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Prokaryotic Prevalence & Distribution

Habitat Population Size

Marine heterotrophs

Above 200m 3.6 x 10*°

Below 200m 8.2 x 10*
Marine autotrophs 2.9 x 10%
Soil 2.6 x 107
Oceanic subsurface 3.6 x 10°
Terrestrial subsurface 1.4 x 10"
Domestic mammals 4.3 x 10**

adapted from Whitman et al., PNAS 95:6578-6583
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Horizontal Gene Pool

..comprised of mobile genetic elements (MGESs)
Including plasmids, bacteriophages, IS elements,
transposons, integrons, other moblle genetlc elements

and their genes..

Broad-Host-range Transfers:
Plasmid-mediated conjugation




Lack knowledge on...

* Extent of the evolution, diversity & persistence of
plasmid populations in aquatic (e.g., marine, freshwater)
and terrestrial (e.g., subsurface, deep subsurface) habitats

e Extent of host ranges of phages and plasmids : e
(especially those promoting broad-host-range) QPO Wik

¢ Nature of genetic information present in the HGP
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What ‘biome’ factors are critical (or minimally required)
for HGT?

* Presence/Abundance of Mobile elements

 Diversity and Distribution of “Mobilome” (and hosts)
o Metabolic activity (individual hosts, community)

o Selection/adaptation

o Extreme conditions?

So are we searching for HGT in all the right places? All the
right ways? All the right scales? Retrospective methods vs
real-time??




Gene transfer in an acidic contaminated subsurface site

Former waste ponds at Oak
Ridge, TN represent an extreme
environment; radionuclide &
heavy metal contamination, low
pH (3-4), high NO,%> (> 100 mM)

% Gram positive subsurface isolates resistant to metals

Metal Oak Ridge FRC Hanford® Savannah River Site?

cd(Il) 20 ndb nd
Cr (V) 17 74 64
Hg(1) 17 1 3
Pb(Il) 56 57 39

2 data derived from Benyehuda et al. (2003)
bnot determined
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Frequency of Plasmid Containing Isolates
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FRC Core San

25-60% of FRC isolates
contained plasmids; (single
replicons)

FRC size classes > 60kb;
(lacked bi-modality typical of
marine plasmid populations)
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ATPase (zntA/cadA/pbrA loci)
Nested PCR

50 Pbr 1solates tested:; 26 ATPase loci obtained

P-type ATPases: metal homeostasis “stressor genes”; confer resistance to heavy metals by
enzymatic detoxification and efflux pumping



Oligonucleotide primers used during nested PCR reactions to obtain P z-type ATPase and
number of isolates which yielded amplicons

No. Pb' isolates

PCR Primer . Annealing :
Reaction set Fimier g temperature ( C) JISIEE PR
product

1° 79JC 5 TGACTGGCGAATCGGTBCCBG 3 59 8
84JC 5 GGAGCATCGTTAATDCCRTCDCC 3
132JC 5 CTAACTGGCGAATCAGTCCC 3 55 25
84JC 5 GGAGCATCGTTAATDCCRTCDCC 3

2° 81JC 5 GGATGTCCTTGTGCTYTART 3 49 5

84JC 5" GGAGCATCGTTAATDCCRTCDCC 3




Arthrobacter sp. P,g-type ATPase alignment
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Subsurface Bacteria 16S rDNA and ATPase Phylogeny

16S rDNA zntA/cadA/pbrA loci
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99/94, Staphylococcus epidermidis 1 Y
5_‘ 84/58 Listeria monocytogenes 2
97 I Oceanobacillus iheyensis 1
Streptococcus agalactiae 2

| Bacillus halodurans 3 Firmicutes

Geobacter sulfurreducens 1

94/52

-

I
Subsurface (host) strain  Nearest Relative % ldentity ATPase
(16S rRNA) G+C Content
Arthrobacter sp. AA1  Arthrobacter sp. RG-56 99 38%
Arthrobactersp. AA20 Arthrobacter sp. AD-1 91 38%
Arthrobacter sp. AA21  Arthrobacter sp. RG-56 99 39%
Arthrobacter sp. AA25 Arthrobacter sp. RG-56 100 38%

Example 1: HGT of P,z-type ATPase loci among
Actinobacteria hosts (high G+C) and Firmicutes (low G+C)



100/100, ‘Briéella suis 1

95/70 “ Brucella mellitensis 1
93/67 65 Mesorhizobium loti 1
Sinorhizobium meliloti 1
58 || Rhodospirillum rubrum 1
Agrobacterium tumefaciens 3
|_| - odopseudomonas palustris
00 OODegOICOCCUﬁ rad/todyrar;s 1
almonella enterica
100/100 U Salmonelia typhimurium 2 TN
100/100 Escherichia coli 2 (zntA)
99/70 63/84 4|__|— 229 _
100/100 %S‘/h/gell,a f/exn%rth b losis 1
ersinia pseudotuberculosis
78 | 100 L Yersiniappestis KIM 1
1 Photarhabdus luminescens1
97/85 10H00
—|64 100/10 Y9
X11
26y Photobacterium profundum 1
85 100/99 Vib Vibrio cf:,holeral y1t ) ;
ibrio parahaemolyticus
I Vibrio vulnificus 1 | ___—"
Subsurface (host) strain Nearest Relative % ldentity ATPase
(16S rRNA) G+C Content
Arthrobacter sp. X34 Arthrobacter sp. M4 100 41.5%
Bacillus sp. Y7 Bacillus sp. 12 99 59.2%
Bacillus sp. Y22 Bacillus sp. 12 97 58.3%
Bacillus sp. X11 Bacillus sp. 12 99 58.6%

v-Proteobacteria

Example 2: HGT of Pz-type ATPase loci among
Actinobacteria and Firmicutes hosts and y-Proteobacteria
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0.05 changes

