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Non‐contractile tail:  ~179 nm
Prolate ellipsoid Head:    ~ 86 nm x  39 nm
Estimated genome size:   45‐50 kb

100 nm

Turbid: 1 mm center, 4‐5 mm halo

Isolation of Island-3

Overnight enrichment in
M. smegmatis liquid culture  



similar to Che9c (India)

(check for Brujita photo)

Head:           86 x 39 nm 85 x  35 nm 110 x 40 nm

Tail: 180 nm 180 nm 226 nm

Genome: 47,287 bp 47,057 bp 57,050 bp

Plaques*: bull’s eye bull’s eye bull’s eye

100 nm

Island-3 Brujita Che9c

Pennsylvania Virginia Chenai, India

Similarity to Group I Mycobacteriophages

100 nm 100 nm

*tested on same batch of medium and same culture of M. smegmatis



Brujita

Che9c
Corndog

Three best matches by BLAST:

BLAST Confirms that Island-3 Sequence is Most Closely Related to the
Group I Mycobacteriophages and is almost identical to Brujita

100% 94% 100%

I

Island3



Details of Divergence Region From Brujita

---
---

41360

47287

47057

42171
43346

43604

257 bp Indel and direct repeat

100% 94% 94%

44459

94% 100%

1

1

Isl3

Brj

273 bp Isl-3
300 bp Brj

CCGCTATCAGCTGGCGCACGTGCGCGAGGTCGCCGGCCGCAAGAGGCGGCGCCGATGA
TGGCGCGGGCATGGCGCGTAATGCCGCGCACCGACGCGCTCGGAAATCAGCTGTGGTC
GCTGCAATACGAGACGATCTGGCGCGACGGCAGCCGTTACGGGCTGTGGCGCGAGGAA
AGCGTGTTTCGCGATGAGGGGCGGGCGCTCGCCGAGCTGGCGCGGCGCCGGACGCCCT
GCCCGCATGAGCACGAGCACGAGGGCCGGTACCAGTTGGCGCACGTGCGCGACGTCGC
CGGCCGCAAGAGTCGGCGCCGATGA

CCGCTACCAGCTGGCGCACGTGCGCGAGGTCGCCGGCCGCAAGAGGCGGCGCAGATGA

43289 43603

43316 43373

end of Isl3 gene 66

end of Brj gene 66

gene 65 Isl3
gene 74 Che9c

gene 65 Brj

86%

swapped gene?



Presence of an integration cassette suggests lysogenic capability
and integration into bacterial genome by site‐specific recombination.

Isl3 & Brj

27k 28k 29k

gene 34

gene 33

35

gene 32

31

gene 30

Integrase Excisionase

27992  CGCCGCAGACGAAACCGCCCCAGTCAACTCGACTGGGGCGGTTTTCGCGTGTCCGGC  28048

M.smegmatis

Lactobacillus
delbrueckii

‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐No homology found ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

||| |||||| ||||| | ||||| ||||| |||||||||||
607776  GCATACGAAAACCGCCTCGGTCAA-TCGACCGGGGCGGTTTT  607816

attP?

attB?

Does Isl3 normally
lysogenize

M. smegmatis?



Island 3 Lysogenizes M. smegmatis

Isolation strategy:    ‐ Infect at high multiplicity of infection
‐ Restreak surviving colonies 3X
‐ 3 Tests for Lysogeny

1. Resistance to Isl‐3:

2.  Cells behave as
infectious centers:

3. Phage DNA in cells:

1  2  3  4  5  6  7    

Colony PCR Assay to
detect  Isl-3 DNA

+  - - +  +  +  +  

Candidate Isl3 Lysogens:

+  - - +  +  +  +  

+  - - +  +  +  +  

Isl3 DNA
A B

1           2         3        M

A   B    A   B     A   B



The putative attP site of Che9c lies within a predicted tRNA‐Tyr gene

M.smegmatis

Che9c

gene 43

Gene 41

44

39

gene 38

37

Integrase

GAACACGTTAGAACGCTATTCCACGGACTGTAAATCCGTCGGCTTACGCCTACGCAGGTTCGAATCCTGCACCTGCCACCCA

|    |       |         ||||||||||||||||||||| |||||||||||||||||||||||||||||||||||||  
GTTGCCCGAGCGGCCAATGGGAGCGGACTGTAAATCCGTCGGCTAACGCCTACGCAGGTTCGAATCCTGCACCTGCCACCCA

attP?

attB?

Anticodon
stem-loop

C
T
G T A

A
AT

C

C
T
G T A

A
AT

C

Che9c M.smegmatis

tRNA
42gene 36



Infecting
Che9c
DNA

M. smegmatis
chromosome

X
Int

Int+Xis

Che9c
DNA

Cointegrate

tRNATyr

Hypothesis: Che9c integrates via recombination with tRNATyr of M. smegmatis



Che9c Integrates via tRNA Sequence

Isolate candidate lysogens:   Test for lysogeny and integration

Resistance to Che9c

Candidate: 1 2  3  4  5  6  7  8  9 10 11 12 13 14 15 16

Representative Colony‐PCR Results

PCR B+C (right junction)

PCR A+D (left junction)

Lysogen
(14) 

- +  +  +  +  +  - - - +  +  +  +  +  - -

A
B

C
D AD BC M

- +  +  +  +  +  - - - +  +  +  +  +  - -

- +  +  +  +  +  - - - +  +  +  +  +  - -

Non‐Lysogen
(15) 

AD BC



Complex Immunity Relationships

Resistance to Isl3

Candidate Che9c Lysogen: 1 2  3  4  5  6  7  8  9 10 11 12 13 14 15 16

- +  +  +  +  +  - - - +  +  +  +  +  - -

Resistance to Brj - +  +  +  +  +  - - - +  +  +  +  +  - -

Resistance to Che9c - +  +  +  +  +  - - - +  +  +  +  +  - -

Resistance to Isl3

Candidate Isl3 Lysogen: 1 2  3  4  5  6  7

- - - - - - -

Resistance to Brj +  - - +  +  +  +

Resistance to Che9c

+  - - +  +  +  +

*Resistance: <0.5% of the plaque forming efficiency on control M. smegmatis  mc2 155
*Sensitivity: 100% of the plaque forming efficiency on control M. smegmatis mc2 155

Despite lower similarity, Che9 confers resistance to all three Group I phage 



L5

M.smeg

Comparison with L5 Integration

L5/M.smeg

M.smeg

Che9c GAACACGTTAGAACGCTATTCCACGGACTGTAAATCCGTCGGCTTACGCCTACGCAGGTTCGAATCCTGCACCTGCCACCCA

|    |       |         ||||||||||||||||||||| |||||||||||||||||||||||||||||||||||||  
GTTGCCCGAGCGGCCAATGGGAGCGGACTGTAAATCCGTCGGCTAACGCCTACGCAGGTTCGAATCCTGCACCTGCCACCCAattB?

attP?

C
U
G T A

A
AU

C

Che9c/M.smeg

? ?
tRNAGlytRNATyr

(L5 from Peña et al 1996)



Conclusions

• Island‐3 is a member of Group I and is almost identical to Brujita

• Island‐3 Lysogenizes M. smegmatis. 
‐ Don’t know whether it integrates into the bacterial chromosome

• Che9c Lysogenizes M. smegmatis and integrates into the bacterial
chromosome at the tRNATyr gene.

• Complex immunity relationships within Cluster I:
‐ Island‐3 lysogens resistant only to Island‐3 and Brujita
‐ Che9c lysogens resistant to all three members of Cluster I. 



The CMU NGRI Team 2008‐2009
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