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9:00-9:10am Opening Remarks

9:10-9:40am Britt Koskella, UC Berkeley

Phages as key members of their ecosystem

9:40-9:50 Gareth Trubl, Lawrence Livermore National
Laboratory

Unraveling the hidden potential of active microbial and
viral communities in soil ecosystems

September 23, 2021 All times in MDT.  9:50-10:00 Joanne Emerson, UC Davis

T T T T = " Exploring the spatiotemporal patterns of soil viral
communities in tomato fields

10:00-10:10 Kim Seed, UC Berkeley -

Fighting with phages: how epidemic Vibrio cholerae
defends against viral attack

10:10-10:20 BREAK

10:20-10:30 Basem Al-Shayeb, UC Berkeley

10:30-10:40 Karthik Anantharaman, UW Madison.
Computational approaches to advance phage ecology in
microbiomes

10:40-11:10 Ruonan Wu, Pacific Northwest National Lab -
Unearthing climate impacts on soil viruses.

11:10- 11:40 Catherine Mageeney, Sandia National Lab -
Phage Factory: A phage for any bacteria
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11:20 AM CDT
12:20 PM EDT




Phage Factory: A phage for
any bacteria

Senior Member of Technical Staff

Sandia National Laboratories, Systems Biology

U5 DEPARTMENT OF
| — — S @EHERGY Mﬁ
Sandia National Laboratories is a
multimission laboratory managed
and operated by National Technology
& Engineering Solutions of Sandia,
LLC, a wholly owned subsidiary of
Honeywell International Inc., for the
U.S. Department of Energy’s National
Nuclear Security Administration under
contract DE-NA0003525.

Phages for Health & Energy

SYMP:SIUM

Bridgir




s | Qutline

Phage Application Spaces

Phage Discovery and Phage Factory

Phage Factory for Therapeutics
= Application to Pseudomonas aeruginosa

Phage Factory for Energy
= Phage Landscape for organisms of DOE relevance
= Application to Burkholderia cepacia complex and Streptomyces venezulae




Phages are found in nearly every environment with broad impacts
and applications

Control problems such as
pathogenic bacteria, maintain
functional microbiomes

Microbiome
Immune response

Bacterial control in algal

]
’ ponds |
I

Biogeochemical - nekising Fermentef bacterial crash.es

processing Pathogen in food processing
(turn over of carbonﬂTﬁw Microbiological induced
nitrogen, and L
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Batinovic et al., 2019 Evolution



Prophages mined from bacterial genomes vield far more @i

phages

Current WAY
 Fishing approach can have low yield
* Not necessarily host-adapted (may be
better adapted to other host bacteria)
« ~15,000 unique genomes in GenBank

Our WAY
Bacterial genomes are nets that catch phages
Phages are host-adapted because we choose them
from close relatives
~1.2 prophage/genome x 343,000 genomes in
GenBank




Our software discovers genomic islands precisely
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genomes

* Applied software to 134,378 bacterial and archaeal
genomes
= Currently working through >300,000 genomes at Genbank

Prophages are found in many bacterial and archaeal ml

* Precisely identified 358,555 islands = 2.7 islands/genome
- 74,876 called as prophages



Prophages are found for every phylogenetic group of
bacteria and archaea

Crenarchaeota
Euryarchaeota
Other Archaea
Acidobacteria
Actinobacteria
Bacteroidetes
Chlamydiae
Chloroflexi
Cyanobacteria
Deinococcus-Thermus
Clostridia
Erysipelotrichales
Lactobacillales
Negativicutes
Tissierellia
Fusobacteria
Nitrospirae
Planctomycetes
Acidithiobacillales
Alphaproteobacteria
Betaproteobacteria
Deltaproteobacteria
Epsilonproteobacteria
Spirochaetes
Tenericutes
Verrucomicrobia
Other Bacteria
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Most prophages appear to contain a full gene complement

Incomplete

/Satellites

Inovirus

Full Tailed Gene Complement- greater than 25kbp,
contains structural and functional phage proteins

Incomplete Gene Complement/Satellites -
contains only one class of phage proteins
(structural/functional)

Inovirus - < 20kb, contains pfam zot and/or coat
proteins

11



Phage Factory: Bacteria-Agnostic Phage Discovery and
Engineering Platform
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13 1 Qutline

Phage Factory for Therapeutics
= Application to Pseudomonas aeruginosa




2 | Prophage Yields are Higher than Average for Pathogens

ESKAPE -

Tier 1
Select -
Agents

Other HHS
and Overlap-
Select Agents

Enterococcus faecium
Staphylococcus aureus
Klebsiella pneumoniae

Acinetobacter baumannii
Pseudomonas aeruginosa
Enterobacter spp.

