Notes Part 2

Cytoskeleton (microtrabecular lattice) – structures cytosol. Structured, yet dynamic

· shape

· cell movement

· cell division

· framework for positioning and moving substances

There are three major components:

· Microfilaments

The smallest component. 7 nm in diameter. Used for locomotion (movement), structural (in the microvilli because actin filaments can contract?), amoeboid movement, cyclosis, (in cell division) cleavage furrow with actin.

It consists of G actin molecules. A bunch of G actin molecules make an F-actin molecule? They twine around. Phalloidin enhances microfilaments. Cytochalasin B destroys it.

There is a dense network of microfilaments in the cell cortex and the villi.

· Microtubules

25 nm in diameter. It is made of tubulin (alpha) and tubulin (beta).  An alpha and a beta tubulin form a dimer. A bunch of dimers form a protofilament. There are exactly 13 molecules around the ring (LOOK IN THE BOOK).

Its two main functions are axonemal (essential for cilia and flagella) and cytoplasmic (MTOC = MicroTubule Organizing Center where they are formed. Basal body? And centrosome (cell division)??

It maintains the overall shape of the cell. It is responsible for the movement of chromosomes and the movement of substances to the beta (plus) and to the alpha (minus) ends.

MAP = Dynein moves substances to the minus end. Kinesine moves substances to the plus end.

Colchicines- prevents microtubule formation. Important for cancer treatment

Taxol- anti-mitotic drug

· Intermediate filaments

Protein chain with amino and carboxyl end. They have 2 coils. Then, they form tetramers. 48 nm long and 8-12 nm wide (8-10 nm in the book). They are the least soluble but the most stable.

Six Classes of Intermediate Filaments

1. Epithelial cell – 15 types

2. Contains keratin – 15 types. Tonofilaments. They give strength to skin tissue. Associated with hair and fingernails.

3. fibroblasts (vimentum) and muscles cells (desmin). Gliol cells in brain give it structure.

4. Neurofilament protein gives shape to neurons

5. Nuclear lamina holds nucleus together

6. Nestin – neuronal stem cells. Part of the nervous system.

IF Typing – look in IF in cancer tissue and determine the origin. Diagnostic tool.

Uses of Microtubules

MTOC – cytoplasmic, axonemal, and centrosome (diplosome)

Centriole – central body. Makes spindle fibers. With an electron microscope, you can see two perpendicular centrioles. Made of microtubules. 9 microtubule triplets

Cilia (short cellular projections organized in rows) and flagella are made of microtubules.

Basal Body – microtubules of the flagellum are derived from a basal body

9+2 structure. Important for movement

Dynein causes microtubule to bend

Basal Body – kinetosome. Self-reproducing, cylinder shaped cytoplasmic organelle composed of nine triplets from which flagellum and cilia arise.

Plasma Membrane

· Protecting internal environment

· Regulates

· Allows to interact with cytosol

Overton (and Collander) 1890s

He said that there is a relationship between permeability and the partition coefficient (amount dissolved in amount of oil/amount of water)

Lanneur and the Lanneur Troph. Saw that there is a hydrophobic and hydrophilic end. Single lipid layer.

Gorter and Grendel used red blood cell “ghosts”. Ghosts refer to the membrane w/o cytoplasm. They discovered that it was twice the surface and that twice the amount of lipids are used.

Davson (London) and Danielli (Princeton) -1935

Bimolecular leaflet. 7.5 nm wide. Hydrophilic outside and hydrophobic inside. Glycoproteins and mucopolysaccharides attached to membrane. According to them, the phospholipid bilayer is sandwiched between two layers of protein.

Roberton -1959

He had the unit membrane theory. All membranes are the same. WRONGO!!

1972 - Nicholson and Singer had the fluid (changing) mosaic (like a mosaic) model. Globular proteins are inserted into the lipid bilayer.

Unwan and Henderson – membrane protein structure

Phospholipid = Two fatty acids (non-polar/hydrophobic) are attached to a glycerol backbone. Phosphorylated alcohol (polar/hydrophilic) is attached to the third part of the backbone.

