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Metapopulation analysis

Metagenome. -recovering uncultured bacteria

-uncovering rare taxa

-biogeography

-capturing HMW DNA in expression libraries
Metatranscritome: -IVET plant-microbe interactome

-heavy metal resistome

-antibiotic biosynthesis
Metaproteome: -diverse proteins

-enzymes after enrichments

Enzymes with useful properties for exploitation: some examples

1. Soil secretome: hydrolytic exoenzymes eg glycosyl hydrolases;
chitinases

2. Soil antibiotic resistome: eg antibiotic disabling enzymes

3. Soil reservoir drug discovery: antibiotic biosynthesis enzymes
eg polyketide synthases and non-ribosomal peptide synthetases
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ENDOCHITINASES have a groove-like

Fami |Y 19 chitinases structure which is open at both ends
and cleave at random intervals within
chain.

.. EXOCHITINASES have a tunnel-like

Endochitinases structure and cleave chitooligo-

saccharides from the non-reducing
end of a chitin chain.

5 clusters

Once thought only to
occur in higher plants
until found in Strepto-
myces griseus HUT
6037. (Ohno, et al. 1996)

Plant class I and IT
chitinases —_—

7

- . . Actinobacteria family 19 £/
Actinobacteria dominate e 7 arSio
bacterial F19 databases —
- = e Dradi \n
Other bacteria are very | b Notr |
diS tan t [y re [a te d Plant class IV chitinases I”\‘ ORF_gpt / \ ons »1;:5':"?;31.{; / Mainly Proriql;gcferm e viral
e \ // ‘

(Kawase, et al. 2004)
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Properties if family 18 and 19 chitinases

Multiplicity of genes v ?

Synergy of proteins | Family 18 Family 19
Catalysis model Substrate assisted |General acid-base
Mechanism Retention Inversion

mechanism mechanism

Position of anomeric | Equatorial (b) Axial (a)
oxygen at Cl
Exoxhitinase or Exo- and Endo- Endo-
Endochitinase
Inhibitor (s) Allosamidin Amidines,

amidrazones and
hojiritetrazoles
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Family 19 diversity and ——————
biogeography |

Sourhope Cayo Blanco
No chitin a-chitin  B-chitin No chitin a-chitin pB-chitin  -ve +ve

PCR using family 19 chitinase primers

Degenerate primers by
(Williamson et a/. 2000)

Great diversity both within and
between sites

Family 19 chitinases may be
specific to different allomorphs
of chitin

Physiochemical properties maybe
more important than
environmental factors (LeCleir, et
al. 2004)
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Enzyme molecular diversity
Enrichment alters diversity | =

Catenuloplanes jzponicus

Kitasatospors setas

18000 +— Kitasatospora setae

Nonomuraez spirzlis
Plznobispora rosea

Pl pora par 3

Promicromonospora sukumoe
16000 +—

1 Streptomyces ambofaciens ATCC 23877

m Streptomyces coelescens |SP5421
Streptomyces coelescens |SP5421

u Streptomyces coelicalor A3(2)

14000 — m Straptomyces coelicolor A3(2)

Straptomyces cyaneus SP-27
W Streptomyces griseobrunnzsus 53
W Streptomyces griseus HUT 6037
12000 +— w Streptomyces griseus griseus NBRC 13350

® Streptomycesipomoeze MAFF4023
W Streptomycss lavendulze

W Streptomyces lincolnensis 57

10000 +— m Streptomyces lividans 66
W Streptomycss lividans 66

W Streptomyces lividans 66
W Straptomyces olivesceoviridis ATCC 11238
8000 - W Streptomyces prasinopilosus JCM4404

m Streptomycss prasinopilosus JCM4404

Numberof Squences

w Streptomycessp. 422
W Streptomycessp. AJ9463

i 1-13-;
6000 -— W Streptomycessp. J-13-3

m Streptomycessp. MG3
W Straptomycessp. S100
™ Streptomycessp. S153

W Streptomycss sp. S84
4000 +—

W Streptomyces sp. VC-YC6636

Amycolatopsisorientzlis W Straptomyces sp. VC-YC5646
W Streptomycessp. VC-YCE6648

Catanuloplanes japonicus 1 = Streptomiycessn.. VC Y0865

W Streptomyces sp. VC-YC6652

Kitasatospora setze B Streptomycessp. VC-YCE657

m Streptomyces sp. VC-YC6673

W Streptomyces sp. VC-YC6675

) A T T 1 mStreptomycessp. VC-YC6676
Noﬂomuraea sp”ahs whA1l wha2 whF1 whF2 ® Streptomyces themaoviolacaus OPC-520

Kitasatospora setze

Planobisporarosea
Planomonosporza parontospors antibiotica
Promicromonospora sukumose

Streptomyces ambofaciens ATCC 23877

m Streptomvces coelescens ISPS421



Metagenomic and metaproteomic analysis of
soil

Soil Microcosm
(+/- substrate

amendment)
Isol Extraction of Extraction of
ndicaton plates pighumoleculoy mefaproteome
P weight eDNA and

