Ch. 3 Cell Structure and Function

3.1 Eukaryotic Cells
eukaryotic cells
- have a nucleus that contains the genes and controls the workings 

   of the cell (eu = true; karyotic = nucleus)

outer boundary
- all cells surrounded by a plasma membrane





- phospholipids bilayer and proteins





- regulates the passage of molecules




- semi-fluid cytoplasm that contains organelles between nucleus and 

   plasma membrane

organelles

- small bodies in the cell that have a specific structure and function




- largest organelle





- nucleus (and nucleoli inside)




- granule-like particles





- ribosomes




- membranous canals and vacuoles





- endoplasmic reticulum





- Golgi apparatus





- vacuoles





- lysosomes




- energy-related organelles





- mitochondria




- cytoskeleton





- actin filaments (microfilaments)





- intermediate filaments





- microtubules




- centrioles and related structures





- centrioles





- cilia and flagella

3.2 Nucleus
nucleus

- 2-5 micrometers control center for cell activities & characteristics

- double membrane (2 bilayers) or nuclear envelope
- pores (100nm) connect nucleoplasm and cytoplasm


- surround by an 8-protein complex


- proteins in ribosomal parts out

​​​​- masses of thread-like grainy chromatin


- thickens into rod-like chromosomes during cell division


- chromosome DNA and RNA controls protein synthesis

nucleolus

- one or more dark staining nucleoli





- lack a membrane covering




- specialized parts of chromosomes that produce ribosomal RNA





- with protein forms ribosome subunits that migrate to the 

   cytoplasm

ribosomes

- small dense granules made of 2 subunits joined in the cytoplasm





- rRNA and 20 proteins





- rRNA and 30 proteins





- site of protein synthesis

- unattached ribosomes form groups or polyribosomes that 

   produce a protein for use inside the cell

- ribosomes attached to the endoplasmic reticulum to 

   produce proteins for export outside the cell

3.3 Membranous Canals and Vacuoles
endoplasmic 

- membranous, tubular canals near the nucleus, branching into the 

reticulum

   cytoplasm




- smooth ER lacks ribosomes but contains enzymes to make lipids 

   such as steroids


- abundant in testes, adrenal cortex for hormone production


- peroxisome enzymes on smooth ER in the liver detoxify 

   drugs




- rough ER location of protein synthesis for export outside the cell

- numerous attached ribosomes pass proteins into the ER 

   lumen (interior)





- proteins migrate to the smooth ER at the outer edges of 

   rough ER

- vesicles (small vacuoles) pinch off to carry proteins to the 

   Golgi apparatus

Golgi apparatus
- named for the person who first discovered it

- stack of a 6 or more saccules (flattened vacuoles)


- inner face is toward nucleus


- outer face is toward plasma membrane

- proteins in vesicles from ER are taken in at the inner face


- modified by addition of carbohydrate chain or phosphate 

   group

- vesicles form at the rim and outer face

- package proteins for transport to plasma membrane for 

   export or secretion from the cell

vacuoles

- membranous fluid-filled sacs (water, salts, biological molecules)





- contractile vacuole pumps excess water out of the cell

- vesicle is a small vacuole

lysosomes

- vesicles formed by the Golgi apparatus





- contain powerful acid hydrolasses (enzyme)





- break polymers at pH 4-5 (inactive in normal cytoplasm 

   pH 7-7.3)

- nucleases: nucleic acids (RNA, DNA)

- proteases: proteins, various peptides

- polysaccharid-hydrolyzing and lipid-degrading enzymes

- intracellular digestion disposes of worn out or damaged cell 

   components 

- mitochondria have a short life span

- complete digestion on death of cell 

- fuses and digests vesicles of substances brought into the cell by 

   endocytosis

- reabsorption of body parts


- webbing on fingers of human embryo


- tail of the tadpole

peroxisome 

- membranous sacs of oxidase enzymes





- often attached to smooth ER





- numerous in liver and kidney cells to detoxify various 

   poisonous substances




- chief enzyme catalaze breaks down hydrogen peroxide (H2O2)





- toxic waste product of metabolism




(FIG. 3.6)

3.4 Energy-Related Organelles

mitochondria

- rod-shaped organelle (1 X 7 um) with a double membrane





- outer membrane smooth





- inner membrane much-folded with cristae projections





- inner space of gel-like fluid called matrix




(FIG. 3.7)

