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Seton Hall University was founded in 1856 by Bishop James Roosevelt Bayley,
the first bishop of Newark. It is the oldest diocesan university in the United States.

Nestled on 58 acres in the suburban village of South Orange, NJ, the campus is
home to eight schools and colleges: the College of Arts and Sciences, the College
of Education and Human Services, the College of Nursing, the John C. Whitehead
School of Diplomacy and International Relations, the School of Health and
Medical Sciences, the Stillman School of Business, and the Immaculate
Conception Seminary School of Theology. Seton Hall's eighth school, the School
of Law, is located in Newark, New Jersey. The Division of Continuing Education
and Professional Studies is located on the South Orange Campus.

Seton Hall University is founded on and defines itself and its academics, student
life and community programs on a Christian understanding of the nature of the
world and the human person. With a tradition of quality education based on
Christian values, the University takes pride in its concern for the intellectual,
ethical and spiritual development of its undergraduate and graduate students.

Seton Hall is committed to bringing together people of different races, cultures,
religious traditions, lifestyles and ethnic backgrounds into a community that is
respectful and supportive. This commitment has helped to establish a truly
multicultural community in which all people of good will are welcome. Seton Hall
strives to develop the intellectual, social and religious talents of its students so
they may live their lives responsibly, generously and successfully.

At the undergraduate level, Seton Hall offers more than 60 majors and
concentrations, as well as many minors, certificates, and interdisciplinary and
other special programs.

The Department of Biological Sciences offers programs of study leading to the
Bachelor of Arts, Bachelor of Science, Master of Science in Biology, Master of
Science in Biology with a Business Administration minor, Master of Science in
Microbiology, and Doctor of Philosophy in Molecular Bioscience. The Department
of Biological Sciences also offers three dual degree programs: Physical Therapy
(B.S./D.P.T.), Physician Assistant (B.S./M.S.P.A.), and Athletic Training (B.S./
M.S.A.T.) with the School of Health and Medical Sciences. At the undergraduate
level, the Department of Biological Sciences also offers an interdisciplinary minor
program in environmental sciences.
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Bactericidal Activity of L-carnitine Against Salmonella enterica Serovar Typhimurium

Mouhamed Halwani, John M. Jackson, Alexander Vasilakos and Adam J. Houlihan*

Department of Biological Sciences
Wagner College, Staten Island, NY
*current address: Department of Biology
Randolph College, Lynchburg, VA

Abstract

The antimicrobial activity of L-carnitine against Salmonella enterica serovar Typhimurium was

evaluated using minimum inhibitory concentration (MIC) and kill curve assays.
quaternary ammonium compound was determined to be 3.125 mg/mL.

The MIC for this
Kill curve assays were

conducted by exposing 10° cfu/mL of S. enterica Typhimurium to L-carnitine at MIC, double MIC (6.25
mg/mL), and half MIC (1.525 mg/mL) and monitoring viable cell count over time. Results revealed a
dose-dependent relationship between L-carnitine concentration and the rate of bactericidal activity.
These data indicate that L-carnitine, a food additive that is generally regarded as safe (GRAS), can
potentially be employed to reduce S. enterica Typhimurium.

Introduction

The proliferation and dissemination of
antibiotic-resistant bacteria poses a significant
threat to human health. Antimicrobial resistance is
a natural consequence of the overuse of
antimicrobial agents in medicine, agriculture, and
the home™. The declining efficacy of conventional
therapeutic antimicrobial agents makes infection
control difficult and expensive6’7. Therefore, new

compounds must be assessed for their
antimicrobial properties and potential utility.
Carnitine is a quaternary ammonium

compound biosynthesized from the amino acids
lysine and methionine®. Like amino acids, the L
isomer of carnitine is more relevant in biological
systems. It was originally found to be a growth
factor for mealworms and was categorized as
vitamin BT®. Today, L-carnitine is marketed as a
nutritional supplement and is a common
component in energy drinks. During beta-
oxidation, L-carnitine is utilized by eukaryotic cells
for the transport of fatty acids from the cytosol into
the mitochondria via the carnitine shuttle'®'. In
addition, carnitine has osmoprotectant properties
by acting as a compatible solute in bacteria'. L-
carnitine also plays a role in sperm motility and
energy production and helps provide a pathogen
free environment in the male urogenital tract™.
Quaternary ammonium compounds are
defined as molecules that include a cationic
nitrogen atom covalently bound to four alkyl or aryl
functional groups. Quaternary ammonium

compounds are potent antimicrobials; they are
colorless, unscented, flavorless, stable, easily
diluted and non-toxic to tissue'. These
compounds disrupt cell membranes and denature
proteins and are effective against vegetative
bacterial cells, protozoa, fungi, and enveloped
viruses'. They are far less effective against
spores and non-enveloped viruses'.