Fosmid metagenomic A-zap metagenomic

. . library (4-10 kb 454 Roche
||brar'){ (35kb |n§erT) s Pyrosequencing
(Epicentre kit) Gt

N

\
brantamanis

PCR screening for
functional genes




Metaproteome combined with metaexoproteome of a soil
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New sources of diversity from soil bacteria
Expression screening of metagenomic libraries

The cellular biomass was . : : i
collected washed prior to Air dried Warwick soil Fresh WGV‘W|Ck 50l|

immobilisation in an LMP agarose e ',_A“ v wer “ s A

'plug’.
The LMP ‘plug’ was treated with

lysozyme, proteinase K and SDS
to lyse the cells

Bifunctional BAC vector for expression
in Streptomyces lividans

Nycodenz extraction
(Bakken and Lindahl 1995)

int

4 attP
onT pBAC-S8

14.8 kb
Cmri
redF B

Aqueous

aac(3)IV
layer

Cell biomass——
at interface Nycodenz

(van der Geize et al., 2006) .
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Metagenome libraries:

Expression screening for chitinase/lysozyme activity in lambda
ZapIT libraries

SOLR cells infected with phagemids to
give ¢ 150 clones per well. After 24 hrs of
incubation 4-Muf-DiNag is added to
50mm.

The microtitre dish contains 14, 000
clones viewed under long-wave UV,
Positive clones fluoresce as 4-MUF
accumulates in the media.

Positive wells are diluted twice before
plating to isolate single colonies.

The plasmid DNA has been isolated from +s and transformed into the same backround to
test for same positive signal. Inserts seguenced.

Screen improved by addition of F18 or F19 inhibitors and some of these inhibit lysozyme
Also screening fosmid and plasmid libraries inserts 40— 4

Library sizes 0.5 — 2.6 6b
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Antibiotic resistance (soil resistome)

Soil acts as an environmental reservoir for antibiotic
resistance genes -associated with ab biosynthesis clusters
-in closely related non-producers
-in unrelated non-producers indigenous
soil bacteria
-in unrelated non-producers exotic
bacteria = pathogens/commensals
added to soil
‘Potential for selection for resistance -pollution
*HGT of resistance genes- mobilome
‘Pathogens can survive in soil
-Acquire integrons/plasmids
-Act as source of antibiotic resistance
- Possible carriage by amoebae-HGT
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RESERVOIR survey
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Flow chart of metagenomic

approaches
DNA extracted Gel- End-repair
from samples by | . | Fractionate . | to make
soil plug methods 4-10 kb DNA blunt-
fragments ended |

Analyse Ligate sample
efficiency and «— Z;nsform 3 . | DNA with blunt
estimate the competent ended/dephos
coverage | o //’D plasmid pCF430
Amplified and Screen for new Transposon
store the libraries | phenotype ~ mutagenesis

and seguencing
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Broad-host-range expression vectors that carry the -
arabinose-inducible Escherichia coli araBAD promoter and
the araC regulator
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Metagenomic Library and ESBL gene screening

Reed Bed | Sewage 1 Month | Control 6rass FYM
sail Cake Cake Soil Land Soil | Applied
Applied 6rass Soil

No. of clones 386 000 500000 170000 630000 210000
8(":;‘096 insert size 4 64 412 440 3.70 2.85 3.71
Clones with inserts g5 65 85 50 75 85
(%)

Coverage (Gb) 0.63 1.59 1.87 0.32 1.53 1.47
No of cefotaxime () 2 1 0 0 0]
resistance

No of ceftazidime 2 1 0 0 0 0
resistance

No of imipenem 1? 22 0 0 0 0]
resistance

No of amp res 47 5? 1? 0 0] o)
clones

Hit rate 1/80 1/150 1/900 0 0 0

WARWICK Resistance to B-lactam antibiotics
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Microbial metabolic exchange has important roles in ecology and the survival of higher organisms. (a)
Symbiotic bacteria of the brine shrimp produce the antifungal compound istatin, thereby protecting
shrimp embryos from pathogenic fungi. (b) Actinomyces spp. symbionts of leaf-cutting ants produce
metabolites that protect the fungus farmed by the ants from a pathogenic fungus.
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Environmental mycobacteria as opportunistic pathogens
Particular risk to immunocompromised persons such

as those with HIV/AIDS Pre-existing lung diseases and

Helminth Infections

Common causative

Clinical disease .
species

Unusual causative species

M. abscessus M. avium

Pulmonary complex M.
Disease kansasii M. malmoense M.
xenopi

M. asiaticum M. branderi M. celatum
M. fortuitum M. gordonae M. haemophilum M.

intermedium M. lentiflavum M.

magdeburgensis M. shimodii M. simiae M.
smegmatis M. szulgar

M. avium complex M.

Disseminated chelonae M.

