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�Phoca�hispida�(ringed
seal)
claws
contain
up
to
seven
visible
annular
growth
rings
(annuli)
that
reflect
a

longer
timeline
of
contaminant
exposure
compared
to
visceral
tissue.
This
study
assessed
the
potential
of
ana1
lyzing
sections
of
Phoca�hispida
 claws
 (n=12)
 to
determine
 total
mercury
body
burden
 in
 relation
 to
muscle

tissue.
Mercury
concentrations
in
the
claws
and
muscle
tissue
were
analyzed
using
cold
vapor
atomic
absorp1
tion
spectrometry
 (CVAAS).
Stable
 isotopes
of
nitrogen
(

15
N/

14
N)
were
determined
using
continuous
 flow
 ion


mass
spectroscopy
 (CFIR1MS).
Positive
 linear
 relationships
were
detected
between
 log10[Hg]
 in
 the
base
of

the
claws
versus
δ

15
N
values
in
muscle
tissue;
and
δ

15
N
values
in
the
base
of
the
claws
versus
log10[Hg]
in
the


muscle
tissue.
This
study
confirmed
the
use
of
claws
as
a
tool
in
communicating
overall
mercury
body
burden

in
Phoca�hispida.

___________________________________________________________________
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Phoca�hispida
 (ringed
seal)
 is
 the
most
abundant
seal
species
 in
 the
Canadian
Arctic.
 Its
niche
 in
 the

food
web
comprises
of
eating
invertebrates
such
as
Themisto�libellula
(amphipods),
Mysidacea
(mysids)
and

small
 fish
such
as
Boreogadus�saida
 (arctic
cod),
Ammodytes�hexaptera
 (sand1lance),
and
Mallotus�villosus

(capelin)
while
serving
as
prey
to
Ursus�mamitus
(polar
bear)
and
local
Inuit.
Mercury
is
a
heavy
metal
neuro1
toxin
that
is
released
into
the
atmosphere
by
primarily
anthropogenic
sources
(coal
burning,
industrial
waste).

The
contaminant
is
deposited
in
the
Arctic
and
circulated
through
the
food
web.
Biomagni1fication
is
a
process

in
which
contaminants
such
as
mercury
travel
up
the
food
chain
while
increasing
in
concentration.



Exclusive
stable
isotope
ratios
are
produced
by
autotrophs
during
the
process
of
photosynthesis.
Meas1
ure1ments
of
stable
isotopes
of
nitrogen
(

15
N/

14
N)
can
be
traced
to
determine
the
components
of
specific
Arctic


food
chains
and
have
been
recently
developed
to
assess
rates
of
contaminant
biomagnification
with
respect
to

trophic
level
in
Arctic
organisms
(Atwell
et
al.,
1998;
Campbell
et
al.,
2005;
Kelly,
2000).
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Phoca�hispida
claws
contain
annuli
(visible
annular
growth
rings)
that
researchers
have
used
to
estimate

an
animal’s
age
 in
 the
 field
as
a
supplement
 to
 teeth
aging.
Researchers
have
analyzed
 the
entire
claw
 for

mercury
(Freeman
et
al.,
1973)
but
no
previous
studies
have
examined
individual
sections
within
the
annuli
for

mercury.
This
study
assessed
the
potential
of
analyzing
annular
sections
of
Phoca�hispida
claws
to
determine

total
mercury
body
burden
in
relation
to
muscle
tissue.

�
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3.1.�Sample�Collection




Local
hunters
harvested
tissue
and
claw
samples
in
fall
of
2006.
Sample
sites
included
Arviat
(n=7),
a

community
on
 the
East
Coast
of
Hudson
Bay
and
Sanikiluaq,
 (n=5),
a
community
 in
 the
Belcher
 Islands
 in

Western
Hudson
Bay.
The
Freshwater
Institute
Animal
Care
Committee
approved
sample
collection
protocol

(FWI
Animal
Care
Committee,
2006).
All
samples
were
harvested
for
studies
conducted
by
other
researchers

affiliated
with
the
Department
of
Fisheries
and
Oceans.

�
3.2.�Sample�Preparation�and�Analysis:�CVAAS�



Claws
were
boiled
 to
 remove
excess
skin
and
 to
 loosen
 the
nail
bone,
which
was
extracted
manually

using
 pliers.
 Claws
 were
 sectioned
 lengthwise
 using
 a
 wet
 saw.
 Individual
 claw
 sections
 were
 cut
 with
 a

dremel
along
the
annuli
and
weighed.
Samples
were
digested
in
aqua
regia
(3HCl:
1HNO3)
for
two
hours
at

90

o
C.
 Cold
 Vapour
 Atomic
 Absorption
 Spectrometry
 (CVAAS)
 was
 conducted
 to
 determine
 total
 mercury


(THg)
concentration.
CVAAS
apparatus
consists
of
an
autoinjector
(Pulse
Instrumentation),
a
peristaltic
pump

(Ismatec),
 a
 mercury
 monitor
 3200
 (Thermo1Separation
 Products),
 and
 a
 ChromJet
 Integrator
 (Thermo1
Separation
Products).



3.3.�Sample�Preparation�and�Analysis:�CFIR+MS�



Methodology
 for
 sample
 preparation
was
 adapted
 from
Folch
 et
 al.
 (1957).
Claw
and
muscle
 tissues

were
 freeze1dried
and
powdered
upon
sub1sampling.
Sub1samples
were
 then
 treated
with
a
2:1
chloroform:

methanol
 solution
 to
 extract
 lipids,
 dried,
 then
 shipped
 to
 the
 University
 of
 Winnipeg
 Isotope
 Laboratory

(UWIL)
 for
analysis.
Stable
 isotope
 analysis
was
conducted
using
continuous
 flow
 ion
 ratio
mass
spectros1
copy
 (CFIR1MS).
Data
 from
CFIR1MS
 is
expressed
 in
delta
values
 (δ)
 in
units
of
parts
per
 thousand
differ1
ences
 (‰).
Stable
 isotope
 ratios
were
calculated
with
 respect
 to
an
 international
 standard
according
 to
 the

formula:




δX=
[(Rsample/Rstandard)11]
X
1000



where
δX
is
δ

15
N
and
R
is
defined
as
the
nitrogen
(

15
N/

14
N)
ratio.


�
60�
�(1!#(�
�

Total
Hg
in
the
claws
ranged
from
0.4413.49Rg/g
in
the
tip
(mean=
1.47Rg/g),
0.4918.92Rg/g
in
the
base

(mean=3.89Rg/g)
and
0.44112.54Rg/g





in
 the
 entire
 claw
 (mean=2.48Rg/g).
 Linear
 regressions
 confirmed
 a
 relationship
 between
 claw
 base


section
 log10[Hg]
 versus
 muscle
 tissue
 log10[Hg]
 (r=0.8005,
 p=0.0018).
 δ
15
N
 values
 ranged
 from
 12.551

14.82‰
 in
muscle
 tissue
 (mean=14.10‰).
 Log10[Hg]
 in
 the
 base
 of
 the
 claws
 versus
 log10[δ
15
N]
 values
 in


muscle
showed
a
significant
positive
cor1relation
(r=0.7569,
p=0.0044)
as
well
as
muscle
tissue
log10[Hg]
ver1
sus
log10[δ

15
N]
values
in
the
claw
base
section
(r=0.7056,
p=0.0099).









Figure�1.
Log10[Hg]
in
the
muscle
tissue
versus
Log10[Hg]
in
the
base
section
of
claws
(p<0.002)
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Figure�2.
Log10[Hg]
in
the
muscle
tissue
versus
log10[δ

15
N]
values
in
the
base
section
of
claws
(p<0.01).









Figure�3.
Log10[δ

15
N]
values
in
muscle
tissue
versus
log10[Hg]
values
in
the
base
section
of
claws
(p<0.01).
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δ
15
N
enrichment
occurs
through
the
process
of
biomagnification.

These
δ

15
N
values
in
muscle
tissue


of
Phoca�hispida
represent
recent
contaminant
exposure.
This
study
found
significant
positive
relationships

between
δ

15
N
values
and
THg
 (total
mercury)
 in
 the
 base
of
 the
claw
versus
THg
and
δ

15
N
values
 in
 the


muscle
tissue
where
base
represents
growth
within
the
current
year.
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This
 study
 confirmed
 the
 use
 of
 claws
 as
 a
 tool
 in
 communicating
 overall
 mercury
 body
 burden
 in

Phoca�hispida.
Claws
have
the
potential
to
reveal
previous
contaminant
exposure
through
analysis
of
annu1
lar
sections
therefore
assessing
feeding
ecology
over
a
longer
timeline
than
provided
by
analysis
of
visceral

tissue.
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7.1.�Alternative�Tissue�Analysis�



Stable
isotope
and
total
mercury
(THg)
analyses
were
also
conducted
on
the
liver
tissue.
Muscle
and


liver
tissue
are
both
considered
standards
for
THg
analysis
but
THg
values
in
the
liver
are
less
understood

than
THg
values
in
the
muscle
tissue.
The
liver
is
considered
a
detoxifying
organ
and
has
a
longer
turnover

rate
than
muscle
tissue.
Significant
relationships
were
detected
between
THg
in
the
liver
versus
THg
in
the

base
of
the
claws
(p<0.05)
and
δ

15
N
values
in
the
liver
versus
THg
in
the
base
of
the
claws
(p<0.05).
This


study
 focused
on
relationships
between
claws
and
muscle
 tissue
because
mercury
and
δ
15
N
values
 in
 the


liver
tissue
versus
the
claws
reflected
weaker
relationships
as
compared
to
muscle
tissue.

THg
and
δ

15
N
results
in
the
claws
were
also
compared
to
THg
in
the
whiskers.
Significant
relationships


were
detected
between
THg
in
the
base
of
the
claws
and
THg
in
the
whiskers
(p<0.01)
as
well
as
δ
15
N
val1

ues
in
the
base
of
the
claws
versus
THg
in
the
whiskers
(p<0.05).
Relationships
between
mercury
values
in

the
claws
and
whiskers
suggest
Phoca�hispida
may
use
all
these
tissues
to
store
contaminants.
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7.2.�δ
13
C�Analysis�



Stable
 isotopes
of
carbon
(

13
C/

12
C)
bioaccumulate
 in
hetero1trophs
 leaving
a
distinct
carbon
signature


that
can
be
detected
using
continuous
flow
ion
ratio
mass
spectroscopy.
Carbon
signatures
indicate
an
organ1
ism’s
environment:
benthic
(near1shore)
versus
pelagic
(offshore).
δ

13
C
values
were
analyzed
in
the
liver
and


muscle
 tissue
as
well
as
within
 the
claw
annular
sections.
δ
13
C
Signals
suggested
 that
pups
 in
 the
Hudson


Bay
area
fed
near
benthic
sources
on
small
invertebrates
as
opposed
to
adults
who
fed
in
pelagic
regions
on

larger
fish.
Significant
relationships
were
detected
between
δ

13
C
values
in
the
base
of
the
claws
versus
δ

13
C


values
in
muscle
and
liver
tissues
(p<0.01);
δ
13
C
values
in
the
base
of
the
claws
versus
THg
in
muscle
tissue


(p<0.01);
 and
 δ
13
C
 values
 in
 the
 base
 of
 the
 claws
 versus
 THg
 values
 in
 the
 base
 of
 the
 claws
 (p<0.05).


