NUCLEIC ACIDS AND THE GENETIC CODE.
Nucleic acids include; Deoxyribonucleic acid (DNA) and Ribonucleic acid (RNA)

The building blocks of nucleic acids are known nucleotides

The structure of nucleotides

Nuclei acids are made up of many nucleotides

Individual nucleotides comprise 3 parts

1. Phosphoric acid (phosphate group H3P O4). This has the same structure in all nucleotides in both RNA and DNA.
2. Pentose sugar. Two types occur ie the ribose sugar (C5 H10 O5​) which is identical in all RNA molecules    and the Deoxyribose sugar (C5 H10 O4) which is also identical in all DNA molecules
3. Organic base.  There are 5 different bases divided into 2 groups ie 
a) Pyrimidines- Have single rings each with 6 sides (hexagonal ring). They include cytosine (C), thymine (T) and Uracil (U)
b) Purines- have double rings where 1 is 6 sided (hexagonal ring) joined to the second ring is 5 sided (pentagonal ring). These Adenine (A) and Guanine (G)
Purines bases can only be linked to pyrimidines. 
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The 3 components (phosphoric acid, pentose sugar and organic base) are combined by condensation to form a nucleotide
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Fig. 7.4 Structure of molecules in a nucleotide




WRITE DOWN THE ILLUSTRATION (FIG 30.1) TO SHOW THE PROCESS OF CONDENSATION (FUNCTIONAL APPROACH PAGE 482)
During the process of condensation a sugar ring attaches itself to a phosphoric acid molecule at position 5, and to one of the five bases at position 1. Two molecules of water are removed in this process.

By similar condensation between sugar and phosphate groups of two nucleotides, a dinucleotide is formed. Continued condensation reactions leads to a polynucleotide. 

The main function of nucleotides is to form nucleic acids (RNA and DNA) which play vital roles in protein synthesis and heredity.
 DEOXYRIBONUCLEIC ACID (DNA)

DNA is a double stranded polymer of nucleotides where the Pentose sugar is Deoxyribose and the organic bases are Guanine, Cytosine, Adenine and Thymine but never Uracil. Each of these polynucleotide chains is extremely long and consists of millions of nucleotides.
The mount of Guanine = to Cytosine and the amount of Adenine = to thymine

There fore; G binds to/pairs with C and A binds to/ pairs with T by formation of Hydrogen-bonds following the complementary base pairing rule.
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The sequence in which these bases occur along the length of the nucleic acid chain varies from species to species and from individuals to individuals hence leading to variation among organisms.  

It’s in this sequence of bases that the nuclei acid carries information responsible for all the traits of an organism. 
Watson-crick hypothesis 1953

They put forward a possible structure of the DNA molecule.
By use of X-ray patterns, they came to a conclusion that DNA molecule consists of 2 parallel chains twisted to form a double helix. From the relative positions of certain spots in the X-ray photographs, they concluded that the two chains are cross linked at regular intervals corresponding to the nucleotides and that there are ten nucleotides for one complete turn of the helix.
They also stated that DNA is a kind of twisted ladder, the 2 uprights consisting of chains of alternating sugar and phosphate groups, the rungs as pair of bases sticking in wards towards each other and linked up in a specific relation ship A-T and G-C.
The rungs in the DNA ladder can only be formed by linking purine with pyrimidine bases because according to their relative sizes, there would be insufficient room for two purines to link and too much room for two pyrimidines.
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DNA replication:

This is the process by which DNA makes an exact copy if its self. This ensures that genetic information is transmitted from cell to cell and from generation to generation. (Refer to the cell cycle)
The process of DNA replication
According to Watson and crick, DNA replication starts with un zipping of the Double helix (un winding of the two strands and separating of the two strands (due to the breaking of the weak hydrogen bonds between the complementary bases) so that each strand acts as a template to which the complementary sets of nucleotide will attach by base pairing rule.
The process of un zipping of the double helix and attachment of the complementary sets of nucleotide to the template strand following the base pairing rule is catalyzed enzyme DNA polymerase.

