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Protein
Amino acids &ER

Reversible: Dehydration reactionfii/K & & <-> hydrolysis/K fi#
o To form or break down peptide bonds Ak

Protein structure:
o Primary, Secondary, Tertiary, Quaternary —~ 1 2k 45 4

Side chains and protein structure: determine protein function



Amino Acids

« Amino acids are organic molecules with amino &3t and carboxyl

groupsik 2

« Amino acids differ in their properties due to differing side chains (R)
N 5ER 3L ]

« All known living organisms use L-form amino acids & g & #for
protein synthesis
Side chain (R group)
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Nonpolar side chains: hydrophobic Bi/K
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Polar side chains: hydrophilic 37K
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Electrically charged side chains #E

Basic (positively charged)

Acidic (negatlvely charged)
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Dehydration (Polymerization)
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Polarity of elongation &1t/
At N -> C

The peptide bonds (k%) are
formed one at a time, starting
with the amino acid at the
amino end (N-terminus).

A polypeptide (£ k) has a
single amino end (N-terminus)
and a single carboxyl end (C-
terminus)



Hydrolysis (breakdown)

Peptide link
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Protein structure

Primary structure:

o Linear chain of amino acids

Secondary structure:

o Regions stabilized by hydrogen bonds between atoms of the polypeptide backbone

Tertiary structure:

o Three-dimensional shape stabilized by interactions between side chains

Quaternary structure

o Association of two or more polypeptides (some proteins only)



Protein structure

Syt =

Structure of Lysozyme 4 B i3

Target
molecule

(a) A ribbon model (b) A space-filling model (c) A wireframe model



Primary Strupture
AR—REE: [EBERRFY

« The primary structure of a protein is its
seguence of amino acids
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Secondary Structure

- Hydrogen bonds&E & between repeating constituents of the
polypeptide backbone% ik & 32

« Acoil called an a helix (o #&ji€) and a folded structure called a B
pleated sheet ( p#1&)

Hydrogen bond
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Tertiary Structure

Interactions between R groupsll4& 2 [ K1AH H./EH

These interactions include hydrogen bonds& #, ionic bonds® ¥4, and van der Waals
interactionsyi #2417

Strong covalent bonds 414 called disulfide bridges (S-S)—#i#H may reinforce the
protein structure
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Quaternary Structure

« Quaternary structure: two or
more polypeptide chains form
one functioning macromolecule
ZMIREBEEE— T AA TR EA
5

« HemoglobinllZLZEH is a protein
consisting of four polypepftides:
two alpha and two beta chains




Sickle-cell disease ({ERIXHHIRZ INSE)

Seconda
Primary and Tertiarlyy Quaternary Function Red Blood Cell
Structure Structures Structure Shape
1 Normal g Normal Proteins do not associate
) subunit hemoglobin with one another; each
3 carries oxygen.
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PR 1 Sickle-cell g Sickle-ce!l Proteins aggregate into a
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Quaternary Protein Structure




Protein function

Enzymes fig: catalysts for almost all biochemical reactions in
the cell

Cytoskeletons 4l 5 22: create biochemical structures

o Microftubule and actin

Receptor proteins Z&EH

o Cellular communication

Other functions...



Protein denaturation ¥ and renaturation S{%

oe\‘\aturatloo

,:f-rﬁa
\3? ;\\3 )\

Normal protelnw Denatured protein

\/\\



Large Biological Molecules

Proteins include a diversity
of structures, resulting in a
wide range of functions
(pp. 75-84)

Summary:

Components

Amino acid monomer
(20 types)

proteins

Examples

Enzymes
Structural proteins
Hormones
Receptor proteins
Motor proteins
Defensive proteins

Functions

Catalyze chemical reactions
Provide structural support
Coordinate organismal responses
Receive signals from outside cell
Function in cell movement
Protect against disease



The central dogma

replication
(DNA -> DNA)

DNA Polymerase

DDA ONA

transcription
(DNA -> RNA)
RNA Polymerase

WA RNA

translation
(RNA -> Protein)
Ribosome

O-0-0-0-0-0-0 Frrotein

The original dogma

DNA replication

(DNA -> DNA)
DNA Polymerase
DDA ONA
reverse transcription RNA replication
transcription (DNA -> RNA) (RNA->RNA)

Rev.Transcriptase RNA.Polymerase

AN P (+) Sense RNA (-) Sense RNA pf TT Mgt TT Ny 1T

translation RNA Dependent
(RNA -> Protein) RNA Polymerase
Ribosomes

O-0-0-0-0-0-0 rrotein
The modified dogma

F.H. Crick, 1958: The transfer of information from nucleic acid to nucleic acid, or from
nucleic acid to protein may be possible, but transfer from protein to protein, or from

protein to nucleic acid is impossible.