These
results
suggest
 there
 is
a
relationship
between
environment
and
mercury
body
burden
but
 further
re1
search
is
required
to
accurately
trace
the
feeding
ecology
of
Phoca�hispida
in
the
Hudson
Bay
area.



7.3.�Comparison�of�Claw�Annuli�



This
study
analyzed
individual
annular
sections
of
the
claws
for
THg.
THg
values
decreased
along
the

length
of
the
claw
where
the
base
had
the
highest
THg
values
and
the
tip
the
lowest
THg
values.
No
signifi1
cant
 relationships
were
detected
between
muscle
 tissue
and
 the
claws
using
 the
mean
THg
values
 for
 the

entire
length
of
the
claw.
All
relationships
between
muscle
tissue
and
claws
used
the
THg
value
of
the
base

section
of
the
claw.
The
base
represents
the
most
recent
year
of
contaminant
exposure
whereas
the
tip
repre1
sents
several
years
prior.
The
turnover
rate
of
muscle
tissue
 is
under
one
year;
 therefore,
 they
relate
to
 the

base
of
 the
claw.
These
results
suggest
 that
 if
 the
base
 is
 indicative
of
 the
mercury
 in
 the
visceral
 tissue
at

present,
previous
sections
of
the
claw
are
indicative
of
the
mercury
in
the
visceral
tissue
of
past
years.




7.4�Laser�Ablation�ICP+MS�Analysis�



Laser
ablation
 inductively
coupled
plasma
mass
spectroscopy
(LA1ICP1MS)
was
performed
on
a
claw


with
6
annular
sections
from
an
adult
male.
LA1ICP1MS
has
a
low
detection
limit
and
was
able
to
analyze
the

qualitative
mercury
trends
throughout
the
entire
length
of
the
claw.
These
trends
represented
the
changing
of

mercury
concentrations
over
 the
 last
~6
 years
of
 the
animal’s
 life.
The
mercury
values
seemed
 to
 fluctuate

throughout
the
length
of
the
claw.
While
LA1ICP1MS
provided
insights
into
the
contaminant
exposure
history
of

the
animal,
the
data
was
inconsistent
and
qualitative.
More
advances
in
the
analytical
technique
are
required

in
order
to
fully
determine
the
quantitative
changes
of
mercury
concentration
in
Phoca�hispida
claws.
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1)
What
is
a
Salmonella?


Salmonella
 is
 a
 genus
 of
 rod1shaped,
 Gram1negative
 bacteria
 belonging
 to
 the
 family
 of
 Enterobacteri+

aceae.
Salmonella
is
classified
according
to
serotype
and
differentiated
by
their
habitats
and
antigenic
charac1

teristics.
The
genus
Salmonella� is
divided
 into
 two
species,�Salmonella
enterica
and
S.
bongori.
Salmonella�

enterica
 is
 further
 divided
 into
 six
 subspecies.
 There
 are
 also
 numerous
 (over
 2500)
 serovars(serotypes)


within
both
species,
which
are
found
in
a
disparate
variety
of
environments
and
are
associated
with
many
dif1

ferent
diseases.






2)
What
is
a
Salmonellosis?


Salmonellosis
is
the
most
common
food1borne
bacterial
disease
in
the
world.
Salmonella
can
cause
a
sys1

temic
infection,
gastroenteritis
or
septicaemic
infections
depending
on
the
animal
species
and
the
host
speci1

ficity
of
 the
 infecting
bacterial
strain.
There
are
 two
main
clinical
symptoms
associated
with
Salmonella.
Ty1

phoid
fever
caused
by
S.
typhi
or
S.
paratyphi
is
characterized
by
protracted
bacteremia
but
minimal
gastroin1

testinal
symptoms.
The
nontyphoidal
Salmonella
results
in
symptoms
including
diarrhea,
vomiting
abdominal


cramps
and
fever.





3)
How
does
Salmonella
infect
and
escape
from
host
defense?




Salmonella
 usually
 infects
 animals
 and
 humans
by
 the
 oral
 route
with
 contaminated
 food
 or
water.
During


infection,
Salmonella
resists
the
defense
system
of
the
host.
Salmonella
could
migrate
from
the
gastrointesti1

nal
 tract
 to
 the
bloodstream
through
mesenteric
 lymph
nodes
and
 lymphatic
vessels.
During
the
Salmonella


pathogenesis
process,
a
number
of
virulence
determinants
are
 required
 for
 the
 invasion
and
survival
 in
 the


intracellular
compartment.
Because
the
expression
of
many
virulence
determinants
are
regulated
by
so1called


global
regulator,
examination
of
the
function
of
global
regulator
considered
to
important
 in
the
understanding


of
Salmonella
mediated
pathogenesis.
 In
 this
 research
we
conducted
experiments
 to
determine
Salmonella


virulence
with
strains
overexpressing
global
regulators.
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1)
Lon


Lon
is
a
homo1oligomeric
ATP
dependent
protease
localized
in
the
cytosol
of
prokaryotes.
Its
primary
func1

tion
is
to
degrade
the
denatured,
oxidatively
damaged
and
certain
regulatory
proteins
in
the
cell.
After
recogni1

tion
and
binding
of
the
substrate
to
the
Lon,
hydrolysis
of
ATP
permits
substrate
unfolding;
the
unfolded
sub1

strate
 is
 then
 translocated
 into
 the
proteolytic
chamber
of
 the
Lon
where
processive
peptide
bond
cleavage


takes
place.
The
Salmonella
strain
lacking
Lon
attenuates
virulence
in
mouse
model.






2)
OmpR


OmpR
 regulates
 the
 porin
 genes
ompF�and
ompC� in
 response
 to
 osmolarity
 changes.
At
 low
 osmolarity,


OmpR
activates
the
expression
of
OmpF
.
At
high
osmolarity,
OmpR–OmpR
interactions
stimulate
formation


of
a
 loop
 that
 represses
ompF.
 In
addition
 to
osmolarity
 regulation
OmpR
regulates
 the
expression
of
other


virulence
factors
including
adhesions
and
acid
tolerance
etc.
The
Salmonella
strain
lacking
OmpR
attenuates


virulence
in
mouse
model.





3)
Crp
(cyclic
AMP
receptor
protein)



Crp
plays
an
 important
role
in
regulating
the
metabolism
of
carbohydrates
 in
prokaryotes.
Crp
conformation


and
activity
as
a
transcription
factor
are
dependent
upon
cAMP.
In
the
presence
of
cAMP,
Crp
changes
a
con1

formation
that
promotes
its
interaction
with
DNA
and
RNA
polymerase
(RNAP).
These
interactions
are
the
es1

sential
step
to
establishing
active
transcription
complexes
on
the
CRP1dependent
promoters.
The
Salmonella


strain
lacking
Crp
attenuates
virulence
completely
in
mouse
model.
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Various
 Salmonella� typhimurium� mutants,
 �lon,
 �ompR
 and
 �crp,
 were
 used
 in
 virulence
 studies.
 Es+

cherichia�coli
strains
were
used
for
cloning
host.
All
bacterial
strains
were
grown
at
37W 
in
Luria1Bertani
(LB)


broth
or
LB
(3).
Ampicillin,
when
required,
 is
added
 in
 the
culture
medium
with
the
100
Rg/ml
concentration.


Diaminopimelic
acid
(DAP)
was
added
(50
Rg/ml)
for
the
Asd
1

strains.
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DNA
manipulations
were
carried
out
as
described
by
Sambrook
et�al
(5).
Transformation
of
E.�coli
and
Sal+

monella
were
done
with
either
rubidium
chloride1heat
shock
or
electroporation
(BioRad).
PCR
amplification


was
employed
to
obtain
DNA
fragments
for
cloning.
The
PCR
conditions
were
as
follows:
denaturation
at
95W 


for
30
sec,
primer
annealing
at
50~55W 
according
to
melting
temperature
of
primers
for
30
sec,
polymeriza1

tion
at
72W 
for
1~2
min,
depending
on
the
length
of
DNA
fragment,
and
final
extension
at
72W 
for
10
min.�
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Protein
samples
prepared
with
lysis
buffer
were
boiled
for
5
min
and
then
separated
by
discontinuous
sodium


dodecyl
sulfate1polyacrylamide
gel
electrophoresis
(SDS1PAGE).
Proteins
were
visualized
by
Coomassie
bril1

liant
blue
staining.
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For
 immunoblotting,
proteins
separated
by
SDS1PAGE
were
transferred
to
nitrocellulose
membrane
 in
Tow1

bin’s
Buffer.
The
membranes
were
blocked
with
5%
skim
milk
in
Towbin’s
Saline
Buffer
for
3
hr
as
described


by
Towbin
et�al
(6).
The
membrane
was
incubated
with
suitably
diluted
rabbit
or
mouse
antisera
in
5%
skim


milk
 for
 2
 hr
 and
 followed
 by
 1:2000
 dilutions
 of
 a
 horseradish
 peroxidase
 conjugated
 goat
 anti1rabbit
 IgG


(H+L)
 in
skim
milk.
 Immunoreactive
bands
were
detected
by
the
addition
of
41chloro111naphthol
 in
 the
pres1

ence
of
hydrogen
peroxide.
The
reaction
was
stopped
after
5
min
by
washing
with
several
changes
of
 large


volume
of
deionized
water.�
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Target
DNA
was
obtained
by
PCR
amplification
using
appropriate
primer
set
from
Salmonella
chromosomal


DNA.
Each
primer
was
designed
according
to
complete
ORF
of
each
gene
(Table
1).
DNA
fragments
shown


proper
 size
 were
 confirmed
 by
 agarose
 gel
 electrophoresis
 (data
 not
 shown).
All
 PCR
 products
were
 sub1

cloned
 into
pGEM
T1vector,
 resulting
 in
 pBP548(crp)
 and
pBP566(ompR).�DNA
 fragments
 cut
by
 restriction


enzyme
were
 transferred
 to
pYA3342
expression
vector
 that
has
asd
gene
 for
selection
marker,
 resulting
 in


pBP570(ompR),
 pBP571(crp).
 PCR
 products
 of
 lon
 were
 directly
 ligated
 to
 pYA3342
 and
 designated
 as


pBP572
(data
not
shown).
Each
recombinant
plasmid
was
transferred
to
Salmonella
strain.




