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BACKGROUND & SUMMARY

Bacteriophages are the most abundant biological entities on earth, with important
ecological impact as well as biomedical applications. To improve our understanding
of their biology and evolution, we searched for new phages that infect Actinobacterial
hosts Rhodococcus erythropolis or Arthrobacter sp. Arthrobacter has potential
applications in bioremediation, whereas Rhodococcus can compromise wastewater
treatment plants but has potential applications as a whole-cell catalyst.

* We discovered 3 Rhodococcus phages and 9 Arthrobacter phages, which we
sequenced on the lon Torrent PGM platform (Panel A). One Rhodococcus phage
(UhSalsa) and one Arthrobacter phage (Swenson) were also sequenced on the
lllumina Platform and assembled at University of Pittsburgh. These two genomes
were completely annotated (Panels B and C). The remainder were assembled using
SPades and partially annotated pending sequence finishing (Panel A).

* We investigated Rhodococcus phage UhSalsa in more detail, confirming

experimentally that it is a temperate phage (Panel D) and identifying candidate
transcriptional elements associated with its integrase, excisionase and repressor
genes (Panels E and F).

* Although the other two known members of cluster AT exhibited extremely biased
read coverage upon lllumina sequencing (>95% reverse strand: phagesdb.org), our
closely related phage BeatusComendenti (Panel A) did not exhibit strand coverage
bias in lonTorrent sequencing (Panel G). However, sequencing the same DNA
sample on the lllumina platform (Daniel Russell, U. Pittsburgh) resulted in the same
bias as for KitKat and KellEzio (not shown). This suggests that a feature or
modification of the cluster AT genomes results in a platform-specific sequencing bias.

RESULTS AND DISCUSSION

Arthrobacter Phage Swenson: Genome Annotation

Glimmer, GeneMark and human annotation in DNAMAster
Functions from NCBI BLAST, CDD, HHPred
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Rhodococcus Phage UhSalsa: Genome Annotation

Glimmer, GeneMark and human annotation in DNAMAster
Functions fromm NCBI BLAST, CDD, HHPred
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A) Phages Isolated in this Study

Phage Name giezre‘o(:::) M()(iltgérrgla_k%bra)ge I deonA)tity Cluster Morphotype
Amici 46510 Rhodalysa 98 CA Siphoviridae
IngentiaLocuti 46438 Rhodalysa 99 CA Siphoviridae
UhSalsa 46539 Rhodalysa 99 CA Siphoviridae
BingBing 43415 Wayne 08 AK Siphoviridae
Friendshipgu 42870 Vulture 97 AK Siphoviridae
Swenson 15680 Sandman 97 AN Siphoviridae
Satisfachen 51297 BarretLemon 98 AO Myoviridae
ArhuroReed 69991 PrincessTrina 99 AR Siphoviridae
Hongidius 70257 PrincessTrina 99 AR Siphoviridae
Co'fneearfgznti 58762 KitKat * 99 AT Siphoviridae
BuchananBCBio| 58919 Gordon 92 AU Siphoviridae
ComptonP 58917 Gordon 92 AU Siphoviridae

* Kitkat: 99% identity over 98% coverage; KellEzio: 98% identity over 95% coverage
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E) Terminators for Rightward and Leftward Transcription Flank the
Integrase and Excisase Genes at the Center of UhSalsa Genome

Excisase

Integrase

27

gp28 stop codon

| . Excisase stop codon | < S
l:Ja acc . aacctggtttgacacgatt gttgtgacagccgcaga i‘_; R
c-g | ccccctcececttaaccggga . gcagatcacagcagggg g:g
Rightward transcription n gggggEBEBcotcgtttaa | cagtagaagagaagctc 5o Leftward transcription
terminator sk 2:; . gaggctaggcgttcctcta | . gtaaccgcttgactgcg | g-c terminator =k

c-g . cgtcacctgggaacttgat . cccgacctgtaaccccce g:g
n ctcggtctggagagcacct | tggaacgc-gcc 1

-aacetggttoacacqat iy | Integrase stop codon | . cccctceceggttaaggg gc

Sl < T | 899ggggccaggggtat | egau

. tgctagaacagagc

gp31 stop codon

____________________________________

Arudococcus Excisase and Integrase intergenic region (reverse complement)

SD for Excisase Excisase transcript?
= 210
TCCACCTCCCCCTTTCAGCTCTTCCCCCCCTCACTCCATCCCACTCCCETCCCCGECTCTTTTTTTTCTT TGlTCTGGCG AACCTACCAC