Different proteins associated with membrane.

Transmembrane – carriers/channels/receptors

Interior – spectrins (determines shape of the cell) and clathrins (anchor proteins to specific sites in the cytoskeleton)

Glycolipid & glycoprotein – help cells stick together. Also, for cell-cell recognition in blood types.

There are integral and peripheral proteins.

Proteins:

1. transport channels

2. enzymes

3. receptors – receive signals

4. identity marker – Glycoproteins – “self” recognition; Glycolipids – tissue recognition (blood group markers)

5. adhere

6. attachment of the cytoskeleton

Diffusion – net movement of molecules from a region of high concentration to a region of low concentration until they are evenly distributed. Thermodynamically, it wants the least amount of energy, but the most entropy.
Two types of Energy: Potential (stored energy) and Kinetic (energy in motion)

Energy = work

Electric or osmotic?

Molecules are in constant motion (temp) at 100 meters per second. Molecules bump into each other causing heat

Osmosis – diffusion across differentially/selectively permeable membranes

Hydrostatic pressure- pressure of the cytoplasm pushing out against the cell membrane

Osmotic pressure – the pressure that must be applied to stop osmotic movement of water across a membrane.

Molarity – a concentration unit defined to be the number of moles of solute per liter of solution

Molality – a concentration unit defined as the number of moles of solute per kilogram of solvent

Osmolar – number of moles per liter of water?

Osmolality – total number of moles of solute per kilogram of water

1 L = 1 kg of water = 55.5 mol or molal?

Colligative properties – a physical property of solution that primarily depends on the concentration rather than the kind of solute particle. 1 mol of substance ( boiling and freezing?

Normal solution = positive charges

Jahn – contractile vacuole

Hypertonic – results in crenation

Isotonic

Hypotonic

In plants, turgor pressure is the internal hydrostatic pressure. It causes the cell membrane to press firmly on the cell wall, making the cell rigid.

1. Free Diffusion

A substance can be faster than predicted in the permeability/partition coefficient chart because it is a tiny molecule. A substance can be slower than predicted because it is a large molecule or the molecule has many branches.

2. Assisted Transport (passive facilitated diffusion)

In a permeability/concentration chart, the line becomes flat because the substance is saturated. Carrier proteins can only hold a certain amount at a time.

3. Active Transport (requires ATP)

Sodium-Potassium pump/ATPase is also called an ionophore because it is an ion carrier (K+ and Na+).

Cotransport proteins require a certain substance for another substance to pass through. Example is the sodium-glucose transport.

Cystic fibrosis is a genetic disease discovered by Paul (Pablo) Quinton. Mostly occurs in Caucasians. The electrogenic pump does not allow a chloride ion to pass through with the sodium ion (Failure in the chloride ion transport mechanism). Results in mucus clogging lungs, liver, and pancreas.

3 Major Protein Connectors:

1. Gap Junctions (communicating junctions) – most common junction. Connexons are 1.5 nm in diameter. In invertebrates, it is called septate junction. In plants, it is called the plasmodesmata.

2. Tight Junctions (impermeable/occluding) – Prevents small molecules from leaking between cells. Also, it keeps molecules on one side. There is the apical surface and the basolateral membrane.

3. Adhesive Junctions (Anchoring Junctions) – Desmosomes connect the cytoskeleton of adjacent cells. Desmoplakin is 2-4 nm. IF = keratin and vimentum (desmin). Desmoglein is found in places such as the heart, uterus, and skin. Adherens are actin fibers.

Able to learn about membrane because of freeze fracturing.

P Face = protoplasmic face

E Face = extracellular face

Substances move in the cell…through nuclear pores, across membranes, or by vesicles.

Methods of Communication:

1. gap junction – communication with other cells

2. synaptic (synapse) junction – occurs in nerve cells. Sends chemicals to other cells to deliver message.

3. paracrine – release substances in the blood stream to nearby cells

4. endocrine – release substances (hormones) produced by endocrine gland in the blood stream to different places in the body

Mitosis (mitos – Greek for thread) – cell division in eukaryotes. A process of cell division in which two daughter cells receive the same number and kind of chromosomes as the parent cells.

