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We can use a range of analytical tools to

evaluate community structure and function
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Our functional studies have focused on
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Survey indicates that stressed conditions
at plants are common

Over 90% of respondents had
experienced process upset.

83% of respondents thought that
development of new sensor
technologies was important or very
important.

“Our monitoring technologies are
primitive, at best.”

Ideally, our systems should be well instrumented to
I provide real-time information for improved
operation and control that prevents upsets

UPSTREAM = ) ) _
Instrumentation

output

automated
responses

operator < operator
actions decisions
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We proposed a unifying concept for
Epm understanding the role of microbial stress in
environmental monitoring

SOURCE CAUSE EFFECT
Perturbation by | Biochemical Poor Ecosystem
Chemical(s) Physical <—> | Performance or
Chemical Function

Thesis: An understanding of Source-Cause-Effect relationships
is needed to enable:
- proactive design, operation and management
- development of “intelligent” sensors
- development of rapid prevention/corrective action strategies
linked with decision support systems
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My 30-year research model

Understand Complex
Biological Systems

Apply technologies to Jse basic observations to
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Hypothesis: Activated sludge bacteria rapidly
adapt to chemical stressors, and the adaptation
response influences system-level performance
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We can use a range of analytical tools to
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chemical stressors and starvation

Gly192
GLy375

Prol37
Glyd10

Stan et al. (2003) Biophy. Chem. 100:453-467.

We focused on GroEL (Hsp60), a heat shock
protein known to upregulate in response to

2. Heat Shock
3. Heat + Chloramphenicol

Duncan, Terlesky, Bott and Love, 2000, LAM

EViginiaTech
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Lessons learned from the protein work:

e Itis possible to detect differential expression
of a specific protein fingerprint in fresh
activated sludge cultures exposed to toxins
using traditional biochemical methods

Lessons learned from the protein work:

o Itis possible to detect differential expression
of a specific protein fingerprint in fresh
activated sludge cultures exposed to toxins
using traditional biochemical methods

o Is the effort worth the climb using these
methods?
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Deflocculation of activated sludge due to
toxic shock with ~IC,; concentrations
W I

Lessons learned from the protein work:

e Itis not clear that Hsp60 is a primary causal
mechanism that explains the prevalent
deflocculation observed.

Bott, C. B. and Love, N. G. 2001. The immunochemical detection of stress protein
expression in activated sludge exposed to toxic chemicals. Water Research, 35:91-100

BVirginiaTech
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An epiphany at the 2000 Gordon Research
Conference on Microbial Stress Responses

BACTERIAL STRESS RESPONSES

Gisela Starz
Regine Hengge-Aronis

Hypothesis: Activated sludge bacteria rapidly
adapt to chemical stressors, and the adaptation
response influences system-level performance
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Hypothesis: the Glutathione Gated
Potassium Efflux (GGKE) response causes
deflocculation by thiol-reactive chemicals
Oxidative Chemical K* N
+ K
][ Uptake
§ Blocked

+ + GSH— GS-SG
(scavenging)

H™* (acidification)

SH

Protein “

Bakker and Mangerich (1982); Meury and Robin (1990);
Ferguson and Booth (1993 - 1998) EVirginiaTech

Hypothesis: High concentrations of GGKE-
generated intrafloc K* cations cause weak
floc structure that leads to deflocculation

Bott and Love, 2002, Water Environment Research

WViginiaTech
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We can use a range of analytical tools to
evaluate community structure and function
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We can use a range of analytical tools to
evaluate community structure and function
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K* effluxes from flocs to liquid
NEM STRESSED - 50 mg/L

K* Concentration
(mg/L of original sample volume)

35

30

25

20

15

10

CONTROL

Effluent VSS
3.4+ 0.5 mg/L

T

Effluent VSS
46 + 2.1 mg/L J

t=0 t=5 hours
Sample and Time

t=0

t~3 mins t=5 hours

mmm Soluble K*

BN Calculated Total K*
== Floc Associated K'E=—" Measured Total K"

Bott and Love, 2002, Water Environment Research |
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K* efflux is reversible in pure culture

(Novosphingomonas capsulatum)

DTT (both) NEM (both)

64

42

ISE Soluble K Concentration (mg/L)

NEM
50 mg/L
(0.40 mM)

185 mg/L
(1.2 mM)

450 mg/L
(3.6 mM)

