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Microstructural Aspects of Complexation Between DNA

and Positively Charged Nanoparticles

Marina Konortv*, Erez Braun#, Uri Sivan#, and Yeshayahu Talmon”

*Department of Chemical Engineering, Technion, Israel

#Department of Physics, Technion, Israel

The electrostatic interaction between DNA and cations, or positively charged particles, has been
studied in relation to DNA condensation for gene therapy applications and DNA packaging. Despite
the extensive effort put into this subject, there is still no good microscopic understanding of the

DNA-colloid complexation.

In this work we have used cryo- TEM to study the complexes formed between stained or unstained
lambda DNA and positively charged nanoparticles. The influence of colloid diameter on the formed
complexes has been studied and compared. We demonstrate that unstained DNA can be directly
imaged by the cryo-TEM, technique and discuss the influence of different stains on the DNA

structure.
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Cholesterol Crystallization Pathways in Bile

Daphne Weihs, Dganit Danino, Moshe Rubin, Fred M. Konikoff, Yeshayahu Talmon

Department of Chemical Engineering,

Technion-Israel Institute of Technology

Cryogenic transmission electron microscopy (cryo-TEM) is a powerful tool for the characterization
of meso-scale complex fluids, as it allows direct visualization of the microstructures in solution and
crystallographic characterization of crystals if present or growing in solution. Obtaining reliable
information on the physical state and ultrastructure of bile is difficult because of its mixed aqueous-

lipid composition and thermodynamic metastability.

We have employed time-lapse cryo-TEM combined with digital light microscopy (DLM) to study
microstructural evolution in nucleating bile. Well-characterized bile models, as well as native
gallbladder biles from cholesterol and pigment gallstone patients were studied sequentially during
cholesterol nucleation and precipitation. The microstructures formed were studied and characterized
using cryo-TEM in the imaging mode and in the diffraction mode. Electron diffraction provided
direct proof for the growth of cholesterol monohydrate in native bile, and the existence of a
previously undetected crystalline phase in a dilute bile model. These findings, for the first time
documented by cryo-TEM, provide a microstructural framework that can serve as a basis for

investigation of specific factors that influence biliary cholesterol nucleation at crystal formation.
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Optical M easurements of Flow Velocity of Drops

Link Nitzan, Semiat Raphael

The Technion — Israel Institute of Technology
Department of Chemical Engineering

Israel

Generation of uniform drops is possible in several ways. One of them is a pulsating chamber device that

causes the exit of drops through means of pressure waves due to contraction of the chamber volume.

A flow of ink drops is investigated for the use in wide format printing devices. There are several modes of
ink jet printing; the one used in this research is a drop-on-demand (DOD) piezoelectric push mode device. In
contrast with the continuous mode, the DOD piezo push mode creates drops only when needed by means of a
pressure wave generated by a piezoelectric crystal. The drop is a result of a small, finite jet that emerges
from the nozzle and converges into one drop. When the jet is formed, the pressure must be sufficient to expel

it toward a recording media.

The drop’s excessive energy may result in changes in shape and direction of the drops during flight. This can
also be followed by generating of smaller drops, a phenomenon called “satellite drops”. The quality of
printing is greatly depended, among other parameters, on the velocity and shape fluctuations of the jet and
the drops as well as on the existence of satellite drops. Without detailed knowledge of the pressure response
and velocity variation in the ink flow channel, optimal drop ejection and therefore optimal printing quality

cannot be assured.

Two optical methods - Laser Doppler Velocimetry (LDV) and Image Visualization (IV) - are applied to
analyze the performance of ink jet printing heads, working at the same operational conditions as in the

industrial machines. The printing heads examined are manufactured by a local company.

The performance of the printing heads is examined as a function of operational parameters such as the
ejection pulse parameters (pulse amplitude, duration and frequency), the ejection pulse shape (single pulse,
double pulse, bi-polar pulse) the ink properties (surface tension and viscosity), the ink type (solvent or water

based, dye or pigment ink) and more.

The LDV system gave results of the drops velocity and a detection of satellite drops. Combined with the
images taken by the IV system, which show the drops shape and the appearance of satellite drops, the results

gave a conclude view of the flow behavior at different conditions.
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| nvestigation of The Flow Next to Membrane Wall Including Spacer
by PIV Method.

Gimmelshtein Margarita, Raphael Semiat

Technion-Israel Institute of Technology
WRI Rabin Desalination Laboratory,

Department of Chemical Engineering

There is a wide field of processes and apparatus for which the local and integral mass transfer is very
important for an effective use of energy and material. The perfect example for this is a membrane system for
reverse osmosis. One of the main problems associated with membrane operation is the “Concentration
Polarization” phenomenon. This is a concentration gradient that appears next to the membrane at regular
operation, responsible for most of the operational problems associated with membrane performance. It is
desirable to mix this layer in order to reduce its negative potential. The main direction is to increase the
turbulence in the flow channel close to the membrane causing mixing that may reach down to this layer.
“Polarization” processes are influencing the effectiveness of membrane separation, what makes process and
product more expensive. The knowledge of the mass transfer behavior is essential for the optimization of
these processes. For the investigation of the mass transfer experimental methods are very useful, especially,
methods which allow the visualization and the quantification of the local mass transfer. One of these

methods is Particle Image Velocimetry (PIV).

PIV measures whole velocity fields by taking two images shortly after each other and calculating the
distance individual particles traveled within this time. From the known time difference and the measured
displacement the velocity is calculated. A special camera that was used is Pixel Fly Double Shutter. Cross-
correlation method applied to two frames gives exact information about the direction of a particle's
movement because it is known which frame was taken first and which one-second. With the known pixel

size and magnification this can easily be converted to a real scale in an experiment.

The experiments based on the spiral wound demo-model, especially, concentrated on the flow through the
spacer. The main objectives of the investigation are velocity and turbulence. The knowledge of the

turbulence intensity at the field allows controlling parameters like flux, product concentration and more.
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Enhanced Photodegradation by Biased Electrodes

Guy Shemer and Yaron Paz

Department of Chemical Engineering, Technion, Israel

Photodegradetion of organic compounds by TiO, is well documented in the literature.
Unfortunately, the rates of photodegradetion and the quantum yield are often limited by lack of
charge separation between the electrons and the holes, which are responsible for initiating the
oxidizing step. Applying positive potential bias on the TiO, layer is expected to increase the
quantum yield, since there would be an increase in free holes, which are necessary to carry out the
photodegradetion. These effects, studied on well-defined micro-patterned interdigitated Pt / TiO,
electrodes will be discussed and demonstrated with a variety of contaminants, including model

systems based on Self- Assembled Monolayers (SAMs).
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System for Electrical Measurementswith Temperature Control

Y.Meman, S. Baltianski and Y. Tsur

Chemical Engineering Department

Technion — Israel Institute of Technology

Correct electrical measurements and their interpretation in terms of properties are the most
important part of electroceramic materials research. This may be achieved by combination of the
different influences on the sample under investigation with electrical measurements. One of the
basic influences that may be applied to the sample easily is temperature change. In this poster, a
laboratory system of electrical measurements of different kinds with temperature control is
presented. The main properties of this system are: temperature range - 77-500K; frequency range—
0.001Hz-110MHz; it is also possible to measure sample’s characteristics as functions of dc current
in this system. Some typical measurements are shown and the advantages and limitations are

discussed.
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The Effect of Incorporating M ethod and Concentration of Niobium on

Properties of Barium Titanate Ceramics

Hanady Y aseen and Yoed Tsur

Chemical Engineering Department

Technion — Israel Institute of Technology

Doping of barium titanate ceramics by aliovalent dopants leads to change in the material properties,
such as the appearance of semiconductor behavior in some cases. Since impurities and the lattice
imperfections play a crucial role in these phenomena and peculiarities of other properties, there
investigation has attracted much attention. It is important to consider the influence of donor ions on
the properties of barium titanate. The mutual influence of impurities and lattice defects follows

from the necessity of excess charge compensation.

