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* Understanding ecosystem processes and
interactions from the ground up.

= Climate change scenarios and predictions.

= Reactions to microbes 1n climate change
conditions.
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Research Objectlves

= Brodie/Andersen lab:

= Connect changes 1n microbial
communities to changes i1n the
ecosystem.

= Individual project:

= Determine 1f bacteria populations
significantly change between rainfall

Treatments.
* From these, determine how many are iIn
Actinomycetales.

» Catalogue antibiotic resistance genes
in Actlnomycetales and screen soil

P PR N c i



- Conceptual HypotheS|s

Diagram

Rainfall influences activity

of Actlnomyceté\ﬁgpglgfions-

Actinomycetes are reservoirs of

antjflgflg/reélstance genes.

Under warm, dry conditions,
Actinomycetes can become

aerosoTTzeqi\\\\\‘

Aerosoli1zation of these
bacteria could lead to a

spread of antibirotic
recsistance aenes
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Interdisciplinary Mesocosm Study
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i Experimental factors:

| 1) Precipitation regime (length of dry
and wet period and season length)

2) Nitrogen (ambient and addition) |

3)  Soils (Hopland vs. Sedgwick) 254 21 day cycles with varying number of

4) Temperature (ambient, +5°C) : precipitation events (15 mm each)

5) Plants (Avena barbata 2nd Erodium [T x 8 = 1245mm --> High

bofrvs monocultures, 7 spp. Mixed
g4 PP 0 O x7=675mm --> Ambient

community)
& <© x6=315mm --> Low
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PhonChlp Mlcrearr y

= Multiple
simultaneous
hybridizing
experiments.

= 500,000 unique
probes (300,000
target 16S rRNA
gene).

= ~ 9,000 taxa.

* Fluorescently
labeled DNA 1In
- sample finds and
hybridizes to Its

Photos courtesy of Dr. Eoin L. Brodie, Lawrence matCh i ng
Berkeley National Laboratory
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Soil sample collection
1. Mesocosms were sampled at two time points during

rainfall manipulation experiment (low, ambient, and
high).

DNA extraction and microarray preparation
1. 16S rRNA gene from bacteria and archaea was amplified
using primers 27F (bacteria), 4F (archaea), and 1492R

(both) (Invitrogen, Carlsbad, CA).
2. DNA from samples was extracted using the PowerMax™ Soil

DNA 1solation kit (MoBio, Carlsbad, CA).

1. Bacterial 16S was amplified in a 96-well PCR plate
with a range of annealing temperatures between 48-
58°C per row.

2. PCR products were concentrated prior to microarray
preparation.



Microarray preparation, washing, scanning,
and analysis

1. Concentrated PCR product was fragmented,
biotin labeled, and hybridized to 15
individual PhyloChips for 16 hours.

2. PhyloChips were washed, stained, and scanned.

3. Data was exported and statistically analyzed.
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- Data Analysis -~

= To 1dentify microbes that significantly
changed 1In response to rainfall treatments,
the following statistical analyses were

performed:

= 3-way raw iIntensity ANOVA
(high/low/ambient).

= 2-way ANOVAs (high/low, highZambient,
low/ambient).

= To visualize these changes, cluster
analysis was performed using Cluster 3.0

and Java TreeView.



2382 of 8741 taxa i1dentified; 27.3% of all possible.

Table 1.1. ANOVA significance results showing
Actinomycete spp. responses to variable rainfall.
Analysis Total Percent
type Significant |Actinomycetes
(p<0.05) Spp.
3-way ANOVA 39 12 .8
2-way ANOVA 38 5.26
high/low
2-way ANOVA 23 0.00
—EEgRambient
2-way ANOVA 76 27 .6

low/ambient
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® Bacteria

communities,
specifically
popullations of
Actinomycete
spp-, respond in
significantly
different ways
to low versus
ambient and high
rainfall.

= In ANOVA
low/ambient
comparison, over
one quarter of
responsive
bacteria were
Actinomycete

spp.-
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Part Il: ‘Possible-Implications” of"

-Change “in. Actlnomycetales.on~

-Environmental Health = "~

" Actinomycetes degrade cellulose and chitin in soil.
= Carbon cycling implications:
» Increased rainfall = lower Actinomycete abundance.