Quaternary ammonium compounds cause a
dissociation of membrane phosphlipid bilayers,
directly affecting membrane permeability and
resulting in leakage of cellular contents™. In
addition, many enzymes involved with respiratory
and metabolic cellular processes are denatured by
quaternary ammonium compounds. Cationic
quaternary ammonium compounds disrupt critical
intermolecular protein interactions causing loss of
tertiary structure.

Despite the routine use of some quaternary
ammonium compounds as disinfectants, relatively
little information is known about L-carnitine’s
antimicrobial properties. One report noted that L-
carnitine has antimicrobial activity against an array
of Gram-positive and Gram-negative bacteria'”.
Another study found that a broad variety of
modified L-carnitine esters had antimicrobial

activity against the Gram-positive species
Staphylococcus aureus and  Enterococcus
faecalis, and the Gram-negative species

Escherichia coli and Proteus vulgaris'. In another
study, acetyl-L-carnitine (ALC), a derivative of L-
carnitine, was administered to patients with active
pulmonary tuberculosis'®. The study reported no
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decline in pulmonary tubercles over a thirty day period
when compared to a placebo group. Salmonella, a
bacterial genus within family Enterobacteriaceae, is
comprised of Gram-negative, rod-shaped, motile,
facultative anaerobes that produce H,S and do not
ferment lactose?®. Salmonellae live in the intestinal
tracts of warm and cold blooded animals. Some
species, including Salmonella enterica serovar
Typhimurium (Salmonella Typhimurium), cause an acute
gastrointestinal illness called salmonellosis. In recent
years, problems connected to Salmonella have amplified
considerably, both in incidence and severity of disease.
Moreover, there has been an increased rate of antibiotic-
resistant Salmonella infections in the United States?,
including outbreaks of multidrug resistant (MDR)
Salmonella Typhimurium?'. In this study, we focus on
the antibacterial properties of L-carnitine against
Salmonella Typhimurium.

Materials and Methods
Culture conditions: Salmonella Typhimurium cultures

were maintained in autoclave-sterilized nutrient broth
(Difco) at 37°C with agitation (sub-cultured every 24

hours).  Overnight cultures (37°C, 24 hours, with
agitation) were used as inocula for the following
experiments.

L-Carnitine stock solutions: Stock solutions containing
100 mg/mL (10% [w/v]) L-carnitine were prepared by
adding 5 g of L-carnitine to 45 ml of de-ionized water. L-
Carnitine was put into solution by gentle warming on a
stir plate. The solution was sterilized by vacuum
filtration through a 0.22 ym pore size membrane filter
(Millipore).

Minimum inhibitory concentration (MIC): Inocula
were prepared by adding an overnight culture of
Salmonella Typhimurium (37°C, 24 hrs, with agitation) to
fresh nutrient broth to a final cell density of 10* cfu/mL.
One hundred pL of inoculated nutrient broth was added
to the wells of a 96-well plate (Thermo Scientific). Two-
fold serial dilutions of L-carnitine were made by adding
100 pL of the sterile 100 mg/mL aqueous L-carnitine
solution to the first well of each inoculated row on the 96
-well plate (final concentration = 50 mg/mL) and serially
transferring 100 yL down the 14 cell row. The final
dilution contained 0.0061 mg/mL of L-carnitine. To
discount osmotic inhibition by L-carnitine at higher
concentrations, MIC experiments were repeated using
the amino acid glycine as a control. A negative control
containing only inoculated nutrient broth was also
performed. The 96-well plates were incubated at 37°C
for 24 hrs and growth was assessed via optical density
measurements using a microplate reader (595 nm
wavelength) (Bio Rad).

Bactericidal curves: A washed cell inoculum was
created by adding an overnight culture of Salmonella
Typhimurium (37°C, 24 hrs, with agitation) to 250 mL of
fresh nutrient broth and the culture was incubated at 37°
C for 150 minutes with agitation. Ten mL of the culture
was added to sterile 15-mL conical centrifuge tubes
(Falcon) and the tubes were centrifuged at 4,100 rpm for
10 minutes at 4°C. Cell pellets were washed with 10 mL
of sterile phosphate buffered saline (PBS), re-
centrifuged (4,100 rpm, 4°C, 10 minutes) and re-
suspended in PBS to a final cell density of 10° cfu/mL.
Sterile aqueous L-carnitine was added to the PBS cell
suspensions at 1.625 mg/mL (half the determined MIC
for L-carnitine against Salmonella Typhimurium [see
results]), 3.125 mg/mL (MIC), and 6.25 mg/mL (double
the MIC). A negative control containing Salmonella
Typhimurium with no L-carnitine was also prepared.
Tubes were incubated at 37°C with agitation and optical
density (595 nm wavelength) and viable cell counts were
determined every 30 minutes for 120 minutes. In
addition, the optical density and viable cell count was
determined after 18 hours at 37°C with agitation.

