b T )I\>
separate the strands H'N\ENJW <
cytosine S N~R adenine
- high pH (basic conditions) also breaks
hydrogen bonds
+ High pH = more free OH- Fiure fiom:

. . https://biology.stackexchange.com/questions/29925 lwhy-does-high-
M ore fre € O H - 9 d € P rotonation 9 ph-result-in-the-denaturation-of-dna
disrupt H-bonding
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DNA staining

(a) (b)

AV

Ethidium
N AN bromide

B
NO

S ]’PW
NS

| \

4 Ethidium bromide

stacked between
base pairs

NH,

Fig. 3. (a) Ethidium bromide; (b) the process of intercalation, illustrating the lengthening and
untwisting of the DNA helix.

http:/lwww.madsci.org/posts/archives/ 1 999-02/9 1 986946 6.Mb.r.html
https://commons.wikimedia.org/wiki/File:DNA_intercalation2.jpg
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Gel Electrophoresis

solution gel slots containing DNA samples

— electrode
i

A 4 A

shorter
bands

@ 2007 Encyclopadia Britannica, Inc.

https://global.britannica.com/science/gel-electrophoresis
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Question | — DNA denaturation

» The average GC content of

the human genome ranges ~_ ONA
. SS
from 35%-60% depending 4
on the chromosome. We T f
discover a new speciesof 2 T
bacteria, and analyzed its <§ r—————
genome. The bacteria’s + ;
genome is 80% GC. What T seona J
is the % of AT? T T, )
) 1 ] 1 ) | L ' 1 J 1
10 30 50 70 90 110
Temperature (°C)

- If the figure on the right
shows the dissociation
curve for a long strand of

-~ 1 \NILA
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Question || — DNA denaturation

- A trickier question:

* During transcription, RNAP enzyme has a subunit that helps
to unwind the DNA as it goes along, making template strand

available for transcription.

- Suppose we are trying to perform transcription in-vitro, but
we only have access to the parts of RNAP without the DNA-
unwinding component.What kinds of in-
vitro/buffer/experimental conditions would you try to get
this in-vitro transcription to work?

Angela Wu BIEN 5010




Question 2 — Capillary Electrophoresis

Based on this raw data from a DNA sizing experiment using capillary
electrophoresis technology, can you suggest some possible mechanisms for how
capillary electrophoresis works? Try to imagine that you are building a prototype
capillary electrophoresis machine — what major components would you need, and
what are they for?

Ladder
it A 'M/\D:\ag “3\>
150 - 0 (ST
Qa,% a —
100 - Qé%) —
&? _—
50— ﬂ
I | I I I o
40 60 80 100 120 [s]
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PCR Fun Fact ““““&".ﬁn?.'é‘i'[’.

-
~- oad
.

* Invented by Dr. Kary Mullis, who got the Nobel
Prize for Chemistry in 1993

- “Nearly a year after he collected
his Nobel, Mullis told California
Monthly: "Back in the 1960s and
early '70s I took plenty of LSD.
A lot of people were doing that KﬂRVlIIIJllIS
in Berkeley back then. And I
found it to be a mind-opening s ot
experience. It was certainly much S e
more important than any courses I
ever took.” And in 1997, he told
the BBC, "What if I had not taken
LLSD ever; would I have still
invented PCR? I don't know. I
doubt it. I seriously doubt it.””
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PCR

Polymerase chain reaction - PCR

original DNA
to be replicated

»

s,
v,
- @

5)

"

»

T
Ll LLLL
3I
» I
r
| DNA primer

nucleotide

o Denaturation at 94-96°C
9 Annealing at ~68°C
e Elongation at ca. 72 °C
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Quantitative PCR

+ Using Tagman chemistry:

* Fluorescent dye and quencher are
on the same probe

* In close proximity, fluorescence is
quenched

- With positive amplification, the
polymerase will cleave the probe
as it copies template

- Cleavage releases dye from
quencher, results in emission

+ More copies = more dye released
= more fluorescent signal

- Highly specific: probe + primers
required for signal

Angela Wu BIEN 5010

' R =Reporter

Polymerization Q = Quencher

Forward Q @
Primer Probe
; N 3
Strand Displacement ?
5' > 3
e
5
Cleavage
‘9

5 >
H

a wo

2
5

Reverse
Primer

Polymerization

Completed % 9
A ) — \ 3

5'
3

5' 3
5

¥ -
~




Recombinant DNA

- “DNA molecules formed by laboratory methods of genetic
recombination, such as molecular cloning, to bring together
genetic material from multiple sources, creating sequences that
would not otherwise be found in the genome. Recombinant
DNA is possible because DNA molecules from all organisms
share the same chemical structure. They differ only in
the nucleotide sequence within that identical overall structure.

b

- Cloning genes of interest
- Combining different DNA fragments into one

- Specific applications: fusion proteins; expressing new
protein in existing genome; making protein in large quantities

(e.g. insulin)

https://en.wikipedia.org/wiki/Recombinant_DNA
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Molecular Cloning w5 sl
97 ...6 le: c... 37

Haelll . .