Number� Primer
Name� Oligonucleotide
sequence� Characteristics�

1� Crp1F(EcoRI)� 5’1gaattcgcatggtgcttggcaaa13’� PCR
for
crp�

2� Crp1R(HindIII)� 5’1gcaagcttttaacgggtgccgta13’� PCR
for
crp�

3� OmpR1F(NcoI)� 5’1ccatggaagagaattataagatt13’� PCR
for
ompR�

4� OmpR1R(HindIII)� 5’1gcaagctttcatgctttagaacc13’� PCR
for
ompR�

5� Lon1F(NcoI)� 5’1ccatggatcctgagcgttctgaac13’� PCR
for
lon�

6� Lon1R(HindIII)�� 5’1gcaagcttctattttgcggttac13’� PCR
for
lon�

Table1]
Primers
used
in
the
experiment��
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Using
target
protein1specific
antibody,
we
confirmed
the
recombinant
plasmid1derived
overexpressed
protein


in
each
Salmonella
stains.
We
could
show
that
each
target
protein
was
overexpressed
in
Salmonella
as
com1

pared
with
the
wild1type.
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Salmonella
strains
with
confirmed
overexpressed
protein
was
injected
to
the
host(mice)(Table2)
after
count1

ing
using
viable
test
and
OD600.
Although
it
was
expected
that
the
injected
mice
would
show
some
sort
of
sick1

ness,
all
of
them
survived
without
specific
symptoms.
It
is
not
sure
that
the
dose
we
employed
is
adequate
for


our
purpose.
We
think
the
dose
we
applied
is
little
low
to
accomplish
our
proposed
experiments.
Since
animal


experiments
need
to
be
of
repeated
in
order
to
be
valued,
it
is
required
to
perform
the
experiment
again
to
get


valuable
results
for
this
research,









[Figure1]
vector
map
of
pGEM1Tvector


[Figure2]
Western1blot
analysis
of
OmpR,
Lon,
Crp

Wt
:
wild
type
Salmonella
Mt:
mutant
Salmonella


Ov:
overespressed
Salmonella


����������(#+���� �1$.�+� *���3��#������������;���A2@�B!?�

wild1type� 1.82×104�

χ8554/pYA3342::ompR� 1.60×104�

χ8554/pYA3342::lon� 1.42×104�

χ8554/pYA3342::crp� 4.44×103�

[Table2]
Numbers
of
injected
Salmonella
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Towards�the�design�of�a�stable�DNA�G+quadruplex�Structure�
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DNA
 as
 established
 by
 the
Watson1Crick
 duo
 adopts
 the
Watson1Crick
 double
 helix
 structure.
However,


other
lesser1known
structures
could
be
formed,
one
of
them
being
the
G1quadruplex
structure
formed
by
Gua1

nine–rich
sequences
that
conform
to
tetrads
of
hydrogen1bonded
guanine
bases.
Three1layer
G1quadruplexes


are
widely
 described
 in
 literature,
with
 the
 human
 telomere
 sequence.
 This
 project
 aims
 to
 understand
 the


structures
of
G1quadruplexes
of
different
number
of
 layers
 (2
and
4).
This
work
 involved
preparation
of
oli1

gonucleotides
and
analysis
of
their
structures
by
Nuclear
Magnetic
Resonance
(NMR)
spectrometry
and
Cir1

cular
Dichroism
(CD).
Our
research
has
found
that
the
Bombyx�Mori
folds
into
a
2
layer
G1quadruplex
struc1

ture.
This
quadruplex
contains
4
syn
guanines
and
4
anti
guanines,
involving
a
global
anti1parallel
conforma1

tion.
All
these
results
together
prompted
us
to
propose
3
possible
models.



Keywords:
DNA,
Quadruplex,
Guanine,
Bombyx�Mori,�Cryptococcus
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Deoxyribonucleic
acid
(DNA),
the
genetic
material
of
all
living
organisms,
is
a
polymer
made
up
of
permuta1

tions
based
on
the
four
nucleotides
(Adenine,
Thymine,
Guanine
and
Cytosine).
This
material
is
mainly
organ1

ised
into
a
double
helix
conformation
as
described
in
the
Watson1Crick
model.
This
canonical
structure,
how1

ever,
is
not
the
only
structure
DNA
can
conform
to.
In
fact,
DNA
is
prone
to
structural
polymorphism:
besides


this
famous
double
helix,
other
more
complicated
structures
may
be
formed.
G1quadruplexes
(G4)
constitute


an
example
of
such
unusual
nucleic
acids
structures.
This
higher1order
DNA
structure,
 is
 formed
 from
gua1

nine1rich
DNA
sequences
containing
4
blocks
of
guanines
separated
by
1
to
9
nucleotides.
They
result
from


the
stacking
of
several
quartets;
each
quartet
being
a
planar
association
of
four
guanines
held
together
by
8


hydrogen
bonds
and
stabilized
by
monovalent
Na
+

and



K
+

cations
(Fig.�1a)
 [1].
The
intramolecular
G4
struc1

ture
 is
able
 to
 loop
 in
different
ways
(Fig.�1b),
based
on
 the
respective
conditions
subjected
to.
This
 folding


relies
on
numerous
parameters
such
as
the
sequence,
the
nature
and
the
concentration
of
the
cation
(K+
or


Na+)
and
the
pH.
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The
telomeric


G4
represented
in
Figure�1b
and
Figure�1d�consists
of
three
G1tetrads
linked
with
mixed
par1

allel–antiparallel


G1strands.
This
folding
is
a
direct
consequence
of
the
precise
alternation
of
syn
and
anti
gua1

nine
conformation
(Fig.�1c).
This
sequence
adopts
a
folding
called
‘basket’.
It
is
composed
of
2
TTA
edgewise


loops
(the
1
st

and
the
3

rd
)
and
one
TTA
diagonal
loop
(the
2

nd
)
[2].
3
other
folding
have
also
been
described:


the
chair
conformation,
the
(3+1)
and
the
parallel
[3].
Thus,
G1quadruplex
structures
of
DNA
are
highly
adapt1

able
to
form
different
conformations.
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One
of
the
most
famous
G1rich
sequences
is
found
in
a
3’
overhang
located
at
the
ends
of
chromosomes,


called
 telomeres.
This
3’
 overhang
 is
composed
of
 the
 following
 repeated
motif:
 (T2AG3)
 n,
which
 is
able
 to


form
G4
structures.
When
chromosomes
are
replicated,
the
DNA
polymerase
complex
is
unable
to
replicate


this
overhang,
resulting
in
a
shortening
of
the
telomeres
at
each
division.
In
normal
sequences,
when
a
critical


minimal
length
is
reached,
the
cell
is
programmed
to
die.
The
protein
telomerase
is
active
in
cancer
cells
while


almost
absent
in
all
other
cells.
The
consequence
is
that
the
life
of
the
cancerous
cell
is
elongated,
by
regen1

erating
the
telomere
overhang
[4].
Therefore,
Telomeres
and
telomerase
represent,
at
least
in
theory,
attrac1

tive
targets
for
cancer
therapy
[5].
Stabilising
the
G4
structure
located
at
the
3’
G1rich
telomeric
overhang,
by


using
small
chemical
compounds,
could
block
telomerase
activity.





�����	��The�guanines�are�Hoogsten�hydrogen�
bonded�(blue),�and�stabilized�by�a�monovalent�

cation�M+(red).�[6]�H1�and�H8�are�labeled�in�

the�above�diagram�

�����
��NMR�based�folding�topology��of�d
[TAGG(TTAGGG)3�in�Na+�solution[8]�

��������The�guanines,�with�their�
sugar�bases�and�phosphate�back�

bones.�(Top)�Guanine�in������

conformation.�(Bottom)�Guanine�
in�����conformation.�[7]�

��������Ribbon�view�of�natural�human�telomere�
sequence�(Fig�1c.)�d[TAGGG(TTAGGG)3.�[8]�
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Our
research
deals
with
 the
design
of
a
stable
G1quadruplex
structure
of
DNA,
 through
experiments
con1

ducted
using
telomeric
sequences
of
2
eukaryotic
organisms:
the
larva
of
the
domesticated
silkworm,
Bombyx�

mori�(telomere
repeat,
T2AG2)
and
the
fungus
Cryptococcus�(telomere
repeat,
T2AG4).
Bombyx�Mori�(Bm)�se1

quence
can
form
a
two
layer
G4
(Table�1)
while
Cryptococcus�(C)
can
form
a
four
layer
G4,
as
opposed
to
the


human
telomeric
sequence
that
 forms
a
three
 layer
G4
(Fig.�1b).
C
sequence
forms
multiple
structures
of
4


layers
and
was
difficult
to
manipulate
and
solve.
Therefore,
the
scope
of
the
project
was
eventually
narrowed


to
 focus
 only
 on
 the
Bm
 sequence.
 The
 results
 to
 the
 sequence
 will
 be
 discussed
 further
 in
 the
 following


pages.
Through
studying
 the
various
tetraplex
 layers
and
using
the
methods
of
synthesis
and
nuclear
mag1

netic
resonance,
we
aim
to
be
able
to
obtain
a
relationship
between
the
number
of
layers
and
the
looping
con1

formation
of
the
G4.


�	��
�	���	��������������

I.
Oligonucleotide
Synthesis:
General
Procedures�

Unlabeled
 and
 site1specific
 low1enrichment
 (1.5%

15
N1labelled)
 oligonucleotides
 were
 synthesized
 on
 an


ABI
394
DNA
synthesizer,
deprotected
with
ammonium
hydroxide,
purified
using
a
purification
cartridge
and


finally
dialysed
in
both
water
and
50mM
KCL
solutions.
Concentration
of
the
oligo
was
determined
by
UV
and


was
around
0.1mM
in
500]l.
The
whole
protocol
from
the
synthesis
to
the
obtaining
of
the
oligo
NMR
sample


will
take
at
least
3
days
to
complete.


��0�����
��%��#+ (� %"�

All
experiments
were
conducted
on
a
600MHz
Bruker
spectrophotometer.
Two
kinds
of
NMR
experiments


were
used:
 the
11dimensional
(1D)
and
the
21dimensional
(2D).
The
1D
experiments,
as
shown
in
Figure
3,


are
performed
in
H2O
and
allow
us
to
count
the
H1
imino
protons
(Fig.�1a)
involved
in
the
tetrads
as
well
as
to


check
the
quality
of
the
spectra,
which
are
associated
with
the
number
of
structures
adopted
by
the
DNA
se1

quences.
The
2D
experiments,
on
the
other
hand,
were
conducted
using
Nuclear
Overhausen
effect
spectros1

copy
(NOESY),
 in
D2O
and
then
in
H2O,
with
each
experiment
lasting
for
about
12
hours,
depending
on
the


concentration
of
 the
sample.
The
experiment
 in
D2O
serves
 to
determine
 the
composition
of
each
 tetrad.
 In


fact,
we
can
observe
the
through
space
interaction
between
the
H1
and
H8
of
2
different
guanines
belonging


to
the
same
tetrad.
The
H2O
2D
experiments,
will
allow
us
to
determine
the
number
of
guanines
in
syn
confor1

mation
(Fig.�1c)
involved
in
the
G4.


