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Goals and Objectives

 Develop Novel NPs with potential for Medical
Applications

 Enhance the fundamental understanding of the
nano-bio interface

« Educate the next generation of materials scientists
and increase diversity in the scientific community

UTSA



RE-Doped Materials
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RARE EARTH BASED DUAL PURPOSE BIOSENSORS
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J. Mat. Chem. B, 1, 1561-1572 (2013); Science of Advanced Materials 4, 5-6, (2012);
Journal of Alloys and Compounds, 513, 559- 565 (2012).
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Presentation Notes
Here are a few examples of the research done with RE NPs that exhibit strong optical and magnetic properties. When the RE-doped NPs are excited with NIR (980 nm) light, they emit strongly in the visible to NIR light through a process known as upconversion. This property makes these NPs particularly useful for biomedical imaging and therapy because the optical absorption and or scattering in the NIR region are significantly low in turbid media such as biological tissues. 
You can also see from the magnetization curve and MRI contrast images that these NPs also show strong magnetic property. Therefore, the RE-based NPs possess dual properties and thus can be used for both fluorescence and magnetic imaging. 
On the lower left corner, the confocal microscope image of fibroblast cells shows the uptake of the NPs in cytoplasm and cell nuclei, shown in green and light blue colors, respectively. 
Toxicity experiments with cells show that these NPs are almost nontoxic.
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Uptake of Gd,0,S:Yb/Er NPs by fibroblast cells. In vitro cell viability of Sk-N-SH(Human
Blue = Nucleus stained with DAPI; Red = Cytoplasm neuroblastoma cell line) cells incubated
stained with Alexa fluor; Green = NP emission inside with Gd,O,S:Yb/Er at different

cytoplasm; Light Blue = NP emission inside nucleus concentrations for a period of 48 Hrs.
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Here are a few examples of the research done with RE NPs that exhibit strong optical and magnetic properties. When the RE-doped NPs are excited with NIR (980 nm) light, they emit strongly in the visible to NIR light through a process known as upconversion. This property makes these NPs particularly useful for biomedical imaging and therapy because the optical absorption and or scattering in the NIR region are significantly low in turbid media such as biological tissues. 
You can also see from the magnetization curve and MRI contrast images that these NPs also show strong magnetic property. Therefore, the RE-based NPs possess dual properties and thus can be used for both fluorescence and magnetic imaging. 
On the lower left corner, the confocal microscope image of fibroblast cells shows the uptake of the NPs in cytoplasm and cell nuclei, shown in green and light blue colors, respectively. 
Toxicity experiments with cells show that these NPs are almost nontoxic.



Optoacoustic Imaging of a Splinter Embedded in
Tissue

Applied Spectroscopy, Vol. 67, 22-28 (2013).
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Here are a few examples of the research done in this thrust area. Here is a piece of a small piece wood (shown on the left) which is embedded under 1 cm thick tissue. The images are obtained using the optoacoustic and other conventional imaging techniques. As you can see, the conventional imaging techniques either do not show any image or only artifact with very low resolution. But the details of the image obtained by OA technique are extraordinary and can be easily appreciated. 
(On the right side: Here is an OAM image of a TEM grid showing superb resolution of extremely tiny objects.) 
We have therefore adapted the powerful PA technique for sensing oxidative stress in RPE cells treated with Au NPs by measuring the opto-acoustic signals when the cells are under stress due to the production of oxygen radicals in cells.


MEDICAL APPLICATIONS OF NANOPARTICLES: TARGETED
CONTRAST AGENTS
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NOVEL NANOMATERIALS AND THEIR APPLICATIONS IN BIOLOGY

Advanced microscopy of biocompatible gold nanostars and their

adsorption-uptake by macrophages.

(A) UHR SEM image of Au nanostars.

(B) Atomically resolved TEM image of a Au nanostar branch.

(C) Confocal microscope image of a cell: Blue: Nucleus; Green: Endosome.

(D) UHR image of macrophage treated with Au nanostars.

(E) Details of adsorption-uptake of Au nanostars on membrane of
macrophage.

(F) Stereoimaging of macrophage showing endosomes and gold nanostars.

Plascencia-Villa G, Bahena D, Rodriguez A, Ponce A, and José-Yacaman M,

et al., Metallomics (2013).
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This is example of our current research.
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NOVEL NANOMATERIALS AND THEIR APPLICATIONS IN BIOLOGY

Staphylococcus bacteria labeled
2 _ " with Au NPs functionalized with
antibodies to visualize 3-D

- & structure.

- T
HAADF-STEM images of  self-
assembled rotavirus.

(A) Rotavirus with hexagonal patterns.
(B) Rotavirus used as a platform for in
situ synthesis of Au nanoparticles.

Nanoparticles in Biology and
Medicine Methods in Molecular
Biology, Vol. 906, Springer
Protocols, 2012.
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This is example of our current research.


METAL NANOPARTICLES IN NEUROSCIENCE

Firing Rate of a Single CA3 Hippocampal Neuron
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Nano-ablation with gold nanostars,
Journal of Visualized Experiments, (2012) e3570.
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In this work, we show that gold nanostars can be internalized in neurons and the introduction of nanostars increases the firing rate of hippocampal neuron.

Internalization and single cell ablation using gold nanostars: increasing the laser power causes thermal expansion and destruction of cell 

Purkinje cells are largeer cell, so internalization of NP is easier.