 There fore; each DNA molecule will give rise to two identical copies of DNA.
NB: DNA polymerase adds nucleotides to the strand running in the 5’ to 3’ direction and since the 2 DNA strands lie in opposite directions, DNA polymerase can continuously produce one new DNA strand at a time. Short segments of the other DNA molecule are produced by the action of DNA polymerase moving in the opposite direction. These short sections of the newly synthesized polynucleotide chains are joined to together by the action of enzyme DNA ligase 
Semi-conservative Vs Conservative DNA replication

The zip-fastener idea is a neat and economical way of explaining replication but its not the only one. An alternative hypothesis is to suppose that the double helix remains intact and in some way stimulates the synthesis of a second double helix identical with the first as explained below 

Semi-conservative is where each new double helix retains one strand of the original double helix i.e one new strand and one old strand (crick and Watson (zip-fastener-idea)).
Conservative is where an entire new double helix is formed alongside the original parent
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10 extract and purity the neccssary enzyme from the colon bacillus. The stage
was now set for the synthesis of DNa. Kornberg and his co-workers found that
if intact-pya_was added 10 a solution containing free nucleotides and the

enzyme, new pra molecules were formed. On analysis the new DA was found—
10 have the same relative proportions of adenine-thymine and guanine-
cytosine as the original parent DA, a strong indication that accurate replica

tion had oceurred.

CONSERVATIVE VERSUS SEMI GONSERVATIVE REFLICATION
The zip-fastener idea is a neat and economical way of explaining replication,
but it is not the only one. An alternative hypothesis is to suppose that the
double helix remains intact and in some way stimulates the synthesis of a
sccond double helix identical with the first.

These two hypotheses were put to the test in the late 19505 by Meselson
and Stahl in an experiment which demonstrates the ‘scientific method" very
well. They argued as follows. If the ip-fastener hypothesis is coreect none of
the products of successive replications should contain exactly the same molc-
cules as the original double helix; one of the two strands will be derived
from the parent T, but the other strand will be new. On the other hand, if

\he second hypothesis is correct one of the double helices in every generation
will have exactly the same molecules as the parental one — in both strands
These two hypothescs, summarized in Fig 30.8, are known us the semi-

conservative and conservative hypotheses respectively' and they were tesied
by an elegant experiment involving the colon bacillus,

pareat DNA

first generation DNA

second generation DNA

A Semi-conservative hypothesis B Conservative hypothesis
The o strands unzip and new nuclcotides come into Tnstead of unzipping, an entire new double helix
position in relation to each of he strands. The s formed alongside the original pareat one. The
Fesul is that the daughter DNA molecules never result i that in each generation one of the
contain preciscly the same nucleotides as the DNA molecules is exactly the sime os the originl

original parent DNA.

\hy o you thirk these terms are wied for the,
Lo hypotheses?

parent molecule.

Cells of the colon bacillus (E. coli) were grown for many gene
4 medium in which normal nitrogen N was replaced with the heavy isolops
1N, This was continued until il was certain that heavy nitrogen had be
incorporated into all the bia, after which the heavy nitrogen was replicel





The evidence of semi-conservative replication was provided by meselsohn and stahl.

E.coli was grown for many generation in a medium in which normal 14 N  was replaced by heavy isotope 15 N 

Heavy isotope was integrated into all the bacterial DNA (Grew E. coli in 15N for several generations so that all the DNA was labeled)
They shifted cells to 14N media and allowed them to replicate their DNA 1 time 

Sample of DNA was taken.

 Cells were allowed to replicate their DNA again (total of 2 times) Sample of DNA was taken 

Used a special centrifugation of DNA samples to determine the isotope composition and pattern of labeling in the DNA à found pattern matched semi-conservative

Ribonucleic acid; RNA
RNA is a single –stranded polymer of nucleotides where the pentose sugar is always ribose and the organic bases are ever Adenine, Guanine, Cytosine and Uracil but never thymine. A pairs with U and G pairs with C.
There are3 types of RNA are found in cells and all of them are involved in the process of protein synthesis.

