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Streptomyces coelicolor 0.5 mm

Aerial mycelium

Photo by Jamie Ryding [Microbiology (1998) 144: 1465] |



Actinobacteria produce an enormous diversity of natural compounds
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Photo by Jamie Ryding [Microbiology (1998) 144: 1465]
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Long time ago...

Alexander Fleming

Penicillium notatum

/~OH
O/\O

Penicillin (1928)

"for the discovery of penicillin
and its curative effect in
various infectious diseases”
(1945)

Thanks to PENIGILLIN

...He Will Come Home !

FROM ORDINARY
MOLD—
he Gratest Healing

At ot g ot e el

Frsducers of PENICILLIN-Scbenley

Howard Florey and Ernst Chain
3 i |




A11/00

Antibiotic discovery
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Antibiotic resistance plan to fight 'urgent’ global threat
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Drug-resistant superbugs are as big a threat as climate chan
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Problem already costs the national health-care system $1.4B a year

Laura Kane - The Canadian Press - Posted: Nov 12,2019 8:16 AM ET | Last Updated: 3 hours ago



Streptomyces coelicolor 0.5 mm

Aerial mycelium

Photo by Jamie Ryding [Microbiology (1998) 144: 1465] |



Scott Chimileski (http://www.scottchimileskiphotography.com/)
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Streptomyces life cycle

Sporulation septum

[yothikumar et al. (2008) AEM, 74: 6774] Aerial hyph a
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[Schlimpert et al., 2016 — 10.3791/53863]
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Streptomyces coelicolor - A case of colors
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Undecylprodigiosin

| N\
NH \_ O—

Actinorhodin




CRISPR-cas9 as a tool for gene editing
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CRISPR-mediated immunity in bacteria
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CRISPR-Cas9 editing of Streptomyces genome
The protocol explained
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Showcase — turning off the blue pigment

Science Photo Library H Science Photo Library
Undecylprodigiosin

| N\
NH \_ O—

Actinorhodin




A11/00

Actinorhodin biosynthetic pathway
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sgRNA
(crRNA+linker loop+tracrRNA)

B. Protospacer selection and sgRNA generation

linker loop

The actinorhodin biosynthetic gene cluster
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B. Protospacer selection and sgRNA generation

* sgRNA generation by PCR
Ncol - [spacer + crRNA + linker loop + tracrRNA] — SnaBl (122 bp)

xll‘ ,lli,'l

sgRNA
(crRNA+linker loop+tracrRNA)

linker loop

Target DNA
Tl T
{1 Al

protospacer element PAM site

@] ACT1_spacer crRNA+tracrRNA
‘ 28 w
v ¢ - |
\_ACGGCCATGGGCGCGAGTATCTGCTGCTGTGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTT TTTAQGTAGCCG

TGCCGGTACQCCGCGCTCATAGACGACGACACAAAATCTCGATCTTTATCGTTCAATTTTATTCCGATCAGGCAATAGTTGAACTTTTTCACCGTGGCTCAGCCACGAAAAAAATGCATCCGC,

e Cloning fragment into pCRISPR-TT vector Ncol-SnaBl
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C. Construction of CRISPR plasmid

e Cloning fragment into pCRISPR-TT vector Ncol-SnaBl
* Apra’
* E. coli & Streptomyces rep ori

editing template

sgRNA o
(crRNA+tracrRNA) Eol (~2kb)
ermE* ermep
pspacer t0 theo
| cas9
Ncol  SnaBl Ndel Xbal Stul Stul

Spe |
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C. Construction of CRISPR plasmid

e Cloning fragment into pCRISPR-TT vector Ncol-SnaBl
* Apra’
* E. coli & Streptomyces rep ori

editing template

sgRNA o
(crRNA+tracrRNA) Eol (~2kb)
ermE*p ermep
spacer tO theo
| cas9
Ncol  SnaBl Ndel Xbal Stul Stul
Spe |

Theophylline riboswitch
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Theophylline riboswitch
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D. transfer of CRISPR plasmid into S. coelicolor by
intergeneric conjugation

* Conjugation E. coli—S. coelicolor Ba cte r|a| CO nJ ugatIOn

Fplasmid Conjugation pilus Chromosome

£) Donor cell attaches to a recipient
cell with its pilus. The pilus
draws the cells together.

