
ANP1105 - 1.0 Structural Organization of the Human Body

1.1 Levels of Structural Organization in the Human Body


The human body has various levels of structural organization


Chemical Level: the simplest level of the structural hierarchy.


- atoms combine to form molecules such as proteins & water. 



- Molecules come together to form organelles (the basic components of microscopic cells).


Cellular Level: the simplest units of living things.


cells can exist on their own as single cells or come together to form tissues in more complex 
organisms. 


Tissue Level: there are four basic tissue types in humans


Epithelium: for protection


Muscle: for movement


Connective: filler tissues


Nervous: communication


Organ Level: when two or more tissue types, usually all four in humans, come 
together to perform a common function. 


Organ System Level: a group of organs that work together to accomplish a common 
purpose.


Organismal Level: the sum of all structural levels working together to keep us alive.  

1.2 Cells: the Major organelles and Structures found in Body Cells


Organelles are specialized cellular compartments or structures. They can be either membranous (enclosed by a membrane) or nonmembranous (lacking membrane). Membranous organelles are capable of maintaining an internal environment different than that of the surrounding cytosol. 

	Organelle
	Membranous
	Structure
	Function

	Mitochondria
	a
	Enclosed by two membranes - a smooth outer layer and an inner layer with folds to form cristae which protrude into the matrix (the mitochondrion version of cytoplasm). 

The contain their own DNA, RNA and ribosomes and are capable of multiplying by way of cell fission. 
	provides ATP energy to the cell

	Ribosomes
	
	Small, dark-staining granules composed of proteins and a variety of RNAs, that can either float freely in the cytoplasm or can attach to membranes.

Each ribosome has two subunits that fit together like the body and cap of an acorn. 
	Ribosomes are the sites of protein synthesis. 

Free ribosomes float freely in the cytoplasm and make soluble proteins that function in the cytosol & are imported into mitochondria or other organelles. 

Membrane-bound ribosomes, which attach to membranes forming the rough endoplasmic reticulum, synthesize proteins for incorporation into the cell membranes, lysosomes, or for export from the cell.  

	Peroxisomes
	a
	Spherical membranous sacs containing a variety of enzymes (the most important of which are oxidases and catalases). They are especially numerous in the liver and kidney cells. 
	Help in the metabolic processing of unwanted fatty acids and free radicals. 

Those containing oxidase enzymes neutralize harmful substances such as alcohol and formaldehyde.

	Endoplasmic Reticulum
	a
	An extensive system of tubes and parallel membranes containing fluid filled cavities called cisterns. The ER is continuous and has an outer membrane that accounts for half the cell’s total membranes. The rough ER is studded with ribosomes while the smooth ER consists of tubules  arranged in a looping network. 
	The Rough endoplasmic reticulum plays a role in the transport of the proteins synthesized by their ribosomes. The proteins thread their way into the fluid-filled interior of the ER cisterns and are enclosed in vesicles until they reach the Golgi apparatus to undergo further processing. 

The smooth endoplasmic reticulum contains enzymes that catalyze reactions involved including the following tasks: In liver cells, they metabolize lipids, synthesize cholesterol, and synthesize the lipid components of lipoproteins. In the testes they synthesize steroid-based hormones. In intestinal cells, the absorb, synthesize, and transport fats. 

Except for a few examples (including those above), most cells contain very little or no smooth ER.

	Golgi Apparatus
	a
	Consists of stacked and flattened membranous sacs. 

The cis face is the receiving side of the Golgi apparatus, while the trans face is the ‘shipping’ side of the body. 
	Main function is to modify, concentrate, and package the proteins and lipids made at the rough ER and are destined for export from the cell. 

Secretory vesicles or granules pinch off the trans face of the Golgi body and discharge their contents by way of exocytosis. 

The Golgi bodies also package digestive enzymes into lysosomes, which remain in the cell. 

	Lysosomes
	a
	Spherical membranous organelles containing activated digestive enzymes. 

The lysosomal membrane is usually very stable, however it can become weak due to lack of oxygen, or the presence of excessive vitamin A. 
	Lysosomal enzymes can digest almost all kinds of biological molecules. Lysosomes digest particles taken in by endocytosis, such as bacteria, viruses, and toxins. They also degrade worn-out or nonfunctional organelles, perform glycogen break-down & release.  