All types are synthesized directly on DNA which acts as a template for RNA production

1. Ribosomal RNA (rRNA) 

First type to be discovered and it makes 80% of the total RNA in the cell

Its synthesized by DNA genes found with in a region of the nucleolus known as nucleolar organizer

The base sequence of rRNA is similar in all organisms from bacteria to higher plants and animals.
Its found in the cytoplasm where its associated with a protein molecule, which together form ribosomes 
2. Transfer RNA: tRNA/soluble RNA: ​s​​RNA
It’s a small single stranded molecule made up of about 80nucleotides.(it’s the smallest of all RNAs)
Its manufactured by nuclear DNA. Makes about 10-15% of the total RNA in the cell

It forms a clover leaf shape with one end (3’) of the chain ending into C, C, A sequence, and its where an Amino-acid attaches its self and the other end (5’) always ends with the base G . Each amino acid is attached to its specific tRNA by its own form of the enzyme amino-acyl-tRNA synthetase. This will result into an amino-acid tRNA complex with sufficient energy in the bond between the terminal nucleotide A (of the CCA) with the amino acid.
About 20 types of tRNA have been identified each carrying a specific amino acid. All tRNA have got the same basic plan as shown by the figure below.
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Fig 7.5 Structure of transr g4

732 Ribonucleic acid (RN A)

BNA it 2 single-stranded polymer of nucleotides where (he
Pentose sugar is always ribose and the organic bases are
adenine, guanine, cytosine and rad. . basic structure i given
I Tg. 7.3, There are thrce types of RN A found in cells, al] of
which are involved in profei synthesis,

Ribosomal RNA (cRNA) is . large, complex molecule made
up of both double and single helien Although it is
manufaclured by the DNA of the e & 15 found in the
Shoplasm where it makes up mara thar Ty the mass of the
ribosomes. It comprises mart than haly the mass of the tota)
RNA ofa cell and s base sequence jo similar in all organsms,

Transfer RNA (tRNA) is a sma) molccule (ahout 0
nucleotides) comprising a single strane, Againitis
R mactured by nuclear DNA, It makes o1 15% of the cell'y
RNA and al ypes are tandamentally similar. 1t forme g ey
ieaf shape (Fig. 75), with one end of 1. chain ending jn
oy eine—<ytosine-adenine sequence. [t iy oy this point that an
cach oncid attaches itself. There are at leagt 2 types of (RN A,
¢ach careying a difercnt amin acid, A an intermediate poin
along the chain s an important sequence of three bases, calleq
the anticodon. These line alongside the appropriate codon ory
the mRNA during protcin synthocss (Section 7.6)

Messenger RNA (mRNA) g long single-stranded mofecule,
Shup 0 thousands of nucleoticas, wiot s formed into a heliy,
Manufactured in the nucleys it 1 MirTor copy of part of one
prand of the DNA helix. There iy hemes o inmense variety of
pes. It enters the cytoplasm whege i associates with the
H1bosomes and acts as a template o Protein synthesis (Section
76Tt makes up lessthan 5% of the (e cellular RNA, It i
easily and quickly broken dosyp, Sometimes exi
matter of minutes

sting for only 2

7.33 Dex

Yiibonueleic acid (DNA)

DNA is 2 double-stranded polymer of mucleotides where the
Puose sugar is always deoxyribose an jfes organic bases are
adenine: guaning, cylosine and thysime. bul never uracil. Each

of these polynucleotide chajg s extremely long and may
<ontain many million nucleotide uni;

By the catly 1950, information on s from a variety of
oo had becn collected, but no moluralar structure had heen
aerecd. The available facts about DG included:

1. Itisa very long, thin molecule tade P of nucleotides

2 Itcontains four organic bases; edenine, gusnine, ytosine and
thymine,

3: The amount of guanine i usuatly qual o that of cytosine,
4 The amount of adenine iy usually equal to that of thymine.