» Decreased rainfall = higher Actinomycete
abundance.

» Depending on which climate change scenario iIs
accurate, degradation of cellulose and chitin iIn the
soil could either iIncrease or decrease.

= GeoChip: Functional microarray analysis.

= Did genes involved in cellulose and chitin
degradation also Increase or decrease?
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= Aerosolization of Actinomycetales under
warm, dry conditions (Brodie et al.,
2007).

= Antibrotic producers.

* Proposed as origin of antibiotic
resistance.

= Conditions that result In aerosolization
of Actinomycetes could also result In
aerosolization of antibirotic resistance
genes.



Questions We Are-Asking:

= Does climate change Impact the
aerosolization of

Actinomycetales?

= Could climate change contribute
to the spread of antibiotic
genes?



My Summer Research

Catalogued antibirotic resistance
genes/proteins 1n Actinomycetales.
» Literature searching.
= NCBl database searching.
= Key antibiotics:

= Methicillin (MRSA)

= Vancomycin S. epidermidis (VRSE) and
Vancomycin Resistant Enterococcus (VRE)

Primer discovery iIn literature and
evaluation.

Primer testing.

* Primer-BLAST, Primer3.

Screening of soil samples for
antibiotic resistance aenes.



Surveyed Antibiotic Resistance Mechanisms in Order Actinomycetales
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22.7% of the Actinomycetales that responded
significantly to low/ambient conditions have genes that

confer antibiotic

resistance.

= 6.58% of all significantly-responding bacteria
populations had antibiotic resistance genes.

Proposed to have resistance to the following

antibiotics:

Table 1.2. Type
Nocardioirdaceae

Antibiotic/Mechanism

# of Proteins

Bacit racin

2

Bleo mycin

18

Chloram phenicol

[EY

Daunorubicin

Eryth romycin

Kas ugam ycin

M ethici llin

Spectin omycin

Tiamulin

Drug resist ance
trans porter

Misc. antib iotic
resistan ce proteins

Multidrug resist ance

TOTA L:

and number
resistance

of Norcardiaceae and
mechanisms.



~ - Conclusions -

This 9-week 1nvestigation found:

= Soi1l bacteria change In response to
climate manipulations (rainfall).

= OF these soil bacteria, Actinomycetes
constitute a group of organisms whose
relative abundance significantly changes
when climate i1s altered.

= Specific species of Actinomycetes
detected by PhyloChip are known to contain
antibiotic resistance genes.
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Testing antibiotic susceptibility:
1. Isolate genes from soil samples.

2. Transform genes into antibiotic susceptible
organisms.

3. Test for antibiotic resistance proving that genes
confer resistance.

Field component:

1. Integrate rainfall treatment In the field.
2. Sample aerosols directly above plots.

Chip information integration:

1. Integrate GeoChip (functional) and PhyloChip
(phylogenetic) data.
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The Value _o-f_ My LBE _I_Eigpg'rieh'cé- =

e Molecular brology =

e Pursue PhD 1n microbial
ecology.
e ExXposure to and i1nvolvement In

scientific advancements beyond
the undergraduate mindset,

classroom, and laboratory.
e 1+ papers!



U.

——

——

2 ACknOWI edgemeﬂts_ =

S. Department of Energy’s Office of Biological and

Environmental Research

GCEP SURE, Dr. Milton Constantin, Dr. Jeff Gaffney, Dr.
Nancy Marley

On site:

Dr. Eoiln Brodie

Brodie lab research associates: Kate Goldfarb, Byron
Ma, Clark Santee

Dr. Cindy Wu, Shariff Osman, Theresa Pollard
Brodie/Andersen lab groups
Dr. Terry Hazen

LBL GCEP lunch crew: Rebecca Callahan, Mike DeFlorio,
Geeta Persad, Angela Wong

Mary Lou Hartman, US-lIreland Alliance



~ - References:

Anderson AS, Clark DJ, Gibbons PH, and JM Sigmund. 2002. The detection of diverse aminoglycoside phosphotransferases
within natural populations of actinomycetes. Journal of Industrial Microbiology and Biotechnology 29: 60-69.