35 -35
AGTTG TAlAGA‘ﬂCCC GAACGTACGAACATCCCACTTCTGCATACCACAGAGCTTGTCTACTCTCCAATGTCTTCTAACAAAACCAACTTT
-10

GCAGTTCCCACTAGTTCGGAATCCTACGACACCTACTTCTGCTCCCCACACCGCGLTCACCAGCACCETCETTACTCTCTCCTETCCGA

CGATAACCAACGGGGCGCGAGTACGCACAGTCCGTCCAGCTCGCGGGGCGECACTTCGGTTCAGGCCEBBCCREEE TBcceaacTCCa

CCCCACCCACCTCTCCTTCGACATGCCCCTACTTGTCCTGCCCTGACACGCETCAGCCGCTACCTCCCTGGCETCGCATTGGCACAACCCC

-35
GCAGGGCTAGGGGGACAAAGCGAGGGCC_I‘“C.CCGAAGG'C-CI'I.-G‘I‘IA-CCCCCGTC GGGCCAATC

=10 = —
TCCAGGAGCCGTTCC GATGC CAACGTACGATAGATCCATGCGCGTGATAGGCCGACTGAGM“GQrase transcript 2

5 SD2+GTG initiates
SD for Integrase Integrase transcript y

SD for Integrase
Start2

F) Candidate Promoters and Possible Regulatory Elements Near Lysogeny Genes of UhSalsa

Transcription Start Point

S
-35 -10

TTGCGAI(NB-N>tgrANANT<N3-9)YR Similarity to Actinomycete o® Promoters (“housekeeping”) -2
-35 -10 —>

GGGAAYA- (N,._,,) HCGTT|(N,_,)/YR

Similarity to Actinomycete o™ Promoters (responses to heat, oxidative stress) 122

1. Engels et al (2004) Mol Microbiol 52:285-302
2. Patek M. and Nesvera J. (2011) J. Biotechnol 154:101-113

* |s excision of UhSalsa prophage induced by heat or oxidative stress?
* |s integration vs excision controlled by promoter competition and switching?

translation in same frame.
Start1
Predicted attP integration site
Arudococcus_Repressor (reverse complement)

Integrase domain is unaffected
CCCACCGCCACCAGCACGTAACCAGCCCCACACTTTGTCGCATATCGTCCGATCCACCCCACCAAGGGTCAATCCAGAAATAGTCCGAAGCA
CTGAAACAACCATCACTTGACAATACACAGTCCTGTCACGGCTCCCTTGCACTTCGACTAATCACAGTAGTTCTAGCAAGCTCTGAGCCAC
CCAAGAAACACCCCCTGTAGTCGATAAACATTGCCACGATAAACCGATCTCACAATCACCCCGACTTATCETCATCGACACTCACCGGTAAG

GAACTTCGCTTGATGTTGGGGAATACAABEEA TREBREGECAAGGGTTTTCTGTAATGCCATAAGGCATTGC TGCCACTAGCCGTGTAG

ATCCGAAATTGTTGACTGCCAGTGTATTTAGCTGGAACAACCGACAGAGGAGAAGGTCTCCTTANNGRECEEcEBEcBEccccTEA BN

No stress: o” promoters active * Repressor + Integrase » Integration

Stress: o' promoters active » Excisase + Integrase2 » Excision

Integration separates the Integrase ORF from the o” promoter but not o',
so Integrase can be expressed for excision under stress conditions

B8 cABTBEEERE . cCAGTGACGATCGGATCGGCGCACGGAAGATAGTGATACTCCAAGTACCGAATACCGTTGCGGGACACAGTAGATG

-35 -10 |
CAGCGTCACGAGCAAGCTCACACTGCCGATTITCCC AACTACATCCCTGTCCTACCATTCCATC TETTGACﬂAATGACAGTCAGAAG
-35

>
Repressor transcripts?

CCTTCCATCGTCAGTACATCCACCTCACATACCAACAGAACT
10 >

SD for putative Repressor (gp57)

| Sequences shared upstream of the Integrase and Repressor ORFs.
Conserved among wide range of Rhodococcus phages.

» Possible regulatory elements for control of lysogeny?

D)

Rhodoccocus phage UhSalsa is temperate
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(1) UhSalsa lysogens are immune to UhSalsa and related CA phages: Spot tests
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Lysogen 2

R. erythropolis
(non-lysogen)

(2) UhSalsa lysogens release infectious particles: R. Erythropolis
lawns poured over bacterial streaks

Lysogen 1 streak  R. erythropolis streak

(3) UhSalsa lysogens contain UhSalsa DNA: PCR Analysis
Gene 37 PCR Gene 51 PCR

M1 2 3 4|1 2 3 4

1500 1. Lysogen 1
1000 2. Lysogen 2
750 3. UhSalsa phage
500

4. R. erythropolis

250 (non-lysogen)

G) Arthrobacter Phage BeatusComendenti: lon Torrent
read distribution does not exhibit strand bias,

although lllumina reads are strongly biased to bottom
strand as for KitKat and KellEzio

Analysis of lonTorrent Reads in CodonCode Aligner. Average Read length 200 bp

Average Coverage: 243.6 B Forwardreads € Reverse reads
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What is the relevant genome modification or feature that causes
this platform-specific behavior of AT phage genomes?
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