5. 1t probably in the form of g hefix whose shape is maintained
by hydrogen bonding,

Using the accumulated evidence, ames Watson and Francis
Crick in 1953 suggostod a moleeyjor structure which proved (o
be one of the greatest milestones biology. They postulated




tRNA possesses an important sequence of 3 bases called the anticodon. These line up a long side an appropriate codon on mRNA during protein synthesis

3. Messenger RNA (mRNA)

This is a single stranded molecule of up thousands of nucleotides formed on a single strand of DNA by a process known as transcription. In formation of mRNA one strand of DNA is used. 

mRNA nucleotides are attracted to DNA strand according to the base pairing rule and link up to form mRNA polynucleotide strand under the influence of enzyme RNA polymerase

Base sequence of mRNA is complementary copy of the DNA template strand

It varies in length depending on the length of the peptide chain for which it codes. mRNA is not stable and it exists for a short time in cells.
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Differences between DNA and RNA

	RNA 
	DNA

	Is a single stranded polynucleotide chain 
	Is a double stranded polynucleotide chain 



	Pentose sugar is ribose 
	Pentose sugar is deoxyribose 



	Organic bases present are A G C and U


	Organic bases present are A G C and T



	3 basic forms of RNA 


	Only one basic form 



	Small molecule of about 10,000 nucleotides 


	Large molecular of about millions of nucleotides 



	Manufactured in the nucleus but mainly found in the cytoplasm 


	Mainly present in the chromosomes found in the nucleus, also found in the mitochondria and chloroplast 



	Chemically less stable 


	

	
	


The genetic code;
The genetic code is the set of rules by which information encoded in genetic material (DNA or mRNA sequences) is translated into proteins (amino acid sequences) by living cells.

The code defines how sequences of three nucleotides, called codons, specify which amino acid will be added next during protein synthesis

For example, according to the genetic code, Codon UUU specified the amino acid phenylalanine, codon AAA specified the amino acid lysine, and the codon CCC specified the amino acid proline etc.

There are 64 different codon combinations possible with a triplet codon of three nucleotides (the genetic code has 64 codons). All 64 codons are assigned to either an amino acid or a stop signal. If, for example, an RNA sequence UUUAAACCC is considered and the reading frame starts with the first U (by convention, 5' to 3'), there are three codons, namely, UUU, AAA, and CCC, each of which specifies one amino acid. Therefore, this 9 base mRNA sequence will be translated into an amino acid sequence that is three amino acids long

Start/stop codons
Translation starts with a chain initiation codon (start codon).. The most common start codon is AUG, which is read as methionine. Alternative start codons (depending on the organism), include "GUG" or "UUG"; these codons normally represent valine and leucine, respectively, but, as a start codon, they are translated as methionine while others such as UAA, UAG, UGA are known as nonsense codons or stop codons and donot code for amino acids but act as stop siginals for termination of the polypeptide chain.

Characteristics of the genetic code:

1. Triplet of bases in the polynucleotide chain of DNA is the code for the incorporation of one amino acid into the polypeptide chain.

2. Its universal; it’s the same triplets code for the same amino acids in all organisms 
3. Its degenerate; a given amino acid may be coded for by more than one codon. Eg Amino acids like arginine may be coded for by six different codons.
4. Its non overlapping; for example mRNA sequence beginning with AUGAGCGCA is not read AUG/UGA/GAG/AGC/GCG/CG A but its read as AUG, AGC and GCA.
Protein synthesis

This is the process by which the different 20 types of amino acids are assembled into a polypeptide chain using information from DNA.
There are four main stages in the formation of a protein.