B Bacillus anthracis
Burkholderia mallei
Burkholderia pseudomallei
Clostridium botulinum
Francisella tularensis

— Yersinia pestis
Brucella abortus
Brucella melitensis
Brucella suis

Coxiella burnetii

Rickettsia spp.

B Comparator M Both Mlislander M Inferred

Mageeney et al., 2020 mSystems




aeruginosa PAQO1

Prophages

C1913C
43732
33349
43390
Pael505
PAO1
15692
33352

* Analyzed all P. aeruginosa strains
available at ATCC

 Chose Pae1505 (ATCC 39324) and
Pae5 (ATCC 27853) as prophage
sources

|
s | Phages were sourced from prophage-laden close relatives of P. m
|

N EEEOMMNREREONMNEWN WO

33358
33362
33353 |

Mageeney et al., 2020 mSystems I



| 5 Prophages were Identified for Engineering
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17 1 Deep Sequencing can detect active prophages

Deep
Mobility event Sequencing
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Active Prophages can be identified by PCR and deep sequencing @!
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Engineered Phages Kill Pseudomonas aeruginosa in liquid
culture
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Engineered phages save waxworms in phage therapy trials

Uninjected, Phage
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Mageeney et al., 2020 mSystems



AR356

»1 | Mixed host ranges are seen for h
engineered phages against
antibiotic resistant P. ]
aeruginosa strains pPALs
* Obtained collections of AR
isolates from CDC collection
« Tested WT and Aintegrase o
phages in spot tests A
 Distance from host strain is ] reote
the strong correlation for AR rrots
phage infectivity _ -
ARSST ::+>PA01
a%%z%os ++4+4-
0.894—_| R351
|
ARgss
Work done in " Aoy
CO||ab0ratI0n W|th ) 1 1 Fu”y SenSItlve (Blue) 0.01 Substitutions %Eié% I
: ! * 18 Mixed Sensitivity (Pink) per site AR110
Linda DeVeaux's Lab . 33 Fullv Resistant (Red AR248
at New Mexico Tech ully Resistant (Red) ARZEZ 3IES
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Phage Factory for Energy
= Phage Landscape for organisms of DOE relevance
= Application to Burkholderia cepacia complex and Streptomyces venezulae




3 | Prophages can be detected for all soil bacteria of interest m
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B. cepacia complex strains
harbor many prophages

* 16 strains obtained and tested
* 9 cepacia, 2 cenocepacia, 2 multivornas,
1 vietnamiensis, 1 stabilis, 1 pyrrocinia
« 123 Islands Discovered
« 39 Prophages
« 30 Full Tailed Gene Complement
* 6 Incomplete/Satellite
e 3 lnovirus

Work Done with Summer Intern
Shawn Barman

Bst25_stagnalis_MSME1543
Bubl_ubonensis_M5MB2

Bdol4_dolosa_AUO158
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Prophages from 16 g s  Cluster]
Burkholderia are diverse with % % %8 :i¢ ¢
few clustering together - 3% REAPg Cluster2 |
%, ?ﬁ?ﬁ"’@ k
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* Prophages form 5 cluster with a
stringent criteria of 80% ANI
spanning >50% of the genome

* There are 21 Singletons not
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| Burkholderia prophages have narrow host ranges

Filtrate Bmu2 Bmul2 Bvill Bce202 Bce208 Bst83 Bpy8 Bce248 Bce328 Bce320 Bce291 Bce334 Bce300 Bce379 Bce310 Bce292
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« Filamentous soil dwelling bacterial with uses in
natural product and found in many soil consortia " &

L]

’ P
K §
SveB.43.H »

* Produces many antibiotic compounds which may i F
have unknown impacts on Gl mobility and /
community structure N/ et

- Few bacterial strains sequenced (13 found in NCBI) __:jjjiit:::'?‘-.e’:’::::ij:::__-

- Few phages identified (19 sequenced) s T

Svel0.35.L

Ib;"' d}ﬁ
Wy
n

|
Streptomyces venezuelae m
|

|dentified 10 prophages and validated 1
which has 3 members in cluster

Work Done with DOE SULI
Summer Intern Catherine Ly



. Bacterial genomes are a rich source of prophages
We have developed a large prophage database

. Our phage platform is agnostic and can be rapidly implemented to make phages
that kill or phages with cargo

. Engineered prophages are capable of killing P. aeruginosa in vivo and in vitro

We have discovered many phages for energy applications in Burkholderia and
Streptomyces
. Currently working to convert into phages for cargo delivery

I
Conclusions m
I
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Questions?

cmmagee@sandia.gov