Barium titanate doped with donors is a good n-type semiconductor, the conductivity of which,
however, is considerably influenced by intrinsic defects. Therefore, not only the equilibrium
behavior of these defects but also the defects formation and the defect diffusion play an important

role with respect to the semiconducting properties.

It is known that the addition of a small amount of Nb has significant effects on the electrical
properties of BaTiOs;. However, how Nb is distributed locally, and what structural variations it
causes have not been studied in depth. With this in mind, this work is focused on the effect of 0.1 to
1% Nb ions on the microstructure and electrical properties of BaTiOs crystals which prepared in
two different ways and characterized by: XRD, HR-SEM, Particle size analysis techniques, Zeta

potential measurements, Specific surface area (multipoint B.E.T.), and impedance measurements.




DIV NNXN — DD NOTIND MIRIVON NTNRN DY 39-N YNMIVN DION - DX PPN 19D

I nfluence of the Surface Oxidation L evel

on Titania Nano-particles Properties

Stanislav Simakov, Raphael Semiat and Yoed Tsur

Chemical Engineering Department

Technion — Israel Institute of Technology

Titanium dioxide is a typical binary semiconductor, a structural ceramic material and a well-known
photocatalyst for water and air treatment. It is one of the most popular and promising materials
among other semiconductors. During the preparation, it is possible to change the surface of
semiconductor, and, by this way, to obtain material with new, modified characteristics. The focus of
this work is to investigate the surface properties of prepared Titania nanoparticles, especially, the

properties of Titania-water interface.

Titania nanopowder with modified surface was prepared by precipitation from ether-water mixture.
A number of surface characterization methods was used to investigate the mechanism of influence
of surface modification on physical properties. The surface of prepared nanopowders was studied
by means of Gas Adsorption-Desorption (B. E. T. method), Auger Spectroscopy and X-ray Photon
Spectroscopy. Potentiometric titration and measurements of zeta potential were applied in order to
investigate the electrical charge distribution on the titania-water interface. Dynamic Light Scattering

method was used for particle size measurements.

The surface oxidation level was proposed as determining the surface properties such as zeta

potential and surface charge magnitude.
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Electrochemical Crystallization of Calcium Carbonate on Carbon
Based Eectrodes

K.Rinat, E. Korin and A. Bettelhem

Department of Chemical Engineering,
Ben-Gurion University of the Negev,

P. O. Box 653, Beer-Sheva 84105, Israel

Calcium carbonate scaling is often a major problem in natural water supply of industrial plants and
various chemical engineering processes. The present study deals with removal of calcium ions from
water by controlled electrochemical deposition and crystallization of CaCOj;. This method is based
upon reduction of dissolved oxygen in water, formation of hydroxide ions and precipitation of
CaCOs on the electrode surface. The factors influencing the rate of calcium carbonate precipitation
from water by electrochemical methods on several carbon-based electrodes with different

morphologies were investigated.

Nucleation and growth rates were found to be highly affected by the carbon electrode type and the
potential applied at the electrode. At a cathodic potential, where oxygen reduction is the main
process (-1V vs. Ag/AgCILKCI (satd.)), deposition is observed at the surface of the carbon
electrodes. However, CaCO3 does not deposit within the pores of aerogel carbon electrodes. This is
achieved at higher cathodic potentials (-2V vs. Ag/AgCILKCI (satd.)), in which water reduction
takes place. In — situ determination of Ca”" ions shows almost total removal of these ions from the

solution.

Based on statistical analysis of microscopic photographs and using a simplified nucleation and

growth model, a first estimation of crystallization parameters was evaluated.
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M odel-Based Control of Fuel Cdlls

Joshua Golbert and Danid R. Lewin

PSE Research Group
Wolfson Department of Chemical Engineering,

Technion I. I. T., Haifa 32000, Israel

In the past few years, fuel cells have generated much interest as an alternative to fossil fuels as an energy
source. Fuel cells are chemical engines that convert chemical potential into electrical power. Since they are
not driven by temperature differences, they are not subjected to Carnot’s limit of efficiency. In addition,
common pollutants such as sulfur dioxide and nitrous oxides are avoided since the process does not involve
combustion. These advantages, together with the reduction of greenhouse gases and fuel consumption due to
higher efficiencies and the possibility of alternative energy sources, have generated enormous interest in fuel

cells for stationary as well as mobile applications.

Although much has been written about electrochemistry, and chemical industrial processes have been well-
researched, the fuel cell itself as a process has not been fully understood. Many research teams are working
on understanding the complex physics and chemistry of fuel cells. Work is being conducted on the optimal
materials allowing rapid transfer of protons while eliminating undesirable diffusion of reactant. In the field
of process systems engineering, models of different complexity are being produced, describing the
performance of fuel cells under an array of conditions. These models are then used to evaluate optimal
schemes of external heating, humidification and fuel composition, generally from steady-state considerations
alone However, the dynamic response of fuel cells is important for vehicular applications, since the power
demands flunctuate, and thus the optmimal steady-state operation conditions do not exist. Thus, the relevant
issue is how to control the fuel cell to ensure acceptable response time for the power demand, while at the

same time maximizing its fuel efficiency.

To address this problem, a dynamic fuel cell model has been developed taking into account spatial
dependencies of voltage, current, material flows, and temperatures. This model, together with dynamic
models of a fuel reformer and heat exchanger, has been used to examine dynamic characteristics of an entire
fuel cell system. A model-based control scheme, based on a reduced model is under development, which
treats the system as a whole, optimizing the overall performance over time. Results of the optimally-

controlled fuel cell are presented.
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Feedback Control of Vertical Bridgman Crystal Growth

Roman Sheinman, Simon Brandon and Daniel R. Lewin

PSE Research Group
Wolfson Department of Chemical Engineering,

Technion I. I. T., Haifa 32000, Israel

The vertical Bridgman process for growth of large crystals is based on gradual cooling of the melt by slow
movement of the ampoule through the furnace from its hot, upper zone down to its cold, lower zone. The
main demand from the process is highest quality of the crystals, which is measured by uniformity on a
microscopic level in composition or in crystal structure. The low thermal conductivity of solid and the
continuously generated latent heat of solidification may cause multi-cell flow in the melt, leadinging to a
non-uniform distribution of solute additives. Driven by these effects, the crystal quality deteriorates as a
result of morphological instability at the growing interface. It is possible to define characteristics that

quantitatively describe the stability limits (e.g. using the Mullins-Sekerka criteria).

This problem can be addressed by optimal operation of the crystal growth system. The targets are maximum
quality in the least amount of time, as constrained by the quantified stability measure. Optimization of the
process requires repeated dynamic simulation of the crystallizer until the solution is reached. This is the
justification for carrying out the optimization using a reduced order model. The decision variables are to be
changed periodically, so a finite number of optimal decisions has to be computed. The optimization

algorithm is similar to MPC, with a series of future control moves continuously generated by the controller.

The proposed MPC controller uses a lumped parameter model, since the full order model (time dependent
FEM for Navier-Stokes convection, conduction and diffusion) is too complex to be used in on-line
optimization. The lumped model uses a quasi-steady state approximation for temperature distribution, and a
“Stirred Tanks in Series” model for the distribution of solute. These approximations are possible because
heat conduction is much faster than the convection and the pulling rate, and the convection of solute is
dominant in comparison with its diffusion. All of the parameters are fitted to the original full-scale FEM
model. Stability characteristics are estimated from measurements of the system. Information about stability

will be fed back to the actuator — to alter pulling velocity.