Cell Cycle – made up of phases. Takes about 22 hours. Mitosis is one phase. Mitosis and Cytokinesis (division of cytoplasm) is one hour.
Interphase (before cell division):

· 1st Growth Phase (G1) – 9 hours. The presynthesis phase. The cell gains in volume.

· Synthesis Phase (S) – 10 hours. Chromosomes replicate.

· 2nd Growth Phase (G2) – 2 hours. The cell checks for errors. The euchromatin appears.

Four Phases of Mitosis (Karyokinesis – nuclear division)

· Prophase – chromatin start condensing. Early prophase – two centrioles move to the equatorial plane. Late prophase – nuclear envelope disappears. Centrioles produce spindle fibers. Aster rays form on the other side of the centriole. The chromosomes form.

2 chromatids per chromosome. They are attached at the centromere (kinetochore – 220 nucelotides of DNA). It is not always at the center.

Direct “center” – metacentric

Closer to the top “center” – acrocentric

Very top “center” – telocentric

Chromonema – colored strands

Chromomere – colored patch (nucleosome)

· Metaphase – chromosomes line up on plane (metaphase plate). Spindle fibers attach at kinetochore.

· Anaphase – spindle fibers shorten and pull chromatids apart. The aster is not attached to anything. The polar fibers are between the two centrioles. They hold the two centrioles in places. Late anaphase – condensation?

In animal cells, cytokinesis occurs. Forms a cleavage furrow (pinching in of a cell)

· Telophase – cells separate. Chromosomes decondense. The nuclear envelope forms again. They need to grow to reproduce more cells.

In plant cells, there are no centrioles. Cell division takes place in meriostematic tissue (end of roots and shoots). There is no late anaphase. A cell plate forms and eventually becomes a cell wall. In algae, the plate forms from the sides. In higher plants, the plate forms from the center.

The number of chromosomes has nothing to do with the complexity of the organism.

Post mitotic cells – cells you are born with. They do not replicate. The nerve and muscle cells are frozen in the G1 phase (G0 phase). The heart muscle is frozen in the G2 phase.

The end of each chromosome is called a telomere. Every time cell divides, a little bit of the telomere is lost. It might be linked to aging.

How do they know when to divide and not divide?

Growth factors (mitogens – generate mitosis).

Control productin of peptides (nerve growth factor, epidermal growth factor, fibroblast growth factor)

Inhibit cell division – chalones

Colchicine – microtubules don’t form. Diploid ( tetraploid

Vinblastin – cancer treatment.

Protooncogenes – start forming growth factor

Tumor suppressing genes – inhibit cell division. P53 gene => P53 protein causes the cell to repair itself or kill itself.

Apoptosis – cell DEATH

Meiosis – preparation of gametes

Early Development

Zygote – egg and sperm

G1 phase is skipped. G2 shortened.

Fertilized egg – mitosis( 2 cells ( 4 cells ( 8 cells ( ...eventually forms a morula. This initial period of cell division is called cleavage.

1. morula – ball of cells

2. blastula (blastocyst in mammals) – a hollow ball of cells. Space in the center

blastocoel – center space

blastomere – outer cells. They are the stem cells. They have the potential to become any kind of cells.

3. gastrula

Gastrulation is the process of invagination (vagina – sheathe). There are three germ layers. They are the precursors of organs and tissues:

· outside – ectoderm (skin and nervous system)

· middle – mesoderm (bones and muscles); also the inner surfaces of the body cavity

· inside – endoderm (gut and liver)

Archentron – “old gut”

Blastopore – becomes the mouth and the anus

The intestinal tract – “outside” the body

Embyronic Process

1. differentiation – cells differentiate

2. morphogenesis – special organization of cells

3. growth – must know when to stop

Embryonic induction – chemical process in which one tissue gives stimulus to other tissues to tell them what to be

Histology – study of tissues (cells united for different purposes)

Why are tissues necessary?

Cell size is limited by the surface to volume ratio.

