Anatomy & Physiology I

Introduction

Basic Chemistry/Biochemistry

Ch. 1 & 2

2. Anatomy & Physiology

· Anatomy

· Structure

· Gross

· Microscopic 
· Physiology

· Function

· Renal

· Cardiovascular

· Reproductive

· …

· …

3. Anatomy & Physiology

· Anatomy = physiology

· Through complementarity of structure and function

4. Hierarchy of structure

· Chemical

· Subatomic

· Atoms

· Molecules
· Cellular

· Organelles

· Cells

· Tissues

· Organs

· Organs systems

· Organisms 

5. Anatomical Terms
Fig. 1.7
6 & 7. Anatomical Terms
Table 1.1
8. Characteristics of living organisms

· Maintenance of a boundary

· Motility/movement

· Responsive to stimuli

· Metabolic processes

· Catabolic: digestion (excretion)

· Anabolic: synthesis of molecules (growth)

· Reproduction 

9. Homeostasis

· Dynamic equilibrium

· Maintain a steady-state

· Maintain internal stability

10 & 11. Homeostasis 
Fig. 1.4
· Negative feedback

· Positive feedback

12. Negative feedback

Fig. 1.5
13. Positive feedback

Fig. 1.6
14. Homeostasis

· Inability to maintain homeostasis = disease

15. Human Physiology

· Biochemical machines

· Basic chemistry

· Energy

· Matter

16. Energy

· Different forms

· Chemical, electrical, mechanical, electromagnetic

· Kinetic vs. potential

· Interconvertible

· Chemical to mechanical

· Mechanical to electrical 

· Inefficient

· Energy lost as heat

17. Energy in living organsims

                   Food (chemical/potential)


                   ATP (chemical/potential)


                  Work (mechanical/kinetic)

18. Matter

· 3 states

· Solid, liquid, gas (ice, water, steam)

19. Matter 

· Composed of elements

· 92 naturally occurring

· Each has distinct physical properties

20. Periodic Table of the Elements 
Appendix E

21. Elements

· Composed of atoms

· The smallest unit of an element which exhibits the properties of that element

22 & 23. Atoms
Fig. 2.1
· Nucleus 

· Protons (p+)

· Neutrons (no)

· Surrounded by

· Electrons (e-)

24. Atoms and atomic number
Fig. 2.2
· # of protons = # of electrons = atomic #

25. Periodic Table of the Elements 
Appendix E
26. Isotopes
Fig. 2.3
· # of neutrons may vary = isotopes

27. Isotopes

· Unstable isotopes = radioisotopes

· Decay to a stable form by emitting energetic particles

· He nucleus =  

· e- = 
· Electromagnetic energy = 
28. Atoms and atomic weight

· Protons and neutrons: mass = 1

· Electrons: mass = 0

· Total mass = atomic weight

29. Atomic weight

· Different isotopes occur naturally

· Thus, different atoms of the same element may have different atomic weights

30. Isotopes
Fig. 2.3
· # of neutrons may vary = isotopes

31. Atomic weight

· The average of the weight of the naturally occurring isotopes based on their relative abundance in nature

· H = 1.008

· C = 12.011

32. Molecules

· Atoms combine to form molecules

· O2

· H2

33. Compounds

· Atoms from different elements form compounds

· CO2

· H2O

34. Molecular weight

· Add the atomic weights of a compound

· NaCl: Na = 22.99; Cl = 35.453

· NaCl = 58.443

35. Mixtures

· Multiple compounds form mixtures

· 3 types

· Solutions

· Colloids

· Suspensions

36. Solutions

· The dominant molecule is the solvent; all others are the solutes

· Solutes are individual atoms or molecules

· Concentration of a solute = the amount of solute per liter of solution

· Amount is expressed as a function of the mol.wt. of the solute

37. Solution Concentration 

· 1x mol.wt. in grams = 1 mole

· # of moles/liter = Molarity

· 1 mole in 1 liter = 1 molar (M) solution

· glucose = C6H12O6 = 180.156 m.w.

