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Biochemistry 260

*Web page: web.gccaz.edu/~san2159818
*Strongly Recommend text: Biochemistry the Molecular
Basis of Life

=Attendance mandatory

*Attendance taken daily
=Dropped after 3 absences in succession
=Excused absences

*Course Grading
*Four exams (50%) — 100 points each
=Cumulative Final( 25%) — 200 points
=10 Quizzes (12%) — 10 points each

=Cannot be made up
*Study Guides
=Special Topic Presentation (13%) — 100 points

=Group presentation (2 to 3)
=Powerpoint presentation or other creative way of presenting



- General and Organic Chemistry

Review Primer

Overview

Section 1: General
Chemistry
Section 2: Organic
Chemistry

THE PERIODIC TABLE OF THE ELEMENTS

IUPAC
groups —» 4 2 13 14 11t5) 16 117/ 18
Traditional — 1A 1A WA IVA VA VIA \VIA 0
groups (USA) 1 2
1 H He 1
1.008 4.003
3 4 5 6 7 8 9 10
2| Li Be B [ N o} F Ne |2
6.941 | 9.012 3 4 5 6 74 8 9 10 11 12 | 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18
11 12 13 14 15 16 17 18
3| Na Mg mB VB VB VIB VIB viiB 1B 1B Al si P s cl Ar | 3
22.99 | 24.30 26.98 | 28.09 | 30.97 | 32.07 | 35.45 | 39.95
» 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
:‘g’ 4 K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr | 4
E 39.10 | 40.08 44.96 | 47.88 | 50.94 | 52.00 |54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.39 | 69.72 | 72.61 | 74.92 | 78.96 | 79.90 | 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
5| Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te 1 Xe |5
85.47 | 87.62 88.91 | 91.22 | 92.91 | 95.94 |[98.91]| 101.1 | 102.9 | 106.4 | 107.9 | 112.4 | 114.8 | 118.7 [ 121.8 | 127.6 | 126.9 | 131.3
55 56 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
6 Cs Ba Lu Hf Ta w Re Os Ir Pt Au Hg TI Pb Bi Po At Rn 6
132.9 | 137.3 175.0 | 178.5| 180.9 | 183.8 | 186.2 | 190.1 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.7 | 209.0 | [209] |[210.0]|[222.0]
87 88 103 104 105 106 107 108 109
7 Fr Ra Lr Ungq | Unp | Unh | Uns | Uno | Une 7
[223.0]/[226.0] {[2601] [261.1]|[262.1]|[263.1]|[262.1]|[265.1]|[266.1]
57 58 59 60 61 62 63 64 65 66 67 68 69 70 J
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb
Key 138.9 | 140.1 | 140.9 | 144.2 |[144.9]| 150.4 | 152.0 | 157.2 | 158.9 | 162.5 | 164.9 | 167.3 | 168.9 | 173.0
Atomic number | 27 89 90 91 92 93 94 95 96 97 98 99 100 101 102
Symbol | Co Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No
Atomic mass | 58.98 227.0 | 232.0 | 231.0 | 238.0 |[237.0]|[244.1]|[243.1]|[247.1]|[247.1]|[251.1]|[252.1] |[257.1]|[258.1] |[259.1]

Values in brackets are masses of most stable isotopes.

From McKee and McKee, Biochemistry, 5th Edition, © 2011 by Oxford University Press



Life: It is a Mystery!

*General Chemistry

=*Chemistry is the investigation of matter and the
changes it can undergo

=Fach chemical element is a pure substance
composed of one type of atom

»118 known elements (4 have just been added)
=Elements fall into three categories:
*Metals (like sodium, gold, and iron)
*Nonmetals (like oxygen and nitrogen)
=Metalloids (like silicon and boron)

=Metalloids 1nclude elements with properties
Intermediate between metals and nonmetals

From McKee and McKee, Biochemistry, 5th Edition, © 2011 by Oxford University Press



General Chemistry

sAtomic Structure: The Basics

=Atoms are the smallest units of an element that
retain the properties of that element

=Atomic structure consists of positively charged
central nucleus surrounded by one or more
negatively charged electrons

*Nucleus contains positively charged protons and
neutrons - no charge

*Exception: Hydrogen

=Jons form when atoms lose electrons (cations) or gain
an electron (anions)

From McKee and McKee, Biochemistry, 5th Edition, © 2011 by Oxford University Press



General Chemistry

sAtomic Number and Mass Number

=Atomic number of an element 1s the number of protons
1n 1ts nucleus

=Atomic number uniquely identifies an element

=Mass number of an element is equal to the number of
protons and neutrons

sMeasured 1n atomic mass units

=[sotopes are atoms of an element with different numbers
of neutrons

*Some 1sotopes are radioactive, meaning they undergo
a spontaneous process In which an atomic
nucleus undergoes a change accompanied by an
energy emission