Cell types:

· somatic cells – body

· germinal cells – for the perpetuation of species

There are five types of tissues (primary tissues):

1. epithelial – covers internal and external surfaces. The epidermis is derived from the ectoderm. The four major functions are protection from dehydration/mechanical damage; absorption; excretion; and sensation

2. connective

3. muscular

4. blood/lymph (sometimes categorized as connective tissue)

5. nervous tissue

· simple – single layer of cells that go down to basement membrane. There is a free border on the outside.

a) squamous – flat, delicate lining (alveoli, blood vessels, and capillaries). Make exchange of food and waste. Good for diffusion. Mysentery types are pleural and pericardial

b) cuboidal – small ducts in glands and kidneys. Secretion and absorption.

c) columnar – Surface lining of the stomach, intestine, and parts of the respiratory tract. Digestive system below the diaphragm. Microvilli and goblet cells. Striated border?

· Stratified – more than one layer

a) Squamous – most extensive. It is a tough layer of cells. Provides protection. Stratified squamous epithelium is also called keratinized epithelium. Found in the skin, oral cavity, vagina, and cornea. If one does not shower, the oil makes a good base for bacteria.

b) Columnar – found in the urethra, larynx, and glands. Cowper’s gland/bulbos urethra gland. Precum is produced to make the urethra ready for semen.

c) Transitional – found in the urinary tract, ureter, and bladder. Makes an expansion from within.

· pseudo-stratified – Found in the lining parts of the respiratory tract. They secrete mucus. The cells are dense with cilia that aid in mucus movement. It also provides protection. In lung cells, there are about 200 cilia per cell. Smoking = bad

Two Types of Glands:

· Endocrine – ductless glands. They release hormones into the bloodstream.

· Exocrine – glands with ducts.

a) Eccrine – sweat glands. They pump Na+, causing Cl- to follow. Water also follows. Perfume and deodorant masks smell. Anti-perspirant affects the sweat glands.

b) Apocrine – releases pheromones into the air. Causes attraction between animal sexes. Also causes females to have their periods at the same time if they live together.

c) Sebaceous – produces oil

Glands are derivatives of the skin.

Merocrine – releases secretion that is made

Apocrine – genitals, armpits, and nipples. They release the substance and part of the cell as well.

Holocrine – whole cells are released along with the substance.

Kinds of glands – simple, compound (acinar), and tubular acinar

Hair, nails, callouses, and teeth come from the skin

Connective Tissue – tissue where intercellular substances dominate and give its characteristics

Comes from the mesoderm

Cells produce a filler, an amorphous ground substance/mucopolysaccharide.

Three Types of Fibers in the “Filler”

· Collagen – white fibers. They produce a collagen protein. 1/3 glycine. It is very strong. It can hold 16,000-18,000 pounds per square inch

· Elastin – yellow, elastic fibers. They are important in developing animals.

· Reticulin – embryonic tissue

Areolar – loose connective tissue. Precapillary sphincters.

· Fibroblasts – makes fibers

· Mast Cells – contains microbodies (stain red), produces histamine ( blood vessel dilator), and heparin (anti-coagulant)

· Histiocytes – “tissue cell”; They are the macrophages

· Fat Cells (adipose)

· Plasma Cells

· Pigment cells

Dense Connective Tissue – fiber dominating

· Regular – white fibers = tendons; elastic (yellow) fibers = ligaments

Ligamentum nuchaez – neck ligament

· Irregular – sheets/membrances

Fascia/Epimysium – around muscle

Periosteum – around bone

Periochondrium – around cartilage

Perineurium – around nerves

· Capsules – around the kidneys and the adrenal glands

Cartilage

Three Types

· Hyaline – matrix/chondroitin sulfate (translucent)

· Chondrocytes (cells of the cartilage) in cavities (lacuna)

Found on the end of ribs, nose, voice box, and tracheal rings

· Elastic Cartilage – with yellow fibers

Ear and epiglottis

· Fibrous Cartilage – with collagen

Knee joints, intervertebral disks, where tendon attaches to bone

Bone (osseous tissue)

Matrix – collagen (90%), chondroitin sulfate, crystals of hydroxy apatite (calcium salts)

Osteoblasts make hydroxy apatite.