- Restriction enzymes — enzymes (mostly 3.t C‘G G... 9
from. bacteria) that ma!<e cuts.ln I;)NA at —_ -thi..ﬂ...[..l?..c- e
specific sequences (palindromic site);these ~ BamHl 3. " ¢'c"7'q 64G- .. 57
are “Type II”

: R ﬂtﬂ..ﬁ..@..I.T--- 3’
Hindll  3- 1T AgA... 5

- Plasmids — small DNA separate from ¥

chromosomal DNA, and can replicate Eort 2, -0 88LLC...3

. . 37 ...CTTRAE... 5
separately; commonly found in bacteria

Alul and Haelll produce blunt ends
- Origin of Replication (ORI) — DNA
sequence which allows initiation of
replication within a plasmid by recruiting
transcriptional machinery proteins

BamH| Hindlll and EcoRl produce “sticky” ends

Bacterial DNA Plasmids

https://en.wikipedia.org/wiki/Recombinant_DNA

http://www.biology-pages.info/R/RestrictionEnzymes.gif
By User:Spaully on English wikipedia (Own work) [CC BY-SA 2.5 (http://creativecommons.org/licenses/by-
sa/2.5)], via Wikimedia Commons
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Molecular cloning

- Vector - DNA molecule
used as a vehicle to
artificially carry foreign
genetic material into
another cell, where it can
be replicated/expressed

» Cut the plasmid vector;
Cut the insert sequence
using the same restriction
enzyme

- Join/”Ligate” the two
together

Angela Wu BIEN 5010

Plasmid

Vector
Cleavage site
Foreign DNA

(a)

Cleavage by EcoRl
# endonuclease

Cleavage sites 1 2 3

Cleavage by EcoRI
Ta endonuclease

AATT AATT AATT

TTAA TTAA TTAA

(b)

Plasmid chimera

https://en.wikipedia.org/wiki/Recombinant_DNA
http://www.bio.miami.edu/danalpix/chimericDNA.gif




Molecular cloning

Selectable

Marker Promoter

5'Primer Site
Restriction Site

Plasmid Map

Inserted Gene

]
{’ Restriction Site
3'Primer Site
|
|
I Antibiotic
| Resistance
‘ Gene
\

Origin of Replication

http://blog.addgene.org/hs-fs/hub/306096/file-404 153303-
pnglPlasmid_Map.png?t=1474663191759&width=350&name=Plasmid_Map.png
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Molecular cloning

MCS &
LacR binding site

Plac

Amp pUC19
2686 bps

http:/lwww.mobitec.com/cms/bilder/products/vector_sys/pUCI 9.png
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Apol
EcoRlI
Banll
Eco53Kkl
Sacl
Accb65l
Kpnl
Aval
Smal
Xmal
BamHl
Xbal
Accl
Hincll
Sall
BspMI
Sbfl
Pstl
Sphl
Hindlll
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Molecular cloning

- Transformation — genetic alteration
of a cell resulting from direct uptake
and incorporation of exogenous DNA
through the cell membrane; typically
achieved by heat shock,
electroporation, or chemical treatment
of cells (DNA precipitation)

Selection — use of a selectable
marker or antibiotic resistance gene to
distinguish cells that did not take up
plasmid, or did not insert the gene in
the right place, or took up empty
plasmid

BIEN 5010

Recombinant
Plasmid E. coli
Host Cell

Transformed

Cell

Cell + puUC19 Cell+puUC19

Non-transformed
+ Insert I

,.-::——-\ Nutrient medium

/ \ +
« . ampicillin
Xgal
Overnight Growth
White colonies: + Blue colonies:

Ampicillin-resistant colonies




EcoR I

Question 3

Sal I
Kpn I
BamH I

 Here is vector p7012: Xho I
 Here are the restriction enzymes:

Nde I: Sal I: Kpn I:

5 CATATG 5" GTCGAC  5' GGTACC

3'GTATAC  3'CAGCIG 3’ CCATGG

EcoR I: BamH I: Xho I:

BamH I
, * , * , é—r Kpn I
5°GAATTC 5 GGATCC 5 CTCGAG EcoR 1 BamH 1
3’ CTTAAG 3'CCTAGG 3’ GAGCTC
Here is gene WV: Kpn no 1
a) What are 3 strategies for cloning BamH I

gene W into p7012?
b) In which strategies would gene W be inserted into the vector in only one direction?

¢) After cloning, you transform and plate bacterial cells using your cloned plasmid. Onto what
type of growth medium will you plate your cells in order to distinguish between bacterial cells
that obtained the plasmid and those that did not?

Sample question adapted from MIT OpenCourseware: 7-0 | sc-fundamentals-of-biology-fall-201 |
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Question 4

You are given a plasmid. In order to map this plasmid you set up a series of restriction
digests and obtain the following results using agarose gel electrophoresis.

a) What is the approximate
size of the plasmid?

b) Add the Smal, Kpnl, Bglll
sites to plasmid map. On
your map give the distances
between each of the
restriction sites.

Sample question taken from MIT OpenCourseware: 7-0 | sc-fundamentals-of-biology-fall-201 |

4.2Kb—

3.5Kb—
3.2Kb]

2.5Kb—
2.0Kb—

1.5Kb—
1.0Kb—

M, 1 2 3 4 5 6 M,
:_ —_— *M1 and M2 are DNA markers.
— m———800b
m————P00b
m———B00b
— =—15oob
—T)
— ———B00b
200
m———100b
p
Lane Digest Size of fragments in bp
1 BamAHI and Smal 4200, 800
2 Sma/ and Kpn/ 3200, 1500, 300
3 Kpn/ and Bgli/ 2500, 1500, 1000
4 BamH][ and Kpn/ 3500, 1000, 500
5 Kpn/ 3500, 1500
6 Bgl/l and BamHI 3500, 1500
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