Anatomy and Physiology, I Student Outline — Chemistry of Life

Chemical Level of Organization
Section #1 - Basic principles of chemistry and bonding

1. Introduction to Atoms and Molecules
A. Atoms
i. Nucleus
a. Protons
b. Neutrons

ii. Shells
a. Electrons
b. Electron Shell filling: 2-8-8-8

iii. Examples

H = hydrogen  C = carbon Na = sodium
N = nitrogen Ca = calcium Fe =iron
K = potassium Cl = chlorine P = phosphorus
Periodic Table Awmic | Be - Elemental Symbol
Mass ——_8

Shaded elements are of particular
nutritional significance to health

22 23 24 25 26 27 28 29 30
Ti \Y Cr |[Mn | Fe | Co | Ni | Cu | Zn
5 48 51 52 55 56 59 59 64 65 3 5
37 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb [ Mo | Tc | Ru | Rh | Pb | Ag | Cd | In Sn | Sb | Te I Xe
85 88 89 91 93 96 97 101 103 106 108 112 115 119 122 128 127 131
55 55 56 72 73 74 75 76 71 78 79 80 81 82 83 84 85 86
Cs | Ba Hf | Ta | W [ Re | Os Ir Pt | Au | Hg | Ti Pb [ Bi | Po | At | Rn
132 137 179 181 184 186 190 192 195 197 201 204 207 209 209 210 222
87 87 88
Ef l}ﬂa Mineral Angatonists
- — Some minerals can compete with other minerals for absorption, excretion, or simply
Macrominerals Trace Minerals interfere with normal functionality. We call such minerals, "mineral antagonists". In terms
Calcium (Ca) Tron (Fe) of nutrition, this can become a problem when one takes a supplement, "just to be on the safe
Magnesium (Mg) Zinc (Zn) side," not realizing that it could cause deficiency problems. Below are several mineral
Sodium (Na) Selenium (Se) antagonists that effect the absorption of the associated minerals listed. This is a partial list.
Potassium (K) Manganese (Mn) Clearly, there is no substitute for a well balanced diet; and use of supplements needs to done
Chlorine (CI) Todine (I)
Sulfur (S) Copper (Cu) Ca Fe P Mn F Co Mg Zn I Sn Na Cu F S
Questionable Molybdenum (Mo)
Chromium (Cr) P Mn Ca Cu Al Fe Ca Fe Co Fe K S Al Se
Fluorine (F) Cobalt (Co) Al Cu Mg P Ca P Ca Cu Ag Ca Zn
Silicon (Si) Zn Co Mn Fe Mg Cu Cu Mg
Nickel (Ni) . Mg Mn Co Pb Fe
Tin (Sn) Toxic Metals Zn Mg cd Mo
Arsenic (As) Cadmium (Cd) P
Vanadium (V) Lead (Pb) Cd
Boron (B) Mercury (Hg) Zn
Cadmium (Cd) Silver (i\g) : Page 1 Pb

Aluminum (Al) Gold (Au) Se
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B. Compounds
i Inorganic Compounds
i. Organic Compounds
a. Carbon
C. Bonding

i lonic

1.  Atomic Stability
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a. Example: aggea
Table Salt Q}Q}gag

ii. Covalent Bond

@ ©

Hydrogen Hydrogen

2. Chemical Reaction

. chemical equation
reactant reactant product
Ht* + OH" > H,O

CO, + H),O > H,CO4
H,CO; > H*t + HCO3;~ Molecular Formula

Note: arrow (-) indicated direction of reaction.

A. Common Chemical Reactions
I Synthesis Reaction
. anabolic (A + B > AB)

OH- + H+ > H,O
CO, + H),0O > H,CO4

i. Decomposition Reaction
. Catabolic (AB > A + B)
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H,CO4 > H+ + HCO5 "
H,CO4 > H,O + CO,
iii.  Oxidation-Reduction Reactions
a. Oxidized

b. Reduced

(3
Reduced A @
€

A 1s Oxidized B 1s Reduced

Oxidized A @ Reduced B
€
e e- e- e e e- e-
CNC NN NN N
A B C D E F G etc.

