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Short story of DDT

In 1874 Othmar Zeidler, under the supervision of Adolf von
Baeyer, has synthetised DDT. It is a colorless, crystalline,
tasteless and almost odorless organochloride.

DDT's insecticidal properties were discovered in 1939 by the Swiss scientist Paul Miller, who
was awarded the 1948 Nobel Prize in Physiology and Medicine for his efforts.

DDT was used extensively during World War Il by the Allies to control the insect vectors of
typhus and malaria.

* DDT and its metabolites are durable organic pollutants with half-life reaching 30 years.

* The International Agency for Research on Cancer classifies it as a "possible" human carcinogen.
* Human data indicate possible disruption in semen quality, menstruation, and duration of
lactation.

* US Environmental Protection Agency states that DDT exposure damages the reproductive
system and reduces reproductive success.
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Risk resulting from presence in our environment of products
of innovative technologies and the need to control this hazard
was the main reason for the creation of
the Laboratory Molecular and Nanostructural Biophysics
in Lodz Regional Park of Science and Technology
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Research and Implementation Center for Business

BioNanoPark is a project implemented by Technopark Lodz,
aimed in science and industry cooperation,
helping to transform ideas into business
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The structure of BioNanoPark laboratories

Laboratory of Industrial Laboratory of Molecular and

Biotechnology

Nanostructural Biophysics

Microbiology Unit Cell Biology Unit

Molecular Biotechnology Unit Biochemistry Unit

Biocatalysis and Biotransformation Unit Transcriptomics and Proteomics Unit
Biomolecular Analysis Unit Molecular and Nanostructural Biophysics Unit

Personalized Medical Implant Unit

Biosynthesis and Bioproducts Separation Unit
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Laboratory of Molecular
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Different levels of understanding
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. Cell Biology Unit

BIOLOGICAL OBJECTS

Caenorhabditis elegans Endothelial cells
C. elegans EA.hy926
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Multiwalled carbon
Nanotubes (MWCNT)

SouthWest
Nanotechnologies Inc

EIONANGD

NANOPARTICLES

Silver nanoparticles
(SNP)

Sigma - Aldrich
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Molecular and Nanostructural Biophysics Unit

Denrimers
(PAMAM)

to o’ﬁz Foohy, Ié‘v

Dendritech Inc

https://data.epo.org/publication-server/rest/v1.0/publication-
dates/20070321/patents/EP1382385NWB1/document.html
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METHODS USED IN RESEARCH

C. elegans and endothelial cells culture in Cell Biology Unit

C. elegans population observation
(live, size and reproductive potential estimation)

metal-oxide sensors system e-nose (nanoparticles detection)

optical, fluorescence and scanning electron microscope imaging

EDS spectrometry (X-ray spectrometry for elementary analysis)

flow cytofluorymetry analysis (cell granularity, size and live/dead estimation)
cyto- and genotoxicity tests (XTT and micronuclear tests)

microarray gene expression analysis (transcriptome analysis)

2D-DIGE gel electrophoresis analysis (proteome analysis)

MALDI-TOF/TOF and LC-ESI-MS/MS mass spectrometry analysis
(peptide identification)

... and many other
www.technopark.lodz.pl
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Laboratory of Molecular

and Nanostructural Biophysics

Sensors:

-n-type metal oxide
semiconductor:

Sn0,, ZnO, WO,, TiO,, In,05
-p-type metal oxide

semiconductor:

Odor or volatile compounds of the sample

CuO, C+r2-xTixO3+y, NiO

0, H,0  OH- H+
Gas O, H,0 OH- He DRSNS R, initial resistance
, o H,0 S OH- H
Carrier gas 2 2 :
Gas + H,S R resistance
RO RO
adsorption R desorption
MOS sensor
chamber C

Injector

port

Flowmeter  synthetic air (Ro)
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Molecular and Nanostructural Biophysics Unit

Comparison of resistance curves

Cell culture medium Cell culture medium without FBS

SN

Intensity
Intensity

Time [s]

Comparison of resistance
extreme values on radar
graph for all sensors
Medium
Medium without Fe=\"
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Molecular and Nanostructural Biophysics Unit

Nanoparticles detection using gas sensor array system
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MWCNT in medium without FBS SNP in medium without FBS PAMAM Dendrimers
Medium without FBS Medium without FBS IPnBPSBS
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Molecular and Nanostructural Biophysics Unit

SCANNING ELECTRON
MICROSCOPY

Primary electron Beam

i i «~—— Electron Gun
Electron Lens
" (it Gondenser Auger electrons
Spray Aperture Secondary electrons (SE)
~—— Spray
Scan Coils 10-200nm Back d
/ 500-3000nm ackscattere
Magnification Scan electrones (B SE)
7 Control || Generator
[P ; Characteristic X-Ray
0 ] Final Lens Aperture l

Continuum X-Ray
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/-—k\ Display
d Detector CRT

o
Specimen

to
Vacuum
Pqus

Figure 2.2. Schematic drawing of the electron column showing the electron gun, lenses, the
deflection system, and the electron detector.