Statistical analyses: All experimental determinations
were performed in triplicate. If the coefficient of variation
was < 10% and the difference among treatment means
was large, statistics were not reported.

Results

Minimum inhibitory concentration (MIC): The MIC for
L-carnitine against Salmonella Typhimurium was
determined to be 3.125 mg/mL. The MIC was also
determined using glycine as a control to rule out osmotic
inhibition as the mechanism of action for L-carnitine
inhibition. The MIC for glycine was determined to be 25
mg/mL. Negative controls showed no inhibition at any
point.

Bactericidal curves: All L-carnitine treatments
displayed an immediate bactericidal effect when added
to Salmonella Typhimurium cells in PBS (Figure 1).
Indeed, cell densities dropped approximately 10-fold
within 5 minutes for all three concentrations tested. At
the MIC (3.125 mg/mL) and half the MIC (1.525 mg/mL),
cell density dropped approximately two orders of
magnitude within 60 minutes and remained steady. At
double the MIC (6.25 mg/mL) there was a 1,000,000-fold
reduction in viable cell count after 30 minutes, with cell
densities dropping from 10° cfu/mL to 451 cfu/mL.
Viable cell count did not decline appreciably between 30
and 120 minutes.
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Fig. 1. Kill curves for 0 mg/mL (o), 1.625 mg/mL (A), 3.125 mg/mL (m) and 6.25 mg/mL (#) of L-carnitine against Salmonella
Typhimurium. All experiments were conducted in triplicate and the coefficient of variation for each treatment never exceeded 5%.

Discussion

This work demonstrates that L-carnitine has
antimicrobial effects against Salmonella
Typhimurium. The MIC for L-carnitine against
Salmonella Typhimurium was determined to be
3.125 mg/mL. To discount osmotic effects, an MIC
was also determined using the simple amino acid
glycine. The MIC for glycine against Salmonella
Typhimurium was found to be 25 mg/mL (2.5% [w/
v]), which is almost an order of magnitude higher
than the MIC observed for L-carnitine. This
suggests that inhibition of Salmonella Typhimurium
by L-carnitine is not simply a result of hypertonicity.

A kill curve demonstrated the bactericidal effect
of L-carnitine against 10° cfu/mL of Salmonella
Typhimurium (Figure 1). The results clearly show
that 6.25 mg/mL (double the MIC) had the greatest
bactericidal effect over the course of the 120 minute
incubation. Treatment with the MIC concentration
(3.125 mg/mL) and half the MIC (1.525 mg/mL) also
displayed inhibitory properties, but caused a viable
cell reduction that was 5 orders of magnitude less
lethal than double MIC. These results show that L-
carnitine inhibits Salmonella Typhimurium in a dose-
dependent manner.

The chemical structure of L-carnitine differs
somewhat from other quaternary ammonium
compounds. Unlike most quaternary ammonium
compounds, including those that are currently
employed as disinfectants, L-carnitine contains
functional groups that increase its overall
hydrophilicity (Figure 2). Despite slight differences
in structure, it can be supposed that L-carnitine’s
antimicrobial properties result from the same

general mechanism of action as related compounds
(i.e. disruption of membrane and protein structures).

There is an urgent need for novel antimicrobial
agents. The data presented in this paper strongly
suggests that L-carnitine has potential as an
effective antimicrobial against Salmonella

L-carnitine Acetyl-L-carnitine

OH O 0
N/
N >—
~ (@] \ / 0 0
+
- N \/I\)J\ 0 -
Benzalkonium chloride

4
N

cl Cetylpyridinium chloride

|
s

Fig. 2. Structures of L-carnitine, acetyl-L-carnitine and the com-
benzalkonium chloride and
cetylparadinium chloride. The R of benzalkonium chloride repre-

mercial disinfectants/antiseptics

sents an 8, 10, 12, 14, 16 or 18 carbon alkyl group.

Typhimurium. Because L-carnitine is already used
as a food additive, it could conceivably be utilized to
improve food safety.