The
NMR
experiments
were
carried
out
at
the
standard
conditions:
298
K,
a
70mM
KCl
and
20
mM
phos1

phate
buffer
at
 pH
7.
These
conditions
were
derived
after
 testing
Bm
 sequences
under
 various
conditions,


such
as
setting
 the
 temperature
 from
278K—313K,
K+
concentration
 from
20mM—100mM,
all
of
which
did


not
produce
much
difference
from
the
original
conditions.


���0����+�1!�+����)+ �($��%��#+ (� %"�

Circular
Dichroism
is
based
on
the
differential
absorption
of
 left1
and
right1handed
circularly
polarized
light


and
was
used
to
determine
the
general
conformation
of
the
tetrads
(whether
the
strands
connecting
are
run1

ning
parallel
or
anti1parallel).
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Fig.
2
represents
the
1D
spectrum
of
Bm1.
The
region
of
10113
ppm
is
specific
to
the
imino
H1
pro1

tons,
which
are
involved
in
hydrogen
bonding.
Therefore,
each
G4
tetrad
presents
4
H1
protons.
The
number


of
 peaks
 in
 this
 region
 involved
 in
 the
G4
corresponds
 to
 the
number
of
 tetrad
 layers.
Eight
distinct
 peaks


were
predicted
for
Bm1,
assuming
there
was
only
one
species.
Results
have
shown
to
be
around
double
of


our
 predicted
 values,
 with
 tendency
 the
 remaining
 of
 the
 peaks
 overlapping
 on
 a
 1D
 test
 (the
 peaks
 are


marked
as
 in
Fig.�2).
These
results
show
that
Bm1
sequence
adopts
2
different
 folding
 in
almost
 the
same


proportion
(50%
each).
As
it
is
difficult
to
study
two
different
folds
of
similar
concentration
at
one
time,
the
goal


of
the
project
then
became
separating
the
species
and
studying
them
individually.
To
do
so,
factors
had
to
be


manipulated
to
favour
one
species.


��0���4 1+���������%����('�

2
different
strategies
were
used
to
favour
1
species
over
the
other.
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Modifications
of
sequences
have
yielded
viable
results
with
 the
human
three1layer
sequence,
and
hence


we
intended
to
test
the
viability
of
a
modified
sequence
for
Bm1,
with
the
modifications
shown
in
Table�1(for�

Bm2�and�Bm3).
However,
experiment
results
have
shown
otherwise.
From
Fig.�2,
these
modified
sequences


did
not
result
 in
a
single
species
dominating
the
solution
with
8
very
clear
distinct
peaks.
It
should
be
noted


that
the
modification
of
a
sequence
is
of
much
lesser
biological
relevance
than
the
original
sequence.
Hence,


we
kept
working
with
the
Bm1
sequence.


>�/8(c) >�/8(c)

(a)(a)

(b)(b)

������ ,�from�left:�(a)�comparison�of� Bm 1,�2�and�3�spectrums�(b)�comparison�of�Bm1 �3,�Bm1 �4�and�Bm1 �6�spectrums�(c)�comparison�of�Bm1 �

U16,�Bm1 �U6�11�16�and�Bm1 �U15.�From�the�above�spectrums,�the�difference�between�good�spect rums�which�give�differentiation�of�the�2�

species�present�can�be�seen.�In�Bm1 �6�and�Bm1 �U15,�no�differentiation�could�be�seen.

>�/8(c) >�/8(c)

(a)(a)

(b)(b)

������ ,�from�left:�(a)�comparison�of� Bm 1,�2�and�3�spectrums�(b)�comparison�of�Bm1 �3,�Bm1 �4�and�Bm1 �6�spectrums�(c)�comparison�of�Bm1 �

U16,�Bm1 �U6�11�16�and�Bm1 �U15.�From�the�above�spectrums,�the�difference�between�good�spect rums�which�give�differentiation�of�the�2�

species�present�can�be�seen.�In�Bm1 �6�and�Bm1 �U15,�no�differentiation�could�be�seen.

�

�

� 	
������Modifications�to�the�ends�of�sequences�

Bm1� TAGGTTAGGTTAGGTTAGG�
Bm2� TTGGTTAGGTTAGGTTAGGA�
Bm3� TTGGTTAGGTTAGGTTAGGAA�
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In
this
strategy,
a
normal
guanine
was
replaced
by
a
bromo1guanine
(BrG)
(shown
in
Fig.�3
in
comparison

with
guanine)
during
the
synthesis
process
at
different
locations
of
the
sequence,
effectively
forcing
the
desig1
nated
guanines
to
syn


conformation.
The
modifications
are
shown
 in
Table�2.
The
results
shown
 in
Fig.�2b
 improved
dramatically.


The
best
results
for
Bm1
yield
from
the
substitution
of
the
third
and
fourth
guanine
in
Bm1+3�and�Bm1+4,
re1

sulting
in
an
almost
total
dominance
of
a
single
species
(the
major
peaks
belonging
to
the
same
species
have















been
marked).
 In
contrary,
 for
 the
Bm1+6,16
peaks
of
 the


same
intensity
can
be
seen
and
the
modifications
yielded
less
 in1

teresting
results
(Fig.�3a).
A
bromo1guanine
can
only
adopt
a


syn� conformation.
 This
 conformation
 is
 also
 only
 compatible


with
 an
 anti1parallel
 G4
 structure.
 Thus,
 it
 is
 conclusive
 that


Bm113
and
4
are
anti
parallel
G4.


An
interesting
result
was
also
obtained
using
the
T
to
U
substitution
(Fig.�2c,
Table
3).



For
Bm1+U16�and�Bm1+U6+11+16,
8
major
peaks
can
be
easily
counted,
in
contrary
to
Bm1+U15
where
an


equal
mix
of
2
folds
is
still
present.
The
same
spectrum
quality
was
obtained
for
Bm1+U16
and
Bm1+U6+11+16.�

We
focused
on
Bm1+U16
which
contained
only
one
substitution.
We
now
have
3
interesting
sequences:
Bm1+

3,
Bm1+4
and
Bm1+U16,
that
will
allow
us
to
identify
the
two
different
folds
in
equilibrium
in
the
case
of
Bm1


wild
type
sequence.


���0��#+���(�� !�������#+��(�
1��	�#�>��+�!!�!�

In
Fig.�4,
the
positive
peak
at
294
and
the
negative
peak
at
270
nm
indicate
that
for
Bm1,
Bm1+3
and
Bm1+

4,
the
strand
runs
anti
parallel,
as
suggested
by
Balagurumoorthy
and
Brahmachari
[9].





	
������Bromo�guanine�modifications�made��

�

Bm�
1�1�

TABrGGTTAGGTTA
GGTTAGG�

Bm
1�2�

TAGBrGTTAGGTTA
GGTTAGG�

Bm�
1�3�

TAGGTTABrGGTTA
GGTTAGG�

Bm
1�4�

TAGGTTAGBrGTTA
GGTTAGG�

Bm�
1�5�

TAGGTTAGGTTABr
GGTTAGG�

Bm
1�6�

TAGGTTAGGTTAGB
rGTTAGG�

Bm�
1�7�

TAGGTTAGGTTAGG
TTABrGG�

Bm
1�8�

TAGGTTAGGTTAG
GTTAGBrG�

Guanine�(G)� �������Bromo�Guanine�(BrG)�

�

����� �� Above:� Left� is� a� normal� guanine� and� right� is� a� bromo��

guanine;�Below:�left�is�a�uracil�base�and�right�is�a�thymine�base.�

�������Uracil�� (U)� ��������������������������Thymine�

	
����:�Modifications�using�Uracil�

�

Bm1�U1� UAGGTTAGGTTAGGTTAGG� Bm1�U5� TAGGUTAGGTTAGGTTAGG�

Bm1�U6� TAGGTUAGGTTAGGTTAGG� Bm1�U10� TAGGTTAGGUTAGGTTAGG�

Bm1�U11� TAGGTTAGGTUAGGTTAGG� Bm1�U15� TAGGTTAGGTTAGGUTAGG�

Bm1�U16� TAGGTTAGGTTAGGTUAGG� Bm1�U11�16� TAGGTTAGGTUAGGTUAGG�

Bm1�U6�11�16� TAGGTUAGGTUAGGTUAGG� �� ��

������ Circular�Dichroism�Spectrum
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Upon
narrowing
down
all
 possibilities
and
 isolating
a
single
species
 through
 favouring,
we
have
deduced


that
Bm1,
TAGG(TTAGG)3,
consists
of
2
forms,
in
a
1:1
ratio.
As
such,
through
further
modifications,
 it
was


hypothesized
that
Bm1+3
and
Bm1+U16�each
consists
of
a
separate
dominant
species.
In
addition,
after
fur1

ther
analysis,
it
was
found
that
Bm1+4
shares
a
common
peak
with
Bm1+U16
at
the
extreme
ends
of
the
spec1

trum
(Fig.�2).
Thus,
Bm114
should
contain
the
same
folding
topology
as
that
of
Bm11U16.
Due
to
this
hypothe1

sis,
the
focus
of
our
work
was
shifted
to
focus
on
Bm113
and
Bm11U16.



In
order
to
identify
the
number
of
syn
guanine,
2D
NOESY
300ms
in
D2O
was
performed.
The
intensity
of


the
NOE
signal
between
H1’
(located
in
the
sugar)
and
H8
(located
at
the
guanine
of
the
same
nucleotide)
is


stronger
in
the
syn
conformation
than
in
the
anti.
This
is
linked
to
the
shorter
distance
between
the
2
protons


when
in
syn
conformation
(Fig.�1c).
In
Fig.�5,
Bm1+U16
presents
4
strong
peaks
due
to
the
presence
of
4
gua1

nines
adopting
a
syn
conformation.
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From
the
determination
of
four
syn1conformation
guanines,
several
foldings
are
hypothesized.
The
syn
con1

formation
indicates
to
us
that
the
strands
run
anti1parallel,
and
hence,
there
must
be
a
change
in
direction
of


the
loops,
a
bend
that
will
allow
one
syn1guanine
to
bond
into
the
G41tetrad.
The
plausible
folding
structures


are:
chair
(Fig.�6a),
basket
(Fig.�6b),
and
the
(3+1)
conformation
(Fig.�6c).
The
chair
conformation
involves
the


G41G18*1G141G8*
 (asterik
 indicating
 syn
 conformation)
 on
 one
 layer
 while
 G3*1G91G13*1G19
 on
 another


layer.
The
basket
conformation
also
 involves
 the
same
guanines
but
 in
a
different
order:
G41G141G18*1G8*


for
 the
 top
end
and
G31G131G191G9
 for
 the
bottom.
 In
 the
case
of
 the
 (3+1),
 the
quartets
have
a
different


composition:
top:
G3*1G91G191G13*
and
bottom:
G3*1G8*1G141G18*.
In
the
chair
conformation,
3
edge
wise


loops
are
found.
For
the
basket,
we
have
2
edgewise
and
1
diagonal,
and
finally
in
the
(3+1),
a
single
double


chain
reversal
loop
and
2
edgewise
loops
can
be
found.