Secondary
fluorescence

Range and spatial distribution of electron emission in the
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CMWNT

SouthWest
measured
Inc.
meanzSD
12.3+7.7
[nm]
median
6.6 10.4
[nm]
3--6 6--9 9--14 14-20 20--30 >30
diameter [nm]
5 concentration deviation
405K element
36.0K] [%] [%]
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il AN Al 387 23
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0.0K
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Molecular and Nanostructural Biophysics Unit

‘ SNP

Diameter [nm] <100
short axis long axis
50 30
45
40 25
3 20
L 30 .
[ [7]
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5
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b4 1]‘5":":‘?"‘;’ m;”' .;': W‘WF e 22-40 40-50 50-60 60-70 70-80 80-90 90-100 >100 22-40 4050 50-60 60-70 70-80 80-90 90--100 >100
diameter [nm] diameter [nm]
short axis long axis
mean + SD [nm] 50.8 £13.0 69.3 £20.5
h median [nm] 48.3 66
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Dynamic light scattering
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Molecular and Nanostructural Biophysics Unit

Laboratory of Molecular
and Nanostructural Biophysics

Stokes — Einstein relationship describes the
relationship between particle size and the rate
of their Brownian motion
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Autocorrelation function:
G%(r)=(1)*(1+zexp(-2D,¢%))

4210 sin(6/2)

q:

D, — diffusion coefficient,
calculated from the fltted

1.0E+3 1.0E+4 1.0E+5 1.0E+6
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1.0E+7

kg — Boltzmann constant
T — temperature (Kelvin)
n — solvent viscosity

R, — hydrodynamic radius

Albumin, Monomer bovine (0.25mg/ml)

N .

w
o

% Intensity
N
o
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0+
0,10 10,00 100,00 1 ,0E+3 1 0E+4
Radius [nm]
Peak Radius [nm]
%Mtensity4.28 7240Mass 999
2 93.27 25.7 0.1
3 1594.89 1.9 0.1
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4 DLS
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Molecular and Nanostructural Biophysics Unit

Statistics Graph (10 measurements)
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C. Elegans — population observations

-

MWCNT 10*3/ml SNP 10'3/ml PAMAM 10%13/ml
24h 48h 72h 24h 48h 72h 24h 48h 72h
A live - + - + - - - - -
A size -—- -—- -— -— - S —— SESe _—
A eggs + +++
& number | increase | decrease _
0-2 + -
2-10 ++ -
10-50 +++ -—-
{l’, >50 +++ —
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Transcrlptome and Proteome Unit

~'-

RNA MICROARRAY TECH

RNA CRNA-Cy5
Condition 1

) = T
h’ Condition 2
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Transcriptomics Unit equipment and software

_ ===
Agilent 2100 Bioanalyzer software

h’ jgileni MxPro QPCR— software
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. Transcrlptomlcs and Proteomics Unit

MWCNT SNP PAMAM
Pathway name Number of active | nymper of affected ~ Number of affected Number of
genes genes genes affected genes
Aging 3 3 = -
Cytoplasmic ribosomal proteins 63 6 - 19
Insulin sygnaling pathway 8 2 2 -
Dauer formation 23 3 - -
Immune responses in the intenstine 25 3 4 -
Metapathway signal transduction 107 6 9 -
Mitochondrial unfolded-Prorein response 18 2 - -
1l division — first embryonic mitosis 124 - 15 -
Fatty acid biosynthesis 17 - 4 -
Fatty acid Beta Oxidation 34 - 8 -
Vulval development 18 - 3 -
Glycogen Metaobolism 21 - 3 -
Glycolysis 25 - 3 4
DNA replication 25 - - 8
LIN-12-Notch Lateral signaling 15 - - 5
Sex determination 17 - - 5
Translation factors 31 - - 7

www.technopark.lodz.pl
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Molecular and Nanostructural Biophysics Unit

REFERENCE PAMAM IC25

MWCNT IC25

1
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Molecular and Nanostructural Blophy3|cs Unit
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Molecular and Nanostructural Biophysics Unit

control PAMAM ic10 PAMAM ic25
- SAMPLE DS [1/um?]
‘ , : Reference 155 + 56
MWCNT IC25 401 £ 69 (**)
i o SNP IC25 294 + 99
MWCNT ic10 MWCNT ic25 MWCNT ics0 PAMAM 1C25 239160

Average values of density of summits
calculated for AFM images
(2umx2um) for reference cells and
incubated with nanostructures at

SNP ic10 SNP (c25 SNP ic25- 3D IC25 concentration.