62 |
60 |
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56 |
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52
50 |
48 |
46 |
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| Bott and Love, 2004, Applied and Environmental Microbiology | EVirpiniaTech
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igm activated sludge

NEM
50 mg/L
(0.40 mM)

K* efflux is reversible with

DTT (both)

NEM (both)

185 mg/L 450 mg/L
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| = ___/

Time (minutes)

o Control/DTT/NEM

0 10 20 30 40 50 60 70 80 90 100110120130

+

Electrophilic
Chemical K#
Stressor

K+

K+

Potassium Efflux
from Floc
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Bott and Love, 2004, Applied and Environmental Microbiology | B VirginiaTech
Conclusion: GGKE is a causal
mechanism for deflocculation
SOURCE CAUSE EFFECT
K+

“ .IO

Deflocculated
biomass
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Apply technologies to
complex biological systems

My 30-year research model

Understand Complex

Biological Systems

N

Use basic observations to
identify appropriate targets

echnology development

Develop Technologies that
Improve the Function of
Complex Biological Systems
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Is a glutathione-based, bacterial-based sentinel biosensor best for
environmental health applications?

USACEHR

Principal Components Display of 324 Genes Clustering Treated Wo

Collaboration with
Dr. Beverly Rzigalinski,
VCOM Pharmacologist

Bacterial and rat brain cells show similar dose-
dependent damage in response to NEM

Combined dose response curve: NEM
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Upstream K*
sensing unit

Immobilized
Downstream

bacterial cells . . i ilizati
K* sensing unit 3 hours after immobilization

Alginate
microbeads
200 pm

10 days after immobilization

We proposed a unifying concept for
Epm understanding the role of microbial stress in
environmental monitoring

SOURCE CAUSE EFFECT
Perturbation by Biochemical Poor Ecosystem
Chemical(s) Physical Performance or
Chemical Function

Thesis: An understanding of Source-Cause-Effect relationships
is needed to enable:
- proactive design, operation and management
- development of “intelligent” sensors
- development of rapid prevention/corrective action strategies
linked with decision support systems

BVirginiaTech
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Summary of process effects for a nitrifying
biomass using a pseudo-quantitative scale

Observed
Pr}gclesi_s Eftfect Hypothesized éTg‘(lJOnlu/T Cadmium CDNB Cyanide DNP Octanol pH11
Measurement Ea ve to Causal Mechanism mg
ontrol
Flocs deteriorate
Increase in n maller,
Efent | e | o 0 W W | o W R T
TSSIVSS particles
(deflocculation)
. Inhibition of
Effivent COD | Decrease i metabolic 0 Wb | W 2 W + Wi
pathways
. Inhibition of
Sour | Decreasein catabolic 0 A A N R B N
SOUR
pathways
Increase in
Soluble soluble Glutathione-gated 0 W W 0 0 0 X
Potassium K* K+ efflux
concentration
Inorganic N PR
emue%n conc. Nl'rm;ﬁg‘r’]" Varies 4 W W Wi W W W
and NGR
Poor biosolids
SV Increase in SVI | compression, or 0 + + i 0 0 +
settleability
Retention of
cSsT Increase in CST bound water, 0 0 0 0 0 0 0
leading to poor
dewaterability

The qualitative scale reflects the intensity of the effect for ICg,-shocked reactors and the indicated NH; and pH shock
level, in comparison to a negative control. The intensity scale ranges from {44 (most intense process deterioration
effect), 0 (no effect), and ++++ (most intense process improvement effect).

X means inconclusive results . . .
Henriques, Kelly, Dauphinais, and Love. In press. Water Environment Research

Effluent TSS and COD removal deterioration
almost always correlated

Observed
Pr}ggleastisvgflfgct Hypothesized é?&omg“;f Cadmium | CDNB Cyanide DNP Octanol pH11
Measurement Causal Mechanism
Control
Flocs deteriorate
Effuent | Igoselnfandsasesalen g i | W | o | ow | e | ww
TSSIVSS Ny
TSSIVSS particles
(deflocculation)
" Decreasein | "Tononof RN AR AR A A A i)
Effluent COD COD removal metabolic
pathways
ecreasein | "o WL W w Wol W
SOUR SOUR catabolic 0 I++
pathways
Increase in
Soluble soluble Glutathione-gated 0 W W 0 0 0 X
Potassium K* K efflux
concentration
Inorganic N I
efflientconc, | Mtficaton | ' Wolw | w | w | w | u
inhibition
and NGR
Poor biosolids
Svi Increase in SVI | compression, or 0 + + Y 0 0 +
settleability
Retention of
: bound water,
CSsT Increase in CST leading to poor 0 0 0 0 0 0 0
dewaterability

The qualitative scale reflects the intensity of the effect for IC5;-shocked reactors and the indicated NH; and pH shock
level, in comparison to a negative control. The intensity scale ranges from 44 (most intense process deterioration
effect), 0 (no effect), and ++++ (most intense process improvement effect).