-11-
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The Effect of DI System |on Exchanger Regeneration on Process

Control of Thermal Oxidation in 0.35 Micron Technology

Yuval Kariv

Tower semiconductor,

Migdal Haemek, Israel

Tower had experienced severe process control and instability problems in the thermal oxidation
isolation (Field oxide), which is being used at O.35 micron technology. The problem can be
characterized as random events, in which high oxide thickness (by~10%) and deteriorated in wafer
uniformity were reported. It was proved that those events were correlated to high contamination in
the backside of the wafers. It was suggested that ion exchanger’s regenerations in the DI system,
which were done due to high values of Boron in the DI, caused this contamination. Experiments
proved that contamination on the backside of the product wafers, which was gathered in the SizNy4
backside layer during wet cycles, was increasing the oxidation rate. It was decided to increase the
robustness of this isolation module. Adding Si3N4 backside strip before the pre clean of the isolation
process was proved to be efficient, and to eliminate these high thickness and uniformity events.
Also adding Dichloride-Ethylene (DCE) to the isolation wet oxidation step, in order to gather the
contamination, was proved to be efficient. However, wafers that were processed in DCE treatment
oxidation showed an increase in the active area effective width due to narrower isolation. In order to
solve this problem, Thickness matrix was experimented, and a new higher suggested target was
proved to be inoffensive to isolation parameters, and even improved baseline of common isolation

failures.

-12-
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Enabling New or Improved Technologiesfor Intel and The
Semiconductor Industry by Fusion of Intel's L eader ship & Resources

With Israeli and European Technological | nnovation

Paula Goldschmidt

Intel I/E-SBD Director

Intel's Israel/Europe Suppliers Business Development program supports hi-tech companies with the
aim of assisting them to enhance their competitiveness in the development of innovative and/or
missing technologies in the global market. This support focuses mainly on engineering and

commercial guidance designed to assist in the companies' successful penetration into new markets.

Up to date, Intel Israel Suppliers Business Development Team has supported dozens of hi-tech
companies/suppliers in Israel and is expanding to the European market using same methodologies.
Program started operations at the end of 1996 and since then more than 50 Israeli

Suppliers/Products were qualified as Standard World Wide Intel Suppliers.

From 1996 to 2002, the Program has enabled Isracli Companies cumulative sales of $1 Billions

from the supported products.

-13-
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WET Chemicalsfor Ultra Clean Processing of Silicon Surfaces

|gor Sirota, Noga Gotshal-Glam, Miri Richert & Orit Kotler

Intel Kiriat-Gat, Israel

Wet etch is a process that includes wafer cleaning, etching of different thin films, removal of photo
resist and post etch residue. This process plays an important role in achieving high yield in
semiconductor manufacturing. Low cost batch processing with a possibility of cleaning wafer front
and backsides simultaneously makes it attractive. Wet etch/clean is the most frequently repeated
step in IC manufacturing and is one of the most important segments in the semiconductor business.
Each time device feature size shrink or new tools and material enter the fabrication process, the task
of wet steps and contamination control gets more critical in terms of reliability, yield and
performance. Organic, metallic and particle contamination induces different negative effects on
device performance (earlier breakdown, leakages), process steps (micro masking during etching,
change quality of deposition) and wafer inspection (disturb CD inspection due to sidewall polymer).
As arule, a “killer defect” is less than half size of the device linewidh. For example, at 0.18-micron
geometries, cleans must remove particles smaller than 90 nm. Wet chemicals (HF, HCL, H3POy,
H,SO.4, H,0,, NH4OH, IPA etc) must have special quality of microelectronic grade to meet the
semiconductor industry’s stringent requirements. Currently there is limited capability of Israeli
suppliers to produce the wet etch chemicals with high grade. However, it might be a future
challenge for the Israeli chemical industry. Wet etch chemicals together with some wet etch process

1ssues will be discussed in more details.

-14-
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Microencapsulation of Engineered Cells Secreting Antiangiogenic

Factorsfor Cancer Therapy

Baruch Limor and Machluf Marcelle

Faculty of Food Engineering and Biotechnology,

Technion — Israel Institute of Technology

Angiogenesis is the process by which new blood vessels develop from pre-existing vascular network. In an
adult, angiogenesis occurs mainly during wound healing and the female reproductive cycle. Angiogenesis
also plays an important role in many pathologies, including cardiovascular diseases and cancer. The process
of angiogenesis is tightly regulated by pro-angiogenic molecules and anti-angiogenic molecules. In cancer,
the formation of a new vascular network is crucial for tumor progression. Because of the dependence of solid
tumors in angiogenesis, anti-angiogenic treatment appears to be a promising approach in cancer therapy.

PEX is a 29 kDa C-terminally-derived fragment of MMP-2, and it acts as an inhibitor of tumor
angiogenesis, cell proliferation and migration. PEX competes with MMP-2 for binding to integrin (1,15, and
blocks cell surface activation of MMP-2.

Platelet factor 4 (PF-4) is a 7.8 kDa platelet derived CXC chemokine which has been proven to inhibit
endothelial cell proliferation, migration and angiogenesis. PF-4 blocks growth factor’s activity, which is
essential for angiogenesis, by inhibition of bFGF internalization and VEGF binding to VEGF receptor-2.

The main problems facing anti-angiogenic therapy are way of administration, stability and clearance of the
anti-angiogenic factors. In order to achieve and maintain a significant therapeutic effect, the anti-angiogenic
factors must be administered chronically for long time periods. Microencapsulation of cells is one of the
most important approaches for the continuous delivery of drugs and proteins. Moreover, encapsulation of
living cells in a protective, biocompatible and semi-permeable polymeric membrane has been proven to be
an effective method of immunoprotection of the cells. Alginate is a biocompatible seaweed extracted
polysaccharide which is cross-linked by calcium ions thus forming a stable hydrogel. Complexation between
polyanionic alginate and PLL- cationic polyamino acid, forms a semipermeable membrane, which allows the
controlled delivery of bioactive molecules while preventing the access of antibodies and other components of
the immune system to the encapsulated cells.

The main goal of our study is to encapsulate engineered cells secreting PEX and PF-4 in alginate - PLL
microspheres for anti-angiogenic tumor therapy.

Mammalian cells were genetically engineered to secrete either PEX or PF-4. The cells were encapsulated in
alginate - PLL system and tested for protein secretion, anti proliferative effect on endothelial cells, migration
inhibition and angiogenesis inhibition in vitro.

Conditioned media from encapsulated cells secreting PEX inhibited the proliferation of both endothelial
and U-87 glioma brain tumor cells. Cells proliferation was also inhibited by encapsulated PEX secreting
cells. Migration of endothelial cells was also inhibited by PEX secreted from the encapsulated cells.
Currently similar studies are being performed with PF-4 secreted from encapsulated cell system.

-15-
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Controlled Delivery of Anti-Angiogenic Proteins From Poly (lactide-

co-glicolic) Acid Microspheresfor The Treatment of Glioma Tumor

Beni Ofra and Machluf Marcelle

Faculty of Food Engineering and Biotechnology,

Technion — Israel Institute of Technology

Angiogenesis , the growth of new blood vessels, is a complex process involving the proliferation, migration
and protease production of endothelial cells. Tumor growth and progression is angiogenesis dependent. The
spatial growth of solid tumors is critically dependent upon the presence of a blood supply. Tumors produce
angiogenic factors that trigger the formation of new blood vessel. Therefore, inhibition of angiogenesis being
studied as a new powerful anticancer therapy. Several promising angiogenesis inhibitor have been
recognized and tested experimentally and clinically for their ability to inhibit different types of tumors.
However, high systematic drug level are often required to achieve therapeutic concentration, moreover, in
the case of brain tumors there is a need to overcome the Blood Brain Barrier which severely limits the
effectiveness of the drug therapy. The most direct method of bypassing the many barriers to drug delivery is
to deliver the antiangiogenesis factor directly into the tumor parenchyma, thus maximizing drug

concentration, within the tumor.