Each gene directs mRNA
synthesis of a
messenger RNA
(MRNA)

Transcription¥s 3%: @) Synthesis of 8
mRNA

~ NUCLEUS Lt
= \:\\ — <”‘/;/_®// w CYTOPLASM



CYTOPLASM

-

@) Movement of
mRNA into
cytoplasm

mRNA



Translation #1¥:
MRNA-> Protein

\\ AVTNDI AS)\|

Growing peptide chain .‘
Ribosome

Incoming tRNA
bound to Amino Acid

QOutgoing
empty tRNA 1\ |
\ TRNA / p
1 U A

GGAAAGAC

Base pair joined
by hydrogen

MessengerRNA

Ribosomal RNA

Transfer RNA

Peptide Synthesis



Nucleic acids

« Central dogma: DNA->mRNA->protein
« DNA & RNA: right-handed helix £ jig

o Structure:
o Components
o Steps to form DNA and RNA
o Base pairing rule
o 3D structure




The Components of Nucleic Acids

B2

Nucleic acids are polymers called polynucleotides Z5#%

Each polynucleotide is made of monomers called nucleotides

e

Each nucleotide consists of a nitrogenous basefi, a pentose
sugarfiBxiE, and one or more phosphate groupsHi g 2

The portion of a nucleoftide without the phosphate group is
called a nucleoside #%E




sugars

De(?:xgri\mse Ribose (in RNA)
fit &, 1% B ke



Nitrogenous Bases

Pyrimidines
e i i
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Cytosine Thymine Uracil
(C) (T, in DNA) (U, in RNA)
RANZNE R AR IEBE FRIZNE
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Chargatt’s Rule: [A]=[T], [C]=[G]
Erwin Chargaff, 1940s

DNA from any cell of all organisms should have a 1:1 ratio of purine ("Z
%) and pyrimidine (BIE) bases

The amount of Adenine (JE'E%) = Thymine (Fgig#ng) , Cytosine (Jig
BEIE) = Guanine (SIEERA)

“That...such giant shadows are cast by such pygmies only shows how
late in the day it has become” (on Watson and Crick)



, Sugar-phosphate backbone
S end/ (on blue background)

5C o
3'c,
Nucleoside &
A
4 B N\
Nitrogenous

37&S’ base
BRER — s det
0 5'C
e I \
o—||=—o—CH2 o 5 ke
o~ 1°C
Phosphate 3:¢c_)
5'C -7 group Sugar
TS (pentose)
3'C )
(b) Nucleotide #Z% & &
OH
3" end

(a) Polynucleotide, or nucleic acid

Adenosine




The Components of
Nucleic Acids

, Sugar-phosphate backbone
3 end/ (on blue background)

5C—~
3'C
%e
] Nucleoside
-7 ——
Nitrogenous
base
o] 5'C
fz il \
o—|l=—o—CH2 o
o~ «1C
Phosphate 3¢ _)
5'C~ group Sugar
T (pentose)
3'C A
(b) Nucleotide &
OH
3'end

(a) Polynucleotide, or nucleic acid 1%

1. Nucleoside = nitrogenous base + sugar

NITROGENOUS BASES &
Pyrimidines IZIE

e i i
c CH
O O A
H H H
Cytosine Thymine Uracil
(C) (T,in DNA) (U, in RNA)
Purines IErG
He i
c e
MN>c SN /N>~c " >NH
. PP
N—%\n~2 [\ E e N AN
¥ N H N7 “NH,

Adenine (A) Guanine (G)

SUGARS i

o
HOCH, , OH HOCH, o OH
s KH HOv siKH HOv
H 3 2 H H 3 2 H
OH H _ OH OH
Deoxyribose Ribose (in RNA)
(in DNA)

(c) components A%

2. Nucleotide = nucleoside + phosphate group



Nucleotide Polymers

0
|
O0—-=P=0
|
0
|
CH2
| 0
LOH OH
Condensation
l,::"' recation
'|
l‘l Phosphodiester
l"h. linkage
\ OH
N |
0 - II’ =0
0

Adjacent nucleotides are joined
by a phosphodiester linkage (B
B —Fe$8) , which consists of a
phosphate group that links the
sugars of two nucleotides