M. abscessus M. conspicuum M. fortuitum M.
genavense M. malmoense M. marinum M.

Disease haeﬂ/;ap :;/{Z?U/Z'C:Z;S“” sherrisii M. simiae M. triplex M. xenopi
M. avium complex M M. abscessus M. bohemicum M. chelonae M.
Lymphadenitis malmoense " fqrfwfum M. haemgph//qm
serofulaceum M. heidelbergense M. interjectum
M. kansasii M. lentiflavum M. tusciae
Cutaneous MM%Zf:;ij:;M;n;ﬁZZ;a; M. haemophilum M.kansasii M. malmoense M.
Disease ' Ulcerans ' smegmatis
Nosocomial M. abscessus M. fortuitum M aurdam M. avium M. ora’ona? M
Di M. chelonae mucogenicum M. neoaurum M. simiae
iIsease .

M. smegmatis M. xenopi

WA RWICK

Atypical pulmonary

Cervical Lymphadenitis

W
Buruli Ulcer



Diverse sampling location: Ethiopia

Woldiya
(Wol-Wo8)

Warm agricultural mid-
highland's

Butajira

Warm agricultural mid-highlands
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Ethiopian EM diversity study

Culture independent 16 5rRNA target gene

Two sets of primers to target EM
Sampling: village
I\%&oba/éae’llm genus (JSY16S F/R g

slow= ing mycobacteria (AP \
Five sampling Two sampling
locations locations

Soil collected fPymosequendiager (100 m/)
three positions to filtered through 0.22

make a composite om filter
sample
FASTDNA extraction PowerWater DNA
for each composite extraction from
sample 0.22um filters

DNA pooled from the
five composite
samples

DNA pooled from the
two samples

Pyrosequencing
oufput .
Cluster based approach Phylogenetic
(OTUs) approach
Sampling effort
Rarefaction curves Unigue branch length
Unifrac PcoA
Canonical Neighbour-joining
correspondence bootstrapped
analysis (€CA) phylogenetic trees

Reading:

Maniel tests Soil ‘remper'gaBLAS I matches
. Soil pH Multivariate GLMs :
Multivariate GLM=z moisturdraportion of slow
for QTU diversithy arer growers  and

temperatupeathogenic species
Water pH




Mycobacterium genus level : DNA from soils
Alpha rarefaction curves
observed species: ANONYMIZED NAME

300

250

Rarefaction Measure: observed species
\

1500 2000 2500 3000

Sequences Per Sample

500 1000




Slow-growing EM in Ethiopian soils
Alpha rarefaction
observed species: ANONYMIZED NAME

50 |

Rarefaction Measure: observed _species

0 1000 2000 3000 4000 5000
m Sequences Per Sample -
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Diversity of slow-growing EM in soils

Hot arid lowlands —> Warm agricultural midlands —>Tepid highlands

TN NN DT TN N TN ™Y — + 338 B8ow S R~
ESEREB 838 9230233335333 333332883328888%3
M. aemonae BEEEE E5EEE fEl 93 EEENEEEE  EEEEE saEE 100%
M. alsiensis ]
kM. angelicum | | | ]
M. arosiense
St aslaticum | = |

M. avium complex |
M. avium subsp. paratuberculosis
M. avium subsp. siivaticum |
M. bohemicum | id
M. branderi |
M. brisbanense | 50%
M. celatum
M. colombiense I | | Ei BB E ]
M. conspicuum
M- gordonae | TE]
M. haemophilum I,
—>M. intracellulare N |
M. kansasii
M. lacus ] :
—> M. malmoense ) = ) l :.:-:] >0%
M. marinum | [ ]o%
M. nebraskense '
M. pseudoshottsii

kM. riyadhense | l . |

M. simulans

M. spp.

M. szulgai

M. tuberculosis
M. uicerans




Slow-growing EM water samples:

taxonomy plots

Jil-60m1-2Tul-2Hol-4 Bul-4 Gal-4 Bal-8 Wo1-8 Gol-4

Higher prevalence of M. tuberculosis
complex, and M. gordonae, M. malmoense, M.
conspicuum , M. colombiense

Bale

Butajira
Jinka
Gambella
Gondar
Hossana
Woldiya

Mycobacterium
My cobacterium
My cobacterium
My cobacterium
My cobacterium
My cobacterium
My cobacterium
My cobacterium
My cobacterium
My cobacterium
My cobacterium
My cobacterium
My cobacterium
Mycobacterium
My cobacterium
Mycobacterium
My cobacterium
Mycobacterium
My cobacterium
Mycobacterium
My cobacterium

aemonae
alsiensis
angelicum
arosiense
asiaticum
bohemicum
bovis
colombiense
conspicuum
gastri
gordonae
intracellulare
malmoense
riyadhense
shimoidei
sp.20612A
sp.C43a
sp.HSC2034
sp.MBE9
tuberculosis
ulcerans
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Detection of M. bovis in Ethiopian samples

B soil
B water

M. bovis RDAM1B

M. tuberculosis complex pyrosequencing reads

Sweeney et al. 2007
Pontiroli et al. 2011
&

gpcr detection
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Data suggests water sources are a potential
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