1. Amino acid synthesis 

2. Transcription (formation of  mRNA)

3. Amino acid activation

4. Translation.

Synthesis of Amino acids:

In plants the process of amino acid formation occurs in mitochondria and chloroplasts in a series of stages:

a) Absorption of nitrates from the soil

b) Reduction of these nitrates to amino group
c) Combination of these nitrates with a carbohydrate skeleton
d) Transfer of the amino acid from one carbohydrate skeleton to another in a process known as transamination. In this way, all the 20 amino acids can be provided.
Animals usually obtain amino acids from the food they ingest, although they have some capacity to synthesize their own non-essential amino acids. The remaining nine essential must be provided in the diet.
Transcription;
Is the mechanism by which the base sequence of a cistron of a DNA strand is converted into the complementary base sequence of mRNA. The histone coat protecting the DNA double helix in the region of the cistron is stripped away, exposing the polynucleotide sequences of the DNA molecule.
The double helix un winds by the breakage of the relatively weak hydrogen bonds between the bases of complementary strands exposing single strands of DNA. Only one strand is selected as the template for the formation of mRNA.
Each base along one strand (the selected strand) attracts its complementary RNA nucleotides, ie a free Guanine base on the DNA will attract RNA nucleotide with a cytosine base and Uracil will be attracted to adenine.

The enzyme RNA polymerase moves along the DNA adding one complementary RNA nucleotide at a time to the newly unwound portion of DNA. DNA thus acts as a template against which mRNA is constructed.

A number of mRNA molecules will formed before the RNA polymerase leaves the DNA, which closes reforming its double helix and the protective protein coat is added again.
Being to large to diffuse across nuclear membrane, mRNA leaves instead through the nuclear pores and carry the genetic code to the ribosomes.
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Fig. 7.11 Transcription

The caizyme RNA polymerase moves along the DNA adding
one complementary RNA nucleotide at a time to the newly
unwound portion of DNA. The region of base pairing, between
the DNA and the RNA is only around 12 base pairs at any one
time as the DNA helix reforms behind the RNA polymerase. The
DNA thus acts as a template against which mRNA fs
constructed. A number of mRNA molecules may be formed
before the RNA polymerase leaves the DNA, which closes up
reforming its double helix. Being too large to diffuse across (he
nuclear membrane, the mRNA Icaves instead throngh the
nuclear pores. In the cytoplasm it s attracted to the ribosomes,
Along the mRNA is a sequence of triplet codes which have boen
determined by the DNA. Each triplet is called a codon.

7.6.3 Amino acid activation

Activation is the process by which amino acids combine with
{RNA using energy from ATP. Fig, 7.5 shows the structurc of a
{RNA molecule. Each type of tRNA binds with a specific
amino acid, which means there must be at least 20 types of
(RNA. Each ype differs, among other things, in the
composilion of a triplet of bases called the anticodon. What all
RNA molecules have in common is a free end which
terminates in the triplet CCA. Itis lo this free end that the
individual amino acids become attached, although how each
specific amino acid is specified is not known (Fig. 7.12), The
ERNA molecules with attached amino acids now move
towards the ribosomes.





Amino acid activation;

Amino acid activation is the process by with amino acids combines with tRNA using energy from ATP.(see tRNA). The tRNA with attached amino acids now moves to the ribosomes.
Translation 
Is the mechanism by which the triplet base sequences of mRNA molecules are converted into a specific sequence of amino acids in a polypeptide chain. This occurs on the ribosomes
Several ribosomes may become attached to a molecule of mRNA like beads on a string and the whole structure is known as a polysome. The advantage of such a complex is to allow several  polypeptides to be synthesized simultaneously 

The first codon of mRNA binds with the  complementary Anticodon of  tRNA molecule carrying the first amino acid usually methionine of the polypeptide being synthesized. The second codon then attracts a tRNA-amino acid complex showing the complementary anticodon. The ribosome acts as a frame work which holds the mRNA,  tRNA-amino acid complex and the associated enzymes controlling the process together until the two amino acids form a peptide bond between each other. 
Once they have been combined, the ribosome will move along the mRNA to the next codon and anticodon complex together until the third amino acid linked with the second. In this way a polypeptide chain is assembled by addition of one amino acid at a time. 
Second and subsequent ribosomes may pass along the mRNA immediately behind the first there fore assembling many identical polypeptides simultaneously. 

