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Today

 What are Gene Transfer Agents?
 What are they doing in the oceans?

 What might they be doing in the reef
environment?




Gene Transfer Agents
(GTAS)

eFirst discovered in 1974
(Rhodobacter capsulatus)

e type of bacterial “sex”
ePackage random chunks of
DNA from the host-Led to high
rates of gene-swapping

e “Little Genetic Escape Pods”




GTAs and Alpha Proteobacteria

e Most Bacteria of this
type (Alphas) contain
them

e Alphas commonly
Associated with Reef
Environments and e e
Symbiodinium Sodoiis DO
endosymbionts
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GTAs and Alpha Proteobacteria

e Obtained Several Strains  Culturable Bacteria
with Known GTAs from Associated with

Culture Collections Symbiodinium
Marine Agar GASWA

e |solated Several Strains
From Symbiodinium
endosymbionts

e Screened them for GTA

Production (Roseovarius

nubinhibens, Ruegeria mobilis
45A6)




Can GTAs transfer Genes to Ambient

R. mobilis a ‘e genetically
“marked” ce genes

GTAs purifi

Added to re
communit

S

seawater

Incubated ¢




KanR Resistant Cells/ml

GTA-mediated Transfer in Coral Mucus

1.40E+04
1.20E+04
1.00E+04
8.00E+03
6.00E+03
4.00E+03
2.00E+03
0.00E+00

Spontaneous
KanR

Mucus +
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crobes rely on mutation and the pro-

\Y e
jugation, trmsformation, and trans-

duction) to acquire new traits. Gene transfer agents
(GTAs) discovered in the purple nonsul fur bacte-
rium Rhodobacter capsulatus (formerly Rhodo-
mevdomonas capsulata) are host-encoded vinuslike
elements that package random fragments of the host
chromosome and are found in the genome of almost
every sequenced member of the a-Protecbacteria
order Rhodobacterales (7). To test whether GTAs
are natual vectors of gene transfer, we grew nine

neous kanamycin rsisince was 4.6 = 107, whereas
the GTA-mediated frequency was significantly
higher at 2.5 * 1072 (P = 0.028, Student’s ¢ test).

For this experiment, both spontaneous mutants
and GTA aned for the pr

of the Tn5 streptomycin kinase gene. A total of 47%
of the GTA-treated viable colonies but none of the

T the gene. That
53% of the putative tansductants did not contain the
gene is not suprising because these may have
ined anly the | n st gene (mpd)
and not the flanking srepomycin kinase gene.
L

drains of marine a-protechacteria 2 pu-
tative GTA cassettes (table S1) and screened them
for the production of GTA-like particles.

late Reugeria mobilis 45A6 ey I

putative GTA particles during stationary phase
growth. We then generated genetically marked do-
nor stairs of R. mbinkibens and R mobils contain-
ing the transposon TnS. GTA pmduction in these
marked donor strains was equivalent to that of'the
wild-type strains. To document gene transfer frequen-
cies, we subjected wild-type strins or natural com-
munities ffom a range of envitnments o reatment
with donor stram G TAs and documented the rates of
ance (fig. S1) In the coral reef environment, sponta-

The meovery of the s :
whichis~1000 base pairs (1 kbp) fiom the active site
of the kanamycin reastance gene, suggested that up
10 1 kbp of the central region of TnS was rans-
ferred. Ths is consistent with extracted DNA from
the GTAs, which rmged fom about 500 to 1000 bp
in length (fig. $3) No spantmeous double mtibiotic
I i md wein) msisce was de-
tected, and the GTA-mediated frequency of 1.06 x
107" was significantly higher (P = 0.023). The TnS
streptonmyein kinase sequence was reovered in 1 in
10 visble double anthbiotic—resistant strins, suggest-
ing that modifications, funcations, or rearrangements
may have occurred, as m natural tensformaton (20

Similar frequencies of transfer were observed
among diffenng environments (Table 1), demon-

Table 1. Frequencies of transfer of marker genes to both cultured and natural communities. N/A
indicates not applicable; BOL, below detection limit.