From McKee and McKee, Biochemistry, 5th Edition, © 2011 by Oxford University Press



n General Chemistry

THE PERIODIC TABLE OF THE ELEMENTS

IUPAC
groups  ——» 1 2 18 14 15 16 17/ 18
Traditional — A 1A 1A IVA VA VIA VIIA 0
groups (USA) T >
1 H He 1
1.008 . — 4.003
3 4 5 6 7 8 9 10
2 Li Be B C N (0} F Ne | 2
6.9i1 9122, 3 4 5 6 7/ 8 9 10 11 12 [[10.81 J12.01 114.01 4 16.00})] 19.00{| 20.18
11 02 13 14 17 18
3] Na I Mg 1B IVB VB VIB VIIB VIlIB 1B 1B Al Si P s cl Ar | 3
| 22.991 24.30 26.98 |[28.09 | 30.97] 32.07]| 35.45]| 39.95
g 19 T 20 21 22 | 23 | 24 | 25 F 261 27 | 28 | 29 | 30 || 31 32 | 33 | 34 || 35 || 36
28/ 41 k| ca sc | Ti V| cr|mMn)lFelco| Ni [Cu| zn |[Ga |Ge | As | se|| Br | kr |4
E |39.10|_4_0.Q81 44.96 | 47.88 | 50.94 | 52.00 |54.94 ]155.851 58.93 | 58.69 | 63.55 | 65.39 ||69.72 |72.61 | 74.92 | 78.96|[ 79.90| 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 5i 52 53 54
5| Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe | 5
85.47 | 87.62 188.91 191.22 | 92.91 | 95.94 [[98.91]| 101.1 | 102.9 | 106.4 | 107.9 | 112.4 ||[114.8 |118.7 || 121 8] 127.6|| 126.9] 131.3
55 56 71 72 73 74 743 76 77 78 79 80 81 82 83 84 85 86
6| Cs Ba — Lu Hf Ta w Re Os Ir Pt Au Hg TI Pb Bi Po At Rn | 6
132.9 | 137.3 175.0 | 178.5 | 180.9 | 183.8 | 186.2 | 190.1 | 192.2 | 195.1 | 197.0 | 200.6 |[204.4 [207.7 || 209.0 |_[209][[210.0]([222.0]
87 88 103 104 105 106 107 108 109
7 Fr Ra Lr Ung | Unp | Unh | Uns | Uno | Une 7
[223.0]/[226.0) N [[260.1] [261.1]([262.1]|[263.1]|[262.1]|[265.1]|[266.1]
57 58 59 60 61 62 63 64 65 66 67 68 69 70 J
N~ lLa Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb
Key 138.9 | 140.1 | 140.9 | 144.2 |[144.9]| 150.4 | 152.0 | 157.2 | 158.9 | 162.5 | 164.9 | 167.3 | 168.9 | 173.0
Atomic number | 27 89 90 91 92 93 94 95 96 97 98 99 100 101 102
Symbol | Co ~—— | Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No
Atomic mass | 58.98 227.0 | 232.0 | 231.0 | 238.0 |[237.0]|[244.1]|[243.1]|[247.1]([247.1]|[251.1]|[252.1]|[257.1]|[258.1]|[259.1]

Values in brackets are masses of most stable isotopes.

From McKee and McKee, Biochemistry, 5th Edition, © 2011 by Oxford University Press



General Chemistry

=*Chemical Bonding

=Chemical bond 1s a strong attractive force between
atoms 1n a chemical compound

*Two major types
=Jonic bonds

=Electrons are transferred from atoms with a
tendency to release electrons to electronegative
atoms that tend to gain electrons.

=Covalent bonds

=Electrons are shared between atoms with similar
electronegativity values

=Polar covalent bonds
=*Coordinate covalent bonds



General Chemistry

*Chemical Reactions

=Atoms in chemical substances are rearranged to form
new substances

=Reaction rate in bimolecular reactions depends on
the frequency of successful collisions between
the chemical species

=Successful collision occurs when there 1s sufficient
activation energy

=Reactants appear on the left, products appear on
the right

A+B->C+D

From McKee and McKee, Biochemistry, 5th Edition, © 2011 by Oxford University Press



General Chemistry

"Reaction Kinetics

=Reaction rate is the change in the concentration of
reactant or product per unit time

aA+bB > cC+dD
=Chemical equations tell us nothing about:

sHow fast the reaction occurs

=Ratio of final product to reactant molecules
*Whether the reaction requires or releases energy

=Factors influencing reaction rate:
"Reactant structure
=Reactant concentration
*Physical state
*Temperature
=Catalysts

From McKee and McKee, Biochemistry, 5th Edition, © 2011 by Oxford University Press



General Chemistry

*Chemical Reactions and Equilibrium Constants
*Many reactions are reversible; will reach equilibruim

aA+bB &> cC+dD

"K,, - ratio of the molar concentrations of product to
reactant, each of which is raised to the power of
1ts coefficient

K, = [Cl[D]¢
[A]2[B]P
=Le Chatelier’s Principle

*For a chemical reaction at equilibrium a change in
the conditions of the reaction triggers a shift in
the equilibrium to counteract the change