Once each amino acid is linked, the tRNA which carried  it to mRNA is released back into the cytoplasm. Its again free to combine with its specific amino acid.
The ribosome continues to move along mRNA until it comes to a codon signaling stop. These nonsense/terminating codons are UAA, UAG and UGA. At this point the polypeptide chain in its primary structure leaves the ribosome and translation is complete.

As the polypeptide chains leave the ribosome they may immediately assume either the secondary, tertiary or quaternary structures.
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chain s synthesised. Experiments using ribosormes from rat
liver cells in a cell-free extract of £. coli have shown that
£ coli proteins can be manufacturcd despite the presence
of “foreign’ ribosomes. This demonstrates the universal
nature of coding mechanisms involving mRNA, (RNA and
rRNA in the production of proteins,

2265 The mechanism of protein synthesis

Information from various sources and invol.
ving & variety of experimental techniques carricd out o &
range of organisms from viruses o mammals has shown
that protein synthesis is u two-stage process which may he
summarised by fig 22,23

mhrane

CYTOPLASM

NUCLELS ERNA /umino acids

- ribosom

|
transation

 nuclear envelope  polypeptide

Fig 2223 Summary diagram of the mein steps involved in
Protein synthesis

2266  Transcription

Iranscription is the mechanism by which the
base sequence of a cistron of a DNA sirand is comyertc]
into the complementary base sequence of MRNA, The
istone cout protccing the DNA double helix in the region
of the cistron iy thought (o be stripped away, exposing the
polynucleotide. sequences of the DNA molccule, The
double halix unwinds by breakage of the relatively weak
hydtogen bonds between the bases of complementary
strands exposing single strands of DNA. By some mech

'm, 8 et not understood, ane of these strands is selected
s a template fot the formaion of a complementary single
stand of mRNA. ‘This molecule is formed by the Jinj
of free ribonucicotides under the influence of RNA
polymetuse and sccording to the rules of base priring
betwecn DNA and RNA (table 22.5 and fig 22.24)

The exact nature of the copying of DNA bases into RNA
bases has heen demonstrated using synthetic DNA com
posed solely of thymine nucleotides (TTT), When intro.
duced into a cell-free system containing RNA polymerase
and alt four nucleotides (A, U, C and G) the messonger
RNA formed was composed cntirely of adenine nu.
cleotides.

When the mRNA molecules have been synthesised they
leave the nucleus via the nuclear pores wnd earry the
genetic code to the ribosomes. When sufficient numbers of
MRNA molccules have been formed from the cistron the
RNA polymerase molecule leaves the DNA, the. fo,
strands ‘zip' up re-forming the double helix and the
Protective protein coat is added again

822

DINA dauble helix

o —nanseribing sirand

i
I A
= P
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Lpp
simfewrangor VB prp
B e nclonte
et o

e DNA
molecule #

A
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Fig 22.24 Diagram showing the mechanism of transc
I 1he prosence of ANA polymerass the DNA cougys
unwinds by breakage of the hydrogen bonds betwoer
complemeniary bases, and a polymucieotide strand of 1
/e formed from iree RNA nucleoside triphosphates ai
U opposite complementary DNA bases on the raneas
sirand of femplate DNA. (After E. J, Ambrgso & 0.
(1977) Gl biology, 2nd ed., Neison.)