The main goal of the present research is to introduce a proteins delivery system of polymeric microspheres
containing anti-angiogenesis proteins which may be inpanted in the brain for the therapy of Glioma.
Biodegradable Poly(lactic-co-glycolic)acid (PLGA) microspheres were prepared by the double emulsion
method Water/Oil/Water, containing aqueous protein solution. Two anti-angiogenesis proteins were
examined: The Hemopexin fragment (PEX) of Matrix metalloproteinase-2 (MMP-2) and a fragment of
Platelet Factor-4 (PF-4*""°). Both proteins display strong angiogenesis inhibition via different mechanisms:
the PEX protein binds to av3 integrin and abrogates MMP-2 activation, whereas, PF-4*"" fragment inhibits
binding of FGF-2 to its receptors. The release rate of the proteins from the PLGA microspheres with
different monomer loading, L--Phosphatidylcholine concentrations, were examined using Colorimetric
Protein assay and Western blot. The size and morphology of the microspheres were obtained by using light
scattering technique and Scanning Electronic Microscopy (SEM). The biological activity of the released
proteins were examined in-vitro by proliferation assay on Human Umbilical Vein Endothelial Cell
(HUVEC), and U-87 Glioma cells using radioactive tymidine method. The results show that the release
profile was strongly affected by the polymer properties, The longer release were obtained with the PLGA
100:0 (LA:GA), and shortened as the glycolic/lactic ratio increases. The results of the in vitro assays show

significant inhibition of the proliferation of both endothelial and tumor cells using low amount of protein.

-16-
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Ultrasound Mediated Genes Delivery in Prostate Cancer Cells

M aayan Duvshani Eshet, Keren David, Gabriel Zarbiv and M ar celle M achluf

Faculty of Food Engineering and Biotechnology,

Technion — Israel Institute of Technology

Gene therapy has a great promise as a method for treating genetic defects or acquired conditions such as
cancer. However, human gene therapy requires methods to safely insert genes into specific cells and to
regulate their expression. Therapeutic ultrasound energy at 1-3 MHz, has been widely used for multiple
applications, such as analgesia, injury and chronic inflammatory conditions. It has been also used to safely
enhance drugs and proteins permeability through skin (sonophoresis) in vitro and in vivo. The present study
focuses on using ultrasound as a vector for gene delivery. Ultrasound can offer a safe and non- immunogenic
vector, which can be used readily upon different types of cells. Moreover, ultrasound can serve as a unique
vector for the transfection of non-dividing cells. In the present study, we established the capability of this
vector to transfect different cell types. This technique was established for in vitro applications using different
types of ultrasound frequencies to deliver cDNA markers such as Luciferase and GFP. Luciferase plasmid
DNA (pGL3-Luc) and pIRES-EGFP were each added to prostate cancer cells: LNCap (human) and PC-2
(murine). Cells were subsequently exposed to 1MHz pulsatile ultrasound for different time durations.
Applying ultrasound at 1 MHz, 0.5 W/cm?, 20% duty cycle, for 10 minutes was sufficient for expression of
GFP by the cells. Luciferase activity was detected 3 days after exposure. The cells were harvested and were
assayed for luciferase protein activity and cell viability. A 1 MHz ultrasound application, 2 W/cm?, 20% duty
cycle for 30 minutes, enhanced luciferase activity in Lncap cells by 300 fold and in PC-2, by 100 fold. When
applying 1 MHz ultrasound, 2 W/ecm®, 30% duty cycle for 30 minutes, luciferase activity was enhanced by
600 fold in the Lncap cells, and by 200 fold in the PC-2 cells. Removing the medium containing cDNA from
the Lncap cells immediately after ultrasound application and replacing it with new medium with no cDNA,
resulted still with luciferase activity. Thus, indicating that the entry of the DNA to the cells continues
although no ultrasound is applied. In all the different conditions, ultrasound had little or no effect on cell
viability. We also investigated the effect of adding Optison, an ultrasound contrast agent to the DNA, and
applying ultrasound energy. We found that exposure for 20 minutes resulted in a greater expression of
luciferase then exposure of 30 minutes without Optison. Thus, Optison increases the delivery of the DNA
into cells. The results obtained in the present study demonstrate that 1 MHz ultrasound acts as a driving
force, which increases cell transfection with different plasmids in vitro. In the future, studies will be focused
on the delivery of hemopexin (PEX), an anti-angiogenic gene, for tumor therapy. We will also focus on
understanding the mechanism of ultrasound as a vector for gene therapy and the efficiency and safety of this

technique for gene therapy applications.
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Molecular Nanoencapsulesfor Controlled Release of Linoleic Acid

|nbal L alush and Eyal Shimoni

Dept. of Food Engineering & Biotechnology,

Technion, Haifa, Israel

The goal of the research is to stabilize unsaturated fatty acids and to control their release in the
digestive tract by their inclusion in a starch-lipid V complex. It is our hypothesis that fatty acids,
molecularly encapsulated in helical amylose cavity, can be released by amylolytic enzymatic
activity (mammalian and bacterial) in the intestine. Amylose-Linoleic acid (LA) complexes were
produced in a solution of 5% DMSO in water, and the formation of a V form was confirmed by
XRD. Exposing the complex to a-amylase, f-amylases, amyloglucosidase and pancreatin tested the
susceptibility to amylolytic hydrolysis. Following digestion, GC analyzed the amount of LA
released. Significant release of LA was measured when the complex was digested by mammalian
pancreatin.  The results demonstrate the potential of the proposed system for molecular

encapsulation, and controlled release of fatty acid compounds.
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Near-Field Characterization of Polygalacturonate-Coated Surfaces

Imad Zakharia, Ellina Kesselman, Eyal Shimoni

Department of Food Engineering and Biotechnology,

Technion, Haifa, Israel

The designing of polysaccharide surfaces is of great interest in many areas of biological and
chemical applications of biopolymers. The use of the novel near-field scanning optical microscopy
(NSOM) technique, combined with atomic force microscopy (AFM), overcoming the optical
resolution limit, makes possible to characterize the developed surfaces topographically and optically

on the molecular level.

In this study, we present the development of methods for the formation of physically and
chemically adsorbed polygalacturonate coatings, and demonstrate their topographical and optical
characterization. These surfaces will be used in the investigation of protein-polysaccharide

interactions in our future studies.
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Escherichia Coli I nactivation Using Underwater High-Current

Discharge: Causes and M echanisms

E.Kesselman', S. Gleizer ', S. Yaron', R. Ben Abraham” and H. Zuckerman’

"Department of Food Engineering and Biotechnology, Technion, Haifa 32000
"Miluda ~Microbiology Lab, Mobile Post Ashrat 25201

Novel technologies to inactivate spoilage microorganisms and pathogens in foods, pharmaceuticals
and other biological materials are very much in demand. Recently we proposed an underwater high-
current discharge (UHCD) for nonthermal inactivation of microorganisms. UHCD creates
underwater shock wave pulses of pressure and a powerful light emission in a sub-microsecond time

scale.

In this research, we evaluated the effect of UHCD on the viability and the structure of E. coli
JM109 using microbiological, biochemical and microscopic techniques. It was shown that UHCD-
treatment inactivates E. coli by combined effect of high-pressure pulses and emission of light, with
the latter being the main factor of inactivation. We propose the oxidative stress, promoted by

reactive oxygen species, as one of the main mechanisms of bacteria inactivation using UHCD.
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Assembly of Carbon Nanotubesin Aqueous Solutions

R. Cohen, E. Nativ-Roth, Y. Levi-Kalisman, and R. Yerushalmi-Rozen

Department of Chemical Engineering
and the Reimund Stadler Minerva Center

Ben —Gurion University of the Negev, Beer Sheva, Israel

Recently discovered Carbon Nano-Tubes (CNT) raised an interest in the scientific community, due

to their interesting structure and behavior, and the potential nano-technological applications.