X means inconclusive results . L .
Henriques, Kelly, Dauphinais, and Love. In press. Water Environment Research




An epiphany at the 2004 Gordon
Research Conference on
Environmental Chemistry

(Remember: Ardern and Lockett were chemists!)

We can use a range of analytical tools to
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Can metabolomics’ techniques be applied to
complex environmental matrices ?

METABOLITE PROFILING & METABOLITE TARGET ANALYSIS (& METABOLOMICS)

and ion. Analysis times of 5-140 minutes
‘Sample dried and chemical derivatisation Sampie dilution or further metabolite isolation
(SPE, liquid-liquid extraction)
GC-MS || LC-MS
=1l I J\I
Biofluids e T Intra-cellular metabolites
METABOLOME
Metabolic footprint — ] e Tissues
METABOLIC FINGERPRINTING & METABONOMICS
. rapid, high labal with m:nmzl sample preparation, used for sample classification.
Limited abil\ly for it i except for NMR
FTIR DIMS NMR
u:;’“" P Y~ * Lo
= H=11Y] R
Wamnarzer iem L baeilaiiabe b b s o g g g — = b x

From: Dunn and Ellis (2005), Trends in Analytical Chemistry

Fingerprint the effluent COD from

chemically-stressed SBRs
Feed Feed Feed Feed

Sampling at:
<5 mins
45 mins
3 hours
5 hours

Control Cadmium

Henriques, Aga, Mendes, and Love. In press. Environmental Science and Technology. | EVirginiaTech
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Fingerprint the effluent COD from

chemically-stressed SBRs
Feed Feed Feed Feed

Sampling at:
<5 mins
45 mins
3 hours
5 hours

Control Cadmium

_Centrifuge | Biochemical
Cation EPS Analysis plus
Extraction HPLC-ESI-IT-MS

| Henriques, Aga, Mendes, and Love. In press. Environmental Science and Technology. | B VirginiaTech

Chromatograms from stressed and control reactors
were complex but differences could still be visually
identified

: CONTROL

Cadmium




The intensity of the peaks from shocked reactor
samples increased in atime-dependent manner
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The intensity of the peaks from shocked reactor
samples increased in a time-dependent manner
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Mass spectra data were u

Chromatogram

sed to run statistical analysis

VS. Mass spectrum

same for all the samples
(alignment problems)

Peak retention times are notthe  mj/z ratios provide a global

picture of the substances
present in the sample

EVirginiaTech

Principal Component
Analysis (PCA)

0 Unsupervised method

0 Maximizes variance
between samples

o Does not allow
identification of differences
between samples

Multiple Discriminant
Function Analysis (DFA)

0 Supervised method

0 Maximizes variance between
classes and minimizes variance
within a class

o DFA with GA, allows
identification of main differences
(m/z) between classes

10 1 AA
eC

=B
¢D
8 A .
* e
Q6 o
4,
27 @
0 \N‘—I\ T T T

T 1
0123456172829

DF1 fiaTech
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Mass specta data were used to perform Multiple

Epm Discriminant Function Analysis with Genetic

# times selected in 20,000 GA-DFA runs

Algorithm Variable Selection (GA-DFA)

LA

l

H \|‘||
|

AL lle Lk

400 600 800 1000 1200 1400 1600 1800 2000

m/z

EVirginiaTech

A-DFA runs

G,

# times selected in 20,000

:

10000

8000

6000

4000

2000

0
14000
12000
10000

8000
6000
4000
2000

0
14000
12000
10000

8000
6000
4000
2000

0

CADI

MIUM

|

1 M Ludia .H“‘JLL I

I

DNP

L‘u L

AJ

NEM

leL“

il

L

400

800 1200 1600 20(

m/z

Multiple runs of GA-DFA allow

identification of the m/z ratios

responsible for the differences
between the samples
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NEM
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Multiple runs of GA-DFA allow

identification of the m/z ratios

responsible for the differences
between the samples

Example

m/z ratios 828 and 1306 are discriminating

biomarkers that reveal the presence of
inhibiting levels of 2,4-DNP

We have correlated 2,4 DNP biomarkers from

activated sludge with Pseudomonas
aeruginosa exudates

5000 4

4000 -

3000 4

2000 ~

1306

1000 {f: %44

828
A

............. Control
m/z 828
— —— m/z 1306

Time (min)
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How can this be applied or used?