F* cell — l -— Fcell

@ £) The cells contact one another.
£) One strand of plasmid DNA
M \ /@ transfers to the recipient.
@1 i
complementary strand to become
G @ @ {:} an F* cell; the donor synthesizes
a complementary strand,
restoring its complete plasmid.
C

(b) F* cell F* cell
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C. Induction of cas9 expression

e plating the S. coelicolor harbouring the CRISPR plasmid in media with theophylline
- induction of theophylline riboswitch = induction of cas9 expression
- different media, different pigment production profile
— presence of Cas9 results in the generation of DNA breaks at the sgRNA location.

How the bacteria repairs the breaks?
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Double strand repair — NHEJ vs HDR
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C sgRNA: Actlorf1-6 T
- PAM

SACGGGCCTGAAGGCCGACGGCCGCGAGATGGCCGAGACCATCC
GACGGGCCTGAAAGCCGACGGCCGCGAGATGGCCGAGACCATCC

ACGCGCTGCAACGCGTACCACA- - ========mmmmememee e mmee e CGAGATGGCCGAGACCATCC
8 random ACGCGCTGCAACGCGTACCACA-RTGACGGGCCTGAAGGCCGACGGCCGCGAGATGGCCGAGACCATCC

ACT1 red ACGCGCTGCAACGCGTACCACA - RTGACGGGCCTGAAGGCCGACGGCCGCGAGATGGCCGAGACCATCC
clones ACGCGCTGCAACGCGTACCA GACGGGCCTGAAGGCCGACGGCCGCGAGATGGCCGAGACCATCC
ACGCGCTGCAACGCGTACCA GACGGGCCTGAAGGCCGACGGCCGCGAGATGGCCGAGACCATCC

ACGCGCTGCAACGCGTACCACA-
ACGCGCTGCAACGCGTACCA

GACGGGCCTGAAGGCCGACGGCCGCGAGATGGCCGAGACCATCC
GACGGGCCTGAAGGCCGACGGCCGCGAGATGGCCGAGACCATCC

sgRNA: Actvb-2 NT
D PAM &

WT GG TCGCCTACAACGGTGGGCAGCT CACCTGCCTCGCCTAGGGAGTTCGAAGATGG
GGAGCTGGTCGCCTACAACGGTGGGCAGCTGCCCACCTGCCTCGCCTAGG - - - TTCGAAGATGGCAGCC
GGAGCTGGTCGCCTACAACGGTGGGCAGCTGCCCACCTGCCTCGLCTAGGGAGTTCGABGATGGCAGCC

8 random GGAGCTGGTCGCCTACAACGGTGGGCAGCTGCCCACCTGCCTCGCCTEGGGAGTTCGAAGATGGCAGCC

ACTS red GGAGCTGGTCGCCTACAACGGTGGGCAGCTGCCCACCTGCCTCGCCTAGGG -GTTCGAAGATGGCAGCC
GGAGCTGGTCGCCTACAACGGTGGGCAGCTGCCCACCTGCCTCGCC TEGGAGTTCGAAGATGGCAGCC

clones GGAGCTGGTCGCCTACAACGGTGGGCAGCTGCCCACCTGCCTCGLCTRGGGAGTTCGAAGATGGCAGCC
GGAGCTGGTCGCCTACAACGGTGGGCAGCTGCCCACCTGCCTCGCCTRGGGAGTTCGAAGATGGCAGCC

U Insertion Deletion §l Substitution

[doi: 10.1021/acssynbio.5b00038]
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What do you need to plate the spore suspension

* To work on sterile conditions = use a bunsen burner (or similar)
 Media plates (TSA + 5 mM theo)

e spore solution (WT,

e spreader

* pipette — 100 plL
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S. coelicolor
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sgRNA

