Molecular Biology Primer: All About DNA

by Rich Deem

Introduction How does DNA=you?
This page explains the "central

dogma" in biology - how DNA
produces all the stuff that
makes up living organisms.

This page is a quick introduction to molecular biology. You will find on this
site numerous references to DNA, RNA and proteins. In order to understand
those pages, a basic understanding of how these molecules interact is
necessary. This description is a very simplified version of what actually

happens within a cell. In reality, the system is quite complex, with dozens of Rich Deem
accessory molecules and co-factors required at each step.
DNA

DNA (deoxyribonucleic acid) is the information storage molecule for the cell. Each cell contains within the
DNA the entire instruction set to produce and run an entire organism (including you). In multicellular
organisms, most of the DNA is stored in a central location within the cell, called the nucleus.

Bases
DNA is composed of only four bases, which can be thought of as letters of Purines Eyrimidines
the DNA alphabet. The structure of these four letters is shown in the figure }*: a2
to the right. There are two purine bases (adenine and guanine) and two &> N W e-ch,
pyrimidine bases (thymine and cytosine). The bases are commonly HI |I S P |IH
abbreviated with the first letter of their names: ' \E o~ \AN/
_Nucleotide Bases _ Adenine (A) Thymine (T)
Base Abbrev. o "
adenine A /l(l;\ /(l:\’
guanine G HT lc/'\\CH T/ |¢|>H
thymine T HN/C\N/C\N/ N
cytosine C ’ b b
Guanine (G) Cytosine (C)
Nucleotides
—— Nucleoside ———— When a.bascla, §uch X B
Adenine (base) " as adenine, is linked - L&" Adenine
N Xy to a deoxyribose o "B
we” I sugar through a o—p—0—gH, o "
5 N 2™ glycosidic bond, the 0 VO Cytosine
structure is called a 5 N
(P)—ocH, °\ B nucleoside. When o_",_o_ " o )
Glycosidic Bond 40 jeoxyribose 5 o 2 N Guanine
sugar is = E: H
phosphorylated, on ol N: Thymine
o 3 either the 3' or the 5' i P8
Sugar (Deoxyribose) position (or both), H CH,
t—————Nudleotide —————  the structure is a 3 ° o
called a nucleotide. The precursors of DNA synthesis TR
are deoxynucleoside-5'-triphosphates or dNTPs.
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DNA structure

DNA is composed of a polynucleotide (multiple nucleotides) chain that is formed by linking nucleotides
through 3',5'- phosphodiester bonds. In this way, DNA forms a long chain of sequential nucleotides.

DNA chains are not usually just single strands of nucleotides. Usually, nucleotides of two polynucleotide
strands are base-paired to each other. The nucleotide base adenine pairs through hydrogen bonds with
the nucleotide thymine forming an adenine-thymine (A-T) base pair. Guanine binds with cytosine forming
a guanine-cytosine (G-C) base pair. Because of this base pairing, polynucleotide chains in double-
stranded DNA are always complementary to each other.

Adenine (A) TI;llymine (T)

cH, 0+ H=N S / o
Ne— — |
<|> H_j c\N_H N/\/ \\c;? o cu,—o—lrl;—o
o—(lpi—o—cn2 o\/ _c\\o H/c___
OH .
A-T base pair
Cytosme (C) Guanine (G)
H
H\ /N ....o\ N% / o
c—¢ t—c” 7 |
o (I) o H—C// \/\N~~~-H—N/ \\c/N ° CHZ_O_IZ_O
_ﬁ_ —CH, 0O — >c=n/
O-+++ H—N
h OH .
oH G-C base pair

DNA Double Helix

The nature of the bonds between nucleotide bases results in the famous "double helix" DNA structure.
The hydrogen bonding between strands of DNA holds the strands together until they are separated for
DNA replication or RNA transcription.

DNA Replication

DNA is replicated (reproduced) through an extremely 5
complicated process. This is the simplified version. The Q) New Strand Original

two strands of DNA are separated and a new (‘\ﬁ Stlgnd
complementary strand is synthesized for each old strand A\

by adding complementary base pairs to the newly- \[f‘

synthesized strand (see figure at right). The DNA /m\ 'rs
polymerase (the enzyme that makes new DNA) reads the “‘L'Orlg‘n'gf‘y
base on the original strand and adds the complementary Double Helix
base to the newly synthesized strand. DNA is always

synthesized in a 5’ to 3’ direction. Since one strand runs A~ \0”9"15“
in the opposite direction, it must be synthesized in pieces 15 Strand
that are later connected with DNA ligase. In reality, both 3 A

strands are synthesized in pieces, since the DNA is ,y “\\New Strand
unwound at numerous sites simultaneously on each 5
chromosome in order to produce a complete copy in a short period of time (hours instead of weeks).

Page 2 of 4 http://www.godandscience.org



Molecular Biology Primer: All About DNA by Rich Deem

RNA

How does DNA turn in you?