Single Wall Carbon Nano Tubes (SWNT) are nanometric crystalline structures with a typical
diameter of 1-2 nanometer and a length of microns. The as-prepared SWNT aggregate into ropes
composed of 100 to 500 tubes due to strong Van der Waals attraction, diminishing their special
mechanical and electrical properties in comparison with individual ones. The bundled ropes can not
be easily dispersed or solubilized. Successful dispersion often requires chemical modification and
extreme conditions. We found that different types of Pluronic (PEO-PPO-PEO triblock copolymer)
which are known to exhibit surfactant like behavior can easily disperse CNT at specific Pluronic’s
weight percent. The conditions leading to the formation of dispersions, as well as the structure and

properties of the resulting systems will be presented.
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Ultra Deep Desulfurization of Thiophene with Nickel Nanoparticles

L. Haviv, M.V. Landau, M. Her skowitz
Blechner Center for Industrial Catalysis and Process Development,

Chemical Engineering Department, Ben—Gurion University of the Negev, Beer—Sheva

Ultra deep desulfurization of gasoline to <1 ppm sulfur these days becomes an important interest for
the industry due to stringent environmental regulation that will require further lowering the contents
of sulfur in the years 2004-2007. Moreover, new engine technologies employing catalyst materials

are sensitive to sulfur poisoning.

The present work involves development of a high capacity nickel-based adsorbent material for
removing compounds of sulfur from liquid hydrocarbon streams. The process was carried out at low
temperature, 160°C, in a continuous mode, LHSV = 4h™' of 25 ppm thiophene solution, and it does
not require hydrogen atmosphere. High loaded nanoparticles of nickel were distributed in silica
support by means of homogeneous deposition-precipitation of a nickel nitrate onto a ordered

mesoporous silica material, SBA-15, with subsequent reduction by hydrogen at 450°C.

The adsorbent, showed high capacity of 0.7 wt.% of sulfur and its affinity towards sulfur

compounds enables ultra deep desulfurization down to the levels of 0.5 ppm.
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Relationship Between Rheological Propertiesand Microstructure

in Mixtures of Anionic and Cationic Surfactants

Lior Ziserman , Srinivasa R. Raghavan” and Dganit Danino’

"Department of Food Engineering and Biotechnology, Technion, Haifa, Israel 32000

"Department of Chemical Engineering, University of Maryland, USA 20742-2111
lior5574(@zahav.net.il;

Self-assembly in mixtures of cationic and anionic surfactants is enhanced synergistically compared
to the parent surfactants due to strong attractive interactions between the oppositely charged head-
groups. This is accompanied with dramatic changes in dynamic properties such as the viscosity, as
well as by the formation of a variety of assemblies, depending on the surfactants structure and the
mixtures composition. Such mixtures can be used for thickening and rheology-control operations in

aqueous solutions.

The present study explores the relationship between rheological properties and nano-structures in
mixtures of the cationic surfactant octyltrimethylammonium bromide (CsTAB) and the anionic
unsaturated surfactant sodium oleate (C9H;s=CgH;sCOONa, NaOA), at a 3% total surfactant

concentration, where a stable one phase exists over the whole range of compositions [1].

The viscosity of the OTAB/NaOA mixtures increases exponentially with increase in the OTAB
concentration, it peaks at a value which is 6 orders of magnitudes higher for the 30/70 mixture than
the viscosities of the pure component solutions, and then gradually drops to a value comparable to
that of water upon further increase in the OTAB concentration. Cryo-transmission electron
microscopy (cryo-TEM) shows a gradual evolution of assemblies from small spheroidal micelles to
flexible threadlike micelles and a multiconnected micellar network with increase in the viscosity up
to the peak, from either side of the peak. The data clearly shows a direct relationship between the

viscosity and the spontaneous self-assembly, micellar growth and degree of branching.

[1] Raghavan et al (2002), Langmuir 18:3797-3803.
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Removal of Cations From Industrial waste Water Using

Electropolymerized Films of Aniline 2-Sulfonic Acid

A. Mishelevich, E. Korin and A. Bettelheim

Department of Chemical Engineering, Ben-Gurion University of the Negev,

P. O. Box 653, Beer-Sheva 84105, Israel

It was found that aniline 2-sulfonic acid (AS) polymerizes at carbon electrodes such as glassy
carbon and porous aerogel carbon electrodes by applying a potential of +1.4 V vs. Ag/AgCI/KCI
(satd.) in a solution containing 0.1 M AS and 2 M HCIO,. The exchange properties of the polymer
obtained in these conditions, polyaniline sulfonic acid (PAS), towards cations such as Cu®" and
Cd*" has been demonstrated. The ion- exchange capacity of PAS films for copper and cadmium
ions is almost identical in neutral solutions: 1.240.1 and 1.1#0.1 peq/cm?, respectively. The cations
can be removed from solutions at a wide pH range, the capacity decreasing to 0.5+0.1 peg/cm’® at
pH 1. Contrary to other methods involving ion-exchange materials, the present technique offers the
possibility to recover certain metal ions without adding chemicals to the solution. This is achieved
by applying a potential at which water is oxidized at the electrode (1.4 V), a process which reduces
local pH and re-exchange bound cations by protons. It has been shown that PAS films are stable and

do not deteriorate during the recycling step.
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A Seady-state Process Resiliency Index for Non-linear Processes

Boris M. Solovyev and Daniel R. Lewin

PSE Research Group
Dept. of Chemical Engineering,
Technion I. I. T., Haifa 32000, Israel

The extent to which a process can be designed to reject the effect of undesirable disturbances is
termed its resiliency. It is clearly helpful to be able to analyze resiliency, and tools for its
estimation are important part of an integrated process design methodology. This paper extends the
Disturbance Cost (DC) resiliency index, previously developed for linear plants, to non-linear
systems, and demonstrates its application in the analysis of a continuous stirred tank reactor
(CSTR). Since the nonlinear index can handle features such as input and output multiplicities, it
can quantify the potential improvement in resiliency that can be achieved by employing partial
control strategies. It is demonstrated that the results of the nonlinear DC resiliency estimate

correlate well with those using rigorous non-linear dynamic simulation.
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Multivariable Control of Photolithography

S. Lachman-Shalem’, B. Grosman, Raya Swissa” and D. R. Lewin’

"PSE Research Group, Dept. of Chemical Engineering, Technion, Haifa 32000, Israel
*Tower Semiconductors Ltd., Migdal Ha’Emek 10556, Israel

This work describes a novel approach for the control of the entire photolithography track using a
combination of two approaches: genetic programming (GP) and nonlinear model predictive control
(NMPC). The GP-NMPC approach is used to derive a multivariable control system to ensure the
adequate regulation of the printed line width or critical dimension (CD) measured by metrology at
the tail of the track. The genetic program is an optimization method motivated by natural evolution,
which generates a model that best predicts the effect of process inputs on outputs. Since the
multivariable control uses all available degrees-of-freedom and is designed to account for
manipulated variable constraints, it enables the track to cope with unmeasured step- and drift-type

disturbances of significantly greater magnitude.

The problem presented here is controlling dense and isolated lines CD within tight limits on both
the inputs and the outputs of the track, on a critical layer at TSL. Modeling was based on Focus
Exposure matrices provided by the TSL FAB. A reliable nonlinear model was derived, relating the
stepper setting to the two CD measurements. This was used to develop the NMPC. The PROLITH
photolithography simulator was first calibrated using FAB data and then used to tune the controller
and to check results before implementation. After verifying the model and the controller per-

formance by simulation, the algorithm was successfully implemented at TSL.

