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Early Life on Earth

Event

Formation of the approximately homogeneous solid
Earth by planetesimal accretion

Melting of the Earth due to radioactive and
gravitational heating which leads to its differentiated
interior structure as well as outgassing of molecules
such as water, methane, ammonia, hydrogen, nitrogen,
and carbon dioxide

Bombardment of the Earth by planetesimals stops

The Earth's crust solidifies--formation of the oldest
rocks found on Earth. Condensation of atmospheric
water into oceans

Stromatolites are layered mounds, columns, and
sheets found in the rock. They were originally
formed by the growth of layer upon layer of
cyanobacteria, a single-celled photosynthesizing
Beginning of photosynthesis by blue-green algae microbe growing on a sea floor. Photo by Marjory

which releases oxygen molecules into the Martin, Deakin Univ, Australia.
atmosphere

Prokaryotic cell organisms develop
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Early Life on Earth

Event

Eukaryotic cell organisms develop, rise of
multicellular organisms

Waxy coated algae begin to live on land
Millipedes have evolved--first land animals

The Appalachian mountains are formed via a plate
tectonic collision between North America, Africa,
and Europe

Appearance of mammals

K-T (Kreide-Tertidr = Cretaceous-Tertiary)
Boundary--extinction of the dinosaurs and
beginning of the reign of mammals

The chimpanzee and hominid lines evolve

Homo sapiens sapiens exist

Lily Parenchyma Cell (cross-section)
(TEM x7,210). Note the large nucleus and
nucleolus in the center of the cell,
mitochondria and plastids in the
cytoplasm. Photo by Dennis Kunkel at
www.DennisKunkel.com



The First Enzymes: RNA

The conformation of an RNA molecule:
Nucleotide pairing and 3D structure.
© Alberts et al. The Cell.

Location of the protein components (gold)
in the ribosome, that consists mainly of
RNA (grey). © Ban et al. Science.




Protein Synthesis 1n the
Ribosomal Translation
Cycle

mRNA

1. mRNA synthesis with RNA polymerase
2. aa-tRNA (1 anticodon - 3b) acts as adapter
3. anticodon matches codon on mRNA
4. aa binds to polypeptide chain
: 5. release of tRNA

6. new tRNA binds

© Joachim Frank, 1998




EM Map of the Ribosome at 15A Resolution

MRNA

nascent protein

© Joachim Frank, 1998




The Amino Acids

* Proteins are polymers of the 20 naturally occurring amino acids
« A.a. are abbreviated by 3 and 1 letter codes (learn these!)
 A.a. can be grouped based on electrostatic and size of side chain R

Aliphatic: R e Polar:

coo~
Alanine Ala A \H3H* ) II:/ :Ipmmm“ Asparagine Asn N
Valine Val Vv | Glutamine GIn Q
Leucine Leul M5 ngrop Serine Ser S
Isoleucine Ile 1 © Kimball's Biology Pages Threonine Thr T
Non-polar: Aromatic: Charged:
Glycine Gly G Histidine His H || Lysine Lys K
Proline Pro P Phenylalanine Phe F || Arginine Arg R
Cysteine Cys C Tyrosine Tyr Y || Aspartic Acid Asp D
Methionine Met M | | Tryptophan Trp W | | Glutamic Acid Glu E




2D Structures
of Amino Acids
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3D Structure

[Amino group] [Carboxyl group]

HzN COOH A
\ / : [ COMYEn EL ed is used to represen

CH [Alpha-carbon) Hidue? e side chain hydrox

R
[Side chain]

Carbon atoms in methyl
or methylene groups are

'‘CO' group shows nitrogen

ne is the

“CORN”

group.

-

N he acids This red atom is the
Yl INo - acids main chain carbonyl

\/ 'R' group contain this e oxyen.




Side Chain Protonation and pH

* pH measures the concentration of H+ ions in solution.
 H+ from dissociation of an acid when this i1s dissolved in water.