To
identify
which
of
the
3
foldings
is
adopted
by
Bm11U16,
there
is
a
need
to
identify
the
guanine
composi1

tion
of
each
tetrad
and
the
neighbouring
guanine
of
each
G.
This
will
be
done
soon
by
performing
a
2D
NO1

ESY
300ms
experiment
in
H2O.
This
will
allow
us
to
see
the
interaction
between
H1
and
H8
of
2
guanines
of


the
same
tetrad.


�

�

�������The�NOESY�spectrum�has�been�reduced�to�

7.23�7.41�ppm�because� the�intensity�of�the�

interaction �is�shown�only�within�this�short�r egion.�

�

(a)
 (b)


(c)


���0�8
(a)
Chair
confirmation
(b)
Basket
confirmation


(c)
(3+1)
confirmation
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Site1specific
low1enrichment
(1.5%)

15
N,
isotope1labelling
methods
to
assign
unambigiuously
all
of
the
gua1

nine
 imino
protons.
Natural
abundance
of

15
N
is
0.37%,
and
an
 increase
in
abundance
is
recognised
by
the


NMR
experiment
run.
Multiple
sequences
were
synthesised
with
each

15
N
guanine
assigned
to
one
position.


Through
such
assignment,
 individual
guanines
and
their
NMR
peaks
can
be
characterized,
by
 individual
1D


experiments.


The
assignment
of
peaks
of
specific
guanine
imino
protons
allowed
further
analysis
of
the
2D
NOESY
300


ms
experiment
 ran
previously.
 Intra1planar
connectivity
between
different
guanines
(Fig.�7)�showed
 that
 the


two
tetraplex
formed
with
a
structural
composition
of
G41G141G18*1G8*
for
the
top
layer
and
G31G131G191G9


for
the
bottom.
This
result
shows
that
the
major
fold
of
Bm1+U16
is
the
basket
conformation.


�����������

The
field
of
DNA
research
applications
is
ever
changing
and
diverse.
It
is
a
field
that
will
have
much
impact


on
future
medical
researches,
especially
in
the
field
of
cancer
studies.

In
our
research,
we
have
successfully


hypothesized
3
different
possible
conformations
that
the
Bombyx�Mori
sequence
is
able
to
take,
through
both


1D
and
2D
NMR
methods,
and
determined
 the
major
 fold
as
 the
basket
conformation.
We
believe
 that
our


research
will
become
a
stepping1stone
for
future
researchers
to
study
the
second
fold
of
Bm1,
the
folding
to1

pology
in
C,
as
well
as
the
effects
of
looping.



	���������������
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Dr
Samir
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HIV11
virus
 is
 the
cause
of
AIDS
(Acquired
 Immune
Deficiency
Syndrome),
an
 important
worldwide
pan1
demic.
HIV11
virus
has
many
proteins
and
among
them
Nef
plays
an
important
role
in
accelerating
endocyto1
sis
and
subsequenting
degradation
of
CD4,
MHC
class
I
and
II
molecules
on
the
cell
surface.
The
purpose
of

this
study
to
select
phage
expressing
scFv
specifically
to
Nef
protein
using
bio1panning
to
test
the
binding
be1
tween
phage
expressing
scFv
and
Nef
protein.
The
phages
expressing
scFv
were
cultured
in
E.coli�cells
and

picked
up
as
samples
which
were
tested
for
the
existence
of
phage
by
PCR.
To
test
the
pattern
of
the
scFv

molecule
genes,
Restriction
Fragment
Length
Polymorphism
(RFLP)
was
used
in
this
process
and
ELISA
was

used
next
to
test
the
specifically
between
phage
expressing
scFv
and
Nef
protein.
According
to
the
result
from

all
 experiments,
 there
were
1,367
E.coli
 colonies
 in
 3
plates,
and
among
60
colonies
 there
were
12
 (20%)

colonies
having
phage.
All
of
 the
12
colonies
expressed
different
scFv
phages
having
higher
optical
density

(OD)
than
the
negative
controls,
blanked
by
coating
buffer.
Among
the
selected
colonies,
4
clones
have
opti1
cal
density
about
two
times
higher
than
the
blank.
For
the
future
study,
these
scFv
will
be
tested
for
Nef
pro1

tein
inhibiting
efficiency
for
developing
immunotherapy.
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HIV11
virus
is
the
cause
of
AIDS
(Acquired
Immune
Deficiency
Syndrome),
an
important
worldwide
pan1
demic.
HIV11
virus
has
many
proteins
and
among
them
Nef
plays
an
important
role
in
accelerating
endocyto1
sis
and
subsequenting
degradation
of
CD4,
MHC
class
I
and
II
molecules
on
the
cell
surface.
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1.

To
select
human
monoclonal
antibodies
ScFv
(single
chain
variable
fragment)
which
are
specific
for
Nef

protein
of
HIV11
virus
from
antibody
phage
library.






2.

To
learn
and
practice
about
laboratory
skills
in
molecular
immunology.
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1.
Phage
bio1panning
for
selecting
phage
clones
that
display
HuScFv
specific
to
the
recombinant
Nef
pro1
teinPhage
library
displaying
human
single
chain
variable
fragment.































































































 The
M13
phage
library
displaying
human
single
chain
variable
fragments
(VH1peptide
linker1VL;

HuScFv)
was
constructed
in
Prof.
Wanpen
Chaicumpa
laboratory
from
peripheral
blood
B
lymphocytes
of
60

Thai
blood
donors.
This
large
repertoire
library
had
an
antibody
diversity
of
~2.6
x
108.







2.
Preparation
of
E.coli
transformants
carrying
recombinant
huscFv1phagemids




 Purified
recombinant
Nef
protein
was
used
as
antigens
in
phage
bio1panning
to
select
phage
clones


displaying
HuScFv
that
could
bind
to
the
protein.
In
the
bio1panning
process,
one
microgram
of
purified
re1

combinant
protein
was
individually
immobilized
in
well
of
an
ELISA
plate.
The
plate
was
incubated
at
37oC


overnight
then
the
wells
were
washed
with
a
washing
buffer.
Two
hundred
micro
liters
of
a
blocking
solution


were
added
into
well
and
incubated
for
1
hour.
After
discarding
the
fluid
from
the
well,
well
was
extensively


washed
with
PBST
to
remove
unbound
phages.
The
fluid
was
then
added
into
a
well
containing
200
]l
of


HB2151
E.coli
which
had
been
grown
to
log1phase
and
the
well
was
incubated
at
37oC
for
5
minutes.
An
ali1

quot
of
66
]l
was
used
to
spread
onto
each
2x
YT
agar
plate
containing
100
]g/ml
of
ampicillin
and
2%
glu1

cose
(2x
YT1AG)
and
the
phages
were
incubated
at
37oC
overnight.
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3.
Determination
of
E.coli
colonies
with
husvFv1phagemids


�� For
determining
the
transformed
E.coli
that
carried
the
husvFv1phagemid,
a
small
portion
of
the
bacte1

rial
colonies
on
the
2x
YT1AG
plate
were
randomly
picked
and
a
replica
plate
was
made.
Bacteria
of
the
same


colony
remaining
on
the
loop
were
inoculated
into
100
]l
of
distilled
water
and
used
directly
as
DNA
template


for
checking
the
presence
of
the
huscFv
by
PCR.
The
PCR
was
carried
out
using
a
specific
pair
of
primers.


After
amplification,
the
PCR
products
were
analyzed
for
the
presence
of
huscFv
by
a
1%
agarose
gel
electro1

phoresis
and
ethidium
bromide
staining.
The
PCR
products
were
also
subjected
to
MvaI
restriction
endonucle1

ase
digestion
for
determining
the
restriction
fragment
length
polymorphism
(RFLP)
of
the
huscFv
sequences


derived
from
individual
phage
clones.


4.
Verification
of
the
HuScFv
binding
activity
to
recombinant
Nef
protein




 The
HB2151
E.coli
colonies
that
gave
positive
huscFv
amplicons
of
the
expected
size
(~1,000
bp)
were

picked
from
the
replica
2x
YT1A
broth
containing
1
mM
IPTG.
For
verification
of
the
ability
to
express
HuScFV,

the
E.coli
cells
were
suspended
in
PBS
and
subjected
to
sonication
by
using
the
ultrasonic
homogenizer
LAB1
SONIC
P
at
40%
amplitude
for
0.5
cycles
in
an
ice
bath.
The
bacterial
homogenate
was
centrifuged
at
12,000

x
g
at
4
oC
for
10
minutes;
the
supernatant
(bacterial
lysate)
was
subjected
to
an
indirect
ELISA
(HuScFv1
ELISA)
for
detecting
the
binding
specificities
of
the
HuScFv
to
the
respective
recombinant
Nef
protein.
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 The
recombinant
Nef
protein
was
used
as
antigen
in
phage
bio1panning
to
select
phage
clones
that

displayed
HuScFv.
From
60
randomly
selected
transformed
E.coli
clones
(Fig.1)
derived
from
phage
bio1
panning
with
recombinant
Nef.
Twelve
clones
huscFv
sequences.
(Fig.2)



 Fig.3
shows
MvaI1cut1DNA
banding
patterns
of
the
huscFv
sequences
of
the
1112
transformed
HB2151

E.coli
clones
that
expressed
HuScFv
bound
to
the
recombinant
Nef
protein.
Twelve
different
RFLP
patterns

were
found
among
the
huscFv
sequences
of
the
12
E.coli
clones
that
produces
HuScFv
to
the
recombinant

PB1
(lanes
1112).



 HuScFv
prepared
from
huscFv
positive
E.coli
clones
were
tested
by
indirect
ELISA
for
their
binding
ac1
tivity
to
the
homologous
proteins.
Fig.4
shows
the
indirect
ELISA
results
of
HuScFv
from
transformed
HB2151

E.coli
that
gave
positive
binding
to
the
homologous
recombinant
Nef
protein.
HuScFv
prepared
from
4
of
the

12
HuScFv
expressing
clones,
i.e.,
clones
3,
7,
9,
10,
could
bind
to
the
recombinant
Nef
with
significant
ELISA

OD
(two
times
higher
than
OD
of
BSA
which
was
used
as
the
control).