To our knowledge, this is the first study that has
systematically assessed the bactericidal activity of L
-carnitine against the gastrointestinal pathogen
Salmonella Typhimurium.  Future research will
include determination of the mechanism of inhibition,
as well as synergistic effects with other antimicrobial
compounds and environmental conditions.
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The Ability of PAS, Acetylsalicylic Acid and Calcium Disodium EDTA to Protect Against the Toxic
Effects of Manganese on Mitochondrial Respiration in Gill of Crassostrea virginica

by

Sherine Crawford, Kiyya Davis, Claudette Saddler, Jevaun Joseph',
Edward J. Catapane and Margaret A. Carroll

Department of Biology, Medgar Evers College, Brooklyn, NY
'Department of Biological Sciences, Kingsborough Community College, Brooklyn, NY

Abstract

Manganese (Mn) is an essential metal that at excessive levels in brain causes Manganism, a
condition similar to Parkinson's disease. Previously we showed that Mn had a neurotoxic effect on the
dopaminergic, but not serotonergic, innervation of the lateral ciliated cells in the gill of the Eastern
Oyster, Crassostrea virginica. While the mechanism of action of Mn toxicity is not completely
understood, studies suggest that Mn toxicity may involve mitochondrial damage and resulting neural
dysfunction in the brain's dopaminergic system. In this study we utilized micro-batch chambers and
oxygen probes to measure oyster gill mitochondrial respiration in the presence of Mn and potential Mn
blockers. The addition of Mn to respiring mitochondria caused a dose dependent decrease in
mitochondrial O, consumption. Pretreating mitochondria with calcium disodium EDTA (caEDTA), p
aminosalicylic acid (PAS) or acetylsalicylic acid (ASA) before Mn additions, provided full protection
against the toxic effects of Mn. While mitochondrial pretreatment with any of the 3 drugs effectively
blocked Mn toxicity, none of the drugs tested was able to reverse the decrease in mitochondrial O,
consumption seen in Mn treated mitochondria. The study found that high levels of Mn had a toxic effect
on gill mitochondrial O, consumption and that this effect could be blocked by the drugs caEDTA, PAS
and ASA. C. virginica continues to be a good model with which to investigate the mechanism that
underlies manganese neurotoxcity and in the pharmacological study of drugs to treat or prevent
Manganism.

Introduction to manganese may be a contributing factor in a
variety of neurological conditions including the

Manganese is an element present in all animal high numbers of people diagnosed with

tissues and required as an enzyme cofactor or
activator for numerous reactions of metabolism’.
While essential in trace amounts, excessive
manganese exposure can result in toxic
accumulations in human brain tissue and resulting
extrapyramidal symptoms similar to those seen in
patients with Idiopathic Parkinson s disease®®.
This Parkinson-like neurological condition first
described in 1837 in two manganese ore-crushing
mill workers® has been referred to as Manganism”
'% " Inhalation of manganese from the atmosphere
is believed to be the primary cause of manganese
toxicity''. In addition to mining and manganese
ore processing, high levels of airborne manganese
are possible in a number of other occupational
settings, including  welding, dry battery
manufacture, and use of certain organochemical
fungicides like Maneb''.  More recently,
questions are being asked about the safety of
ambient manganese in the general population and
there is a growing concern that chronic low-level
occupational or increased environmental exposure

Parkinson’s disease in the United States and
elsewhere®'"?%,

Although manganese toxicity has been
recognized for some time the primary mechanism
underlying its neurotoxic effects remains elusive.
Clinically, Manganism resembles Idiopathic
Parkinson’s disease, a dopaminergic cell disorder.
Symptoms common to both disorders include gait
imbalance, rigidity, tremors and bradykinesia7’2 2
suggesting a similar etiology of neuronal damage
in the substantia nigra with a resulting deficiency
of the neurotransmitter dopamine for the striatum.
However, compared to Parkinson’s, there are
some differentiating features seen  with
Manganism including symmetry of effects, more
prominent dystonia, a characteristic cock walk,
an intention rather than resting tremor, earlier
behavioral and cognitive dysfunction, difficult
turning, and a poor response to Levodopa®'®%"%-
% suggesting different or more extensive damage
in the basal ganglia or to the dopaminergic
system. Human and animal studies have shown
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that toxic exposure to manganese results in metal
accumulations in various areas of the basal
ganglia and dysfunction of cells of both the
striatum and the globus pallidus®'*®. Manganese
selectively targets dopaminergic neurons in the

human basal ganglia’®® and decreases
dopamine levels in the  striatum®*®.
Considering the clinical similarities between

Manganism and Parkinson’s Disease, and the fact
that manganese accumulates in brain regions rich
in dopaminergic neurons, it has long been
suggested that manganese neurotoxicity involves
?3 disruption in dopaminergic neurotransmission*"

While the cellular and molecular mechanism
of manganese toxicity remains unclear, evidence

suggest that exposure to manganese or
manganese containing compounds induces
oxidative stress-mediated dopaminergic cell

death®*® which is in agreement with current
theories on oxidative stress as a mediator of
neuronal death in Parkinson’s disease and other
neurodegenerative diseases*'. When in excess,
manganese has been shown to raise levels of
reactive oxygen species®* .