ANOVA, **P <0.01
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120 -
_ 100 1
. oy 2
Cell viability XTT test & =1
s 50 -
i i‘f 40 4 120
s
20 - =100
ﬂ : PAMAM
B L]
comrol s se 35 100 125 150 200 300 = -
=b e} condentration [pg/mL] 2 &0
120 - £ 40 R
SNP 1 ¥ oase -
= 20 - kE -
0

" control
e +} J02% 05 &4 03 05 07 1 ]

concent-ation [pmaolfL]

wiability [*% of controdl]

control 4 3 4 30 7o 220 130 250
LU concestration [pgfmi)

IC parameter MWCNT [ng/mL] SNP [ng/mL] PAMAM [uM]
IC10+£SD 51.7+0.3 28+0.1 0.005 £ 0.0001
1C25 £ SD 74.1+21 74.8+45 0.012 £ 0.001
IC50 £ SD 166.6 + 11.7 1396 +7.1 0.024 + 0.003
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m SoNaND -
Cell Biology Unit

InCell Analyzer 2000 Acquisition of Optical Sections for Deconvolution
Non-confocal high content cell
— \y\ Optical Sections

analysis system with advanced -
function of deconvolution e ——

Plane

Microscope
Objective
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B SoNAND

Cell genotoxicity
micronucleus test

30 q *

25 1 MWCNT
920 | I
g20 ) l &
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70 7 # ¥
* ] 60 1 PAMAM
o T T u50 B
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q N -] ' .
260 10 1
§5° 1 ki 0 j . . :
gﬁo i ; K} K {+) €10 Ic25
=30

20 A

10 -

o1 B ,

K ) K (+) Ic10 IC25
Parametr IC MWCNT [pM] SNP [uM] PAMAM [uM]

<7 ,
. IC50 9.9x10-L1 1410711 2.4 %107 a\‘
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B SoNAND

Side scatter

Bandpass filters detector

Dichroic Oﬁ
filters ’ O D
Nozzle Cells
9 o0

Flow cytometer

Forward scatter a O D Fluorescent
detector - channels
°
.
[__.] o
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Cell Biology Unit

BO1 kantrala BOZ2 CHTIO BO3 CHTZ25 BO4 CHTS0
& Gate: (R2in all) o Giate: (R2 in all) o Gate: (B2 in all) =~ Gate: (R2inall
A mi3-LIL @23-UR #mi3-LIL 23-LIR] w30 w3l 23-UR
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& Gate: (R2 in all) 5 Gate: (B2 in all) & Gate: (R2 in all) & Gate: (R2in all)
% mi3-LIL 23-UR m3-LIL #m3-LIL G3-UR A mCi3-LIL
5.6% 2.7% 4. 9% 10.3% 3.8% 11.8%
% %
% %
SNP 5 o5
a7 Hey
% 4
E "a

technopark

tonz

www.technopark.lodz.pl




Laboratory of Molecular
and Nanostructural Biophysics

D01 kontrola D02 PAMAM IC™10 D03 PAMAM IC25 D04 PAMAM IC50
o Gate: [No Gating] o) Gate: [No Gating] G Gate: [No Gating] o Gate: [No Gating]
iy ote 1553 % S At
q J* : q 310 : o . o P
X % % %
PAMAM <% < ¥ <
da d d
% % %
Y ) i
LIVE % OF TOTAL
CONTROL 91,5
MWCNT IC10 79,3
MWCNT IC25 78,3
MWCNT IC50 75,7
SNP IC10 92,3
SNP IC25 84,1
SNO IC50 72,4
PAMAM IC10 87,1
. PAMAM IC25 87,4
‘ PAMAM IC50 81,2
technopark www.technopark.lodz.pl
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GENE EXPRESSION RATIO

Transcriptomics and Proteomics Unit

Laboratory of Molecular
and Nanostructural Biophysics
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Identified:
13 signalling pathways with changed
level of gene expression

GENE NUMBER
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Transcriptomics and Proteomics Unit

o D-DIGE CONTROL

Laboratory of Molecular
and Nanostructural Biophysics

SNP
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Transcriptomics and Proteomics Unit
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Transcriptomics and Proteomics Unit
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Kinetic energy of ion leaving the source with

5 . .
mass m and total charge q=ze Measurement t2 allows calculation mass to charge ratio
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lon will run distance d with uniform motion in time t = E 2Vs] ~ z \2Vs
, d
)-’ t = ;

<

technopark www.technopark.lodz.pl

tonz



Laboratory of Molecular
and Nanostructural Biophysics

n EIONANGD

Personalized Medical Implant Unit

Sensable Phantom Desktop -
Haptic device,

EDEN 350 - 3D Printer,

Software:

Reverse engineering software,
CAD - Solidworks 2013,
Dedicated software for conversion
of CT data to 3D models.
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5kV - Imago-
BSD Full F14_N46_N1 4

R 10KV - Image
10um 4l 448 um BSD Full F14_Na6_N16
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THANK YOU FOR YOUR ATTENTION

Science and business
working together.

Join us!
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