PREM-PREM Interactions

Publications

* “Popcorn Shape Magnetic Core-Plasmonic Shell Multifunctional
Nanoparticle for Targeted Magnetic Separation & Enrichment, Label-Free
SERS Imaging and Photothermal Destruction of Multi Drug Resistance
Bacteria”, Chemistry: A European Journal, 19(8), 2839-2847, DOI:
10.1002/chem.201202948 (2013).- Jackson State University

o “Platinum Electrodeposition on Unsupported Carbon Nano-Onions” ,
LANGMUIR Volume: 28 Issue: 49 Pages: 17202-17210 DOI:
10.1021/1a3031396 : DEC 11 2012 — UT El Paso

Interchange of equipment with Texas State University (TSU)
o Students from TSU utilize the Electron Microscope Center at UTSA
« Students and Postdocs from UTSA utilize the Focused lon Beam at TSU
 TSU has donated TEM sample preparation stations to UTSA

Texas State University- Dr. Sardar and Dr. Yacaman are External
Advisory Committee members for TSU-PREM
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Our PREM has also been very active with other PREM programs. For example, we have published one paper with the PREM group as Jackson State University and another paper with the PREM group at UTEP. Furthermore, Dr. Yacaman and myself are on the external advisory committee for the PREM at Texas State University, and our programs have formed a collaborative agreement to share facilities and resources where students from Texas State utilize the electron microscope facilities at UTSA and the students and postdocs at UTSA utilize the focused ion beam at Texas State.



PREM K-12 Qutreach

Engage PREM students, faculty and UTSA Society of
Physics Students (SPS) with the community through
participation in local science events and sighature

programs.




NanoDay at UTSA

Goals:

e EXpose high school students to nanotechnology
with the state-of-the-art research environment.

 Raise their awareness about the rewards and
benefits of pursuing a career in STEM fields.




San Antonio Prefreshman
Engineering Program
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Founded in 1979 and currently under the
direction of Dr. Rudy Reyna.

Host 1300 middle and high school students

7 week summer program housed at local
colleges (UTSA, NVC, St. Philips, etc.)

Academically intense experience focusing
on the fundamentals of STEM.



PREP Pipeline

College Bound

PREP (90% enter
Program college since
PREP I-IV + Its inception)

Junior & UPREP

High School

Students

http://www.prep-usa.org/portal/saprep/
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San Antonio Prefreshman Engineering Program (SA-PREP) founded by Dr. Manuel Berriozábal in 1979 is a collaborative effort of local school districts, colleges and universities to encourage junior high school and high school students to begin preparing for scientific and engineering career paths in school. The program targets underrepresented population groups in those fields. 



- Research Infrastructure

List of selected equipment:

« TEM-STEM ARM-200 with aberration
correction (0.8 A)

« AFM-SPM systems

» Zeiss 710 multiphoton/confocal microscope with
live cell imaging incubator

«JEOL 1230 TEM

 Hitachi 5500 High Resolution SEM

» Hitachi 1510-variable pressure

 Fiber-coupled IR spectrometer

 Titanium-Sapphire laser system

 Variable angle spectroscopic ellipsometer

 Raman Microscope with dual laser (red/blue)

e Laser engraver

« Atomic absorption spectroscopy

* IHR320 Spectrophotometer
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We have world class research facility at our department. Here is a short list. Most notably, we have state-of-the-art electron microscopy center, featuring the JEOL ARM 200 with aberration correction and less than 0.8 angstrom resolution. We also have a multiphoton and confocal microscope system. We have a number of HR spectroscopy systems and lasers. We also have a Raman microscope with dual lasers. 


Kleberg Advanced Microscopy Center

JEOL ARM 200F Hitachi S-5500 JEOL 2010F

Holders: Nanomechanical,
Tomography, and Optical Stage




Computational Facilities

T /A TEXAS ADVANCED COMPUTING CENTER T | A S
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Powering Discoveries That Change The World T AUSTIN

Number of Nodes: 3,936
Number of Processing Cores: 62,976
Total Memory: 1.73PB (shared) 31.4TB (local)

N e ER O RIS Ry dliatia(l High Performance Computing
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(cheetah.cbi.utsa.edu)
392 processing cores
2GB RAM per core
Linux

DELL Blade Cluster

Intel Xeon X5675 3.06 GHz ,
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LaBoratory.of Coffputational [RNEERRRI Memory distribution: 96Gb, 48GB and 24GB
rechnology 42-processors
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In addition to world-class experimental facility, we advanced computer infrastructure to enhance our simulation and modeling researchers. Notably, we utilize the Texas advanced computing center at UT Austin as well as the High performance computing center which is part of the computation biology initiative at UTSA. The department also has its own cluster for modeling nanoparticles and nanoparticle-biomolecule interactions.


Summary and Outlook

summary:

Multimodal Biomedical Applications of RE NPs

PA Technique for Sensing Oxidative Stress in Cells and Tissues
Developed Novel Metal NPs for Biomedical Applications

Au Nanostar Ablation: Selective killing of Neurons

We have a strong Outreach and Education Program

UTSA has established a strong collaboration with other
PREMS

World-class facility with the state-of-the-art equipment

Outlook:

Optimize the Nanoparticles for Biomedical Applications

Committed to building a flagship center for Materials
Research at San Antonio and South Texas
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