Dopamine, serotonin and other biogenic
amines are present in the nervous tissue and qill
of the Eastern Oyster, Crassostrea. virginica™®.
The nervous system innervation of the lateral
ciliated cells in the gill of C. virginica is composed
of a cilio-excitatory serotonergic system and a
cilio-inhibitory dopaminergic system®’. C. virginica
are sedimentary animals known to accumulate
metals in their tissues from waters where they
reside. The Environmental Protection Agency
(EPA) lists them as test animals for studying
marine pollutants. Since C. virginica provides a
relatively simple system with a
serotonergic-dopaminergic innervation component
that directs an observable and measurable
physiological response, this system can be useful
in investigating the mechanisms that underlie both
manganese neurotoxicity and other dopaminergic
cell disorders.

Previously we showed that manganese had a
neurotoxic effect on the dopaminergic, but not
serotonergic, innervation of the lateral ciliated cells
in the gill of C. virginica and that C. virginica
treated with manganese also had lowered
endogenous dopamine levels in the gill, cerebral
ganglia and visceral ganglia®®*°®**. We showed
that the loss of endogenous dopamine could be
prevented by co-treating the animals with PAS
(p-aminosalycilic acid)®, a drug that has recently
been shown as a successful therapeutic agent for

Manganism®, but the mechanism of PAS action is
unclear. In other experiments, adding PAS or the
metal chelator EDTA to oyster gill blocked the
neurotoxic effects of manganese on the
dopaminergic innervation of the gill lateral ciliated
cells®®.

The present study sought to investigate the
effects of manganese on gill mitochondrial
respiration. Preliminary work in our lab suggested
that manganese reduced gill mitochondrial
respiration in C. virginica. We also sought to test
potential drugs such as EDTA, PAS and ASA
(acetylsalicylic acid ) to determine if they would
have a blocking effect on manganese toxicity on
mitochondrial respiration.

Materials and Methods

Adult oysters C. virginica of approximately 80
mm shell length were obtained from Frank M.
Flower & Sons oyster farm in Oyster Bay, NY.
Animals were transported on ice to Medgar Evers
College within 2 hours of collection and placed in
recirculating aquaria with artificial seawater
(Instant Ocean , Aquarium Systems Inc., Mentor,
OH) at 16-18°C, specific gravity of 1.024 + 0.001
and pH of 7.8 = 0.2. Animals were used in the
experiments within one week of arriving in the lab.
Each animal was tested for health prior to
experimentation by the resistance it offered to
being opened. Animals that fully closed in
response to tactile stimulation and required at
least moderate hand pressure to being opened
were used for the experiments.

PAS and ASA were obtained from Sigma-
Aldrich, St. Louis, MO. All other chemicals were
obtained from Fisher Scientific, Pittsburgh, PA.
Mitochondria were isolated from oyster gills. The
isolation buffer consisted of 540 mM glycine, 250
mM sucrose, 2 mM EDTA, 20 mM Tris-HCI, pH
7.4, and 0.2% bovine serum albumin (BSA,
essentially fatty acid free). For each experimental
trial, the gills from one animal were removed,
blotted dry, weighed and placed in 10 ml of ice
cold isolation medium. The tissue was
homogenized with five passes of a Potter-
Elvehjem homogenizer equipped with a loosely
fitting Teflon pestle. The homogenate was
centrifuged at 4°C for 10 min at 600 X g in a
Sorval RC5B centrifuge to remove the nuclear
pellet. The supernatant was centrifuged at 4°C for
20 min at 10,000 X g to pellet the mitochondria.
The resulting mitochondrial pellet was washed
twice with ice-cold EDTA-free isolation buffer to
minimize binding by the chelator and resuspended
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in 2 ml of ice cold EDTA-free isolation buffer.
Oxygen uptake by mitochondria was measured in a
Micro-Biological Oxygen Monitor with a 600 pl micro
-batch chamber (YSI, Yellow Springs, OH).
Continuous data acquisition was made using a DI-
700 Data Acquisition System (DATAQ Instruments,
Inc., Akron, OH). Temperature in the mitochondrial
respiration chamber was maintained constant at 20°
C using a Haake water circulator. The microbatch
chamber was filled with respiratory buffer (0.25
succinate, 0.05 mM ADP, 5 mM MgCl;, 10 mM
K;HPO,4, 540 mM glycine, 250 mM sucrose, 20 mM
Tris-HCI, pH 7.4, 0.2% BSA) and allowed to
equilibrate. After the baseline was stable for 5
minutes an aliquot (100 pl) of isolation medium
containing mitochondria was added to the chamber
and basal mitochondrial respiratory rates (state 3)
were measured. After 10 minutes, aliquots (20 ul)
of Mn, caEDTA, PAS or ASA were added to the
chamber to determine their effects on respiratory
rates. N ranged from 5-22 and statistical analyses
were determined by ANOVA with Tukey post test.