Bentley SD, Chater KF, Cerdeno-Tarraga AM, Challis GL, Thomson NR, James KD, Harris DE, Quail MA, Kieser H, Harper D,
Bateman A, Brown S, Chandra G, Chen CW, Collins M, Cronin A, Fraser A, Goble A, Hidalgo J, Hornsby T, Howarth S, Huang
CH, Kieser T, Larke L, Murphy L, Oliver K, O'Neil S, Rabbinowitsch E, Rajandream MA, Rutherford K, Rutter S, Seeger K,
Saunders D, Sharp S, Squares R, Squares S, Taylor K, Warren T, Wietzorrek A, Woodward J, Barrel BG, Parkhill J, and DA
Hopwood. 2002. Complete genome sequence of the model actinomycete Streptomyces coelicolor A3(2). Nature 417: 141-147.

Brodie EL, DeSantis TZ, Moberg Parker JP, Zubietta X, Piceno YM, and GL Andersen. 2007. Urban aerosols harbor diverse
and dynamic bacterial populations. Proceedings of the National Academy of Sciences 104: 299-304.

Call DR, Bakko MK, Krug MJ, and MC Roberts. 2003. Identifying antimicrobial resistance genes with DNA microarrays.
Antimicrobial Agents and Chemotherapy 47: 3290-3295.

Collis CM and RM Hall. 1995. Expression of antibiotic resistance genes in the integrated cassettes of integrons. Antimicrobial
Agents and Chemotherapy 39: 155-162.

D’Costa VM, McGrann KM, Hughes DW, and GD Wright. 2006. Sampling the antibiotic resistome. Science 311: 374-377.
Davies J. 1994. Inactivation of antibiotics and the dissemination of resistance genes. Science 264: 375-382.

Demydchuk J, Oliynyk Z, and V Fedorenko. 1998. Analysis of a kanamycin resistance gene (kmr) from Streptomyces
kanamyceticus and a mutant with increased aminoglycoside resistance. Journal of Basic Microbiology 38: 231-239.

Fierer N, Lui A, Rodriguez-Hernandez M, Knight R, Henn M, and MT Hernandez. 2008. Short-term temporal variability in
airborne bacterial and fungal populations. Applied and Environmental Microbiology 74: 200-207.



-_"-"C'_c):__ntf'i:hu_gd—;‘- :

Gartemann KH, Abt B, Bekel T, Burger A, Engemann J, Flugel M, Gaigalat L, Goesmann A, Groen |, Kalinowski J, Kaup O,
Kirchner O, Krause L, Linke B, McHardy A, Meyer F, Pohle S, Ruckert C, Schneiker S, Zellermann EM, Puhler A, Eichenlaub
R, Kaiser O, and D Bartels. 2008. The genome sequence of the tomato-pathogenic acintomycete Clavibacter michiganesis
subsp. michiganesus NCPPB382 reveals a large island involved in pathogenicity. Journal of Bacteriology 190: 2138-2149.

Gibbs SG, Green CF, Tarwater PM, Mota LC, Mena KD, and PV Scarpino. 2006. Isolation of antibiotic-resistant bacteria from
the air plume downwind of a swine confined or concentrated animal feeding operation. Environmental Health Perspectives 114:
1032-1037.

Hopwood DA. 2007. How do antibiotic-producing bacteria ensure their self-resistance before antibiotic biosynthesis
incapacitates them? Molecular Microbiology 63: 937-940.

Huddleston AS, Cresswell N, Neves MCP, Beringer JE, Baumberg S, Thomas DI, Wellington EMH. 1997. Molecular detection
of streptomycin-producing streptomycetes in Brazilian soils. Applied and Environmental Microbiology 63: 1288-1297.

Hutchings MI, Hong, HJ, and Buttner MJ. 2005. The vancomycin resistance vanRS two-component signal transduction system
of Streptomyces coelicolor. Molecular Microbiology 59: 923-935.