· Haversian canal contains nerve fibers and blood vessels (veins, arteries, and lymph)

· Lamellae – thin concentric layers, circles

Osteocytes – found in the canalicula (little canals)

· Osteoclasts – giant cells that resorb bone; aids in the remodeling of bone in response to physical stress

Parts of the bone

· Periostium

· Epiphysis – distal and proximal (closest to the center)

· Medullary Canal – contains yellow bone marrow (fat)

· Diaphysis

· Compact Bone – denser; can withstand stress

· Spongy Bone – red bone marrow (hemopoietic tissue) they are precursors to blood cells

Trabeculae (stress trajectories)

Prezoelectricity – Changing the way it looks makes electricity

When a bone is stressed, it exposes lysine. Lysine makes electricity. Electricity attracts fibroblasts.

Reticular tissue – network that you find in the embryo

Lymph, Spleen, Thymus

· Agyrophilic fibers (reticular fibers). They like silver. Silver nitrate will stain black

Adipose Tissue – Fat

Three Major Functions

· Insulation

· Storage – every gram of fat is nine calories

· Protection

· Aesthetics (???)

Nobel Prize winners – Cell Death

http://www.latimes.com/news/nationworld/nation/la-sci-nobel8oct08.story
Muscle:

Three types of Muscle Tissue (contraction)

a) Striated (skeletal/voluntary)

Origin of the tendon – nonmoving part

Insertion of the tendon – moving part

Sarcolemma – muscle cell membrane

Sarcoplasm – muscle cell cytoplasm

· Sarcoplasmic reticulum – stores calcium ions

The muscle cells are multinucleated and have peripheral nucleui.

Muscle fibers – endomycium

Fasciculus – has a nerve supply. Essential for strength regulation

Perimycium – covering/membrane

b) Smooth (visceral – internal organs/involuntary – do not have to think/autonomic) – no striations

c) Cardiac (heart) – striated; the nucleus is in the center; intercolated discs – cell connection between two cells. This increases surface area = faster communication, lower electrical resistance; syncitium – the cells can function together as one unit

Three layers of heart muscle

Heart fibers contract automatically. They leak K+, causing a change in the electrical potential

Pacemaker ( sinoatrial node ( atrioventricular node ( bundle of HIS ( Purkinje fibers

· Fibrillation – when heart muscles do their own thing

Heart attack – heart muscle dies; necrosis

Heart murmur – malfunction valves

Stroke – in the brain

Muscle Contraction

Sliding filament theory (“ratchet” movement). The myosin pulls in the actin.

Two ways to go

Isotonic contraction – muscle shortens

Isometric contraction – muscle stays the same

Transverse – Tubules. They transport calcium, allowing the myosin to bind

The never tells the muscle to release calcium

Two proteins

· Troponin – fibrous type protein; follows actin and prevents myosin from binding

Three Forms

1. T – connects to tropomyosin

2. C – connects to calcium

3. I – Inhibitory; it connects the whole thing to the actin

Isotonic – shorten muscles; tension stays the same

Isometric – same length; tension changes

Two Major Types

· Type I (slow-twitch) – slow; use oxygen and glucose; don't fatigue; posture muscles

· Type II (fast –twitch) – Four times faster

a) A – uses oxygen; marathon, stretching

b) B – glycolysis; quick spurt of energy, dash

Blood

· 60% plasma

· 40% formed material

· Hematocrit – The fraction of the total volume that is occupied by the erythrocytes; In humans, it is about 45%

Plasma

· viscus fluid – mostly water

· metabolites

· waste

· hormones

· electrolytes

· 7% proteins

a) albumin – starling equilibrium; It causes an increase in concentration of blood, causing water to come back into the blood vessel (osmotic pressure); Kwashiorkor – condition in which water cannot be expelled, causing big bellies

b) fibrinogen – fibrin; forms fibers used for blood clotting; When doing blood transfusions, you must take out the fibrinogen to prevent clotting (plasma w/o fibrinogin – serum)

c) globulin – serves as carriers of lipids and steroid hormones; immunoglobulin

Blood Cells

These are not actual cells

1. Erthrocytes – red blood “cells” (corpuscles)

7.2 micrometers. Its shape is an indented disc. It is a bag of hemoglobin, a protein that holds oxygen. Red blood cells make up about 99.5% of all blood cells. There are about 25 trillion (5 million per mm3). Their lifespan is about 115 days. After 115 days, it gets broken down in the liver.