Results

The basal oxygen utilization rate for isolated
mitochondria from 22 gill samples was 6.18 + 0.65
MLOo/hr/gm. Figure 1 illustrates results of a typical
run. The baseline is the equilibration period without
mitochondria. The steady downward slope after
mitochondrial addition demonstrates oxygen
consumption of respiring (state 3) mitochondria.
Adding manganese (1 mM) decreased the
magnitude of the slope as a result of a decreased
oxygen consumption. Figure 2 shows that
manganese causes a dose dependant decrease in
mitochondrial O, consumption. Adding up to 1 mM
manganese caused a 60% drop in mitochondrial
oxygen consumption. Higher doses resulted in
greater decreases.

Figures 3a, 4a and 5a show the effects of
adding 1 mM of PAS, ASA and caEDTA ,
respectively, to the microbatch chambers prior to 1
mM manganese additions. None of the drugs had
significant effects of their own on basal
mitochondrial oxygen consumption. However, each
drug fully blocked the toxic effects of manganese on
mitochondrial oxygen consumption under the
conditions of the experiments. Each of the figures
show that when the drug was added prior to
manganese there was no significance difference
between basal and manganese  treated
mitochondria.
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Fig. 1. Mitochondrial oxygen consumption using a

Yellowsprings 5300 Biological Oxygen Monitor. Baseline = the
equalization before addition of mitochondria.
100% saturation = 6.51 pyL 0,/ ml at 20°C.

Mitochondrial 0, Consumption
Effects of Manganese

n=22

___ n=11

-
H 2] =] [=
e 2 2 9

%QOZ(pLIgIhr) + sem
N
o
1

0-H=
& o & & & o
ST

ARSI

Fig. 2. Mitochondrial oxygen consumption in the
presence of manganese compared to control.
Statistical analysis was determined by ANOVA with
Tukey post test, p<0.01 for each treatment compared
to control.
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Fig. 3a. Effects of PAS on mitochondrial oxygen
consumption when applied before manganese.
Statistical analysis was determined by ANOVA with Tukey
post test, n = 6.
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Fig. 4a. Effects of ASA on mitochondrial oxygen
consumption when applied prior to manganese.
Statistical analysis was determined by ANOVA with
Tukey post test, n = 5.
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Fig. 3b. Effects of PAS on mitochondrial oxygen
consumption when applied after manganese. Statistical
analysis was determined by ANOVA with Tukey post

test, n =10, ?p<0.01 compared to basal.
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Fig. 4b. Effects of ASA on mitochondrial oxygen
consumption when applied after manganese.
Statistical analysis was determined by ANOVA with

Tukey post test, n = 14, p<0.01 compared to basal.
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Figures 3b, 4b and 5b show the effects of
adding 1 mM of PAS, ASA and caEDTA,
respectively, to the microbatch chambers after 1
mM manganese additions. PAS (Fig. 3b) and
ASA (Fig. 4b) were ineffective in reversing the
toxic effects of manganese when added after
manganese. The manganese-induced drop in
mitochondrial oxygen consumption continued to
decrease despite the additions of PAS or ASA.
When caEDTA was added after manganese (Fig.
5b), it did not reverse the toxic effects of
manganese, but in contrast to PAS and ASA,
caEDTA did prevent any further drop in oxygen
consumption.
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Fig. 5a. Effects of EDTA on mitochondrial oxygen
consumption when applied after manganese.
Statistical analysis was determined by ANOVA with
Tukey post test,n =7.
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Fig. 5b. Effects of EDTA on mitochondrial oxygen

consumption when applied after manganese. Statistical
analysis was determined by ANOVA with Tukey post test,

n =6, °p<0.01 compared to basal.

