Біонанотехнологии
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Метою даного курсу лекцій є методичне ознайомлення студентів з фундаментальними концепціями і ключовими досягненнями в області, з тим щоб стимулювати подальше поглиблене вивчення предмета, атакож дати можливість прийняття обгрутнованих рішень, стосовно практичного використання біонанотехнології,
Milestones in the development of modern biotechnology into bionanotechnology. Production of bread, wine,and yogurt was practiced thousands of years before the commercial production of acetone, antibioties, and biotechnologicall drugs.
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Nanotechnology and bionanotechnology

In an effort to define the borders of this new and emerging desclipline the  National Nonotechnology Institute (NNI) proposed the limitation that truly “nanotechnology in the understanding and control of matter at dimensions of roughly 1 to 100 nm, where unique phenomena enable novel applications”. As length scale is a continuum, a seeming fuzziness exists in the transition from the micrometer to the nanometer scale. For example, are structures of 800 nm (0.8 microns) true nanostructures or not?

According to the NII definition, any structure less than 100 nm is a true nanostructure and unique phenomena are expected at the scale. By the Ssame approach however, if novel phenomena are exhibited by a structure at 200 nm this is a nanotechnology enabled material and as such is the realm of study in nanotechnology.
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Nanotechnology is defined as, engineering and manufacturing at nanometer scales, with atomic precision. The term is interchangeable with “molecular nanotechnology”. The term “nanotechnology” was coined by University of Tokyo professor Norio Taniguchi in 1987 to describe the fabrication of materials with nanometer precision
Bionanotechnology is a subset of nanotechnology where the biological world provides the inspiration and/or the end goal. It is defined asw atom-level engineering and manufacturing using biological precedence for guidance (Nano-Biomimetics) or traditional nanotechnology applied to biological and biomedical needs.

Бионанотехнология непосредственно связана с нантехнологией, она более специализированная, вдохновляется технологией. Она использует биологию и она мимигрирует. Она создает нечто подобное в биологическом обьекте в наноуровне. И прилогается к областям биологии и наномедицыни.
Две науки Биотех и нанотех связаны тесно. И грань перехода очень сложная. В конечном итоге бионанотехнологии нацелены на медецину.
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Нанотехнології і біонанотехнології
У спробі визначити межі цієї нової дисципліни Національний інститут з нанотехнологій (NNI) запропонував обмеження, тобто справжня Єнанотехнологія це є розуміння і контроль матерії при розмірах приблизно від 1 до 100 нм, де представлені унікальні явища дозволяють знаходити нові застосування”. При непереривній щкалі довжини, існує нечіткість…
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Тезнічний піддіх до біології дозволяє преставити і створити системи, які можуть буьт використані для медико-біологічних досліджень. Інспіровані біологією нанотехнології використовують біологічні системи, як натхнення для тенологій які ще не створені.

Однак, як і нанотехнології і біотехнології, біонанотехнології мають багато потенціальних етичних питань, пов’язаних з ними.
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The Size of Things
Nanoscale devices are one hundred to ten thousand times smaller than human cells. They are similar in size to large biological molecules (“biomolecules”) such as enzymes and receptors. As an example, hemoglobin< the molecule that carries oxygen in red blood cells, is approximately 5 nanometers in diameter. Nanoscale devices smaller than 50 nanometers can easily enter most cells, while those smaller tham 20 nanometers can move out of blood vessels as they circulate through the body.

Because of their small size, nanoscale devices can readily interact with biomolecules on both the surface and inside cells. By gaining access to so many areas of the body, they have the potential to detect disease and deliver treatment in ways unimagined before now.

В любой транспортной системе есть активный и пасивный транспорт.

Ендоцитоз.
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In order to gain a feeling of the relative size of a nanometer, let us compare some other everyday objects with some biological basic blocks using a nano-ruler.
// таблиця
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Найважливіші завдання біонанотехнології

Згідно з експертними оцінками Європейської комісії найважливіші розділи біонанотехнологій на майбутні 15-20 років є слідуючи:

1) Прицільне постачання ліків
2) Молекулярна візуалізація

3) Косметика

4) Створення нових лікарських засобів

5) Методи діагностики

6) Хірургія, втому числі трансплантація тканин та органів

7) Тканинна інженерія

8) Харчові технології

9) Геноміка і протеоміка

10) Молекулярні біосенсори

11) Інші розділи
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Прицільне постачання ліків
Targeted drug delivery
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Молекулярна візуалізація