Oxidized B

B. Chain Reactions

CO, + H,O — H,CO3 —» Ht + HCO3"

CO, + HO —» HyCO3 —» Ht + HCO3 ™ ----mooee- » Ht + HCO3;~ —» H,CO3 —» CO, + H)O
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C. Reversibility of Reactions
A A B A A B
B
B B A ABABA B p A ABAB
A A ApgBT B A A A FBT
A A
A A B AB BAA A B A B B
B B B BAA B B B A A >
A B BB B A B> BB BB
A, AAaA BBABA T LA, BBAB
B A A Bg B A A B
A B A B B A
B B A B B B A
A AB A B
B g A AB ABp oA B BA
A A BB A A A BACB AB AB
AA A AA A AB
B A B AB A B A B AB B -
A A
B BBpg B § BA Bpg BA - AB  ,p
A, aAAs BBABA AAA BB B AB AB
B A A A BB B A A B
AB g7 B B A A B B B A
A AB A B
B g A B ABBB A B BA
A AA BBAAB A AA A g B" "B B AB
B A B AB AAB A B A B AB AB
_—_———>
A A
BBy B 3 BA Bpg B A - AB g
B
A, aAa BBABA AAA BB B AB AB AB
B A A BB A A B
A B B B A A B B B A
A A B A B
B g A AB BABBB A B BA
AA B 4 Pa  AagtTE AB  AB AB  AB
A B AB AA A B A B ; AB AB AB
B A B A A —
B g B 3 L, PBB B AB  AB AB
A A A BB A AAs B B AB  AB AB
B A A BB A B
A B B B A AB B B A
CO, + H)O <= H,CO3 <= Ht + HCO3"
fco, + H0 == HyCO3 == H* + HCO;"
CO, + H0 &= HyCO3 &= {H* + HCO;-
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D. Reaction Rate

CO, + H0 == H,CO3; == Ht + HCO3~ =————> H' + HCO3;~ == H,CO3; == CO, + H,O

COZT + H,O T_’TH2CO3 ~ TH*‘ + THCO3 R — TH"‘ + THCO3 ) T—’TH2C03 T_’TCOQ + H,O

frt
[:[D Body Cells Alveoli of Lungs

1. Temperature
il. Concentration
iii.  Enzyme Catalysts (Pull out handout on enzymes)
a. Enzyme
b. Substrate
C. Enzyme-Substrate Complex
d. Products

Section #2 — Inorganic Chemistry

3. Inorganic Compounds
A.  Water

1. Polar

11. Hydrogen Bonds
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ui.  Water as a “Universal Solvent”

© =Na, @ = ClI- & = water

B.  Water Characteristics

i. “Universal Solvent”
a. Solvent
b. Solute
C. Solution
d.  Suspension

il Lubricant

ii. Heat Distribution

iv.  High Heat of Vaporization

C. Salt
. Electrolytes

D. Inorganic Acids and Bases (see handout on Acids and Bases)
. lonization or Dissociation
. Electrolytes
I Acids - If the cation is a H+

HCI - H* + Cl

proton anion
(cation)

ii. Base - If the anion is an OH"

NaOH - Na+ + OH-

cation hydroxyl ion
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iii. Neutralization

E. Buffer Systems (See handout and video)

If we do not cover this topic in lecture,
do this on your own using the video.
There will be a guided essay on this topic.

Section #3 — Organic Chemistry @ Monomer

4.  ORGANIC COMPOUNDS OO Dimer

O—O—O Trimer
O-O-O—O Quadramer

5.  Organic Compound OO O-O—O Pentamer
0-0-0-0-0-@ Heumer

e L ETC ETC
Classifications

A.  Carbohydrates (Pull out your “Carbohydrate” handout)

1. Monosaccharides (see handout)
a. Glucose
b. Fructose
C. Galactose
11. Disaccharides (see handout)
a. Maltose — glucose + glucose
b. Sucrose — glucose + fructose
C. Lactose - glucose + galactose
iv.  Polysaccharides (see handout)
a Starch
b. Glycogen
C. Cellulose
. Fiber
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B.  Energetics