2267 Translation

Translation is the mechanism by whi
triplet base sequences of mRNA molecules are con
ima a specific sequence of amino acids in a polyp
chain, This oceurs on ribosomes. Several ribasomy
become atiached (o & molecule of mRNA fike head
steing and the whole siructure is known as a poly
These structures, which can be seen under (he ol
microscope (fig 22.25) |
diameter of 1 imeter of a single 5
of MRNA. The advantage of such # complex s
allows several polypeptides to be synthesied s
{aneously (section 22.6.3). Each ribosome s compose
small und a large subunit, resembling a ‘cottage loat
7:18). Messenger RNA is thought to form a rever
auachment to the surface of the small subunit iy
presenice of magnesium fons (Mg™). Having bec
attached to the ribosome it is thought that twp mF
codons arc exposed to the larger ribosome subunit
fist codon binds the (RNA molecule having the co
lementary anticodon and which is carrying the irs yn
acid (usually methionine) of the polypeptide being syn
sised. The second codon then attracts a (RNA-urmirg |
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Fig 3043 Disgrum sumemarizing how DA in
e nucleus comtrolsthe sssembly of & polypepide in
1he cytoplasm. Through the acton of e R,
the messenger 1034 dicate th order i which anino.
ackds ik, up o form the polypepude chuin. The
nccodons at the euds of th trasfes RNA nolecules
corresponi. 10 the codons (base wplee) in the
messenger 3. Thus the andeodon belongiog t the
Jetchund. transfer k. molecle n the diageam is
ACG. Nutice the shape ofthe ribosome. It consissof
o bt one about tice the sie of he other.

Both subunits contan munerous. proten molecuies
gether with 4 furdher type of KA Known w5
ibosomal K. I though that the smalle subuit
ssaciates with the messeaer KA whilt he lcpes
‘ubunit omains ecymes responsibl fo the forma:

tian of the polspeptide chain, In this disgrum the
ransier A molecles are seprescnted by simple

cectangalur shapes i reliy they are shaped le a
clover eaf e Fi 3014 and are much smller than
shown here

One part of the molecule has three unpaired bases projecting from it
these vary from one moleclue to anothe

Now it is known that a cell possesses al least as many (ypes
transfer RNA molecules as there are types of amino acids. What appears:
happen is that one cnd of the transfer kA molecule Tinks up with a spei
amino acid and draws it 1o the messenger RNA on the ribosome. “The the
unpaired bases at the other cnd then link up with the appropriate tripletin

(1) Messenger RNA (—) synthesised alongside DNA
strand in nucleus

ACGTGGATACCTGAAACGTAG

:
ol [T b L HEH T

TOCACGTATGGAGTITGCATC J

1

A
(2) Messenger RNA passes © ©
out of nucleus info cytoplasm

(3) Messenger RNA becomes attached to ribosome

Palypepridecl
under consrud

amino acid

(4) Amino acids drawn into position by transfer RNA

i
molecules J




[image: image11.jpg]s molceule. In this way the amino acids are lined up in an order
wling to the sequence of base triplets in the messenger RNA. As the
determined by the sequence of base triplets in the original DA,

* that the base scquence in the bNA determines the order in which
ids line up on the ribosome.

 aligned, peptide bonds are established between adjacent amino acids
lpeptide chain is formed. ‘This process of assembly is thought to
e end of the chain, the end with a free amino group, and to proceed,
id by amino acid, 1o the other end, the end with a free carboxyl
b the amino acids join up, the completed polypeptide chain peels off
transfr kxa molecules. Their job complete, the latter detach theme
m the messenger RNA and return (o the transfer kA pool in the
s rom which presumably they can be drawn again when requircd.
scquence of events is summarized in Fig 30,12,

able surface for the
tof messenger RNA and the assembly of protein, But therc is more
this. It is now known that ribosomes occur in groups, or ch ins,

bosomes or polysomes. In the electron microscope a polysome is
sis of from 5 10 50 individual ribosomes: the exact number varies
ipe of cell to another. Special staining techniques show these to be
by a thin thread 1.0 10 1.5 nm in diameter, which is about the
fasingle strand of ma. That this strand really is R is suggested

thatit s readily dissolved by ribonuclease, an enzyme which splits
constituent nucleotides,

#polysome function in protein synthesis ? The available evidence
a ribosome attaches itself (o one end of a messenger kNA strand
ogresses lowards the other end (Fig 30.13). As the ribosome pas-
Ofbascs the appropriate transfer kA molecul takes up position,
amino acid with it. The ribosome then moves on to the next section

ger k3 strand and another amino acid is drawn into position,
{45 the ribosome moves along the messenger Rxa, more and more