Direction of synthesis: 5'->3'

The sequence of bases along a
DNA or mRNA polymer is unique
for each gene

One DNA molecule includes
many genes



DNA and RNA Structure




Linus Pauling: triple helix model

« Two-time Nobel Laureate: chemistiry
(nhature of chemical bond, 1954) and
peace (against nuclear weapon test,
1962)

» Discovered alpha-helical structure in
some profeins (FEH T 2 451: alpha
WETiE )

 Made a crazy triple-helix model of
DNA

Linus C. Pauling
1901 -1994 °



The DNA lady

Rosalind E. Frankli
Eaiind 1925a_r;95|g The key X-ray photograph involved in the

elucidation of the DN A structure.

(Rosalind Franklin, winter of 1952-1953)



“Secret of life” uncovered:
the double helix model

/A

James D. Watson Francis H. Crick




The most important paper in biology of the
20t century: only 1 page

s
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This flgure is purely
diagrammatic. The two
ribbona symbolize the
two phosphate—sugar
chains, and the hori-
zontal rods the pairs of
bases holding the chains
together. The vertical
@ line marks the fibre axis

We wish to put forward a
radically different structure for
the salt of deoxvribose nucleic

acid, This structure has twd
helical chains each coiled round
the same axis (see diagram). We

have made the usual chemica
assumptions, namely, that each
chain consists of phosphate di-
pster groups joining B-p-deoxy-
ribofuranose residues with 37,5’
linkages., "The two chains (but
not their bases) are related by a
dyad perpendicular to the fibre
axis. Both chains follow right-
handed helices, but owing to
the dyad the sedquences of the
atoms in the two chains run
in opposite directions. Kach
chain loosely resembles Fur-

the helix and the phosphates o

the outside. The configuratio

If it is assumed that the bases only oceur in the
structure in the most plausible tautomeric forms
that 1s. with the k rathe 2071 -
figurations) it is found that only specific pairs of
bases can bond together. These pairs are: adenine
(purine) with thymine (pyrimidine), and guanine
(purine) with cytosine (pyrimidine).

berg's® model No, 1: th i
the bases are on the inside oil
°

of the sugar and the atoms
near it iz close to TFurberg's
‘standard configuration’, the
sugar being roughly perpendi-
cular to the attached base. There

“It has not escaped our notice that the
specific pairing we have postulated
immediately suggests a possible

copying mechanism for the genetic
material.”

This paper marks the end of search for
genetic materials, and the beginning
of modern life science.



The Structure of DNA

Two polynucleotides spiraling around an imaginary axis, forming a
double helix XU& ik

The backbones run in opposite 5 — 3’ directions “antiparallel” x[F-F
i3

complementary base pairing i 2 it Xf: A-T, C-G. Connect through
Hydrogen Bond &4

Two idenfical copies of each DNA molecule are generated in a
dividing cell, with 10-18 error rate during replication HfKiE =R KR E S
Gill



The Structure of RNA

Single strand

Complementary pairing occur between molecules or within one molecule
In RNA, thymine (T) is replaced by uracil (U, JREEBE) so A and U pair

While DNA is always a double helix, RNA is more variable in form

RNA hydrolyze in alkaline solutions BE it iEw , RNAKAE

|
| i
~0—P=0 2',3'-Cyclic CH, O H,0 Mixture of 2'- and
(l, monophosphate H H —— > 3'-monophosphate
| derivative H H derivatives
CH, O
O, o]
H H \P/
H H /
" o} \0
(o] O—H "OH
I B —— +
'o—pl’=o
? g
H H H H
H H H H
(o] OH (o] OH
RNA | B | Shortened
0—P=0 o—|I>=o RNA ®



Complex structures of RNA

« Secondary structure

RNAZIRLEH) : \ RNAZ R

 Tertiary structure



RNA origin of life theory




Large Biological Molecules

Nucleic acids store, transmit,
and help express hereditary
information (pp. 84-87)

Summary: nucleic acids

Components Examples

Nitrogenous base  DNA: | //" //' ,//" //

* Sugar = deoxyribose

Phosphate
group * Nitrogenous bases=C, G, A, T
®—CH; g » Usually double-stranded
Sugar RNA: N\ N\L
* Sugar =ribose
Nucleotide monomer » Nitrogenous bases =C, G, A, U

* Usually single-stranded

Functions

Stores hereditary information

Various functions in gene expression,
including carrying instructions from
DNA to ribosomes
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