H:C:H
|
H:C:H »
b C. Lipids
H:C:H .
I I Components
H:C: :
-+ H a. Glycerol b.  Fatty Acids
H:C:H
|
o . Saturated Fatty Acid
H . (|: . H ’ u(rSat:ric;ciﬁ) :
« . 0y ,OH
H . C . H e Monounsaturated Fatty Acid
| H—Cony (Oleic Acid)
H . C . H H—CI—H N /OH Polyunsaturated Fatty Acid
| H—CI—H \(I: (Linoleic Acid)
H : C . H H—CI—H H_Cl_H 0y ,OH Glycerol
! HoC-H H=GH §
H:C:H ! H-C—H H=C-H H oHoH
| i H-CH HoCH T
H : C : H H_C|_H H_C|_H H—CI—H OH OH OH
|
H:C:H g H-C—H H=GH
| H=G-H ¢ H-C—H
H-C—H RN Hedot
Ca
H—C—H TR WY
| ‘2‘/ (/\ Nl /(/\ /‘2\
o ol YA FFIAT
H—CI—H KO R * ,("u—u—u—u—u—u—:\:
i SIS IR S P
H-CH Q\’Q\/(/\d%
H—C'L—H Q\/ \Q*
c.  Glycerides
Monoglyceride Diglyceride Triglyceride
T i (I i i |
Ho " i ¢ g § "
0 b on ¢ g o 0 b
H_(I:_H H_CI_H H—CI—H H—CI—H H—CI—H H—CI—H
H—CI—H F H_(I:_H H—CI—H H_CI_H H-C-H H—CI—H
|
H—CI—H H—CI—H H—CI—H H—CI—H H—CI—H H—CI—H
H—CI—H H_CI_H H_CI_H H_CI_H H—C-H H_(I:_H
—C— |
H—CI—H H Cl H H_CI_H H_C|_H H-C—-H H—(I:—H
H H — H — C
H CI H H CI H W R
e
H H N
R
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ii. Classifications

a. Fats
b. Oils
C. Saturated Fat
d Monounsatrauted Fat
e. Polyunsaturated Fat
iii.  Phospholipids
Hydrophobic
Tail
+ ii
Hydrophilic CHg i =CHpm = 0= -0
CH, o)
Head |

** ESSAY **

Note charges

I-O-I I-0O-I

sy

-0O=I I-0O-I

I-O=I I-0O-I

TI=-0O=T IT=-0O=T

I-0O=TI I-0O=-IT

Emulsification (SEE “EMULSIFICATION” Handout)

iv. Steroids

Cholesterol

Cholesterol

Page 10

I-0O-I I-0O-I

I-0O=T IT-0O~-T

Cortisol

I-O—I IT-0O-I

Aldosterone

I-0O-=T I-0O-T

I-O0—-I I-0O—IT

I-0O=T I-0O~-T

O—-I I-0O-I

I-QO-—-T

=
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D.
L

Arginine

1il.

Classifications
a. Dipeptide
b. Tripeptide
! Oﬂ ,CH3
| /,O Cl)H ,O
NHZ'?'C\ NH,=C=C~
L on |!| “oH
Glycine Threonine
C. Polypeptides
NH,
1
C=NH
=N,
NH
1
CHL>
éH, OH OH
1° 1 .
H CH,>O H H O H CH,,O H OH
| T | R O [ O et | A I |
N=C= C=N=C=C=N=C=C=N=C=—
| | | |
" e e
Functions

Proteins (SEE HANDOUT: “PROTEIN AND DENATURATION”)

Radical Group
Amino Group I //
NH o= C — C Acid Group
I N\
H Hydrogen

Basic Amino Acid

OH
1
CH, o CH, 0
| |
NH2—C—C\ NHZ—C—C\
[ OH | OH
H H
Serine Alanine
NH,
Wz
C=NH
1
NH
1
CH,
CH, OH CH éH, OH CH
TN e 7 [ (NP
O H OHO H CH,O H OHO
| T T | A T T | O Y
C=N=C=C =N=Cm= C=N=C=C
| I |
H H H
Threonine Arginine Threonin:

Structural Organization

a. Primary structure
b. Secondary Structure
C. Tertiary Structure
d. Quaternary Structure

Denaturation (See handout on Protein)
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