Avg. spontaneous

Environment fmquenqr

Range

Number
of trials

Avg. GTA-

mediated rate Range

Roseovarius nubinhibens GTA filter matings

6x 107

16 % 107"

523107
-20x 107
2.8 % 107"
-30x 107

1.7 % 107%

89 x 107"

Roseovarius nubinhibens GTA liquid matings

12 x 107
43 %107
25 %107
4.6 % 107
BDL (<107

N/A
N/A

N/A
N/A

6.7 %1077
—43 %107

31x 107
28 % 107t
39 %10
25 x 1072
1.06 x 107%

NA
NA

Reugeria mobilis (45A6) GTA liquid matings

12 % 107

43 x107°

3.3 %1077

4.6 %107 NiA

0-2.1 % 107

3.0 x 1072
—56x 107
0-1x10~

42x 107

—11x 10"

1.6 x 107!

—64x107"

0-3.6x10°
NiA

24 % 107

2.8 %107

47 x107"
1.1 x10"

strating that cultivated GTAs transduce natural
communities of marne bacteria. The 165 nboso-
mal RNA sequences examined showed that the
majority of natural GTA recipients were most sim-
ilar tomarnine Flavobacteriven or Flexibacter srains
(table $2), consistent with the prior reports of dbun-
dant Flavohacterium in marine systems (3).

R. nubinhibens contans both a GTA and an
inducible prophage (4) Trnsmission electron mi-
cmscopy (TEM) that R mabinkil
induced prophage preparations contaned taded phage
(), whereas GTA. particks were nontaled (fig. S2A),
resemblng the GTA of Slicibacter pomeroyi (5). In
contrast to the GTA particles, the purified prophages
of R mubinhibens had no gene transfer activiy.
Additionally, maximal expression of the R nubinhi-
bens GTA terminase gene coocaurred with meaximal
GTA producton (fiz. S4) TEM of GTAs of R.

GTA dose, or multiplicity of infection (MOI),
was linearly lated with i 1 resi
to antibiotics (MOI range from 0.01 1o 10, B2 =
0.9593), which enabled extrapolations of gene
transfer frequencies o natural systems (6).

GTAs from R nubinhibens 1SM show a wide
host range and interspecific gene transfer under eco-
logically relevant conditions. Environmental gene
transfer frequencies ranging from 6.7 = 10 7 to
47 % 107" (Table 1) are 1900 to 459 million times
the frequency for trnsformation (2) and 650,000
0 31 million times the frequency of ransduction
previously measured in the marne environment
(7). These results suggest a genomic flexibility in
marne micmobial populstions that facilitates their

d 1on to changn il conditions.
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What else can GTAs Do?

e Roseobacters and Marinobacters have been
shown to increase growth rate of Symbiodinium

(Ritchie, in prep)

 Since GTAs are from these kinds of bacteria,
could GTAs alone have an effect on
Symbiodinum??

e Maybe on the corals themselves?




Coral Reef Settlement
Hypothesis

Ho: GTAs have no effect on coral larval settlement.
Ha: GTAs have an effect on coral larval settlement.

Methods Overview

1)Coral larvae collected and counted.
2) Larvae incubated with GTAs and settling surface.

3) Settling surface scored for settling and
metamorphosis.




*Porites astreoides- Brooding Coral

Montastraea faveolata- Broadcast
Spawner




Experimental Set-up

Each treatment replicated 10 times with 20 larvae/plate, plus 1
biofilm/plate, (provided on glass slides cured in the natural reef
environment for 3 weeks) , plus 20 ml sterile seawater/plate.

Treatments: (Varied per Experiment)

eMedia Controls

*GTAs from Reugeria 45A6

* Inactivated GTAs from Reugeria 45A6

*Non-specific viruses

echloramphenicol/GTAs (bacterial protein synthesis inhibitor)
eDCMU/ GTAs (photosystem Il metabolic inhibitor)

e Reugeria mobilis bacterial strain




P. astreoides settlement- May 2010
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Mean Number Larvae Settled

P.astreoides Larval Settlement-June 2010
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Mean Percent Larval Settlement

M. faveolata Larval Settlement September-2010
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What’s going on here?

* |[ncreased settlement requires procaryotic
protein synthesis and photosynthetic energy

e Controls indicate that facilitated settlement is
peculiar to GTAs and not viruses in general




Theories

GTAs transfer genes from Reugeria mobilis:

4
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to a-proteo’s to a-proteo’s to a-proteo’s directly to the directly to
associated with associated with already on the Symbiodinium. the larvae.
the coral larvae. Symbiodinium. surface of the
biofilm.
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Applications to Protecting the Reef
Environment:

e Can GTAs be a sort of “Gene Therapy” for the
coral reef environment???

e A possible way to deliver beneficial genes to
the coral holobiont.
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