When lysosomes rupture, the cell digests itself in a process called autolysis. 

	Cytoskeleton

Microfilaments

Intermediate filaments

Microtubules
	
	The cytoskeleton is an elaborate network of rods (microfilaments, Intermediate filaments, microtubules) running through the cytosol with hundreds of accessory proteins that link the rods to other cell structures.

Microfilaments are the thinnest elements of the cytoskeleton. They are semi-flexible strands and are composed of the protein actin. Nearly all cells have a fairly dense cross-linked network of microfilaments (called the terminal web) attached to the cytoplasmic side of the membrane. 

Intermediate filaments are tough insoluble protein fibers. They are the most stable and permanent of the cytoskeleton.

Microtubules are the largest of tubes of the cytoskeleton. They are stiff but bendable. 
	The cytoskeleton plays the role in support and movement. 

Microfilament’s terminal web strengthens the cell’s surface resists compression and transmits force during cellular movements and shape changes. 

The main job intermediate filaments is resist pulling forces exerted on the cell. 

Microtubules determine the overall shape of the cell, as well as the distribution of the organelles. Lysosomes, mitochondria, and secretory vesicles attach to the microtubules and can move about the cell by way of motor proteins attached to the microtubules. 

	Centrosome and Centrioles 
	
	The centrosome has few distinguishing marks other than a granular-looking matrix that contains centrioles. 

Centrioles are small, barrel-shaped organelles oriented at right angles to each other. Each one consists of a pinwheel array of nine triplets of microtubules, each connected to the next by nontubulin proteins and arranged to form a hollow tube. 
	The centrosome acts as a microtubule organizing center. The centrosome matrix generates microtubules and organizes the mitotic spindle in cell division. 

Centrioles also form the bases of cilia and flagella. 

	Cilia
	
	Cilia are whiplike, motile cellular extensions on the exposed surfaces of certain cells. 
	Ciliary actions moves substances in one direction across the cell surface. 

	Flagella
	
	Flagella are projections formed by the centrioles, but are substantially longer than cilia. 

The only flagellated cell in the human body is the sperm. 
	The flagellum propels the cell itself. 

	Microvilli 
	
	Microvilli are tiny, fingerlike extensions of the plasma membrane that project from an exposed cell’s surface. They are mostly fund on absorption cells, such as intestinal and kidney tubule cells.  
	The function of microvilli is to increase the plasma membrane’s surface area. 

	Nucleus 
	a
	The nucleus is larger than any of the cytoplasmic organelles. Its shape usually conforms tot he shape of the cell, but it most often spherical or oval. 
	The nucleus acts as the control center of the cell. It contains the cell’s genes, therefore providing instruction needed to build nearly all the body’s proteins. 

	Nuclear Envelope
	
	A double membrane barrier separated by a fluid space. 

The outer layer of the membrane is continuous with the rough ER and is studded with ribosomes.

The inner membrane is lined by the nuclear lamina (a network of rod shaped proteins that maintain the shape of the nucleus). 


	Punctuated by nuclear pores. 

A complex of proteins, which form transport channels and regulate the entry and exit of particles into and out of the nucleus, are embedded in the membrane. 

It allows molecules into and out of the cell much more easily than other membranes. Small molecules pass through the large pore complexes unhindered. RNA molecules and certain proteins are transported by an energy-dependent process.  

	Nucleoli
	
	Dark staining spherical bodies within the nucleus. Typically there is only one or two nucleoli per nucleus, but there may be more. 
	The site of ribosomal assembly. 

Nucleoli contain DNA that issues genetic instructions for synthesizing ribosomal RNA. 

	Chromatin
	
	A system of bumpy threads weaving through the nucleoplasm. it is composed of approximately 30% DNA, 60% histone proteins, and 10% RNA chains. 


	Constitutes the genes. 


1.3 Tissues: The Living Fabric 
	Key Terms:

	Apical Surface
	upper free surface exposed to the exterior of the body or the cavity of  an internal organ, such as the stomach.

	Basal Lamina
	a layer of glycoproteins secreted by the epithelial cells, providing flexible attachment. It acts as a selective filter, prohibiting certain molecules from diffusing from the underlaying connecting tissues into the epithelial tissues. 