The pH value is the negative logarithm of the H+ concentration in mol/L:
pH = -log10[H+]

The [H+] in pure water 1s 10"-7; therefore the neutral pH of pure water is:
pH=7

Acidic H" ion Neutral pH
pH concentration 7 107
_ Human blood 8
. o 0 ! Seawater 8 10°
e Below pH 7: higher [H+] a01.dlc. Stomach acid 1 . Baking soda 0 0
« Above pH 7: lower [H+] basic 02

Lemon juice 2 Milk of magnesia 10

e Cellular pH 1s approximately 7.2-7.4.

Vinegar, cola 37110  Household ammonia 11

_ .E“E!ck coffee 5 1078 Oven cleaner 13 10"
pH of some common items. Distilled water ‘
Image from Purves et al., Human urine 6 10 _ 14 10714
Life: The Science of Biology Human saliva 7 107 Drain opener

Neutral pH Basic



pKa

“dissociation point”

pH<pKa:
H+ on

pH>pKa:
H+ off

© MIT Biology Hypertextbook

The ionization equilibrium of a weak acid is given by

Ha = HY + & acid-base
The equilibrinm constant & for this weal acid is equi“brium
H* &
K =
[F&]

The p K, of an acid iz defined as

pE, = gk = log—

B looking again atthe 2nd equation, it can easily be shown that pk , = pH when
fhe acid is half dissociated, [A”] = [HA]

The relationship beteeen pH and pFa iz very iimportant o understand |, becanse this

relationship describes hoer chemicals change states in biological systems as the
pH vares. For exarmple, an arnino gronp has teo possible sfates representable by

A and HA:
i 0
F— —_H +Ht«=—FR_ _N* _H
B B

It is important to know which sfate of the equilibrinrm is favored at different pH ‘5.
Thiz relafionship between pH and pFa is described by the Henderson - Hasselbalch
Equation :
[#]
pH = pEa + log [HA]
This equation is quite useful . With it you can now predict what state a molecule will
be inata given pH, among, other things .
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© MIT Biology Hypertextbook H



Polypeptides

Cysteine

H

H O

“N-terminus”

*-c-c-0-

HiN*

CHpSH

®
=)
3

C
I
H CH3

“C-terminus”

peptide bonds

© Kimball’s Biology Pages



Planarity of the Peptide Bond

Peptide
Calpha(i), C(i), O(i), \ / H torsion
N(i+1) H(i+1) and ‘ angles.
Calpha(i+1) are co-planar alpha
/phl ps }) \ /
‘ omega C aipha
H Calpha D / \
Coore trans \ C apre cis ’ R H
N

” Caeha ” H In all a.a. (except proline) steric hindrance
favors the trans configuration (omega =180°),

0
)/> in proline sometimes omega =0.
N :
Proline

Ne2y el
\

omega

© Birkbeck College



Peptide Bond in 3D

These angles
are
approximate
and should be
used in HW 1




http://www .biosci.uga.edu/almanac/bio_103/notes/may_14.html

N-term

) Protein Structural Hierarchy

>
e

numbering
aly
p_rimary_ structure
(amino acid sequence) secondary structure
| (ce-helix)
C-term

tertiary structure

. [(folded individual peptide) quaternary structure
- {aggregation of two or more peptides)



Secondary Structure: a-Helix

Right-handed alpha-helix.

White dotz show the hydrogen
boncs.

310- helix

White dots indicate the
hydrogen bond.

Fesidue i+4

The hydrogen hond forms a cycle of 10
main chain atoms including the hydrogen
itself. There are three residues per turn.

Residue |

a -helix (R):

« repeats every 5.4A,

3.6 a.a. per turn

» frequently terminated by 3(10) helix

© Birkbeck College



Secondary Structure: 3 -Sheet

Antiparallel beta-sheet  The different types of
4 T beta-sheet. Dashed lines

- T indicate main chain
..... hydrogen bonds.
- ---- » 4 4 &
""" - — "r’ ...--""-'- |
'y I v I B S S
| 71
EET T Eoll ELA S—
4 4 2 » -~ N S S
_..-l""l" .—-"'”.-r".— - * -
n . ik T IPL IE
. ~— -H‘-- v - - 3

Rl 2enl Badl Mixed beta-sheet

Parallel beta-sheet

© Birkbeck College



Secondary Structure: 3 -Sheet

Antiparallel Beta-Sheet 250

-.a.fl ”\r*’L'\rs}\
/'\-1/”'\'“(‘\- ,,k,, \

: B —sheets
exhibit a
-L*'" I~y ""f "\f ot "\r n.f -\ left-handed twist

Can you identify the amino- and carboxy- termini of the
strands?