THE NATURE: OF 708 GENE - 495

Fig 30.13  How & polycthosome works, 1t is en
visnged thar  seicy of ibosomes move alons the
messcger R strand in convay, each synthes.
sing 1 polypepiide chain a3 it docs so. Transfer
A molecules draw the appropriste amina acids
into position as the ribosome pusses cach 1iplet
of bases n the messenger kA, When the ribosoe
eeaches the cad of the RN strund it relessen g
Polypeptide chain and returns 1o the boginning
basel on i

completed
polypeptide
chain
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2226 Transcription and formation of a polysome in
fra. (a) Electron micrograph of a chromosome segment
oving stages In the development of mANA and the
ent of ribosomes. (b) Diagrammatic representation of
stucture shown In the electron micrograph in (a)

polyribosome

boples showing the complementary anticodon (figs
8 26 and b). The function of the ribosome is to hold in
wstion the MRNA, tRNA and the associated enzymes
bnirling the process until a peptide bond forms between
e adjacent amino acids.
Once the new amino acid has been added (0 the growing
dpeptide chain the ribosome moves along the mRNA to
bclose « new codon. The tRNA molecule which was
esiously attached to the polypeptide chain now leaves
fibosome and passes back to the cytoplasm 10 be
fonveried into a new tRNA-amino acid complex (fig
26c).
This sequence of the ribosome sieadily ‘reading’ and
finslating’ the mRNA code continues until it comes to
bdon signalling “stop’. These terminating codons are
UAA, UAG and UGA. At this point the polypeptide
in. now with its primary structure as determined by the
A cistron, leaves the ribosome and translation is
buplete. “The main steps involved in translation may be
mariscd under the following headings:
binding of mRNA 10 ribosome,
amino acid activation and attachment o tRNA,
] polypeptide chain initiation.
) chuin clongation,
B chain termination,
) e of MRNA,
ud the process is summarised in fig 22.27.
Asthe polypeptide chains lave the ribosome they may
luncdiately assume either secondary. tertiary or quatern-
jsiructures (section 5.5.3).
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Fig 2226 (a) and (b) Consecutive siages i the attachment
of tANA/amino acid complexes by their anticodons fo the
‘codons on mANA and the formation of a peptide bond
between adjacent amino acids. (c) The relative movements of
mANA and ribosome exposing a new trplet (ftame) for the
sitachment of the tANA/amino acid complex. The intial tANA
molectile is now released from the ribosome and cycles back
into the cytoplasm to be reactivated by enzymes to form a
now tANA/amino acid complex

Evidence that it is the complementary base pairing
between the mRNA codon and the (RNA anticodon which
determines the incorporation of an amino acid into the
polypeptide chain, and not the amino acid, was demon-
strated by the following experiment. The tRNA-cysteine
complex normally pairs up, via its anticodon ACA, with
the mRNA codon UGU. Exposure of this tRNA~cysteine
complex 1o a catalyst, Raney nickel, converted the cysteine
to the amino acid alanine. When the new (RNA-alanine
complex (carrying the tRNA-cysteine anticodon) was
placed in a cell-free system containing poly-UGU-mRNA
the polypeptide chain formed contained only alanine. This
experiment demonstrated the importance of the role of the
mRNA-codon-tRNA-anticodon mechanism in translating
the genetic code.

The whole sequence of protein synthesis oceurs as a
continuous process and is summarised in fig 22.28
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Fig 2227 Diagrammatic representation of transiation. The aniicodon of oach specilc (FNA/amino acid complex pairs with its
Camplementary bisos of the MANA codon in the dbosome. in the examplo above a peplide bond would form between leucine
‘and glycine and in this way an addiional amino acid would be added to the growing polypeptide chain
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Fig 2228 Simplified summary diagram of tho major strustures and processes involved In profein synthesis in the coll
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