	Basal Surface
	lower surface, base of an organ or structure

	Basement Membrane
	consists of the basal and reticular lamina. 

	Desmosomes
	strong cell to cell junction. 

	Edema 
	when a body region is inflamed, the areolar connective tissue soaks up excess fluids and causes it to become puffy or swollen. 

	Endothelium
	a type or simple squamous epithelium found in lymphatic vessels and all hollow organs in the cardiovascular system. 

	Extracellular Matrix
	In the connective tissue, the matrix consists of the ground substance as well as the connective tissue fibers.

	Histology
	study of tissues and their cell organization

	Macrophages
	protective cell type, phagocytizes bacteria & foreign debris, presents antigens to T cells during immune response. 

	Mesothelium
	type of simple squamous epithelium found in serous membranes

	Mucin
	a complex glycoprotein that dissolves in water to form mucus, a slimy coating that protects and lubricates surfaces. 

	Neuron
	highly specialized nerve cell that conduct nerve impulses. Typically branching cells with cytoplasmic extensions that enable them to respond to stimuli and transmit electrical impulses. They are surrounded by supporting cells which insulate and protect them.

	Reticular Lamina
	a layer of extracellular material containing a network of collagen protein fibers. It is part of the connective tissue beneath the epithelial tissue.

	Serous Membranes
	membranes lining the ventral body cavity and covering its organs



Individual body cells are specialized. Each type performing specific functions to help maintain homeostasis. Cell specialization allows the body to divide work and function in sophisticated ways, however if a particular group of cells is indispensable, its loss can disable or destroy the body. 


Tissues are groups of cells that come together to perform a common or related function. There are four primary tissue types in the human body: epithelial, connective, nervous, and muscle tissue. Most organs, such as the heart or kidneys, require all four tissue types. 


1.3.4 Epithelial Tissue: 



A sheet of cells that covers a body surface or lines a body cavity. Two forms 

occur in the body:




Covering and lining epithelium - skin, inner lining of organs




Glandular epithelium - salivary gland, etc. 



Functions of epithelium include: Protection (skin), Absorption (intestinal tract), 

Filtration (kidneys), Excretion (kidneys), Secretion (glands), & Sensory reception 

(taste buds).



Characteristics of Epithelium: 




Cellularity: exclusively cellular, not a lot of fibers or fluids within the tissues. 




Polarity: All epithelial have an apical and basal surface. most apical 



surfaces have microvilli. In epithelia that absorb or secrete, the 



microvilli are very dense, creating a fuzzy appearance called a 



‘brush border’. Some epithelia (such as that in the windpipe) have 



cilia to propel mucus and other substances along the free surface. 



The basal end of each epithelium is attached to the noncellular 



basal lamina. The basal and apical surfaces of the epithelium 



differ in structure and function. Therefore we state that epithelial 



cells exhibit apical-basal polarity, which facilitates molecule 



transfer within the cells. 




Specialized Contacts: Except for glandular epithelia, epithelial cells fit 



closely together to form continuous sheets. Cells are bound 



together by lateral contacts, such as tight junctions and 



desmosomes. 



Supported by Connective Tissue: The epithelial tissues rest upon the 



basement membrane, part of which, the reticular lamina, is 



connective tissue. It reinforces the epithelial sheet and helps it 



resist stretching and tearing. 




Avascular but Innervated: The epithelium is avascular, however they are 



nourished by the blood vessels in the underlying connective 



tissues. In the skin, the upper layers of cells are no longer living, 



as the further away from the connective tissues the cells are, the 



less oxygen they receive. 




Regeneration: Epithelium have high regenerative capabilities. The epithelium on 



the apical surfaces of the tissues are exposed to harsh conditions and 



become damaged. When this happens, they can replace lost cells by 



cell division. 



Classification of Epithelia:



Each epithelium has two names, the fist indicates the number of cell layers 

present, the second describes the shape of the cells. 




Simple squamous epithelium is thin and often permeable. In the lungs, it 


forms the walls of the air sacs across which gas exchange occurs. 




Simple cuboidal epithelium consists of a single layer of cells as tall as 


they are wide. This type of epithelium forms the walls of the smallest 


ducts and glands of many kidney tubules. 




