Module 2:
Metabolic Engineering

Using CRISPRi to increase ethanol and acetate yield




What is your research goal?




nature.com

“Metabolic engineering is the use of genetic
engineering to modify the metabolism of an organism.
It can involve the optimization of existing biochemical

pathways or the introduction of pathway
components...with the goal of high-yield production of
specific metabolites for medicine or biotechnology.”



Why are we using this approach?
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* Why ethanol and acetate?

* Why E. coli?

Lk

* Why CRISPRI?
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Review of E. coli fermentation pathway
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Production of ethanol

* Bioethanol is most important biotechnological commodity

* adhE only transcribed in anaerobic conditions
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Production of acetate

* Acetates used in production of polymers and as a solvent in paints

* pta-ack expressed constitutively
* Aerobically grown cells produce negligible amounts of other fermentation

products
pta-ack
acetyl-CoA N i
ATP

O

A

H;C  OH

acetate

\J
2 Phosphoenolpyruvate -

e ATPA/l pyk
(0]
oy 0
HCO5 OH
N 0 IdhA Hsc
2 Pyruvate f = OH
0 ol OH
Formate ¢ NAD* D-Lactate
H OH
ACC[yl—CQA % AN OH
[ |
§ aceEF i - Ethanol
-----
v P Py . gliA $ ~ \ pta-ack 0
14 :
Citrate )]\
Oxaloacetate LS & ATP H;C OH
\IAD*4.4 . P Acetate




Review of E. coli biology

* Growth ‘in nature’ occurs in absence of
oxygen

e Adheres to mucous and
epithelium of intestinal wall

e Accounts for up to 1% of
bacteria in the Gl tract

* Prevents colonization by
pathogenic organisms

* In absence of oxygen, completes anaerobic
respiration or fermentation




Review 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 poaa target e afA

1.
pdCas9




Closer look at pdCas9 and psgRNA

New base-pairing

p, tetO-1: Constitutive - pJ23119  region

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

E dCas9 BamHlI

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



CRISPRI inactive in absence of inducer

pgRNA target expressed constitutively
e Always transcribed and binding to target gene

-alc

psgRNA_target

QdCasQ




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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a(nhydro)Tc is a derivative of tetracycline

* Why is aTC is a more effective inducer than the antibiotic tetracyline?

 Why doesn’t aTc exhibit antibacterial activity?



Closer look at aTc induction at TRE constructs

Tet Repressor (TetR)
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* Tet promoter used to regulate the P
expression of dCas9 gene h
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Bacterial dCas9 plasmid



Closer look at aTc induction at TRE constructs

Tet Repressor (TetR) + anhydrotetracycline (aTc)
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Bacterial dCas9 plasmid



What is your experimental plan?




Our culminating experiment...finally!

 Commercially available kits will be used to measure ethanol /
acetate

* |Indirect assays that couple enzymatic reactions, which result in
colorimetric output
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How will we prepare our samples?

Conditions for testing hypothesis / validating experimental approach:
1. Aerobic vs anaerobic cultures

2. aTcinduced vs uninduced
3. MG1655 vs +CRISPRI strains

Glm O+ GS9TON .

<3_I_9+ ¢0- SS9TON

GLE- O+ 1¥dSI¥D+ 999[.

<3_LE' €0- 14dSI¥D+ GSITON

(3.LE’+ €O+ 14dSI¥D+ 999.

<3.Le+ €0- 14dSI¥D+ SSITON

GLE- O+ SS9TOIN
<>1€- ¢0O- SS9TOIN



2. Aerobic vs anaerobic cultures

What are the two conditions?

glass tube with loose fitting cap

[EtOH] (nM)

plastic conical tube with screw cap

For what does this control / check?
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Aerobic

Anaerobic



3. alcinduced vs uninduced

What are the two conditions? .-

Tet Repressor (TetR)

T —

Tet Response Element (TRE)
For what does this control / check?




1. MG1655 vs +CRISPRI strains

What are the two conditions?

+pdCas9
&\ SN

For what does this control / check?




What questions will your data address?

G1655 +CRISPRI -0, +m._.nv

655 +CRISPRi +0, +aTc

G1655 +CRISPRi -0, -aTc

655 +CRISPRi +0, -aTc

)
)
)
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MG1655 -0, +aTc

MG1655 +0, +m._.nU
C

MG1655 -0, -aT

MG1655 +0, -m._.nv

Specific to your experimental setup



How will you represent your data?

* Important to normalize  |DONTALWAYS GRAPH MY
fermentation product amount to | «0ATA..
the OD of the culture

* Consider how best to represent /

‘
highlight the d |
|ng:agp;St e data 0“ wm"'

e Tables
* Text

alor.ne



What questions can class data address?



What is the take-home message?

* Know how the TetR-based system is ARAC
used to control gene expression ki

EYOUT

e Know the purposes of the controls
that are used to evaluate the
effectiveness of the sgRNA_target in
your experiment

* Know why it is important to
normalize your product yield