Molecular visualization

a) AFM image of quantum dots

b) Signle wall carbon nanotube, SWNT

a) The image of quantum dots (QDs) obtained from the atomic force microscope (AFM). The AFM is a form of microscope having the ability to image nano-sized objects. The imaging of nano-sized objects is facilitated via mechanical interaction of a very sensitive tip (which is the probe of the microscope) with the sample. The quantum dots or QDs are semiconductor particles of smaller diameters ranging between 2- and 10 nm.

b) AFM image of single wall carbon nanotube (SWNT) bundles obtained with a SWNT probe (tip), by using a phase contrast technique
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Nano-cosmetics

Нано-косметика

Верхний слой эпидермиса, состоящий их отмерших клеток, которій шелушиться
XXXXX перша косметика Японії, яка поєднує три фактори росту, які реалізують клінічну якість із запевненням безпеки і автентичності, EGF, FGF і IGF можуть привести до ідеально свіжої шкіри, її повної пружності і пластичності.
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Nano-drug- Delivery Chip

Доставка нано-ліків за допомогою мікрочіпів.

Чіп на зображенні складається з 34 нано-комірок, кожна з яких вміщує 24 нл (нанолітрів) препарату. Мікрочіп зроблен з кремнію і покритий золотом

Figure show an image of the front and back views of a drug delivery microchip made of silicon and coated with gold, with a U.S. dime (10 cents). The chip in the picture consists of 23 nano-sized  weels each of which is capable of housing 23 nl(nanoliters) of drig. It …
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Розробка нових інструментів, таких як пептоідні нанолистки peptoid nanosheets), для медичних і біологоінчих цілей є ще одною основною метою в області нанотехнологій. Нові наноінструменти часто створюються для вдосконалення наноінструментів, які вже використовуються.
Візуалізація нативних біоломекул, біологічних мембран і тканин також є однією з основних тем досліджень біонанотехнології.

Інші теми включають використання консольних датчиків масиву (cantilever sensor array) і застосування нанофотоніки для маніпулювання молекулярними процесами у живих клітинах.
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Targeting Cancer with Genetically Engineered Poliovirus(PVS-RIPO)

Matthias Gromeler, MD
Associate Professor of Surgery (Neirosurgery) and Molecular Genetics and Micro…
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A brief Background About PVS-RIPO.

PVS-RIPO is a genetically engineered poliovirus that is being investigated as a new anti-cancer agent at the Preston Robert Tisch Brain Tumor Center at Duke. The idea of targeting cancer with viruses has been around for at least 100 years. However, valid is mostly due to technological advances in bionanotechnology and genetic engineering of viruses.

To work against cancers in patients, oncolutic viruses must target cancer cells for infection and they must kill them. At the same time they must be safe.

PVS-RIPT naturally infects almost all cancer cells, because the receptor for poliovirus (which is used for cell entry) is abnormally present on most tumor cells. PVS-RIPO kills cancer cells, but not normal cells, because its ability to grow (and kill) depends on biochemical abnormalities only present in cancer cells. Safety testing in non-human primates and human patients has shown no nerve cell killing, no ability to cause poliomyelitis, and non ability of PVS-RIPO to change back to wild type poliovirus that can cause poliomyelitis.
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GROWTH POTENTIAL OF NONOTECHNOLOGY AND RELATED EXPENDITURES
The opportunity for nonotechnology to revolutionize diverse technical areas has been well understood. It is not easy to estimate the expenditures for bionanotechnology from the nanotechnology investment.

Conservative estimates place the bionanotechnology portion to at least 50%...
[]
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More than 10000 different nonomachines work inside our bodies. This is true nanomachines. Each of these machines built with nanoscale precision, where each atom is precisely located and connected to its neighbors.

Our body is the most complex in the world known mechanism in which most of the processes going on at the nonoscale. These nonomachines work together to organize many vital processes – digestion and respiration, growth and repair, feeling of danger and responding to it, reproduction.
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Importantly, many of these nanomachines will work, performing at the atomic level its functions even alter isolation and purification, but on condition, that the environment will not be too harsh.
Each of them is self-sufficlent molecular machine. Today these nanomachines used in practice. For example:

· Natural digestive enzymes such as pepsin and lysozyme are so rigid that they can be added to detergent to help digest stains.
· Amylase used commercially to convert floury starch in sweet corn syrup.
· The fields of science as genetic engineering and biotechnology were made possible by the collection of DNA-manipulation nonomachines that are now on sale.
In general, natural bionanomachines are surprisingly strong.
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In many ways, Bionanomachines are different from machines that are familiar in out world.