Simple columnar epithelium is a single layer of tall cells. Some cells bear 


cilia to propel mucus by ciliary action. 




Pseudostratified columnar epithelium is a single layer of randomly 


shaped columnar cells. They sometimes contain mucus-secreting cells 


and bear cilia. This type of epithelial tissue is found in the trachea. 




Stratified squamous epithelium is the most widespread of the stratified 


epithelia. Composed of several layers, it is thick and good for protective 


roles in the body. The superficial cells are squamous while the deeper 


cells are cuboidal or columnar.  It is often found in areas subjected to 


wear and tear. 




Stratified cuboidal epithelium is rare in the human body. It is present in a 


double layer in sweat and mammary glands. 




Stratified columnar epithelium is also rare in the body. Small areas are 


found in the pharynx and the male urethra. 




Transitional Epithelium resembles both stratified squamous and 


cuboidal tissues. They stretch easily in organs such as the bladder. 


1.3.8 Glandular Epithelia:




Glands consist of one or more cells that make and secrete a particular 


product. Glands are classified by two sets of traits - where the secrete 


their product and the relative cell number. 




Endocrine glands (often called ductless glands) produce hormones that 


they secrete by exocytosis. The hormones then enter the blood or 


lymphatic fluid and travel to their target organs. 




Exocrine glands secrete their products onto body surfaces 
or into body 


cavities. Unicellular glands secrete their products directly, while 


multicellular glands use ducts that transport the secretions to the 


epithelial surface. 




Unicellular exocrine cells in humans include goblet and mucous cells, 


which produce mucin. and goblet cells. Goblet cells allow the mucous to 


accumulate of the top of the cell and form a goblet-like appearance. 




Multicellular exocrine glands have an epithelium-derived duct and a 


secretory unit. They are surrounded by connective tissue and secrete 


their products in two main ways. Merocrine glands secrete their products 


by exocytosis. 




Holocrine glands accumulate their products until the cell ruptures. The 


third multicellular exocrine gland is apocrine, which accumulates its 


products just under the free surface. Eventually the apex of the cell 


pinches off and the secretion is released along with some of the 


cytoplasm until the hole is repaired. 


1.3.9 Connective Tissue:



The most abundant and widely distributed of the primary tissues. The four main 

types of connective tissues are:

· CT proper (fat & fibrous tissues in the ligaments)
· bone
· blood
· cartilage
· mesenchyme (embryonic)


The main functions of connective tissues are:




- binding or support (ligaments, bone, cartilage)

· protection (bone, skull)
· insulation (adipose: fat cells) 
· transportation (blood)


Structural elements of Connective tissue:




Composed of 3 main elements: 

· Ground substance: 
· unstructured material between cells. 
· composed of interstitial fluid, cell adhesion proteins, & proteoglycans (help connective tissue in general to retain fluid)
· Fibers in the ground substance make it less pliable and slightly hinder diffusion
· Fibers:
· Provide support to the CT.
· three types of fibers in the connective tissue matrix: collagen fibers, elastic fibers, reticular fibers. 
· Collagen fibers are by far the strongest and most abundant of the connective tissue fibers. 
· Elastic fibers form branching networks in the extracellular matrix, once the connective tissue has been stretched and the collagen fibers are taut, the elastic fibers snap the connective tissues back to their normal shape and length. 
· Reticular fibers are composed of thin collagen and are continuous with the collagen fibers. They surround small blood vessels are support the soft tissue of organs. 
· Cells:
· Each type of connective tissue has a resident cell type that exists in immature and mature forms. 
· The immature cells are known have the suffix ‘-blast’ and are actively mitotic cells. They mainly fill up space during growth and repair. 
· Cells with the suffix ‘-cyte’ are mature ‘blast’ cells and are less active. They maintain the health of the matrix. 
· Other cell types found in connective tissue include: fat cells, white blood cells, mast cells & macrophages. 


Types of Connective Tissue:




Mesenchyme: mature connective tissues arise from a common embryonic   


tissue. It has a fluid ground substance containing sparse fibers and 


mesenchymal cells. Eventually, mesenchyme will specialize to form the 


connective tissues throughout the body, but some mesenchymal cells 


remain and provide a source of new cells in mature connective tissues. 