· 180.156g in 1L = 1M solution of glucose

· 90.078 g in 1L = 0.5M
38. Solution Concentration

· NaCl = 58.443 m.w.

· 58.443g in 1L = 1M

· 116.886g in 1L = 2M

· 116.886g in 2L = 1M

· 58.443g in 2L = 0.5M
39. Mixtures

· Multiple compounds form mixtures

· 3 types

· Solutions

· Colloids

· Suspensions

40. Colloids

· Solutes are large enough to scatter light

· Solutes are small enough to remains suspended

41. Suspension

· Solutes are too large to remain suspended

· Solutes settle to the bottom

42. Molecules and Compounds

· Form due to chemical bonds

· Electrons are responsible for chemical bonds

43. Electrons

· Orbit the nucleus in shells/energy levels

· 1st shell/energy level: 2 e-

· 2nd shell/energy level: 8 e-

· 3rd shell/energy level: 18 e- (only 8 count)

44. Chemical bonds

· 3 important tendencies lead to chemical bonds

· Electrostatic attraction/repulsion

· Tendency of e- to orbit in pairs

· Tendency of atoms to establish completely full outer (valence) e- shells

(only valence shell is important for chemical bonds)

45. Inert elements
Fig.2.4
46. Reactive elements

Fig. 2.4
47. Chemical bonds

· 3 ways an atom can fill its valence shell

· Gain 1 or more e- from another atom

· Fills outer shell

· Lose 1 or 2 e- to another atom

· Empties outer shell

· Share 1 or more e- pairs with another atom

· When 1 or 2 occur: ionic bond

· When 3 occurs: covalent bond

48. Ionic bonds

· e- donated from one atom to another

· e- donor/e- acceptor

· Creates atoms with unequal #s of p+ and e-

· unequal #s of charges

· Thus: charged atoms = ions

49. Ions

· e- donor = cation (pos. Charged)

· e- acceptor = anion (neg. charged)

50. Ionic bond: NaCl

Fig. 2.5
51. NaCl
Fig. 2.5
52. Covalent bond: CH4
Fig. 2.7
53. Covalent bond: O2

Fig. 2.7
54. Covalent bond: N2

Fig. 2.7
55. Chemical reactions

· Forming, breaking, or rearranging chemical bonds

· Metabolism: sum of all reactions in body

· Chemical bonds contain energy

56. Forming chemical bonds

· Synthesis, combination, condensation

· Anabolic

· Consume energy: endergonic

57. Breaking chemical bonds

· Decomposition

· Catabolic

· Release energy: exergonic

58. Rearranging chemical bonds

· Exchange – break and form bonds

· Endergonic or exergonic?

59. Reactions are reversible

60. Exergonic reactions

[image: image1]
61. Endergonic reactions


[image: image2]
62. Energetics 

· Only determines directionality of reaction

· Tells nothing about reaction rates

63. Biological reactions

· All reactions require energy to start reaction

[image: image3]
64. Reaction rate

· Temperature 

· Increases kinetic energy

· Size of molecules

· Smaller = more kinetic energy

· Concentration of molecules

· Higher = increased frequency of collisions

· Presence of a catalyst

· Biological catalysts are enzymes

65. Biological reactions

· Enzymes reduce activation energy requirement

· Enzymes provide another pathway

[image: image4]
66. Reduction/Oxidation reactions


67. Redox reaction

   CH4 + 2O2                         CO2 + 2H2O



1
 2
1. CH4 becomes oxidized

2. O2 becomes reduced

68. Covalent bonds

· Electrons are not always shared equally

· Unequal sharing is due to differences in electronegativity

69. Electronegativity 

· = affinity for electrons

· Atoms only needing 1 or 2 valence e- = high

· oxygen, chlorine

· Atoms only having 1 or 2 valence e- = low

· Hydrogen, sodium

70. Electronegativity

· Differences between atoms causes unequal sharing of e-

· Unequal sharing in asymmetrical molecules produces polar molecules

· Dipoles

· Equal sharing or symmetrical molecules produces nonpolar molecules

71. Polar molecule (dipole)
Fig. 2.8
72. Dipoles

· Polar molecules containing H can form Hydrogen bonds (H-bonds)