" Author to whom all correspondence should be addressed. E-mail: dlewin@tx.technion.ac.il, URL: http://tx.technion.ac.il/~dlewin/pse.htm
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Enzymatic and Microbial Digestion of A and B Typelll Resistant
Sarch Crystal Polymorphs

Hila Wolf and Eyal Shimoni

Dept. of Food Engineering & Biotechnology, Technion, Haifa, Israel

A crystalline portion of the starch called resistant starch (RS), e.g. resistant to hydrolytic enzymes in
the small intestine, is produced following hydrothermal treatments. In the colon, short chain fatty
acids (SCFA) are produced from this RS type III, providing health benefits including reduction of
the risk of colon cancer. The type of RS crystal polymorph is determined by the starch composition,
heat treatment and recrystallization conditions. Our hypothesis is that the crystallite polymorphism
of RS III affects its prebiotic activities. In order to examine our hypothesis, different RS III
polymorph were produced from high amylose corn-starch. Incubation with a-amylase, B-amylase
and amyloglocosidase showed faster degradation rate for A polymorphs. Hydrolysis by a-amylase
was 8 times higher for A polymorphs after 96 hours (26.953% for A polymorphs, 3.3127% for B
polymorphs), and 14 times higher for A polymorphs after 96 hours with B-amylase (5.4296% for A
polymorphs, 0.3769% for B polymorphs). These results may explain our observation in
fermentation of A and B RS type III by fecal microbiota, which resulted in higher amounts of SCFA
with A polymorphs.
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Optimizing The Production in E. coli of a Soluble Active

Aminopeptidase rom Streptomyces Griseus

Yifat Hershcovitz —Fundoiang ,Larisa Rabinovich*, Y ael Langut* :

Gil Shoham™ and Yuval Shoham"

>X<Dept. of Food Engineering and Biotechnology, Technion, Haifa

#Dept. of Inorganic Chemistry and The Laboratory for Structural Chemistry and

Biology, The Hebrew University, Jerusalem

Sreptomyces griseus aminopeptidase (SGAP) is a double-zinc extracellular exopeptidase with a
high preference for large hydrophobic aminoterminus residues. The enzyme is a monomeric (30
kDa) heat-stable enzyme, with a high efficient catalytic activity modulated by calcium ions. These
properties make SGAP a very attractive enzyme for various biotechnological applications, among
which is the processing of recombinant DNA proteins and fusion protein products. To allow
detailed structure-function analysis it was of interest to clone and express the SGAP gene. We have
recently cloned and expressed the gene in E. coli. However, the standard method of producing the
recombinant protein gave low yields of active soluble protein, and most of the protein was insoluble
as inclusion bodies. Various methods were tested to improve the solubility of the protein. The best
procedure, that improved both expression and solubility of the protein, was to grow the cells in the
presence of 1M sorbitol. Sorbitol is a compatible solute which raise the osmotic pressure and
presumably induce production of intracellular osmoprotectants or other stress response mechanisms
which may effect the folding of recombinant proteins. This method resulted in a 50 fold increase in
the yield of SGAP. The protein was further purified from the crude extract by a combination of heat
treatment and anion exchange chromatography and exhibited high activity toward leucine para-
nitroanilide. The successful production of the recombinant SGAP pave the way for structure

function studies with this enzyme.
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Synthesis of Piezoelectric Films by an I nterfacial Polymerization
Method

A.Etin, G.E Shter, G.S. Grader

PZT (PbZrTi;403) films are important due to their piezoelectric properties that are used in MEMS
related applications including pressure sensors, actuators, positioners, motors and miniaturized
pumps. These diverse applications necessitate the development of high quality films at different
thickness ranging from tens of nanometers up to hundreds of microns. At the intermediate 1-10 pm
level, which is very important for MEMS application, an efficient deposition technique of high
quality films is still not optimized. We studied an Interfacial Polymerization of Metal-Organic
Precursors (IPMOP) method for preparation of intermediate (1-10 pum) PZT films. Preliminary
experiments with IPMOP technique showed three main problems: cracks, aggregation and
contamination. In general, the possible routes to solution are chemical modification, solvents micro
filtration, clean environment (glove box), an experimental system that allows accurate control of
drying conditions, gas flows, visual control, on-line chemical analysis. In addition an idea of hybrid
IPMOP/Spin Coating method is proposed. After formation of initial thick film by IMPOP, spin-
coated layer will infiltrate cracks in film that should improve the surface quality and increase film
density. In this hybrid method an intermediate piezoelectric layer is produced in one step by IPMOP

and its structure and surface are improved by spin coating.
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Termomechanical Behavior of BaTiO3; Doped With Pr

Dakar Em-Roel, Yoed Tsur

Technion, Institute of Technology
Department of Chemical Engineering

Israel

Changes in BaTiOs lattice parameters (or unit cell volume) due to Pr incorporation were studied.
The main assumption is that Pr at the sintering temperature is partially 4+ and has mixed site
occupancy. While cooling to room temperature a valence change to 3+ occurs and as a result the
unit cell volume increases. A series with ratio of Ba/Ti=1 was prepared, with three various
concentrations of Pr: 10%, 15% and 20%. Due to previous work it is known that the solubility of Pr
in BaTiO; is relatively high, in the range of 15% - 20%. The samples were investigated using

dilatometry, differential scanning calorimetry, x-ray diffraction and EDS.
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The Effect of a Nucleating Agent on Polypropylene Crystallization
Sudied by Small Angle X-ray Scattering (SAXYS)

Frisman lliya, Peterson Sabina, Shuster Michael, Khalfin Rafail, Yachin Cohen

Technion-Israel Institute of Technology

and Michael Shuster, Carmel Olefins Ltd.

Self-associating molecules are used as nucleating agents in polypropylene (PP) in order to increase
the crystallization rate and decrease the crystallite size. The leading hypothesis is that the nucleator
molecules crystallize to form a network in the molten PP, which serves as the nucleation substrate

for PP crystalization upon further cooling.

SAXS measurements enable us to follow structural transitions (including self- organization of the
nucleator) in the technologic important temperature range. Some types of PP (with different
addition of small amount of ethylene copolymer) were investigated. The nucleation agent used was

1,3:2,4-Di (3,4- dimethylbenzylidene) sorbitol (DBS).

Small angle X-ray scattering was measured by Bruker SAXS diffractometer and melting

temperatures were measured by Perking-Elmer differential scanning calorimeter.
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Perovskites With Spatial Distributed Donor Doping

Tanya Karkuz and Hani Aharon , Yoed Tsur

Technion, Israel Institute of Technology
Department of Chemical Engineering

Israel

This research focuses on the developing of novel type perovskite proton conductors based on donor
doping. All the known perovskite proton conductors are based on initially large concentration of
oxygen vacancies. The proton diffusivity is done by proton transfer from hydroxide ion to
neighboring oxygen. It therefore seems that an ideal proton conductor would be one that can be
easily incorporate protons, having large concentration of oxygen vacancies near its surface, and has
high mobility of protons in the bulk, having low concentration of defects there. In this research we
try to produce provskites with spatial distributed donor doping that will lead to creation of oxygen
vacancies near the surface. Two perovskites are examined: BaZrOs; and SrTiO3; doped with niobium.
In the first part of the research pellets of BZ with different doping concentration were done while
A/B=1. According to the SEM, x-ray and AES tests that were done niobium doping presence is in
doubt in spite of this the difference between pellets with different doping concentration was
observed. A uniform phase was achieved, and no suspicious phase was found. Critical concentration
(change in compensation mechanism) was observed in 0.3% of Nb. After annealing in low oxygen
partial pressure environment low concentration of oxygen vacancies was received. In the second
part of the research, ST will be doped with different concentrations of Nb and A/B=1, and also will
be examined by SEM, TGA/DTA and AES.
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Using a PIV Technique for M easurements of Flow in the Vicinity of
Ink Jet Print Head

Itckovitc, A., Link, N., Semiat, R.