Connective Tissue Proper has two subclasses: loose connective tissues & 


dense connective tissues. All connective tissues are classified as 


connective tissue proper except for bone, blood, & cartilage. 

	Loose Connective Tissue
	Areolar
	Adipose
	Reticular

	Description
	· gel-like matrix with all 3 fiber types
· loose arrangement of fibers
· reservoir for water and salts
· Prime site of edema
	· much like areolar tissue, but modified to store nutrients
· closely packed fat cells
· scanty matrix
· highly vascularized

	· like areolar tissue but reticular fibers are the only fiber type within its matrix
· delicate network which allows cell movements

	Types of Cells present
	· macrophages
· mast cells
· fibroblasts
· some white blood cells. 
	· adipocytes

	· fibroblasts (reticular cells)
· free blood cells 

	Location
	widely distributed beneath epithelia, ex. under mucous membranes
	under skin, around kidneys & eyeballs, in bones and breasts 

[accounts for an average of 15% of male body weight, and 22% of female]
	lymphoid organs:

· lymph nodes
· bone marrow
· spleen

	Function
	· Supports and binds other tissues
· Immunity (macrophages & white blood cells)
· fluid reservoir 
	· fuel reservoir
· insulation
· support & protection for organs
	· fibers forming soft internal skeleton to support free blood cells. 



	Dense Connective Tissues
	Dense Regular 
	Dense Irregular
	Elastic 

	Description
	· closely packed bundles of collagen running in the same direction (parallel to the direction of pull)
· great resistance to tension
	· think bundles of collagen arranged irregularly

	· dense connective tissue containing a high proportion of elastic fibers


	Cell types present
	- fibroblasts
	- fibroblasts
	- fibroblasts

	Location
	· tendons
· ligaments
· aponeuroses
	· fibrous capsules of organs and joints
· dermis of skin
· submucosa of digestive tract
	· walls of large arteries (such as the aorta)
· vertebral column ligaments
· within the walls of the bronchial tubes

	Function
	· attachment with strength
	· capable of withstanding tension in multiply directions
· provides structural strength
	· allows tissues to recoil after expansion


	Other Connective Tissues
	Cartilage
	Bone

(osseous tissue)
	Blood

	Description
	· avascular
· contains lots of water to allow bending and pressing but the cartilage will still retain its normal shape (up to 80% water)
· devoid of nerve fibers
· tough but flexible
· mostly collagen fibers (can have some elastic fibers)
· ground substance contains lots of glycosaminoglycans
	· vascular
· contains nerves
· hard calcified matrix containing many fibers
· rocklike hardness
	· contains a nonliving fluid matrix called blood plasma
· does not connect things or give mechanical support
· during bleeding, fiber tissues are released to trap platelets. 

	Type of cells present
	· chondroblasts
· chondrocytes
	· osteoblasts
· osteocytes
· osteoclasts
	· red blood cells (erythrocytes)
· white blood cells

	Location
	· spinal discs
· ears
· costal (within the ribcage)
	-bones
	· within blood vessels.


	Function
	· maintains shape of structure while allowing great flexibility
· supports and reinforces
· absorbs shock
	· support
· protection
· stores fat, calcium, & other minerals
· synthesize blood cells
· provide hinges for the muscles to act on
	· transport: respiratory gases, nutrients, wastes, & other substances. 




1.3.14 Muscle Tissue:



Muscles are highly cellular and well vascularized tissues that are responsible for 

most types of body movement. It is divided into 3 types:

· Skeletal
· long cylindrical, multinucleate cells. 
· responsible for voluntary movement
· Cardiac
· involuntary control of blood flow during contraction
· found in the walls of the heart
· Smooth
· no visible striations
· closely arranged cells which form sheets
· in the walls of hollow organs
· involuntary movement of substances or objects along internal passageways

1.3.17 Nervous Tissue:



Nervous tissue is the main component of the nervous system. It contains two 

cells types: neurons and supporting cells. 

Stratified Epithelia:


	Composed of two or more cell layers stacked on top of each other. Common in areas where the cells undergo a lot of friction and protection is important 





Simple Epithelia:


	One single cell layer. Typically found where absorption, secretion, or filtration occurs. 





or





Squamous				     Cuboidal				Columnar


flattened & scalelike			      boxlike				tall and column shape					      shape				shaped









