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Discovery of CRISPR

Francisco Mojica
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Natural Function of CRISPR: Immune 
Response with Memory in Bacteria

● “Spacer” sequences 
○ When phage injects its DNA into bacteria cell, a 

short sequence is inserted between the CRISPR 
sequence of bacterial DNA

○ Constitute a library of pathogens encountered 
by bacteria

○ Pass down this information to offspring

Bacteria use CRISPR-Cas system to recognise 
viral infections and protect themselves from 

renewed infection → Memory
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Natural CRISPR Pathway
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CRISPR Gene Editing

● In gene editing, a single guide RNA (gRNA) is 
created

● Behaves as tracrRNA to recognise region of interest
● PAM: 3-5 nucleotide sequence serve as binding 

signal for Cas9
● Allow formation of DNA-RNA hybrid 
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CRISPR Gene Editing

Cas9 cuts both DNA 
strands using 

1. Non-homologous end 
joining (NHEJ)

2. Homology directed 
repair 

Result in 

- Gene silencing
- Insertion of new gene 

products
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What about dCas?

CRISPR-Cas genome editing and Beyond? (1:37)
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https://www.youtube.com/watch?v=4YKFw2KZA5o


•Introducing mutations into the S. pyogenes Cas9 in its
two nuclease domains, HNH and RuvC.
•The resulting nuclease-deficient (dCas9) is unable to
cleave DNA but retains the ability to specifically bind to
DNA when guided by a sgRNA.



CRISPR-dCas9 Base Correction
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Summary of CRISPR-Cas system 
(applications)



Green Red Nucleus

Deng, Wulan, et al. "CASFISH: CRISPR/Cas9-mediated in situ labeling of genomic loci in fixed cells." Proceedings of 

the National Academy of Sciences 112.38 (2015): 11870-11875.
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Phase I Trial of Autologous T Cells Engineered to Express NY-ESO-1 

TCR and Gene Edited to Eliminate Endogenous TCR and PD-1
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Melanoma, Synovial sarcoma and Multiple myeloma 

patients, for whom there are no effective therapies
For Who?

Purpose Assess the safety and dosage of a novel intervention

End Points
Safety, feasibility, clinical assessment of anti-tumor 

responses and survival, as well as an examination of 

T cell bioactivity, immunogenicity

Possible 

Side Effects

Graft-versus-host disease, where the therapeutic T 

cells that kill the cancer also attack the patient's organs

Baylis, F., & McLeod, M. (2017). First-in-human Phase 1 CRISPR Gene Editing Cancer Trials:Are We Ready? Current Gene Therapy, 17(4), 

309–319. http://doi.org/10.2174/1566523217666171121165935
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Collection of Peripheral 

Blood Lymphocytes

Engineer T cells' 

genome such that 

their activity wouldn’t 

be suppressed by 

tumour cells

PD-1PD-L1

T cellTumour

cell

Patients undergo lympho-

depleting chemotherapy and 

then, receive a single dose of 

CRISPR edited T cells
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APOBEC

dCas13

mRNA

Guide 
RNA
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eGFP T2A mCherry

ACG AUG

eGFP T2A mCherry

AUG AUG

APOBEC1-dCas13b	base	editor
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Wild type eGFP-T2A-mCherry ACG-mut
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•The premiere synthetic biology competition for 
students all over the world.
•Present in October in Boston, USA





@igem_nussgsci
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