The Technion — Israel Institute of Technology
Department of Chemical Engineering

Israel

A flow of ink drops is investigated for the use in wide format printing devices. A preliminary
investigation of the airflow field created by the motion of the media during printing and its effect on

the jet/drops behavior is reported.

A turbulent boundary layer is created as a result of the printing media motion relatively to the
printing head. This influences the ink drops flow pattern, and may cause irregularity in the final

results.

This research intends to answer, qualitatively and quantitatively, whether this flow is significant and
what its influence, using Particle Image Velocimetry (PIV). This technique allows non-intrusive

interrogation of relatively large areas compared to other electro-optical measurements techniques.
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Comparison Between Pulsed Columns Filled With Two Kinds of
Internals. Disk & Doughnut and Sieve Tray

Eval Coleman, Keren Fadlon, Baruch Grinbaum and Rafi Semiat

Wolfson Department of Chemical Engineering,

Technion I.I.T., Haifa 32000, Israel

This research deals with the comparison of different internals in a pulsed extraction column and
their effect on the column efficiency. The two internals studied were Disk & Doughnut and Sieve
Tray. The system tested is Zinc Sulphate and DEPHA. Two identical pilot columns with different
internals were operated under identical parameters in different configurations and the calculated
recovery of the columns was calculated and compared. The flooding curves were obtained from
hydraulic testing and mass transfer tests were held in mutual no flooding zones of these curves. It
was found that there is no major advantage of one internal over another, though due to the plate
spacing ratio the scale up of the Sieve Tray internal is more economical. Further research should

compare optimum working points and test larger columns.
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mn Yy , Tetracarboxyphenyl porphyrin ,porphyrin Tetra(4-N,N,N-tri-metylanilinium) porphyrin
TPONONIVIO NN OY PPN NIDIND DPTHI NPV M NDION .DMVINTNINIDY/ D1VINNIDIID DINNY

NP1 n11 napmn Aurintricarboxylic acid (ATA) yoaob

DXOY0NN ,NPVYI MY OY DMNPINNYVN MNP NTPNRNN ATA-PI9N NN NTIN PWIPN HDH2
.0m

DDOPYHO YPIWI DNV PONNI WINIW YYD NTINN MDD PMIN NVPNRIA YN metallation-n nann

0N99 UV/Vis. 7:povpan mysnNag nuyd DIsinn 119N

1 DMV PPINAD NPVYAN P DY NNONMN NITNN DY MPIANN NVIIM NYOIN DITVPID NIRNIN
A=44012 nm 53 TIN2 NYIY TIN MXIDNINIYI DIVPID KDY NPV 1P ITNIN DNION DI9I9N

Amax=700+20 nm -3 A pax=680+20 nm 93 7579182 DN DXVIVNNIVIN NVIYIN YD
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INNN POIDON DY 91210 NINYD NN .M KDY ANID I PV NN NPXTID MPPT MM PIDIN
NN NN MIVDII XD, 1IDVITVIN 1DV TIT

329N NX NN Y521 MANDY D3 VIVPD NN NMARNNT NADIND MPINI-IP NXIVN NN NIIWNN
NOWNN PIIDYR PNNNNM IRIRLP) INTOPIN NIPIVI DIDIINN OWNPN NYIVND TN .ADY >ININN
NNMIND INMN OXPIN N DOYNIPNN OIDININD ,NIIWND NPV NDMND DY .HIPIZID NITN \NDNN NIANNI
NVPPAN MNP PP DINY PV NIINYND ,NXIVNIY TN NDIAD ,NNNINGD INNN DY TN

A POI0PNRN MNINWYD NNNAND NININI NXIVNI NINYIIVY

TIVNN DINMN DY DIPIVIN 11T NNYD NYIYT NIIYNM D K¥N) XYNA DOPOIWN DNTIP DIPNN2

N2 9200 25599 NNINN INNPNNY TN IR NYAN N Nyan . 100 mg/dL m5nynan»

P2 0NN MOVPNY MNVINT MY 19002 INNNN NON NMYA DY 1NND NORND DU SNONN IPNN2
NPOYT YW MIVMINID NN MIVNINI NN NNV PO NNMN INYNTY YN INNNY DINN DIPIvIN
MNSIND DX NN XD W DY) ONPIDD D19 NAOWA MNP IPINI NAINNN INVTI I8N DY NPIVDINID
N NNY DY) TPVIN NNYAN NNNIN NIIWHNY DIVHD IPDIN 1T DY) DNDNIN .NPIDV MDD NMSIN
N DOV IPNNRT INPIDID NN NNNTI INNND OXPTN P TR DIPIVID DIDNN IVNLIY DI YW

ADINOYI NNDI

YT NYPYN DINY HIPIDI 31112 NP MODMIND NDINN NXMIVNN .NNAN MDA 1PV PIINNN IPNNN
D>PNIN DYTIND YINY NN NIVHN (water up-take) NVYPIV DIPN MNI NN KINNDY T ,2INP YIT PI9
NOW TIN-DY (NNYAND WYITTN) INNN NPYY NPIX NPX YT TIN 00 NPV dT12’2 0) NNYANN MNI2
TIION NINANNNVY TD NOIWNN NMIAD TITN NNONND NIN N NYNA SVIPN NN D210 DI D

NOYNRN HY NNYANN LI YD YD) DIDIINN IN¥NND DIPIVI P DM DX NYYN NIDINN

PPN O DIONNIN L0910 NPIV) MM PA NNPANM DY PN DTIAN PR PITYY ININ MINIIND
SY 9NN NN DY (V1N 25w ) MADN MY PINIAD TPYNIND TNX WM NNXANT TV VI NNV MYNIY
JININY NdYAN
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Potassium Hydrogen Tartrate = KHT ¥ 91299190P9N v12%)
191 /N NAIYY

01503 PIINY 19D SN PPDIVVD NION INTON 1IN

1171-12 NVIDIDNN

mMapya Yam WX Pav o»yavn 02590 1 TR N POTASSIUM HYDROGEN TARTRATE
N NYOITH NYAN IIND NPIYI MIMIYNNN . DD DOXNPND DY NN YAINND) DXYN NDON PONN
PIOY MOVIY 99010 MNM ,DPI PO MINNDD DOYPYN KOD MDD NNV )P AN NYIAPY MM MIONY)

YD) 22090 NODIN WD YT MVPN DWY NYIRN ,MOY0NN MOPNY BIND NP 12 10 1 KHT

MTMIVPON DY NLY 79 HY W) T Sy KHT 750 owd nmmvTn nodw apn Min dNONN I1pnNnn NIvn
YYN DXXIAN DIPY Y12 IIONND PONN NNND NI TWUN ,NPIIINITVPIN NMVIVI DINY DNDN

O oompn pH »M»vw ysad ymvw 5 pH-2 mdn> KHT moona om»y Sy nooan nuvn
Sy N5 0N pH-N MY .ATNOVPORN 223 DY WPV DN MDIPNRN IO PN NOTHND NTIIVPONN
SV NPNOIN MYNNNIA (pH NTIN) 031 N¥HN IN ( pH NXOYN) DD NN IN NDMINI 00N 1NN NN OIT
4-3 pH »>3ya nHapnn an»a 121N Moonn » 88Ny ,pH 70 KHT moon nmpy 7inn SNo8man

7N 5w pH -n 259y NN 0NN

DN MY NN NTNHN WX Chronoamperometry NVOW NIN YINOW N2 NYYI TUN THIIINTOPIRN NVIYN
TONN PT NTIAYA ODHN DI DIAPNN 12 HNONIVIAD TN NT INOXIVIY IR HNONIVIAA 12 MOND
Aerogel »on P NTIVPYN ,Glassy Carbon 20t NN NYINDT) NINMY MTIIVPON Y1) DY NPPYN