· Water

· DNA (double stranded)

· Protein folding

73. H-bonds
Fig. 2.10
74. Biological Molecules

· Inorganic: do not contain C

· H2O, salts

· Organic: contain C

75. H2O

· The solvent of life (universal solvent)

· Ionic and polar molecules dissolve in H2O

· Solutes

76. Solvent and solutes
Fig. 2.12
77. H2O

· High heat capacity

· Absorbs heat slowly

· Releases heat slowly

· Allows organisms to resist changes in temp.

· Participates in biochemical reactions

· hydrolysis

· Condensation or dehydration

78. Salts

· Ionic compounds

· Cations are not H+

· Anions are not –OH
79. H2O ionizes slightly

· H+ = Hydrogen ion (proton)

· -OH = Hydroxyl ion

80. Acids and bases

· Increasing [H+] increases acidity

· Acids are H+ donors

· Increasing [-OH] decreases acidity

· Bases are –OH donors or H+ acceptors

81. Acids

82. Bases

83. Acids and bases

· pH = -log[H+]

· [H+] = 10-7 M = 0.0000001 M
· -log[10-7] = 7

· [H+] = 10-4 M = 0.0001 M

· -log[10-4] = 4

· [H+] = 10-9 M = 0.000000001 M

· -log[10-9] = 9

84. pH scale
Fig. 2.13
85. Buffers

86. Organic molecules

· Contain C

· Carbohydrates

· Lipids

· Proteins

· Nucleic acids

87. Carbohydrates
Fig. 2.14
88. Disaccharides
Fig. 2.14
89. Polysaccharide 
Fig. 2.14
90. Polysaccharides

· Storage

· Animal: glycogen

· Plant: starch (amylose)

· Structural

· Plant: cellulose

· Animal: chitin

91. Carbohydrates

· Rich energy source

· Very reduced molecules

· Ribose in RNA and deoxyribose in DNA

· Short polysaccharides (oligosaccharides) attached to proteins protruding from cell

· = glycoproteins

· and to lipids

· = glycolipids

92. Lipids
Fig. 2.15

93. Triglycerides
Fig. 2.15
94. Phospholipids
Fig. 2.15
95. Steroids
Fig. 2.15
96. Lipids

· Rich energy source

· Very reduced molecules

· Phospholipids compose cell membranes

· Signaling molecules

· Paracrine: prostaglandins

· Phospholipids

· Endocrine: vitamin D, estrogen, testosterone…

· Cholesterol

97. Proteins
Fig. 2.16
98. Amino Acids
Fig. 2.16
99. Peptide Bonds
Fig. 2.17
100. Protein Structure

Fig. 2.18
101. Protein Conformation

· Fibrous: mostly structural

· Collagen, keratin

· Globular: mostly functional

· Enzymes, antibodies, hemoglobin

102. Conformation

· Dependent on:

· pH, temperature, ion concentration

· Loss of structure = denatured

· leads to:  loss of function

103. Conformation

· Chaperones (heat shock proteins):

· Monitor conformation

· Assist folding/refolding

104 & 105. Structure and Enzymes

Fig. 2.19
106. Enzyme Action

· Binding substrates 

· Form enzyme-substrate complex

· H-bonds

· Ionic bonds

· Catalyze reaction by bringing substrates together

· Or by forming bonds

· Participating in the reaction

107. Enzyme action

Fig. 2.21
108. Enzymes

· Specific for their substrates

· Often require cofactors

· Metal ions: Cu++, Mg++

· Vitamins: coenzymes

109. Nucleic acids
Fig. 2.22
110. Deoxyribonucleic acid
Fig. 2.22
111. ATP
Fig. 2.23
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