Fig1.
Transformed
E.coli�clones

 
 
 



































Fig2.
Results
of
agarose
gel
electrophoresis
of
the
PCR
amplicons
for
detecting
the
presence
of
huscFv
se1
quences
in
transformed
HB2151
E.coli
clones
harboring
huscFv1pCANTEB5E
phagemids
derived
from
bio1

panning
with
the
recombinant
Nef.
Lanes
M,
1
kb
DNA
ladder.
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Fig3.
DNA
banding
patterns
for
determining
RFLP
of
MvaI1cut
huscFv
amplified
from
recombinant
pCANTA1
BE5
phagemids
transformed
HB2151
E.coli
clones.
Lanes
1112,
DNA
banding
patterns
clones
1112,
respec1

tively.
Lane
M,
Low
molecular
size
DNA
ladder.























Fig4.
Results
of
the
HuScFv1ELISA
for
the
detection
of
the
binding
of
HuScFv
expressed
from
the
trans1
formed



HB2151
E.coli
clones
to
the
recombinant
Nef.
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According
 to
 the
 result
 from
all
 experiments,
we
 can
 conclude
 that
 there
were
#%�different
 patterns
 of


ScFv
molecule
specific
for
Nef
protein
of
HIV1#&�And
at
least
'�clones
were
exactly
specific
to
Nef
protein.







For
future
work,
these
ScFv
will
be
tested
for
Nef
protein
 inhibiting
efficiency
for
developing
 immunother1
apy.
Then
 there
should
be
an
availability
of
huScFv
 that
binds
specifically
 to
Nef
protein.By
 interfering
with

Nef
functions,
the
immune
effector
functions
response
to
HIV
should
be
restore,
which
would
help
the
body
to

fight
against
the
HIV
infection
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 Bougainvillea
is
a
common
plant
decorating
garden
in
Thailand
because
of
Bract
which
is
colorful
and

differ
 from
 foliage
 leaf.
Comparative
 studies
of
 leaf
anatomy
of
Bougainvillea�sp.
at
Mahidol
Wittayanusorn

School.
To
delineate
differences
in
their
epidermal
cell,
stomatal
index,
stomatal
size
and
leaf
anatomy
to
rec1
ognize
 their
 physiological
 behavior,
was
 investigated
with
 light
microscope
using
epidermal
peel
and
 trans1
verse
sections.
The
epidermal
cells
of
bract
were
amorphous
with
rough
surfaces;
conversely,
epidermal
cells

of
leaf
were
polygonal.
The
stomatal
complex
in
both
organs
was
anomocytic.
The
stomatal
index
was
greater

on
 the
 abaxial
 surfaces
 of
 the
 leaf
 than
 their
 corresponding
 adaxial
 surfaces
 and
 bract.
 Furthermore,
 leaf

anatomy
showed
the
phloem
of
Bract
is
located
on
the
opposite
side
of
xylem
that
differs
from
Nyctaginacea

character
reported
by
Evert,
Ray
F.
(2006).
This
study
clearly
 illustrates
morphological
disparities
in
the
epi1
dermal
features
of
leaf
and
bract,
helping
to
explain
their
physiological
divergence.

�
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 Bougainvillea
 (Bougainvillea�sp.)
was
 classified
 in
 family
 of
Nyctaginacea.
 Its
attractive� leaf
 or
bract,

which
is
a
modified
leaf
associated
with
flower;
each
cluster
of
three
flowers
is
surrounded
by
three
bracts,
are

brightly
colored
and
serve
the
function
of
attracting
pollinators
instead
of
petal
(Chittraphorn,
2005;
Linda
R.

Berg,
2006),
 therefore,
 they
are
 important
 for
 this
plant.
 
 (There
 is
no
 the
report
on
anatomy
and
epidermis

morphology
of
bract)
The
investigation
provides
study
on
comparison
of
the
leaf
epidermal
features
and
leaf

anatomy
of
foliage
leaf
and
bract
of
this
plant.
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 This
study
aims
 to
delineate
differences
 in
epidermal
 features
and
anatomy
of
 foliage
 leaf
and
bract,

such
information
would
be
useful
in
explaining
their
functions.





��#�+��!(�������#) �(�
�
�� �!��#�$�#�+��!��
�� Bougainvillea
(Bougainvillea�sp.)
plants
were
grown
for
being
ornamented
the
garden
at
Mahidol
Witta1
yanusorn
School,
Nakorn
Pathom,
Thailand.

Leaf
materials
were
randomly
select
from
the
top
of
branch.



 �#1�"� �����*��%���+$�!�*��#1+�(��
�� Peel
leaf
skin
then
observe
epidermis
using
light
microscope,
included
epidermal
cell,
type
of
stomatal

complex,
stomatal
size
and
stomatal
index
according
to
Salisbury’s
(1927)
formula:
SI
=
s/(e+s)
x
100
where
s

for
the
number
of
stomata
per
unit
area
and
e
is
the
number
of
epidermal
cells
in
the
same
area

� �#1�"� �����*����# $"�


 Free
hand
leaf
cross
section,
then
observe
using
light
microscope.
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 1.
Leaf
epidermal
features


 
 
 (A)
 
 
 
 
 

(B)
 
 
 
 
 

(C)
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 (A)
Adaxial
surface
of
foliage
leaf



 
 
 
 
 
 
 (B)
Abaxial
surfaces
of
foliage
leaf



 
 
 
 
 
 
 (C)
Bract
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���1+��2�Stomata
index
of
Bougainvillea
foliage
leaf
and
bract�



���1+��5�Bougainvillea
stomatal
length
and
breadth��

�

��(�1((� ��G�� ��!1(� ��


 The
 epidermal
 cells
 of
 bract
 were
 amorphous
 with
 rough
 surfaces.
 Similar
 epidermal
 cells
 were
 re1
ported
by
Michelle
M.
M.
(1988)
in
potato
(Solanum�tuberosum)
leaf,
on
the
other
hand,
epidermal
cells
of
leaf

were
polygonal.

A
type
of
stomata
on
both
leaf
and
bract
were
anomocytic.
The
stomatal
index
(SI)
of
abaxial

surface
of
leaf
was
greater
than
adaxial
surface
and
bract
significantly.
The
bracts,
grows
inside
the
canopy,

under
a
shaded
habitat.
Thus,
the
shaded
habitat
of
the
bract
may
explain
their
lower
SI
compared
with
that
of

the
leaf
(Bondada,
2000).
Stomatal
length
was
varied
on
gas
exchange
and
stomata
transpiration.
(LI
Qiang

et
al.,
2007)



 The
anatomy
of
 leaf
was
different
 from
bract.
Phloem
of
Bract
 is
 located
on
 the
opposite
side
called

external
and
 internal
phloem,
not
according
to
Evert,
Ray
F.(2006)
which
explained
Nyctaginacea
producing

phloem
outward
and
xylem
inward.
Bract
didn’t
have
palisade
mesophyll.




 The
result
from
the
study
distinctively
showed
the
difference
in
epidermal
features
and
anatomy
of
the

foliage
 leaf
and
bract.
These
epidermal
variations
provide
a
strong
morphological
basis
 to
elucidate
the
dis1
parities
in
their
physiological
behavior
(Bondada,
2000).


�
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 To
study
dengue
virus
infection
rate
in
the
mosquito
vectors
(Aedes�aegypti
and
Aedes�albopictus).
The

mosquitoes
were
collected
from
Nakhon
Pathom
and
Samutsakhon
province
during
winter
season.
The
den1
gue
viruses
were
detected
using
One1step
Reverse
Transcriptase1Polymerase
Chain
Reaction
(One1step
RT1
PCR).
The
result
showed
that
the
virus
infection
rate
in
mosquito
collected
from
Nakhon
Pathom
and
Samut1
sakhon
province
was
79%
and
11%
respectively.
This
project
provided
the
support
information
to
find
the

best1
operation
for
dengue
outbreak
control.
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 Dengue
hemorrhagic
fever
(DHF)
remains
a
major
health
problem
in
Thailand
and
Southeast
Asia.

The

infection
is
caused
by
single1stranded
RNA
virus
(Family
Flaviviridae
,
Genus
Flavivirus)
which
vary
to
4
sero1
types
(DEN11,DEN12,DEN13,DEN14).

Dengue
virus
is
transmitted
to
human
via
the
bite
of
mosquitoes.
Aedes�
aegypti
and
Aedes�albopictus
are
major
vectors
of
dengue
transmission
in
Thailand.
The
patient
who
is
in1
fected
by
dengue
virus
may
develop
fever,
pinpoint
spots
of
blood
on
the
skin,
shock
and
death.



In
Thailand,
the
dengue
control
relies
solely
on
destroyer
for
Aedes
larval
habitat
and
mosquito
con1
trol.
Although
the
control
method
has
been
regular
operated
for
many
years
the
report
of
dengue
outbreak
has

never
decreased.
Apart
from
mosquito
density
data,
the
virus
infection
rate
in
mosquito
should
be
combined

with
other
indicators
for
predicting
dengue
outbreak.

In
this
study,
we
demonstrated
the
dengue
virus
infec1
tion
from
field1caught
mosquitoes
using
One1step
Reverse
Transcriptase1Polymerase
Chain
Reaction
(One1
step
RT1PCR)
and
analyzed
the
infection
rate
in
Nakhon
Pathom
and
Samutsakhon
province
during
winter

season.
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�����


 To
study
the
dengue
infection
rate
and
identify
the
dengue
serotype
from
field1caught
mosquitoes
in



Nakhon
Pathom
and
Samutsakhon
province.
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DISCUSSION�

We
 report
 the
 infection
of
 dengue
virus
 from
 field
 caught
mosqui1
toes.
This
result
demonstrated
that
dengue
virus
could
be
found
in

single
 serotype
or
multiple
 serotypes.
 
The
multiple
 serotypes
are

caused
by
double
 infection
of
dengue
virus
 in
mosquito,
whith
dif1
ferent
 serotype.
 Advantages
 of
 the
 One1step
 Reverse
 Transcrip1
tase1Polymerase
Chain
Reaction
 (One1step
RT1PCR)
 used
 in
 this

study
including
more
simple,
cheaper
and
easier
than
the
methods

reported
 previously.
 Moreover,
 One1step
 RT1PCR
 is
 a
 short1time


method,
it
can
detect
dengue
virus
within
6
hours.
From
our
report,
Nakhon
Pathom
should
be
considered
for

dengue
problem
and
use
operation
to
control
before
the
dengue
outbreak.