Since DNA just stores information, there needs to be a way to turn the information into physical bodies.
This feat is accomplished through the synthesis of an intermediate information-carrying molecule that
carries the information from the nucleus to the called RNA (ribonucleic acid). As you can tell from the
name, it differs from DNA in that part of it (the ribose sugar) has an extra oxygen compared to DNA (the
"deoxy" version). In addition, RNA does not use thymine as a base, but another nucleotide known as
uracil (see figure right). Uracil forms base pairs with adenine, as thymine does in DNA. RNA is transcribed
from DNA through an enzyme called RNA polymerase, in a process that is known as transcription. There
are several kinds of RNA, which have different functions. However, the RNA that eventually codes for
proteins is called messenger RNA (mRNA).

Translation

Once mRNA is synthesized, it is processed (usually through
splicing) in the nucleus before moving to the cytoplasm. In many
instances, alternate splicing of an RNA transcript can produce

multiple proteins. It is one of the chief ways that 25,000 genes in DNA

the human genome can make ~100,000 proteins. Proteins are o A W 0 e

produced from an mRNA template using a process known as 3

translation. The translation process is quite complicated and 1 RNA

requires numerous molecular machines and co-factors. This \If\ Pa .
AN S S

description is a simplified version of what happens. A large
molecular machine, called the ribosome, binds to the mRNA.
Ribosomes are composed of two subunits. The large subunit is
composed of three forms of ribosomal RNA (rRNA) and 49
different proteins. The smaller subunit is composed of one rRNA
and 33 different proteins. A third kind of RNA, transfer RNA
(tRNA), carries amino acids that are used to make proteins
according to the mRNA template. One end of tRNA, consisting of
three bases, called the anticodon, binds to a series of three complementary bases, called the codon on
the mRNA strand. The other end of the tRNA binds to a specific amino acid. Specific sequence on the
RNA are translated into proteins according to the genetic code. Each set of three nucleotide bases codes
for one amino acid. This code is nearly universal for all organisms (with a few exceptions). The code is
reproduced below:

The Genetic Code
Codon AA Codon AA Codon AA Codon AA
uuu Ucu UAU UGU
uuc " Uac usc ' yec O
UUA UCA UAA UGA  Stop
uuG Y uce UAG SIP g T
CuU ccu cAu CoU
cuc cce CAC His cGc
CUA Y cca PO caa cea A9
CUG CCG CAG GIn cGG
AUU . ACU AAU AGU
AUC ''©  acc AAC  ASN age  Ser
AUA ACA AAA AGA
AUG Met  acg AAG Y5 ace A
GUU GCU GAU GGU
GUC GCC GAC Asp  GGC
cua @ Gea A7 Gaa cea °W
GUG GCG GAG Glu GGG
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Growing
eptide chain

Threonine
Binding of
3rd tRNA

Binding of Leucine
0s subunit Binding of
0s subunit

mRNA mRNA

An model of how proteins are formed can be seen above. The 30s subunit of the ribosome binds to the
mRNA. A specific tRNA (usually the first codon codes for methionine) binds to the codon of the mRNA
The 50s ribosomal subunit binds to the 30s subunit. The next tRNA binds to the next codon on the mRNA
and numerous initiation factors and the enzyme peptidyl transferase link the two amino acids together
through a peptide bond. As the ribosomal complex moves along the mRNA, the peptide chain gets longer
until the entire protein is formed. Other molecular machines are responsible for making sure that the
protein folds into the correct three dimensional shape.

Conclusion

DNA is made of 4 chemical bases that are linked together sequentially. These 3 billion bases determine
what you will look like and how your body will work. In order to express the information stored in the DNA,
your cells have a complicated system that moves the DNA out of the cell's nucleus (through mRNA) into
the cytoplasm. Once the mRNA is in the cytoplasm it is translated into proteins, which are the building
blocks of the cell. Are you ready to use your new knowledge? Check out these articles:

e |s the Chemical Origin of Life (Abiogenesis) a Realistic Scenario?

e Origin of Homochirality: A Major Problem for Origin of Life Theories

e Evolution Deception in California State High School Biology Textbook Biology: Principles &
Explorations

Descent of Man Theory: Disproved by Molecular Biology

Bad Designs in Biology? - Why the "Best" Examples Are Bad

When Junk DNA Isn't Junk

Pseudogenes: Argument for Evolution and Against Design?
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http://www.godandscience.org/evolution/chemlife.html
http://www.godandscience.org/evolution/origin_homochirality.html
http://www.godandscience.org/evolution/biology_holt_rinehart_winston.html
http://www.godandscience.org/evolution/biology_holt_rinehart_winston.html
http://www.godandscience.org/evolution/descent.html
http://www.godandscience.org/evolution/designgonebad.html
http://www.godandscience.org/evolution/junkdna.html
http://www.godandscience.org/evolution/pseudogenes.html
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