From McKee and McKee, Biochemistry, 5th Edition, © 2011 by Oxford University Press



General Chemistry

=Acid-Base Equilibria and pH
*When acids and bases dissolve in water, they
dissociate, forming ions

*Weak acids and weak bases - dissociate only to a
limited extent and establish a dynamic
equilibrium with their ions

=Behavior of weak acids and bases 1s especially
1mportant in biochemistry because many
biomolecules possess carboxylate, amino, and
other functional groups that can accept or
donate hydrogen 1ons

=Water also has a slight capacity to dissociate
into 1ons

From McKee and McKee, Biochemistry, 5th Edition, © 2011 by Oxford University Press



General Chemistry

=Reaction Types

sSvynthetic reactions involve two or more substances
combining to form a single new substance

*Decomposition reactions involve a compound
breaking down into simpler products

=Displacement or substitution reactions involve a
more reactive element replacing a less active
element

=Double displacement reactions involve two
compounds exchanging ions to form two new
compounds

=Redox reactions involve the exchange of electrons
between chemical species

From McKee and McKee, Biochemistry, 5th Edition, © 2011 by Oxford University Press



Organic Chemistry

=(Organic chemistry 1s the investigation of carbon-containing
compounds

=Carbon can form stable covalent bonds with other
carbon atoms to form long chains, branch chains, and
rings

=Carbon also forms stable covalent bonds with a number
of other elements

=Carbon can form carbon-carbon double and triple bonds

=Two major classes of organic molecules
*Hydrocarbons

*Substituted hydrocarbons

From McKee and McKee, Biochemistry, 5th Edition, © 2011 by Oxford University Press



Organic Chemistry

*Hydrocarbons
*Hydrocarbons are nonpolar and hydrophobic; C and H
*Four groups:

=Saturated hydrocarbons (molecules containing only
single bonds)

*Unsaturated hydrocarbons (molecules with one or
more carbon-carbon double or triple bonds)

=Cyeclic hydrocarbons (molecules containing one or
more carbon rings)

=Aromatic hydrocarbons (molecules that contain one
or more aromatic rings, which can be
described as cyclic molecules with alternating
double and single bonds)

From McKee and McKee, Biochemistry, 5th Edition, © 2011 by Oxford University Press



Organic Chemistry

=Substituted Hydrocarbons

=Replacing one or more hydrogens on hydrocarbon
molecules with functional groups

=Functional group 1s a specific group of atoms within a
molecule that i1s responsible for the molecule’s
chemical reactivity

=Functional groups also separate the substituted
hydrocarbons into families

=*Three general classes of functional groups are
1mportant to biomolecules: oxygen-containing,
nitrogen-containing, and sulfur-containing

From McKee and McKee, Biochemistry, 5th Edition, © 2011 by Oxford University Press



Organic Chemistry

*Functional groups of organic molecules
=Alcohols — hydroxyl group, R-OH

=Aldehydes — carbonyl group, R-CHO

*Amines — amino group, R-NH,

=Ketones - carbonyl group and two R groups, R-CO-R
=Carboxylic acids - carboxyl group, R-COOH

=HEsters — ester group, R-COOR

=Ethers — ether group, ROR

*Thiols — sulthydryl group, RSH

From McKee and McKee, Biochemistry, 5th Edition, © 2011 by Oxford University Press



Organic Chemistry

=Organic molecules with nitrogen-containing functional
groups
=Amines

=*(Organic molecules considered derivatives of
ammonia

=Enormous number of biological molecules
contain amine nitrogens (amino acids,
alkaloids, etc.)

=Amides
=Amine derivatives of carboxylic acids
=Neutral molecules

From McKee and McKee, Biochemistry, 5th Edition, © 2011 by Oxford University Press



Organic Chemistry

=Organic Reactions
=Large number of organic reaction types

*Beyond the reactions already described, there are two
additional reaction classes in organic chemistry:

=Aliphatic substitution reactions
=Aliphatic elimination reactions

From McKee and McKee, Biochemistry, 5th Edition, © 2011 by Oxford University Press



n Organic Chemistry

*Substitution Reactions

s ik
STEP 1 H3C—(|3—Br — H3;C— (|)+ + Br
CHgy CHsy
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. +
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From McKee and McKee, Biochemistry, 5th Edition, © 2011 by Oxford University Press



n Organic Chemistry

*Elimination Reactions

=Elimination reactions involve the loss of two atoms or
groups from a molecule

=Three types of elimination reactions
*E, (elimination unimolecular reactions)
=E, (elimination bimolecular reactions)

*E,4 (Elimination unimolecular conjugate base

reactions)
@) O O
£ I I Ho |
e\ g0 od N I ed:
HEG-0-P—0F s=—=2 C-8-P-6 (|3|—O—FI>—O‘
‘ O O~ CH, O
CH,— OH CH,— OH
Glycerate-2-Phosphate H_(I) Phosphoenol-

C=0 pyruvate
|

From McKee and McKee, Biochemistry, 5th Edition, © 2011 by Oxford University Press