Discussion

Manganese is a trace element in animal
systems required for normal carbohydrate, lipid,
amino acid and protein metabolism, as well as a
required cofactor for various antioxidant enzymes
such as mitochondrial superoxide dismutase®®’,
however high levels can cause the
neurodegenerative disorder known as
Manganism®>. While the cellular and molecular
mechanism of manganese toxicity remains
unclear, several lines of evidence suggest that
exposure to manganese or manganese-containing
compounds induces oxidative stress-mediated
dopaminergic cell death*®®*®® which is in
agreement with current theories on oxidative
stress as a mediator of neuronal death in
Parkinson’s disease and other neurodegenerative
diseases®®%*%’.

Dopaminergic neurons and dopamine-rich
areas of the brain are particularly vulnerable to
oxidative stress, because the enzymatic and
non-enzymatic metabolism of dopamine can
generate reactive oxygen species and various
neurotoxic catecholamine metabolites such as
6-hydroxydopamine®® 7" Oxidative stress is also
suspected of being a factor in
1-methyl-4-phenyl-1,2,3,6-tetrahyrdopyridine
(MPTP)-induced Parkinson’s disease because
transgenic mice who overexpressed copper/zinc
superoxide dismutase were protected from the
dopaminergic neuronal degeneration caused by
MPTP exposure”.

Previous work of our lab showed that
manganese reduced dopamine levels in the
ganglia and innervated tissues of C. virginica and
disrupted the dopamine innervation of the lateral
gill cilia®®*®. We now show that manganese has a
deleterious effect on O, utilization in gill
mitochondria of C. virginica.

This study also provides evidence of the
protective actions of three drugs, PAS, ASA and
caEDTA, as potential manganese blockers with
respect to mitochondrial respiration. EDTA is a
well known metal chelator and caEDTA has been
used in chelation therapy of various metal
poisoning conditions, including mercury and
lead’”>. PAS and ASA are structurally related
chemicals with anti-inflammatory properties. Jiang
et al. speculated that the mechanism of action of
PAS in alleviating Manganism may be due to its
anti-inflammatory ability or its ability to chelate
manganese®. ASA is known to chelate iron™,
and may have manganese chelating abilities as
well. As seen in this study, both PAS and ASA
effectively blocked the toxic effects on manganese
when applied prior to manganese, but neither

Fall 2011 In Vivo, Vol 33(1): page 11



prevented further toxic effects of manganese on
mitochondrial oxygen consumption when applied
after manganese. Only caEDTA was able to
prevent further toxicity when applied after
manganese.

The present study demonstrates that C.
virginica can be wused to investigate the
mechanism that underlies manganese
neurotoxcity, and may also serve as a model in
the pharmacological study of drugs to treat or
prevent Manganism and perhaps other
dopaminergic cell disorders. The toxic effects of
manganese on oyster mitochondria and the
protection by PAS, ASA and caEDTA may be of
significance in understanding the mechanism of
actions of manganese in causing Manganism and
possible therapeutic treatments.
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CALL FOR NOMINATIONS

The terms of office for the following positions will be up
for reelection to serve on the
Year 2011-2012 Executive Board

Vice-President
Treasurer
Recording Secretary
Members-at-Large, 2 positions

The duties of these officers will involve attending all Executive Board meetings in addition
to specific duties as described below:

The Vice President will establish and serve as chairperson of the Advisory Council. In the
event the President is no longer able to serve, the Vice President will automatically succeed
to the presidency for the remainder of the term.

The Treasurer of the Association is responsible for the preparation of an annual fiscal
report, processing of dues, preparing regular financial reports for the Executive Board
meetings, income tax reports, and other duties usually pertaining to this office.

The Recording Secretary shall record Board Members who are present, absent, or excused
from Executive Board meetings and shall distribute the minutes of the Executive Board
meetings, the annual business meeting, and any other officially sanctioned meetings as
advised by the Executive Board. The Recording Secretary is responsible for Election
Committee duties as stated in Article VIII - of these Bylaws.

The Members-at Large shall chair committees (Articulation, Exhibition, etc.) and handle
other assignments as directed by the Executive Board.

Normally, each candidate for Vice-President, Recording Secretary and Treasurer should
have been a Member-at- Large for at least one term and each candidate for Member-at-Large
should have attended at least one Annual Conference.

DEADLINE FOR NOMINATIONS is October 15, 2011

If you are interested in running for office (or wish to nominate anyone else), please send a letter of
nomination to:

Dr. Margaret A. Carroll
Biology Department
Medgar Evers College
1638 Bedford Ave
Brooklyn, NY 11225
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Metropolitan Association of College
and University Biologists

Benjamin Cummings/MACUB
2012 Student Research Grants

Purpose

To provide investigative research support for undergraduate students working under
the supervision of faculty who are current members of MACUB. Awards Applications
will be evaluated and awards granted based on the scientific merit and overall quality
of the proposed research experience.