�����������

The
 infection
 rate
 for
 dengue
 virus
 in
 mosquitoes,
 by
 using
 One1step
 Reverse
 Transcriptase1
Polymerase
 Chain
 Reaction
 (One1step
 RT1PCR)
 technique,
 in
 Nakhon
 Pathom
 province
 was
 79%
 and
 in

Samutsakhon
province
was
11%.
Among
the
4
serotypes,
the
DEN13
was
the
highest
infection
rate
in
mosqui1
toes
collected
from
Nakhon
Pathom
with
32%
of
 infection.
The
dengue
 infection
rate
 in
mosquito
should
be

considered
as
an
index
for
predicting
the
dengue
outbreak,
therefore
dengue
control
strategies
will
be
applied

more
effectively.
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Introduction

What
would
the
world
be
like
if
humans
could
be
made
invisible?

People
young
and
old

have
considered
this
question.

In
some
comics
or
movies,
e.g.
The
Predator,
there
are

characters
or
items
that
can
not
be
seen.

Of
course,
these
examples
are
fictional,
but

maybe
sometime
in
the
future
this
could
happen
in
reality.



Background
Information

There
are
already
some
examples
of
living
things
that
can
alter
their
appearance.

Some

Octopuses
can
change
their
color
and
shape
to
blend
in
with
the
background.

This
is
a

useful
form
of
camouflage
as
it
means
they
can
hide
from
predators
and
prey.

Chameleons

and
Plaice
can
also
adapt
their
skin
color
to
make
them
appear
almost
invisible.




Students
at
Tokyo
University
are
currently
researching
a
concept
known
as
‘active
camou1
flage’.

They
have
made
a
camouflaged
object
appear
almost
invisible.

Active
camouflage

can
be
used
in
many
situations
as
the
appearance
of
the
camouflaged
object
changes
to

match
its
surroundings.

The
United
States
Army
is
currently
using
Massachusetts
Institute

of
Technology
(MIT)
to
investigate
how
to
make
things
transparent.



A
Retro1Reflector
is
a
material
that
could
be
used
for
making
things
transparent.

It
is
made

from
glass
beads
and
used
in
road
signs.

Retro1Reflectors
are
useful
because
they
reflect

light
back
to
the
light
source.

The
angle
of
incidence
is
not
the
same
as
the
angle
of
reflec1
tion,
unlike
conventional
mirrors.



Bio
Stealth
Project

Considering
the
previous
research
into
this
topic
I
named
this
project
‘Bio
Stealth’.

The
aim

of
these
tests
was
to
find
out
if
both
still
and
moving
images
could
be
seen
clearly
through
a

retro
reflector.



Experiment
one
(a
still
image)

�
Method


��� Using
a
USB
camera
a
photo
of
a
background
image
was
taken.�

��� The
photo
was
projected
onto
a
wall.�

��� A
projector
provided
the
light
source
and
the
light
was
reflected
onto
the
retro
reflector

using
glass.�
The
image
was
viewed
from
in
front
of
the
retro
reflector.�




�
�
�
�
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Here
is
a
diagram
of
the
apparatus:








Result

The
photo
could
be
seen
clearly.

This
was
because
the
light
was
reflected
back
towards

the
eye.

It
was
almost
perfectly
transparent.



Experiment
two
(a
moving
image)

Method

��� A
USB
camera
was
used
to
make
a
live
video
recording.�
2.
 These
images
were
projected
in
front
of
the
retro
reflector.

All
other
things
were
the



 same
as
in
experiment
one.



�

Here
is
a
diagram
of
the
apparatus:
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Result

The
image
could
be
viewed
but
the
transparency
wasn’t
as
good
as
with
the
still
image.



Limitations
of
Bio
Stealth
project

It
was
difficult
to
make
improvements
to
the
performance
of
Bio
Stealth.

I
could
not
find
a

way
to
perfectly
match
the
picture
with
the
background
despite
making
many
fine
adjust1
ments.

Similarly
I
found
that
the
projector
was
not
a
good
light
source.

It
was
too
big
and

projectors
are
not
practical
items
for
carrying
out
experiments
outside
of
a
laboratory.

An

Organic
Light
Emitting
Diode
TV
would
be
a
better
light
source
because
they
can
project
a

live
video
by
themselves.

They
are
also
thinner
and
lighter
than
projectors.



Future
Plans

This
project
is
only
one
month
old.

Experiments
need
to
be
carried
out
over
a
longer
period

of
time
before
more
accurate
findings
can
be
made.

Arguably
a
combination
of
an
animal

camouflage
system,
e.g.
the
chameleon,
and
advanced
computer
techniques
could
improve

the
performance
of
Bio
Stealth.
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This�investigation�was�designed�to�find�the�potential�effects�that�bio�

diesel�may�have�on�plant�growth�and�germination.�Soil�was�contami�

nated�with�various�amounts�of�biodiesel,�lupins�(��	����
���������

���)�were�planted�and�growth�and�germination��measured.��It�was�

found�that�contaminations�of�2:100�ml:g�or�greater�inhibited�growth�

and�germination�significantly�

�

� � �

�

�

�

�

�

�

� � � � � ,-*. &+,.-�

Biodiesel�is�a�fuel�derived�from�natural�sources�such�as�vegetable�

oils�and�animal�fats.�We�know�biodiesel�is�a�more�cost�efficient�fuel�

and�also�easily�accessible,�but�do�we�actually�know�if�biodiesel�is�

environmentally�friendly?�What�we�do�know�is�that�biodiesel�is�bio�

degradable,��a�renewable�fuel�and�reduces�air�pollutants.��

�

� � � � � � �

�

�

�

�

� � � � � � �

�

� � � �#%. �

The�biodiesel�used�throughout�this�investigation�is�re�

ferred�to�as�B100�(pure�biodiesel).�The�experiment�was�

conducted�over�an�eight�week�period.�Three�replicates�of�

potting�mix�were�contaminated�with�biodiesel�at�levels�of�

1:100,�2:100�or�3:100ml:g,�with�a�control�batch�consisting�

of�uncontaminated�soil.�For�each�batch�there�were�three�

pots�containing�15�lupin�seeds�in�each�pot.�The�seeds�were�

given�four�weeks�to�germinate�prior�to�the�first�set�of�measurements.�Measurements�consisted�of�sac�

rificing�one�pot�of�each�treatments.��Root�length,�shoot�length�and�biomass�were�then�measured�for�

each�pot.�The�same�measurements�were�taken�at�6�weeks�and�8�weeks�after�germination.�

�

�
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The�control�and�1:100mg:g�biodiesel�showed�normal�growth.�The�2;100�and�3:100mg:g�biodiesel�

showed�greatly�reduced�growth�and�germination.�Both�the�control�and�biodiesel�one�had�‘nodules’�pre�

sent�on�roots�which�are�a�sign�of�healthy�plant�growth,�these�nodules�were�not�present�on�biodiesel�treat�

ments�two�and�three.�

� � � � �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

+.-+/&�,.-�
Biodiesel�contaminated�soil�with�concentrations�of�2%�biodiesel�or�greater�showed�discernibly�inhibited�

growth�over�an�8�week�period.�Biodiesel�contaminated�soil�consisting�of�3%�biodiesel�effected�seed�ger�

mination�both�in�time�taken�to�germinate�and�total�amount�of�germinations.�

The�overall�plant�health�was�effected�by�the�biodiesel,�with�the�lupins�in�soil�

with�concentrations�greater�than�1%�biodiesel�having�no�nodules�present�on�

the�roots�which�is�a�sign�of�normal�health.�����������������������

�

� � � � �

�

�
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)	�5�������
Water�is�our�most�precious�resource.�As�reservoirs�and�rivers�are�running�low�in�water�(The�Economist,�2007)�we�are�

looking�for�better�ways�to�use�current�water�resources�(UNESCO,�2006).�One�possible�solution�to�maximise�water�

resources�in�aquaculture�is�by�reusing�grey�water�(water�discharged�from�household�appliances�like�dishwashers�and�

washing�machines�and�from�sinks,�showers�and��bathtubs).�(SA�Water,�2004)�.�

However,�there�are�several�limits�to�grey�water�use�including�that�grey�water�might�be�contaminated.�These�contami�

nants�might�include�harmful�micro�organisms,�traces�of�faeces,�urine,�blood,�dirt,�lint,�food�scraps,�hair,�body�cells�and�

fats�.�Other�contaminants�include�chemicals�from�soaps,�shampoos,�dyes,�mouthwash,�toothpaste,�detergents,�bleaches�

or�disinfectants.�

The�Australian�Yabby,�������
���������
is�a�semi�aquatic�fresh�water�crustacean,�found�throughout�the�eastern�parts�

of�Australia.�Yabbies�live�in�diverse�environments,�with�variations�in�salinity,�dissolved�oxygen�content,�flora�and�

fauna.�Yabbies�can�live�in�water�temperatures�between�0�and�35°C,�with�the�ideal�range�being�between�20�and�25°.��

6��!����
The�purpose�of�this�experiment�was�to�investigate�the�level�of�tolerance�of�the�Australian�Yabby,�������
���������,�to�

grey�water,�with�the�ultimate�goal�to�assess�its�suigalb0010tability�as�an�aquaculture�species�living�in�grey�water.�

�������
In�the�first�part�of�the�investigation�10�yabbies�were�each�exposed��to�aged�grey�water,�new�grey�water�or�control�of�

de�chlorinated�tap�water.�In�the�second�part�of�the�experiment,�10�yabbies�were�exposed�to�new�grey�water�concentra�

tions�of�1×,�10×,�100×;�or�a�control�of�de�chlorinated�tap�water.�

The�grey�water�used�was�artificial�due�to�health�and�safety�issues.��

���	�'����
As�shown�in�Graph�1,�there�was�100%�survival�in�the�control�and�aged�grey�water�after�the�full�96�hours.�In�the�0.25×�

new�grey�water�10%�of�the�yabbies�died�after�spending�48�hours�,�with�the�remaining�90%�surviving�the�full�96�hours.�

In�Graph�2�there�was�an�overall�pattern�of�decreasing�yabby�survival�with�increasing�grey�water�concentration�(Graph�

2).�The�control�yabbies�had�90%�survival�after�24hrs,�with�no�further�losses.�The�1×grey�water�had�10%�of�the�yabbies�

die�in�the�first�24�hours,�with�the�remaining�90%�surviving�the�term�of�the�experiment.�The�10×�grey�water�resulted�in�

20%�mortality�after�24�hours�with�the�remaining�yabbies�surviving�the�full�96�hours.�In�the�100×�concentration�80%�of�

the�yabbies�died�in�the�first�24�hours,�with�the�remaining�yabbies�dying�after�48�hours.�

�
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Yabbies�commonly�live�in�a�hard�water�environment�like�dams�and�creeks�(NSW�Department�of�Primary�Indus�

tries,2005),�where�mineral�content�is�high�.�Because�of�this�it�is�likely�the�water�that�they�naturally�live�in�is�harder�

(has�a�higher�mineral�content)�than�the�artificial�grey�water�used�in�the�experiment.�

The�0.25×�and�1×�concentrations�may�have�had�minimal�effect�on�the�yabbies�because�the�water�they�normally�live�in�

is�more�polluted�than�the�water�used�in�this�experiment.�On�the�other�hand,�it�is�highly�likely�that�the�yabbies�in�the�

100×�concentration�died�due�to�its�toxicity.��

The�yabbies�may�have�died�as�a�result�of�stress.�Because� the�water�was�changed�frequently,� the�yabbies�were�being�

handled�often�and�their�environment�was�changing.�These�yabbies�in�the�grey�water�had�the�largest�change�in�habitat�

(different�colour�content�and�coloured�water).�Alternatively�the�yabbies�may�have�died�as�a�combination�of�both�fac�

tors.�

From�this�experiment�it�is�possible�to�conclude�that�yabbies�are�largely�tolerant�to�new�and�aged�grey�water�in�normal�

and�slightly�higher�concentrations.�This�makes�an�ideal�species�for�use�in�aquaculture.�

��5��7�����������
Thanks�to�Dr�Andrew�Stone�and�Cat�Stone�for�their�patience,�guidance�and�help;�to�Dr�Richard�Bentham�for�his�witty�

suggestions�and�humour�and�to�all�those�in�Dept�of�Environmental�Health�who�put�up�with�us.�
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The�Economist,������������
�����
�������,http://www.economist.com/world/displaystory.cfm?story_id=9071007,�

published�April�26�2007.�

United�Nations�Educational,�Scientific�and�Cultural�Organization,����
��
 ���
 ����
!�"��	#���
$�	��,�http://

www.unesco.org/water/wwap/wwdr2/table_contents.shtml,�published�March�2007�

SA�Water,�%��������
���
$�������
 ����
,�http://www.sawater.com.au/SAWater/YourHome/

SaveWaterInYourGarden/Greywater+and+Recycled+Water.htm,�last�edited�June�9�2007.�

NSW�Department�of�Primary�Industries,�&����
�
�'���������
	��	����,�http://www.dpi.nsw.gov.au/fisheries/

aquaculture/publications/species�freshwater/freshwater�yabby,�last�edited�October�2007.�

6������
Aquaculture�Council�of�Western�Australia,�http://www.aquaculturecouncilwa.com/yabby.jpg.�

NSW�Water�Bug�Survey,�http://www.bugsurvey.nsw.gov.au/html/popups/images/lge_fr�ya_col.jpg.�
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This
project
is
aimed
at
using
Endophytic
Actinobacteria
as
a
possible
biological


control
method
for
controlling
fungal


disease
within
wheat
and
pasture
species
by
testing
their
antibiotic
production


potential.

Samples
of
Lucerne
(a
commonly
used


pasture
species
in
South
Australia)
were


obtained
and
used
to
isolate
Actinobacteria
colonies.
These
colonies
were
then
isolated
further
to
en1
sure
purification.

The
pure
isolates
were
streaked
upon
agar
plates
with
one

four
different
types
of
fungi.
Three
repli1
cates
of
each
isolate
plate
were
made
with
each
fungus,
as
well
as
replicate
sets
of
control
plates,
for

comparison.
The
plates
were
incubated
which
allowed
the
Actinobacteria
and
the
fungus
to
grow.

After
the
incubation
period,
the
plates
were
viewed
to
see
the
effects
that
had
taken
place.
The
growth

of
the
fungus
in
the


presence
and
absence
of
the
Actinobacteria
were
compared.


The
plates
showed
that
most
of
the


Actinobacteria
isolates
produced
enough
antibiotics
to
limit
fungal
development,
this
created
a
zone
of

inhibition
between
the
Actinobacteria
and
the
fungus.

The
results
have
shown
that
Actinobacteria
are
a
possible
biological
control
method
of
fungal
diseases

due
to
their
antibiotic


potential.



��#+ �1�#� ��
Wheat
and
pasture
grasses
within
Australia
are
affected
by
numerous
fungal
root


diseases.
This
 is
 due
 to
 restrictions
and
 lack
of
 suitable
 chemical
 control
methods.
These
diseases

negatively
affects
the
overall


production
rate,
yield
and
income
achieved
for
many
farmers
due
to
a
loss
of
crop.
This
research
aims

to

find
a
biological
control
for
these
fungal
diseases
using
Endophytic


Actinobacteria.




Actinobacteria
are
a
group
of
gram1positive,
filamentous
bacteria
that
sporulate.


Actinobacteria
mainly
inhabit
soil


Environments,
however
Endophytic


Actinobacteria
live
within
plant
roots
and
tissue.
Actinobacteria
produce
secondary
metabolites,
such

as
antibiotics
and
plant
growth
regulators.




� � � � � � � ��#) ���
� � � � � � ��+#�/'��( !�#� ��


1.
Obtain
Lucerne�plant
samples.

2.
Wash
Lucerne
thoroughly
with
water
to
remove
soil
and


other
organic
matter.

3.
Surface
sterilise
roots
using
ethanol,


sodium
hypochlorite
and
RO
water.

4.
Cut
roots
into
1cm
pieces
and
place
20130
pieces
upon


Starch
Casein(SCA)
and


Humic
Acid
with
Vitamin
B(HVB)
plates.

5.
Incubate
plates
at
270
and
370
C.

�
�

�

Possible��
Actinobacteria��
Colonies.�

Surface�sterilised���������roots�upon�HVB�
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Pure�Actinobacteria�isolation�
plate.�

��+#�2�'��1+�*���#� ��


6.
Isolate
Actinobacteria
colonies
using
a
loop
and
streak
onto
a
Potato
Dextrose(PDA)
plate.

7.
Incubate
all
plates
again.


 �( !�#� ��%!�#�(�

Each
pure
 isolate
 is
given
an
isolate
number.
Nine
 isolates
were
used:
C1,
C5,
C7,
C11,
C12,

C17,
C29,
C50
and
C51.




��+#�5�'���(#����* +���#�>*1���!���#�4�#"�
8.
Streak
one
third
of
a
Cornmeal
agar(CMA)
plate
with
pure
isolates
using
a
loop.
Make
three

replicate
plates
of
each
isolate
for
each
of
the
fungus
species.

9.
Incubate
at
270
and
allow
to
grow
for
10
days.

After
incubation
period
place
a
cube
of
fungi
on
each
plate,
using
different
types
of
fungi.
Ensure

control
plates
without


Actinobacteria
are
made
for
each
fungus


species.

11.
Reincubate
and
allow
to
grow
for
four
days.

12.
Check
plates
and
measure
the
growth
of
the
fungi
towards
the
Actinobacteria
and
upon

the

control
plates.
Record
results.

13.
Reincubate
for
another
3
days
and
then


remeasure
and
record
results.


�1����1(���

Pythium�irregulare�(�"),
Fusarium�oxysporum�(�1(� :),
Rhizoctonia�solani�AG8�(
)�F)
and

Gaemannomyces�graminis�var�trici�(�#�<)were
used
because
each
fungi
will
be
differently
af1
fected
by
the
Actinobacteria.


Day�4�
C51�Rhiz�Rep�3��

Day�7�
C51�Rhiz�Rep�3��

Day�4�
Control�plate,�
Rhiz�Rep�3�

Day�7��
Control�plate,�

Plate�with� fungal�contamination�Non�contaminated�plate�
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There
were
a
few
factors
which
contributed
to
varying
the
outcome
of
the
results.



•� The
isolates
were
incubated
at
270
and
370C
whilst
being
purified,
whereas
the








experimental
plates
were
only
incubated
at
270.
This
is
because
within
a
normal
soil





 environment
the
fungi
would
not
be



 exposed
to
temperatures
higher
than
270
.

•� Py
 could
 only
 be
measured
 once
 because
 the
 control
 plate
 was
 completely
 covered
 in


growth
on
Day
4
(therefore
the
Day
7


results
are
lower
than
they
should
be


because
there
was
no
recent
control
ratio
to
be
used).


•� The
Ggt8
control
plates
fungal
growth
was
limited,
yet
it
grew
more
profoundly
on
the
iso1
late
plates,
this
affected
the
results
by
lowering
the
average.
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To
determine
the
amount
of
antifungal
activity
of
the
Actinobacteria
the
radius
of
the
control

plate
and
the
radius
of
the
growth
on
the


isolate
plate
towards
the
Actinobacteria
were
taken
and
then
applied
to
this
formula:


Control
radius




Fungus
plate
radius
towards


Actinobacteria




An
average
ratio
was
then
determined
from
each
of
the
replicate
isolate
plates
and


controls.
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Of
the
isolates
obtained
there
were
representatives
of
several
genera
of
Actinobacteria,
includ1
ing:
Streptomyces,
Microbispora
and
Micromonospora.



To
determine
the
isolates
antifungal
potential,
their
average
ratio
was
compared
with
a
rating

system.
This
helps
to
verify
the
most
productive
isolates.


Day�7,�C7�Ggt8�Rep2�
The�ratio��
towards�the��
Actinobacteria�that�is�being�measured.�
�
�
�
Zone�of��
Inhibition.�

Antifungal�Activity� Ratio�

Very�Strong� ≥�5�

Strong� ≥�3.5�0��<5�

Moderate� ≥�2�0�<3.5�

Weak� ≥10�<2�
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Day
4

Day
7

The
most
effective
isolates
for
fungal
control


appear
to
be
C17
and
C51
because
each
have


produced
enough
antibiotic
to
limit
the
fungal
growth
therefore
raising
their
ratio
to
over
5


numerous
times.



The
graphs
also
show
that
antibiotic
production
continued
to
Day
7.
Some
plates
also
did

not


exhibit
a
zone
of
inhibition
because
the
isolate
was
not
effective
in
controlling
the
fungi.



This
experiment
has
shown
that
Endophytic


Actinobacteria
are
a
possible
biological
control
of
fungal
root
disease.
Future
testing
will

confirm
their
effectiveness.




�1#1+����(#����
•� The
isolates
obtained
will
be
used
to



inoculate
Lucerne
seeds
which
will
be
placed
within
a
soil
environment
containing
one

of
the
fungal
diseases,
then
allowed
to
grow
within
a
controlled
greenhouse
environ1
ment.


Germination
and
growth
of
the
plant
will
be
measured
to
determine
if
there
is
protection

from
the
Actinobacteria

against
the
disease.

•� The
overall
most
promising
isolates
will
be
used
within
field
trials.
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Special
thanks
to
Flinders
University


Department
of
Medical
Biotechnology,
Phil


Michelsen
and
Professor
Christopher
Franco
for
all
their
guidance
on
this
project.
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contact
information



Postal
address:



Australian
Science
and
Mathematics
School



Flinders
University



Sturt
Road



BEDFORD
PARK
SA
5042



Telephone:

+61
8
8201
5686



Facsimile:



+61
8
8201
5685



Email:

asms@flinders.edu.au



Website:



http://www.asms.sa.edu.au
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