- “powerhouse” converts chemical energy of glucose into ATP





- stores energy for all cell activities




- uses up oxygen and gives off carbon dioxide and water in cellular 

   respiration



C6H12O6 + O2 ( CO2 + H2O + Energy


- matrix contain enzymes to break down glucose products


- ATP production occurs in the cristae

evolution of 

- endosymbiont (endo = inside; symbiont = living together) mitochondria
 
   hypothesis may have evolve from early aerobic bacteria 




- entered primitive anaerobic eukaryotic cells by endocytosis





- formed a successful symbiotic relationship (ability to use 

   oxygen in return for shelter and food)





- endosymbionts became organelles




- mitochondria structure similar to bacteria





- double membrane 





- genetic material in a circular loop





- reproduce themselves and their DNA 






3.5 Cytoskeleton

 cytoskeleton

- fibrous protein elements that can assemble and dissemble





- provide cell shape, locomotion





- organelle attachment, movement





- spindle bundle during all division




- three types of fibrous elements





- actin filaments (microfilaments)





- intermediate filaments





- microtubules

actin filaments

- long, very thin (4-7 nm) fibers in bundles or meshlike network





- dense web under plasma membrane forms ameboid 





   pseudopods





- intestinal microvilli shorten and lengthen into the intestine





- pinch off cells into cytokinesis (mitosis)




- 2 twisted chains (helix) or globular actin protein molecules




(FIG. 3.10C)




- interact with motor protein myosin





- myosin tail bound to the membrane





- head bends with P and energy of ATP and pulls actin 





   filaments

intermediate

- 8-11 nm in diameter (intermediate size in between actin filaments 

filaments 

   and microtubules)

- ropelike assembly of fibrous polypeptides (types vary by tissue)

- give great mechanical strength to skin cells

- highly dynamic (can assemble and disassemble)

microtubules               - are small cylinders about 25 nm in diameter and about 200 nm-25 

                                      um in length

- are made of a globular protein called tubulin

- structural component in cytoplasm, cilia, flagella, and 


   centrioles


- helix or 13 rows of dimmers (2 molecules)




(FIG. 3.10B)




- assembly regulated by the microtubule organizing center (MTOC) 

   or centrosome near the nucleus


- microtubules radiate for support and organelle attachment 

   tracks

- protein motor molecule kinesin moves ER vesicles along 

   microtubule tracks

3.6 Centrioles and Related Structures

centrioles
- short cylinders in the centrosome with 9 + 0 pattern of 



   microtubule triplets

- ring of 9 sets of 3 microtubues and none in the middle


- always a pair of at right angle near the nucleus (animal cells only) 



- replicate to form a new centrosome during cell division 



   (mitosis)


- produce the basal body of cilia and flagella



- directs assembly and movement

cilia and flagella
- short cilium or long flagellum hairlike projections of cells for 


   movement 


- membrane cylinders enclose microtubule doublets in 9 + 2 pattern


- flagella grow by adding dimmers to tips


- base formed of a short cylindrical basal body in 9 + 0 pattern


(FIG. 3.12 left circle)


- one of each basal body triplet splits into side arms containing a 


   motor molecule



- sliding action of side arms and spokes causes side-to-side 



   movement


(FIG. 3.12 right circle)


- flagella move in an undulating fashion, like a whip



- eg. movement of male sperm cells


- cilia move in an stiffly fashion, like an oar



- eg. movement of single-celled paramecia

comparing cilia 
- cilia are shorter than flagella

to flagella
- both membrane-bounded cylinders enclosing a matrix having 9 + 2 



   pattern of microtubules


- 2 rings of 9 microtubules arranged around 2 central microtubules


- each doublet has arms projecting toward neighboring doublet and 


   radial spokes extending toward the central pair of microtubules


- both move when the microtubule doublets slide past one another


- side arms and spokes seem to involved in this sliding action, which 


   requires ATP energy

3.7 Prokaryotic Cells

prokaryotic
- lack a membrane-covered nucleus (pro = before; karyote = 



   nucleus)



- bacteria, cyanobacteria, monerans


- unicellular organisms lack organelles


- but have ribosomes and flagella 


- chemical reactions and efficient metabolism occur in the 


   cytoplasm


- respiratory enzymes attached to the plasma membrane


- single chromosome (DNA loop) in a nucleoid region


- complex cell wall in addition to a plasma membrane


(FIG. 3.13)