Escherichia coli kapB

Subsurface (host) strain Nearest Relative % Identity ATPase
(16S rRNA) G+C Content

Arthrobacter sp. V45 Arthrobacter sp. RG-56 100 35.6%

Arthrobacter sp. Z8 Arthrobacter sp. RG-56 99 35.4%

Example 3: HGT of P;-type ATPase loci among
Actinobacteria hosts and Firmicutes

Firmicutes



Support for acquisition of Pig-type ATPases by HGT in subsurface isolates from radionuclide and metal

contaminated soils

Genus Strain designation G+C Phylogenetic Support for HGT P,s-type ATPase most closely
content incongruency related to:
(%)

Arthrobacter FRC-AAl 38 + + Firmicutes
FRC-AA20 38 + + Firmicutes
FRC-AA21 38 + + Firmicutes
FRC-AA25 38 + + Firmicutes
FRC-V45 36 + + Firmicutes
FRC-X34 59 + Maybe y-Proteobacteria
FRC-Z8 35 + + Firmicutes

Bacillus FRC-AA22 38 - - Firmicutes
FRC-N65 38 - - Firmicutes
FRC-X11 59 + + y-Proteobacteria
FRC-X18 38 - - Firmicutes
FRC-X26 38 - - Firmicutes
FRC-Y7 58 + + y-Proteobacteria
FRC-Y22 58 + + y-Proteobacteria
FRC-z41 38 - - Firmicutes

Rahnella FRC-X7 59 - - y-Proteobacteria
FRC-Y9602 59 - - y-Proteobacteria




Viable cell counts as determined after washing, 1 h incubation pH 4 either with or without 200 uM uranyl acetate.
Note: At pH 4 U(V1) occurs primarily as uranyl ion (UO2%").

Genus Strain CFU? CFU"® CFU
Designation (washed) (without 200 uM U) (with 200 uM U)
Arthrobacter FRC-AAL 1.79- 108+ 0.24° 1.59-10%+ 0.25 1.45-10%+ 0.24
FRC-AA21 1.53-10%+ 0.18 7.78- 107 6.45- 10"+ 0.19
FRC-AA25 2.31-108 1.39- 108 9.20- 10"+ 0.24
FRC-V45 1.67- 108+ 0.20 9.13- 10’ 6.85- 10’
FRC-X34 1.83- 108 1.71- 108 1.07- 108
S3 5.10-10° 7 25-10° 6.45- 10’
W1 1.98- 1010 1.98- 1010 +0.24 2.17 1010
A. histidinolovorans ATCC 11442 1.574 ! 108 6.10 ! 107+ 0.25 4.35 1d +0.51
Rhodococcus ~ S7 1.92410°+0.24 ¢ 2.28-10°+ 0.34 1.43410°
Bacillus FRC-N65 2.99- 108 1.12- 108+ 0.19 <1- 10*
FRC-X18 1.87- 108+ 0.25 3.51- 10"+ 0.57 4.03- 10°
FRC-Y9-2 2.55- 10"+ 0.32 3.12- 10%+ 0.53 <1-10*
S1 4.56 -1'%108 <3- i 10° | 3-10°
S2 1.54-10°+0.25 10° 10°
B. cereus ATCC 14579 9.70410" + 0.26 <1 | 10* <1 104
Escherichia  E. coli JIM109 8.00-10"+0.19 4.65-10 + 0.15 <1410"
Rahnella FRC-Y9-602 1.10- 108 5.40- 10" + 0.20 1.54-10°+ 0.46

& CFU-colony forming unit. All strains were plated immediately following a 2x 0.1M NaCl wash at pH 4
b strains were incubated 1 h at pH 4
® standard error is indicate only for those FRC isolates greater than 10%
Ystandard deviation is indicated for isolates greater than 10% as previously indicated by Suzuki and Banfield (56)



Some hypotheses on HGT “drivers” at FRC

Stresses endemic to the FRC (e.g., heavy metals, radionuclides, nitrates) "require”
microbial innovation and adaptation and HGT provides a rapid and effective way to
survive and adapt to these stresses

It’s the Guar Gum!!

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

Guar gum is a polysacharide composed of galactose and mannose. Present in Area 2 (site we happen to detect the most
HGT of ATPase genes....).

So over the years the FRC treatments and activities that promote microbial stimulation(s) are providing the large-scale
HGT experiments...wonder what HGT events the Criddle, Istok and Schiebe experiments are promoting???

misc factoids: Guar gum retards ice crystal growth non-specifically by slowing mass transfer across solid/liquid
interface.



What ‘biome’ factors are critical (or minimally required)
for HGT?

* Presence/Abundance of Mobile elements

« Diversity and Distribution of “Mobilome” (and hosts)
e Metabolic activity (individual hosts, community)

« Selection/adaptation

e Extreme conditions

So are we searching for HGT in all the right places? All the right ways?
All the right scales? Retrospective methods vs real-time??
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