Three causes of Anemia

· Not enough red blood cells

· Sickle Cell Anemia – the sickle shape of the red blood cell cannot hold enough oxygen

· Hemoglobin – less than 15 grams per 100cc of blood

The red blood cells are made in the hemopoetic tissue. It loses its nucleus and makes hemoglobin.

Reticulocytes – precursors of red blood cells. Makes up ½-1 ½% of cells. Lots of reticulocytes may have resulted from internal bleeding.

2. Thrombocytes – platelets

They are fragments of megokaryotes (big nucleus). There are about 250,000 platelets per mm3 of blood. They have a lifespan of 5-9 days. They produce thrombin, a protein essential for blood clotting.

These are actual cells

Leukocytes – white blood cells

5,000 – 9,000 per mm3.

Cancer of white blood cells - leukemia

Two types

1. Granulocytes – with granules; multi-lobar nuclei (more than one lobe); polymorphonuclear

· Basophils – ½- 1%; large granules (microbodies); allergic reaction and inflammatory response; Basic; 1 out of 38 women have a drumstick-shaped structure called the Barr body.

· Eosinophils – Acidic; 1-3%; allergic reaction and parasite infection

· Neutrophils – 60-70%; lysosomes; important when one gets an infection. They engulf the invader, die, and become pus.

2. Agranulocytes – without granules 

· Monocytes – big nucleus (horseshoe-shaped) with lots of cytoplasm; 3-8%; immune reaction; precursor of tissue macrophages

· Lymphocytes – big nucleus with little cytoplasm; 20-30%

a) B lymphocytes – 20% of lymphocytes; 200 finger-like projections. Found in the Bursa of Fabricius in chickens; They produce antibodies (humoral antibody synthesis); precursor of plasma cells. They release a protein called globulin.

b) T lymphocytes – 80% of lymphocytes; only a handful of projections; Made in the bone marrow, but mature in the thymus gland

HTLV – Human T cell Lympho Virus

HIV (Human Immunodeficiency Virus) (AIDS  - Acquired Immune Deficiency Syndrome

Causes the T cells to become ineffective, making the body susceptible to disease

Four H’s

· Homosexuals

· Heroin

· Hemophiliacs

· Haitians

All not true!!!



Four Types of T Cells

· Helper – initiates response

· Inducer – stimulates development of T cells in the thymus

· Cytotoxic – KILLS invaders

· Suppressor – stops the whole process

Natural Killer Cells – they kill cells that are coded with antibodies; kills cells that are infected

Nervous (Neural)Tissue – receiving, transmitting stimuli

The cell body is called a neuron --> neurofibrili (Nissil body). It has specialized ER material to make neurotransmitters.

All signals are unidirectional. They only go one way. Also, all signals are all or none responses.

The extensions of the neuron are called dendrites. One extension that extends throughout the body is called an axon. They conduct electrical impulses. 

Excitatory Postsynaptic Potential (EPSP)

Inhibitory Postsynaptic Potential (IPSP)

Terminal Arborijation – nerves looks like a tree with many branches (arbor = tree)

Buttons on the ends of dendrites are called synaptic buotons (French)

· Four major neurotransmitters:

· serotonin

· dopamine

· acetylocholin

· epinephrine

Drugs causes the receptors to be blocked or the receptors to be flooded.

In order to get faster electrical impulses, insulate!

Myelin sheaths (white) are also called Schwann cells. The nonmyelin sheaths (grey) are not fat.

The area between those cells are called the Nodes of Ranvier. Saltatory Conduction is a process in which the impulses seem to jump from node to node.
One axon only.

Unipolar, bipolar, and multipolar