(http:/faemc.jpl.nasa.gov/
activities/mms.cfm)

Deploy mini mass
spectrometers
] Key_ m/z for real time field
fingerprints from monitoring with
mass spectrometry | micro total analysis
data systems (uTAS)
o | m Ll Develop and deploy
antibody microarrays
) that target key
Identify flngerprlnts and biomolecules
compare to those in sequenced

fingerprint W/

XYVV

pure cultures (true
metabolomic studies)

EVirginiaTech

Ideally, our systems should be well instrumented to
provide real-time information for improved
operation and control that prevents upsets

UPSTREAM T -

1))

Instrumentation
output

automated

operator

actions

responses

__operator

decisions
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Hypothesis: Stress response-focused sensors
= \vill provide useful functional information and
will be applicable in a range of environments

Is there a link between stress and
antibiotic resistance?

31



The Role of Multidrug Efflux Pumps in the
Stress Response of Pseudomonas aeruginosa
to Organic Contamination

J. Fraga Muller, Ph.D. Dissertation

Muller, Stevens, Craig, and Love. In press. Applied and Environmental Microbiology.

Muller, Stevens and Love. In review. Science W VirpiniaTech

We can use a range of analytical tools to
evaluate community structure and function
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A Pseudomonas aeruginosa
chemostat was sampled over
time for changes in cell
physiology & gene expression
after perturbation with
pentachlorophenol (PCP)

hours post-PCP
0.15 0 65 13 26 40
o 4 30
§ 0.1 —=_+ 7 g
3 Optical density 5 20
a 0.05 - i
o PC £ 10
0 T T 0
60 80 100 120
time (hours)

60 transcripts increased, with transport
the most represented functional class

transport/membrane
proteins

antibiotic resistance

metabolism
adaption, protection DNA Microarray
other
hypothetical
(; 1‘0 2‘0 3‘0 4‘0

% of total transcripts increasing EVipiniaTech
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»

60 transcripts increased, with transport
the most represented functional class

transport/membrane

RND multidrug efflux pump MexAB-OprM
proteins J pUmp P

antibiotic resistance
metabolism
adaption, protection DNA Microarray

other

hypothetical

0 10 20 30 40

% of total transcripts increasing B ViginiaTech

P. aeruginosa upregulates multi-drug efflux
pumps and demonstrates an antibiotic
resistance phenotype in the presence of PCP

PCP is effluxed outside cell

A.
macromolecular
/) synthesis

acetate

acetate

13 hour exposure to PCP EVirginiaTech
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“Antibiotic resistance has been called one of the
world's most pressing public health problems”

http://www.cdc.gov/drugresistance/community/fags.htm

Environmental factors contributing to antibiotic resistance:

» Overuse of antibiotics (human and animal)

AFFLIED AND EXVIRONMENTAL MICROBOLOGY, Sept. 2005, p. 53835390 Val. L Na. @
Occurrence and Relatedness of Vancomycein-Resistant Enterococci in
Animals, Humans, and the Environment in Different
European Regions

Inger Kiihn,'* Aina Iversen,' Maria Finn,® Christina Greko.® Lars G. Burman,” Anicet R. Blanch.*
Xavier Vilanova,® Albert Manero,* Huw Taylor,” Jonathan Caplin,® Lucas Dominguez,®
Inmaculada A. Herrero,” Miguel A. Moreno,” and Roland Mollby"

 Natural soil community structure
Sampling the Antibiotic Resistome cence vousn 20 samumsy 200

Vanessa M. D'Costa,* Katherine M. McGrann,* Donald W. Hughes,? Gerard D. Wright**

* Anthropogenic contamination

Does pollution in the environment contribute to antibiotic resistance?

EVirginiaTech
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Thank Youl!
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