.(Carbon

T95 1y ,(SEM ) 9910 mM1I0P5K 9IP01P01 MINDTH DIDIN 7Y 1YY DMDNN NINNIN I Yy
2P DN NTIVPON 1) DY DAPNN INNI NVN NPPVYNYY DTITOPIRND N DY NN NYIVN MY
mMonnn KHT 91905 n5110phx v minda nomn mn om WX mMxsn . Aerogel Carbon non

N
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0PN DOVINIVPIHN NMDVNNA 29911 NI

VYAYON 91IDIYNY 219993) NIY ,D9NP NN
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NMva May NP1 Oy CsCl -y Csl, CsBr opin 0y 0poN DY momn mipn Nt vp»MI9a

£ 1*#10° g/em® Hw PYTHY2 Y0MDIT MY Y12 NDIN .DYYIN DN P2 5 °C - 70 °C nmvrano
;MIDNON MNVIAVI) DA YN DIVIIIIVPYIND YWY MDY NNOYN : 11 VPPIION MIVN

MY APRPTININD MNIND 2IY NYIAP SAPHRPTININD NMNINN DY YN NIRNN — DN DNON NPPN

POLYMATHavnn 1N N9ty 030595 DNHXNN YNOPN Mvpa viny

1 2AWIN NAVINKN MDAN 921, POLYMATH nyon »7y 01919 DOXMN ITTIY MDY 159D : DN DY

DOUIAN TN NAN A YN MOLVANN DTPN NI OPHPTININ DY

VN NI DY .DMINT DM MNVINNY Y YVININ MODIN NI AVIN WIAPNNY MdINN DY NIANN MY

.07 ©MIPDIA NHRNN DY AOHND DIN DY 1OV NI Vo g MLIAN 191D MOVINND N1

N MLYINN OTPN ;NPHNL PHY DY NYIY MDANN ;NNVINNVIA MDY DY MINA N MY : NIPON
NONON NTIPID TY NNVINNVIA MDY DY MOLYINN DTPNA MDY DY NI MY ;NN TPHY DY N (A)
, 60 °C - CsBr,55 °C - CsCl may) 11292 mon N5

TY NVINNVLN TN PN XY N PHY MY (N 5PV NMINNNN NPMP N NP IS .( CsT-65 °C
P2 OO NPYP DI DI PVININ DN NN MDY NNMP DML POY DY ;OIOPN NP
OLVYIAN NINN MLYINN NDINA PNMIYHYNI NPY PR ;DMMII0D DITTIN VAN Y NN DY DIIIYN
55 Syn N 010 Man NN N2 Nonnn 55 °C 1y 0-0.7 m 0115292 : CsCl ;n771099m0) N5 DY

DINN Y92 OMN NN NX YW NYNN 1.5 m - Im 921152 AINT NNIYY DN NN NN INA NONNN
P2 T2ON MNVLINNLN

NN N2 NERNN 60 °C Syn 19N 00N Man NN N1 Nonnn 60 °C 1y 0-0.4 m o532 : CsBr

. DYMVINNVN OINN Y51 BN NIAN NN VW NYNPN 0.7-1.5 M DI NNT NWIWYY .OIN NI

Man NN N2 NORNN 60 °C Syn 198,010 NN NN NIV Nonn 60 °C 7y 0—-1 m o592 : Csl

. TYMVIVNVN DINN DI OINDN MAN NN Y NYHN 1.5 m -2 NN NYY .0MIN
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(11 0.480) Mesh +35 Syn oo 1w DXW N DY HOYPYNIN 92w

(VNI DOVIDN DTN N DY OMOIWAN DMLNII NV DY NYIVNN DX NPND NNMD NTIAYN NIVN
DU YN VNN 2120 MVNN PNIND DY NOOPYNRN MON0N

I99) 9NN NI NINIVIND NIOTH )IND, DIWANRN NIXT T DY NAYY) DXVON DTN NI NN
.DXVON DYN IXNIDPNN YANP HY DIDIYN 1AWIN DIV DT N9 NN DY DDINNA

) DOVAINNN DY NPOPN ININ MY TP DY YN2 MNON MY .MDNIDN DN NYIYN NPT PYXI 1DV
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SV ODPWNN DINKD DYDY TN IRXIND VN WAINL POPWN HDINK 19-5 10-n) NYUNRIN YN DOPYN DINNX
-9 43-1m) "MWN W1 75-9 50-0 ,UNIN w2 91 -5 75-n (0”0 0.480 ) Mesh+35 -n obhymin oowan

.DMI¥NNN 0N 71
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ININ 0XWAna Mesh +35 1 Nk NN DNDYN MNoN NNOYN .1
. DININDY MWD vana Mesh+35 -n NN N7 w2 NwdNan MYdNNa NOYN oy .2
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AN NP MIVN IWIAND TUR DN DIVNHNYN T DUV TPIDIIN NMI0N NN NN DDV TIT
MITN NN RN NVIWA TPYIN 7NN NNPIL YNAD 52N NNNN NNPIN IR PI9ND DIINRD .INY NPNIDI
NN NYN TIT ONIND DV NI
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£y MVOWN

n vivo 00D
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THINDNIVIINY DIVIND DY DIV 1YY YW NINID 7PN 110 ,YNAN NMIVNT NPY R¥N) iV Vivo DMDN1
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1N NTIAY DTPANH NHPI HY M2 WTNKD DNNINY DIXRNN DIT) AR ITTIYY NPINID) NPIVRIN AP NNDN
T2 112 1% MIYIPNN NNIAP) YHYAY .NAYY D NLY DY N2 DN YA D1 IND DN DININA NP NTPNPNN
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STIRN MM (YA NPY9D /900) NTXTA MTIPY IMND THRY XY 280 THY 2802 N¥IN NIY DNY DINDN
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Quaternized Potato Sarch -A Novel Gene Delivery Vehicle

BrachaNaim’, Tamar Traitel’, Shimona Geresh”, Ziv Reich”, Joseph K ost’

"Department of Chemical Engineering, “The Institute for Applied Biosciences,

Ben-Gurion University of the Negev, Beer- Sheva 84105, Israel .

"Department of Biological Chemistry, Weizmann Institute of Science,

Rehovot 76100, Israel

Gene therapy refers to the delivery and incorporation of DNA encoding therapeutic genes into the
target cell bearing the genetic disorder/deficiency whether inherited or acquired. Traditionally,
DNA delivery systems have been classified as viral vector- mediated systems and nonviral vector-
mediated systems. Viruses are by far the most effective systems for transfection, yet the application
of viral carriers comprises several disadvantages such as undesired immune response against viral
particles, random integration mediated by viruses, or their recombination with wild type viruses,
limited size of DNA, and up-scaling problems. For these reasons, nonviral systems have become
increasingly desirable in both basic research laboratories and clinical settings. The non viral
delivery system has several advantages including low cost, non-infectivuty, absence of
immunogenicity and good compliance. Therefore, the research and development of non-viral
vectors is a very important undertaking. We describe here a novel gene delivery carrier- quaternized
potato starch. Quaternized potato starch is a natural polysaccharide that has been modified with
amino groups to yield a positively charged polymer. The use of biodegradable polysaccharide
carriers is especially suitable for the gene transfer applications because they are water soluble, and
they can be readily transported to cells by carbohydrate mediated interactions. The present study
demonstrates that this polysaccharide fulfills some of the characteristics required of non-viral gene
transfer vector (i.e., it can condense DNA and deliver it to the nucleus). Plasmid dissociation
seems to be the limiting factor for gene expression. Facilitation of vector unpacking is therefore
required. This can be approached by reducing charges on the polysaccharide, or modifying it into

units with reduced molecular weights.
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