They originated and perfected in the evolution (and not the result of artificial conceptions), which places a number of restrictions on the design process and the formation bionano machines.

Bionanomachines giving to perform tasks in a specific environment and are guided by the non-traditional forces of this environment.

We must take into account these differences when trying to understand natural biomoleceles, and we need to keep there differences in ming when we use these netyrak bi…
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The Unfamiliar World of Bionanomachiunes 

· biological technique is different  from anythins we build on our familiar macroscopic size technology

· Unilike neat designs toasters and tractors, natural biomolecules are complex and other have incredible shape.
· They do their work in an environment where “nervous” thermal notions constantly pushes and pulls their componenets in different directions.
· They fastened by the complex network of covalent and non-covalent forces. Due tu the small scale bionanomachines almost insensitive to the laws of gravity and inertia that dominate our macromachines.

World bionanotechnology is unfamiliar, mobile world, playing by the different rules.
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Size does matter.

a) Medium sized objects.

For objects of about one centimeter or meter, the phusical properties such as abrasionm tensile strengthm adhesion, and shear strength comparable in magnitude with the forces of inertia and gravity;

b) Large objects
The balance of power changes when we move to large or small objects. As we move to larger objectsm the laws of similarity shift the balance of power. Weight increases by a cube of the object size, and properties such as strength and increased friction depend finearly or are proportional to the square size. The increase in weight or inertia can quickly overcome the increasing strength of large structures such as buildings for example.

c) Small objects.

d) There laws also apply similarity in the opposite direction, with the opposite effect, if we move to smaller and smaller objects/machines. Inertia do not play a significant role in micto-and nono world.

e) For example, Dr. Percell described the amazing properties of bacterial cells floating in the warer. When the cell stops to return the flagellum, we would expect that the cell will slowly move to stop due to the inertia as a submarine in the ocean. However, due the small inertia relatively viscous forces of surrounding water, the cell actually stops at a distance less than the diameter of an atom.
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Quite often protein molecules consisting of two or more polypeptide chains – subunits that held together bu non-covalent inteactions. Spatial organization of several pfro…
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Достатньо часто молекули білків складаються з двох або більшої кількості поліпептидних ланцюгів – субодиниць, зо утримуються разом за рахунок не ковалентних взаємодій. Просторову організацію кількох субодиниць білка називають четвертинною структурою.
[]

Hierarchy of protein structure
Primary Structure -> Secondary Structure: alpha-helix and beta-sheet ->Tertiary Structure  -> Quaternary Structure.
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Participation in nanomachines in transformation of synthesized polypeptides into functional protein structures

Chaperones – nonomachines that help proteins to fold.

In the cell, there are special proteins – chaperones. Nanosize machines protect a chain that folds from interactions with other biomolecules (eg proteins) and thus allow him to “find” their native structure. But this very structure still determined only by its own amino acid sequence.

Шапероны действительно помогают с правильным сварачиванием белка, стуктура белка определяется первичной структурой и информацией записанной в гене. Шапероны не сильно разбираются в белках.
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Hsp proteins (Heat Shock Proteins) act as chaperones.

GroEL belongs to the family of chaperonins, i.e. the class of molecular chaperones,a nd exist in large quantities in bacteria. It is required for the proper folding of many proteins. For proper operation GroEL needs “cover” – co-shaperonin protein complex GroES. In eukaryotic proteins HSP60 and Hsp10 are structurally and functionally almost identical to GroEL and GroES, respectively.
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Energy basics of self-organization of nanomachines.

Types of non-covalent intermolecular interactions.

Енергетичні основи …
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Types of non-covalent intermolecular interactions that organize natural nanomachines:

· van der Waals interactions

· hydrogen bonds

· electrostatic (ionic) interactions

· hydrophobic interactions

Stabilization of ordered spatial structures is carried out by non-covalent interactions between atoms and groups of biopolymers.
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Van der Waals interactions

Van der Waals interactions between molecules are short acting. There are three basic types of interactions:

Dispersion interactions (London interactions) between neutral molecules and groups;

Orientations interaction between dipoles (dipole-dipole interactions);

Induction interaction between dipole and induced dipole.
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Van der Waals iteractions
Вандервальсові взаємодії між непорялизованими молекулами – дисперсійні або Лондона взаємодії
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Charge fluctuation

Dipole

Another molecule

Charge separation induced by first molecules

All molecules and atoms at short distances are attracted to each other
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