(chNA+trachNA)
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- apramycin — vector selection
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- replication origin
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- cas9

- transfer origin
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trkA2 redD redW  redY redR redP redN redL

0 ) K KK

trkAl  redX  redZ redU redQ redO redM

1 Vil IV VB

Conjugation
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trkA2 redD redW  redY redR redP redN redL redJ redH redF

i) I K 0N (-0

trkAl  redX  redZ redU redQ redO redM redK redl  redG

1 Vil IV VB

Apramycin’
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trkA2 redD redW  redY redR redP redN redL redJ redH redF

i) I K 0N (-0

trkAl  redX  redZ redU redQ redO redM redK redl  redG

1 Vil IV VB

+ theophylline
Apramycin’
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trkA2 redD redW  redY redR redP redN redL redJ redH redF

i) I K 0N (-0

trkAl  redX  redZ redU redQ redO redM redK redl  redG

+ theophylline
Apramycin’
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trkA2 redD redW  redY redR redP redN redL

0 ) K KK

trkAl  redX  redZ redU redQ redO redM

+ theophylline
Apramycin’
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C sgRNA: Actlorf1-6 T
- PAM

SACGGGCCTGAAGGCCGACGGCCGCGAGATGGCCGAGACCATCC
GACGGGCCTGAAAGCCGACGGCCGCGAGATGGCCGAGACCATCC

ACGCGCTGCAACGCGTACCACA- - ========mmmmememee e mmee e CGAGATGGCCGAGACCATCC
8 random ACGCGCTGCAACGCGTACCACA-RTGACGGGCCTGAAGGCCGACGGCCGCGAGATGGCCGAGACCATCC

ACT1 red ACGCGCTGCAACGCGTACCACA - RTGACGGGCCTGAAGGCCGACGGCCGCGAGATGGCCGAGACCATCC
clones ACGCGCTGCAACGCGTACCA GACGGGCCTGAAGGCCGACGGCCGCGAGATGGCCGAGACCATCC
ACGCGCTGCAACGCGTACCA GACGGGCCTGAAGGCCGACGGCCGCGAGATGGCCGAGACCATCC

ACGCGCTGCAACGCGTACCACA-
ACGCGCTGCAACGCGTACCA

GACGGGCCTGAAGGCCGACGGCCGCGAGATGGCCGAGACCATCC
GACGGGCCTGAAGGCCGACGGCCGCGAGATGGCCGAGACCATCC

sgRNA: Actvb-2 NT
D PAM &

WT GG TCGCCTACAACGGTGGGCAGCT CACCTGCCTCGCCTAGGGAGTTCGAAGATGG
GGAGCTGGTCGCCTACAACGGTGGGCAGCTGCCCACCTGCCTCGCCTAGG - - - TTCGAAGATGGCAGCC
GGAGCTGGTCGCCTACAACGGTGGGCAGCTGCCCACCTGCCTCGLCTAGGGAGTTCGABGATGGCAGCC

8 random GGAGCTGGTCGCCTACAACGGTGGGCAGCTGCCCACCTGCCTCGCCTEGGGAGTTCGAAGATGGCAGCC

ACTS red GGAGCTGGTCGCCTACAACGGTGGGCAGCTGCCCACCTGCCTCGCCTAGGG -GTTCGAAGATGGCAGCC
GGAGCTGGTCGCCTACAACGGTGGGCAGCTGCCCACCTGCCTCGCC TEGGAGTTCGAAGATGGCAGCC

clones GGAGCTGGTCGCCTACAACGGTGGGCAGCTGCCCACCTGCCTCGLCTRGGGAGTTCGAAGATGGCAGCC
GGAGCTGGTCGCCTACAACGGTGGGCAGCTGCCCACCTGCCTCGCCTRGGGAGTTCGAAGATGGCAGCC

U Insertion Deletion §l Substitution

[doi: 10.1021/acssynbio.5b00038]
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Theo 2mM Theo 2mM Theo 2mM + Apra 50 pg/mL

wild-type AACT 5.2 AACT 5.2
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