Module 2:
Metabolic Engineering

Tools and techniques used in DNA engineering




What is your biological engineering task in Mod 2?

Increase production of ethanol or acetate in E. coli MG1655
by manipulating the native fermentation pathway using
CRISPR-based editing technology




Components of CRISPRI system

1. Plasmid containing gene that encodes
dCas9

2. Plasmid containing sequence for sgRNA

* sgRNA sequence is complementary to target
sequence 2.

3. Target sequence S3RNA.target

1.
pdCas9




CRISPRI inactive in absence of inducer

pgRNA target expressed constitutively
e Always transcribed and binding to target gene
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CRISPRI inhibits gene expression in presence
of inducer

pdCas9 expressed when aTc added
* When transcribed associates with pgRNA_target / target gene
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Closer look at pdCas9 and psgRNA

New base-pairing

p, tetO-1: Constitutive - pJ23119  region

aTc inducible x \/ Primer Ec-F (inverse PCR)
EcoRI Bglli

E dCas9 BamHl|

Term Base-pairing dCas9 S.pyogenes Term

(rrnB) Prinm region handle terminator (rmB)
CmR
Bacterial dCas9 plasmid Bacterial sgRNA plasmid
Prepare confirmation digest Design gRNA target sequence for
to check pdCas9 construct on osgRNA [target] construct on



It all starts with DNA...

replication
transcription translation

DNAD RNA ‘protein
reverse
transcription

Joshua Smith BMS110: Central Dogma of Molecular Biology Ch. 20(l), Ch. 1(S), & Ch. 12 (S) Study Guide



How do we engineer DNA? &H

1. Amplification

& PCR amplification

Bglll Xhol é’ Restriction
T I - Enzyme Digest
"
& Restriction
Enzyme Digest BamHI Xhol
2. Digestion i g
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3. Ligation



1. Amplification is used to copy DNA sequences

Who are the key players?
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DNA polymerase catalyzes formation of
polynucleotide chains

Requires a primer base-paired to template
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http://www.ncbi.nlm.nih.gov/books/NBK22374/



Polymerase chain reaction (PCR) technology
amplifies specific DNA sequence

How many cycles until the desired product is generated?

50 4

Temperature (°C)

40 4

30 —

splice-bio.com



What are we amplitying?
Bglll >_,

Primers enable you to specify which
region of DNA is amplified by

polymerase
* Polymerase requires primer to add bases ) Fiane e
Polymerase requires p i g
iIn sequence e
@ Restriction
] Enzyme Digest
Why do we need two primers? gl Xhol
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2. Digestion generates compatible ends for
joining DNA strands

Why are most restriction sites palindromes?
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Restriction enzymes cleave DNA at specific
sequences

. . Recognition Site
Function as homodimers DNA /o ‘Resmcﬁon
i [ERRRRRRRRRRRERERRRRARNRERE o Hﬁﬁﬁﬂ
 Each dimer cleaves backbone at / .
site of palindromic recognition \

Coupling

Non-specific binding Specific binding
Sequence — [T
Linear Diffusion l

How do restriction enzymes
recoghize DNA sequences?
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Cleavage .

www.idtdna.com



What are we digesting?

What should we consider when performing a double digest?

BamHI Xhol
PCR amplification

Bglll Xhol
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3. Ligation joins compatible DNA ends

How are compatible DNA ends paired prior to ligation?

DNA backbone

XXXX

Sticky End
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Sticky End
iLigation

Recombinant DNA
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www.addgene.org



DNA ligase catalyzes formation of covalent
phosphodiester bonc

DNA ends from 3’ OH acceptor and T /\
Y/ . . - I
5" phosphate donor joined - i, A
* Requires ATP for adenylation of lysine /L I--\ﬂ/p/l// P/I» Yo /M/p/
residue in active site of DNA ligase 7 pon &) 7 o &)
c cT — C CT
 AMP then transferred to 5’ phosphate of
—G G-A -G G-A

DNA base
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What are we ligating?

How is a Bglll site compatible with a BamHlI site?

BamH| Xhol
Bglll Xhol
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How do we confirm cloning products?

1. Transformation
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(5291) Agel

Swal (1260)
(5258) BssSil —

(5133) SacIl—
(5086) PfoF ——
(5055) BsrBI

(4991) AVFIT—

. Tyaum |
mw\»“"" jRuILLRd 3171

(4825 .. 4852)Primer 2\\

(4848) BmeT110T
(4847) Aval- BsoBI- PaeR7F PspXI- Xhol

BfuAI- BspMI (1808)
—— Nhel (1838)
BmtI (1842)

3. Digestion
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1. Transformation used to promote uptake of
foreign DNA in bacteria

Why do we transform the ligation product?

1. Incubation
Recombinant
2. Heat ShOCk. Plasmld\/ E. coli
* DNA taken in by competent cells Host Cell
4. Selection
Transformed
Cell

blog.opentrons.co



2. Purification used to isolate plasmid DNA

T

Why do we purify (mini-prep) the Q °o\
ligation product? -

1. Resuspend cells ! mn Em

2. Lyse Cr Y win YNz )
3. Neutralize A &
 Separates chromosomal DNA from Q@ @ g@

plasmid DNA % l
4. Wash @
5. Resuspend or elute DNA \__/ @ @



3. Digestion, another one

Ncol (450bp)
Xbal (500bp)
Ncol (550bp)

* Initially a digest is required to
prepare components for cloning

reaction Pstl (1250bp)

e Confirmation digest is used to
confirm cloning success

* |deally, will cut once in insert and
once in vector

Pstl (4250bp)

EcoRI (2000bp)

Should we digest with Xbal and
EcoRI? Pstl? Ncol?

oNLL-PCR (6000bp)



What is the take-home message?

e
b4 As you can see from the
model, the structure is basically

Ob a--...long,...twisty,...uh, rope-
laddery-type...thingy.

* DNA engineering tools and
genetically tractable organisms are
crucial to studying biological systems

{© 1995 GABE MARTIR

* Many tools used to manipulate DNA
are products of biological
engineering!

1953: The structure of the DNA molecule is first
described.



