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Bordetella phage
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Bordetella phage
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Bordetella phage 10

* tropism is determined by
cell surface recognition
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Bordetella phage

int/xis replication lysogeny packaging structural & assembly proteins, cell lysis

PR ! bom Torf2s orf12 mid brt

cl

Variable Region (VR)
receptor binding gene mtd




Bordetella phage

int/xis replication lysogeny packaging structural & assembly proteins, cell lysis
his-
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cl : l

1

1 i et

N mtd VR TR !

-7 i t t
Piaad 134 bp repeats
- \

-7 Variable Repeats \
|:||:| tropism 1

ATAG GG CCGT C

nmm tropism 2
TAAC CC ACTT G

[u] tropism 3, etc.
TTGG GC CAGG C



Bordetella phage

int/xis replication lysogeny packaging structural & assembly proteins, cell lysis
his- T 1 1T 1
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» 23 variable positions
* DNA diversity = 423z 1014
* Protein diversity =~ 1013




Bordetella phage

int/xis replication lysogeny packaging structural & assembly proteins, cell lysis
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* Protein diversity =~ 1013



Bordetella phage

int/xis replication lysogeny packaging structural & assembly proteins, cell lysis
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Bordetella phage

int/xis replication lysogeny packaging structural & assembly proteins, cell lysis
his-
tRllflA S Iml_l bpm ' orf26 orf12 mtd brt
cl : :
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Bordetella phage

structural & assembly proteins, cell lysis

int/xis replication lysogeny packaging
his-
RNA Iml_l bpm ' orf26 orf12 mtd brt
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Bordetella phage

int/xis replication lysogeny packaging structural & assembly proteins, cell lysis
his-
tRllflA S ml_l bpm ' orf26 orf12 mtd brt
cl : :
|
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Pt B | reverse transcriptase
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- \
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11K [T T 17 > » Abrt: no tropism switching
ATAG CTC CCGT C ] o
* ATR: no tropism switching
1 = . .
TAAC C G A ACTT G » sequence info is “transferred
from TR to VR...
A0 [0 00 . .
TTGG GCT CAGG C e ...and is accompanied by
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TR 1N 1| | -

heterologous sequence Sergei Doulatov, Ming Liu et al., 2004, Nature
Huatao Guo et al., 2008, Molecular Cell



Diversity-generating retroelement (DGR)

DGR RTs VR TR
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“Mutagenic homing”
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Diversity-generating retroelement (DGR)
DGR RTs
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Blair Paul, D. Valentine (UCSB)
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S. Handa, P. Ghosh (UCSD)
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Brown et al. (2015) Nature 523: 208-211 Metagenomics

Transcriptomics

* 1,136 new DGRs
* majority “chromosomal”
* actively diversifying...

Blair Paul et al., 2017, Nature Microbiol.



Diversity-generating retroelement (DGR) Blair Paul, D. Valentine (UCSB)
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N mtd VR

What primes reverse transcription?

P
—:avd

pavd-TR-brt

.53
O 2 J //
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B mp o
TRRNA ¥

cDNA . sp |
,/: """""" ‘:s~
TR118
- G/C N MH
TR RNA CGGGGCGCGCGGC UCUGUGCCCAUCACCUUCUUG

DNA GEELEEEEGEEGUAGA tabubGaEa,, . 391t
e UAACUCCU

AN SpAb56

Santa Naorem, Huatao Guo et al., 2017, PNAS

cDNAs mutagenized at adenines:

TR GTCGACCTCGAACGCGAACATCGGGGCGC "
¢cDNA 1 GTCGACCTCGCACGCGTACATCGGGGCGC ™
¢DNA2 GTCGCCCTCGATCGCGTACATCGGGGCGC ™
¢DNA 3 GTCGCCCTCGACCGCGTACATCGGGGCGC ™
¢DNA4 GTCGACCTCGTTCGCGAACGTCGGGGCGC ™
¢DNA5 GTCGCCCTCGAGCGCGCACATCGGGGCGC™
¢cDNA6 GTCGACCTCGTACGCGGGCGTCGGGGCGC ™
¢cDNA7 GTCGCCCTCGAACGCGGACATCGGGGCGC ™