1.
2.

Four grants of $500 each will be awarded annually (provided by BC).
Complimentary registration for the annual fall conference of MACUB and
membership in MACUB for student research grant awardees (provided by MACUB).

Eligibility

1.

2.

3.

Only undergraduate students working under the supervision of faculty who is a
current member of MACUB may apply.

Undergraduates who are graduating seniors must plan to complete their
research prior to graduation.

A student is only eligible to receive one award.

Requirements

1.

2.

Student research grants may be used to support scientific investigation in any
field of biology.

Funding may be used to purchase equipment or supplies required for the proposed
project, and/or travel to and from a research location.

Grant winners are required to present the results of research supported by this
award at the MACUB annual fall conference following the year of the award.
Institutional support is required. This may include research supplies, travel
expenses, in-kind matches, and other forms of support.

All application materials must be submitted on-line at http//www.macub.org by
February 28, 2012 and all applicants will receive notification of award status by
March 15, 2012.
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You are invited to participate in the
44th Annual Fall MACUB Conference

Register on line at the MACUB Website (www.macub.org)
or by mail by completing the registration form on page 18

Member Presentations

Members wishing to make a 2011 Member Presentation
(20 min) to discuss the results of research or share
ideas, should contact

Dr. Carolyn S. Bentivegna
at Caroyn.Bentivegna@shu.edu or 973-761-9044

Student Poster Presentations

Students wishing to give a 2011 Poster Presentation
should submit their abstracts (300 word limit) on-line at
the MACUB web site (www.macub.org)

If you have any questions contact Poster Co-Chairs

Dr. Edward Tall
Edward.Tall@shu.edu or 973-275-2069

or

Dr. Gerald Ruscingno
Gerald.Ruscingno@shu.edu or 973-761-9044
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Student Membership
We encourage your students to become Associate Members in MACUB. Many of them will go on to graduate and
professional schools. Their membership, participation and attendance at conferences such as these can enhance the
experiences they include on their applications and discuss during interviews.

2011 MACUB Conference Registration Form
44th Annual MACUB Conference at Seton Hall University

Saturday, October 29, 2011

Registrations should be returned no later than October 19, 2011. Registration on the day of the
conference will be $55. A separate form must be completed by each person attending the
conference. Please photo copy this form for each additional registrant.

QDr. QRegular Member QStudent Member"
QProf. QFull-Time Faculty OMember’s Spouse/Guest
QMr. OAdjunct Faculty
OMs.
a
* Name: * School Phone:
* Department: * Fax:
* School: * E-Mail:

* Address:

*The above information may appear in a Directory of Members unless you indicate otherwise.
Home Address: | prefer MACUB mailings
to be sent to my:

Q College Q Home'

Home Phone: Student and adjunct mailings will
normally be sent to your home address.

Early Bird In Advance On-Site .
by 9/19 bv 10/19 10/29 Includes 2012 Membership
by 9/19 by 19/19 _ dues, conference registration,
URegular Member $45 $50 $55 continental breakfast and
luncheon.
. Includes 2012 Associate
UStudent As_somate $35 $35 $40 Membership dues, conference
Membership registration, continental
breakfast and luncheon.
Includes conference
OMember’s Spouse/Guest $35 $35 $40 registration, continental

breakfast and luncheon.

QI will not be attending the Conference but enclosed is my 2011 membership dues.
ORegular Member $20 QStudent Member $20

Return this registration form by October 19, 2011
Please make checks payable to: MACUB
Send registration form and check to:

Dr. Paul Russo

Division of Natural Sciences & Mathematics
Bloomfield College

467 Franklin Street

Bloomfield, NJ. 07003

Conference registration fees are refundable upon written notification by October 19, 2011.
The membership fee ($20 for regular members and $10 for student members) will be
deducted. No refunds will be given postmarked after October 19, 2011.



The Metropolitan Association of College and
University Biologists thanks the following
Affiliate Members for their support:

AD Instruments
Anatomy in Clay Systems
BioPac Systems
Cengage Learning
Heyden McNeil Publishing
I. Miller Microscopes
John Wiley & Sons
McGraw Hill Publishing
Micro-Optics Precision Instruments
Pasco Scientific
Pearson Education
W. H. Freeman and Company

Please make every effort to support these affiliate members. Their participation

help us to keep the registration fees at a reasonable price.

Save the Date

Saturday, October 29, 2011

The 44" Annual MACUB Conference
at
Seton Hall University
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