Kohane IS, Kho AT, and AJ Butte. 2003. Microarrays for an Integrative Genomics. Cambridge (MA): 295 pp.

Louie L, Goodfellow J, Mathieu P, Glatt A, Louie M, and AE Simor. 2002. Rapid detection of methicillin-resistant
staphylococci from blood culture bottles by using a multiplex PCR assay. Journal of Clinical Microbiology 40: 2786-2790.

Luna VA, Heiken M, Judge K, Ulep C, Van Kirk N, Luis H, Bernardo M, Leitao J, and MC Roberts. 2002. Distribution of
mef(A) in gram-positive bacteria from healthy portuguese children. Antimicrobial Agents and Chemotherapy 46: 2513-2517.



-_"-"C'_c):__ntf'i:hu_gd—;‘- :

Marchesi JR, Sat T, Weightman AJ, Martin TA, Fry JC, Hiom SJ, and WG Wade. 1998. Design and evaluation of useful
bacterium-specific PCR primers that amplify genes codng for bacterial 16S rRNA. Applied and Environmental Microbiology 64:
795-799.

Mindlin SZ, Soina VS, Petrova MA, and ZM Gorlenko. 2008. Isolation of antibiotic resistance bacterial strains from eastern
Siberia permafrost sediments. Russian Journal of Genetics 44: 27-34.

Pang Y, Brown BA, Steingrube VA, Wallace Jr RJ, and MC Roberts. 1994. Tetracycline resistance determinants in
Mycobacterium and Streptomyces species. Antimicrobial Agents and Chemotherapy 38: 1408-1412.

Perreten V, Vorlet-Fawer L, Slickers P, Ehricht R, Kuhnert P, and J Frey. 2005. Microarray-based detection of 90 antibiotic
resistance genes of gram-positive bacteria. Journal of Clinical Microbiology 43: 2291-2302.

Sutcliffe J, Grebe T, Tait-Kamradt A, and L Wondrack. 1996. Detection of erythromycin-resistant determinants by PCR.
Antimicrobial Agents and Chemotherapy 40: 2562-2566.

Taniguchi H, Chang B, Abe C, Nikaido Y, Mizuguchi Y, and Sl Yoshida. 1997. Molecular analysis of kanamycin and viomycin
resistance in Mycobacterium smegmatis by use of the conjugation system. Journal of Bacteriology 179: 4795-4801.

Taylor DE and A Chau. 1996. Tetracycline resistance mediated by ribosomal protection. Antimicrobial Agents and
Chemotherapy 40: 1-5.

Riesenfeld CS, Goodman RM, and J Handelsman. 2004. Uncultured soil bacteria are a reservoir of new antibiotic resistance
genes. Environmental Microbiology 6: 981-989.

Roberts MC, Sutcliffe J, Courvalin P, Jensen LB, Rood J, and H Seppala. 1999. Nomenclature for Macrolide and Macrolide-
Lincosamide-Streptogramin B Resistance Determinants. Antimicrobial Agents and Chemotherapy 43: 2823-2830.



3_"-‘C'_c):__r_1tf' i_:h'u_@d—;‘- -'

Volkmann H, Schwartz T, Bischoff P, Kirchen S, and U Obst. 2004. Detection of clinically relevant antibiotic-resistance genes
in municipal wastewater using real-time PCR (TagMan). Journal of Microbiological Methods 56: 277-286.

Volkmann H, Schwartz T, Kirchen S, Stofer C, and U Obst. 2007. Evaluation of inhibition and cross-reaction effects on real-
time PCR applied to the total DNA of wastewater samples for the quantification of bacterial antibiotic resistance genes and taxon-
specific targets. Molecular and Cellular Probes 21: 125-133.

Yu Z, Michel FC, Hansen G, Wittum T, and M Morrison. 2005. Development and application of real-time PCR assays for
quantification of genes encoding tetracycline resistance. Applied and Environmental Microbiology 71: 6926-6933.



Questions?

Protein Production Line
Put this puzzle together to simulate
the way cells produce proteins.

At the molecular brology exhibit at San
Francisco’s Exploratorium, Auqgust 2008.
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