© Birkbeck College



The Ramachandran Plot

The Ramachandran Plot.

180

*+psi Left
handed
alpha-helix.

0
-pSsi Right handed
alpha-helix.
-1 aul N
-180 - phi 0 + phi

180

* hard-sphere model

« sterically disallowed regions
« valid for all a.a. except Gly
 Gly has no side chain

© Birkbeck College



¥ (deg)

Glycine Ramachandran Plot

180

—180

¢ (deg)

(hydrogen,
ignore in
HW 1)



Reverse Turns

Reverse turns.

Type | Type I

i+1

The white dots indicate hydrogen
bonds.

180 ﬁ
i+1
psi
0 i+2 \I’ : -HE
¥Ype ‘Always'
““—;j/-'" i+1 glycine
! |
-180 —\

Reverse Turns.

180 0 phi 180

* abundant in globular proteins
* occur on surface of molecule
* possibly nucleation center for folding

© Birkbeck College



B —Hairpins

”—’ Beta-strand Hairpin

¥ ] ¥
. ] []

]
K

"‘—( Beta-strand

The dashed lines indicate main chain hydrogen bonds.

Two-residue beta-hairpin turns.

180

psi

-180

Two residue beta-hairpin turns.

Residue 1
Residue 2 — Type I _]
~—— Type II' Residue 2
™, Gly
Residue 1
Y
-180 0 phi

180

© Birkbeck College



PDB molecules of the month

rnary Structure

i"-ﬂ,. A

m, RGN,
R ~ TR
m." il
9 A arfe-s

X ribosome
(protein/RNA)




Polynucleotides

—_Base Base
(pyrimidine) (Purine)

. Sugar-
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© Estrella Mountain Community College



Bases

Pairings (in DNA):
BASES "3’ A-T
| C-G
NH, e T
* “ U l uracil The bases are nitrogen-containing ring
- HC C ._(RNA only) compounds, either pyrimidines or purines.
S N ST Y
H C | cytosine
HC C
\H/ \O Tl)
H3C C
\C/ B\
b
— 0 PYRIMIDINE . PURINE
(DNA only) H

N
e
\N/ £ /CH
H N
I
C
No e,
/ { NH
ol G
guanine E’C\N/C\NHZ

Convention: sequences written 5°— 3’

© Alberts et al., The Cell



DNA

35.7A pitch

minor groove

d »
< »

© MIT Biology Hypertextbook



Biomolecules 1n the Cell Cytoplasm

RNAs, ribosomes, and proteins

© David Goodsell, Trends Biochem. Sci, 1991



Plasma membrane
Peptidoglycan g

Cell Structure

Cytoplasnt -

Ribosomes

Nucleoid

Outer =
membrane

Capsule

Prokaryotic cell

Purves et al., Life: The Science of Biology

microtubules chromatin

nuclear envelope
nuclear pore
nucleclus

mitochondrion nucleus

centriole .
Golgi complex

. lysosome
vesicle

cytosol
flagellum

J ’_h},
~ R
plasma membrane

" smooth

endoplasmic ' endoplasmic
reticulum ribosomes reticulum
Eukaryotic cell

http://www.biosci.uga.edu/almanac/bio_103/notes/may_15.html



Resources and Reading Assignment

WWW:
http://www.emc.maricopa.edu/faculty/farabee/BIOBK/BioBookTOC.html
http://web.mit.edu/esgbio/www
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages

Textbooks:

Schlick, Chapters 1, 3, 4, and 5
Bourne & Weissig, Chapters 2 and 3

Handouts:
P.G. Debrunner, 1993, Proteins and Nucleic Acids