¢DNA 8 GTCGACCTCGTACGCGAGCGTCGGGGCGC
khkkk hhkkk Khhkkk k khkkkkkkkk




N mtd VR 7

TR N brt
el Sl RTase o

What primes reverse transcription?
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Santa Naorem, Huatao Guo et al., 2017, PNAS

How does A-mutagenesis occur?
in vitro reconstitution:
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Sumit Handa, Partho Ghosh et al., 2018, NAR In press



Template RNA-Primed t ' t/
Reverse Transcription ranscription
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Avd
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+ dNTPs A-mutagenesis P
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Santa Naorem, Huatao Guo et al., 2017, PNAS Sumit Handa, Partho Ghosh et al., 2018, NAR In press




BPP-1

Variable residues

TR
AA AAAA

v glly  Riase o

avd

TR adenines are positioned to
diversify ligand binding residues in VR

Xing Zhang, Hong Zhou et al., 2013, elife
Jason Miller, Partho Ghosh et al., 2008, PLoS Biol.
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Surface plasmon resonance (SPR)
(biotinylated pertactin immobilized on streptavidin chip)

- B. bronch. Prn: ~8.2 x ‘IO'16 mole/mm?

, -1
SPR chip Prn: ~10.6 x 10"'© mole/mm2
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Jason Miller (UCSD), Asher Hodes (UCLA)



Surface plasmon resonance (SPR)
(biotinylated pertactin immobilized on streptavidin chip)

1| Avidity:
oN
T (Kunivalent) = Kmultivalent
y .y Kqg= 5.63 pM
2 « amplifies strength of individual
binding events (differential gain)
“I'| - relaxes demand for optimal
complementarity
» expands scope of ligands recog.
101 by a variable repertoire...
i 7 K,= 3.53 uM
I i

Jason Miller (UCSD), Asher Hodes (UCLA)



Legionella pneumophila Corby (“Legionnaire’s disease”)

4= Genomic island: G+C = 46% (vs. 38%) =
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|§ Bos MP, et al. 2007.
nnu. Rev. Microbiol. 61:191-214

Diego Arambula et al., 2013, PNAS
Diego Arambula et al., 2018, In revision



Legionella pneumophila Corby (“Legionnaire’s disease”)
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Diego Arambula et al., 2018, In revision



Bacteroides DGR's

B. fragilis 638R
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Blair Paul (UCSB)
Sarkis Mazmanian (Caltech)



Bacteroides DGR's

Integrative and Conjugative Elements (ICEs):
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Bacteroides DGR's

Adaptor

Stalk

Anchor
lipoprotein
QAT gy 1

BaAAL mm— B&&S&&B&S&S&&B”mwm

A Distinct Type of Pilus from the Human Microbiome

Qingping Xu,"*° Mikio Shoji,*® Satoshi Shibata,® Mariko Naito,’ Keiko Sato, Marc-André Elsliger,’* Joanna C. Grant,"
Herbert L. Axelrod,"-? Hsiu-Ju Chiu,-2 Carol L. Farr,"® Lukasz Jaroszewski," %7 Mark W. Knuth,"> Ashley M. Deacon,-?
Adam Godzik,"57 Scott A. Lesley,"*5 Michael A. Curtis,® Koji Nakayama,*" and lan A. Wilson'**

Cell 165, 690-703, April 21, 2016




Bacteroides DGR's

Lipobox VR 0q TR

c28
Tip
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Stalk

Yanling Wang & Diego Arambula (UCLA)
Blair Paul (UCSB)
Sarkis Mazmanian (Caltech)



Bacteroides DGR's

Lipobox VR 0q TR
C28
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Yanling Wang & Diego Arambula (UCLA)
Blair Paul (UCSB)
Sarkis Mazmanian (Caltech)



Bacteroides DGR's

Lipobox

VR TR
) 2 v ST

VR - - bfdT
BfdT

Adaptor

Stalk
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Yanling Wang & Diego Arambula (UCLA)
Blair Paul (UCSB)
Sarkis Mazmanian (Caltech)

Proteinase K -
'. BfdT

T s & & % = BfdT C28A

B. fragilis
pbfdT

B. fragilis
pbfdT-HA
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(C28A)

Phase

DAPI anti HA Phase DAPI anti HA

~ ProteinaseK- = Proteinase K+




Bacteroides DGR's
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*capacity of a system for adaptive evolution
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Sarkis Mazmanian (Caltech)
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