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=OiKEryotes & prokaryotes
differences



Cells of higher
Examples organisms like plants &

animals

Protozoa, fungi & most

algae

Present with nuclear

Nucleus membrane & multiple
chromosomes
Membrane bound Present
organelles
steroids Present
- Muramate & Absent

diaminoplmelate in the cell
wall

Specialized properties

» Carbon storage Absent
* Nitrogen fixation

* Obligate anaerobiosis

Cells of lower organisms
like all bacteria & small
group of blue green algae

Single naked chromosome

Absent

Absent

Present

Present




a mode of photosynthesis that
'O2 and drives energy from
ic compounds



Production
' _thesis)












entation

entation is extended to a process
icrobes by which metabolic

mechanism in which O2 is replaced by
r inorganic electron acceptor, thus
tation require anaerobic condition



phase of carbohydrate
erred to glycolysis, the initial
rate metabolism

bes: microorganisms can derive all of
etabolic energy from glycolysis which
In cytosol, thus the action of bacteria on
drates is the fermentation



ycolysis

the conversion of glucose or
or ethanol

SSSSSSSSS5555S






major source of energy in the form of
cules

jor source of energy in certain

of pyruvic acid & lactic

‘an important source of glucose via
‘ al of glycolysis

It links carbohydrate metabolism with lipid
metabolism & amino acid metabolism



1- energy
investment

(b reactions)

2- energy
generation

(b reactions)




(I



=nergy yield from glycolysis



investment phase

are lost:
tion(activation of glucose)

. i tion 3 (activation of
se-6-phosphate

reaction are irreversible



rgy generation phase

ATP are gained

moles are gained from reaction 7 (from

sphosphoglycerate by phosphoglycerate

ATP moles are gained from reaction 10
(from phosphoenol pyruvate via pyruvate
‘kinase)



ield of ATP is 2 ATP moles per
of glucose when oxidized

ition the 2 NADH+H
idized through electron transport give 6

e net energy yield in glycolytic pathway
P moles per one glucose molecule



ic condition (absence of oxygen)
must be reoxidized to allow




' fates of pyruvate

AD in the cell is very limited,

or thi purpose, some of which also yield
- additional ATP



of fermentations, yielding quite
oducts, are based on the glycolytic
se are as follows:

Lactobacillus

few bacteria
acid: most Enterobacteriaceae
diol: Aerobacter

ic: Clostridium

Propionic: Probionibacterium



reduces pyruvate to

rmentation is specific for streptococcus
1llus & is identical with the glycolysis in



fermentation is also called
ntation because it forms only

so characteristic of Lactobacillus casei and
CCUS Cremoris

It also occurs in certain pathogens like
- Pneumococct which are included by taxonomists
among the lactic bacteria



holic fermentation

is characteristic of yeast

1g of bread as well as in

ages



cid fermentation

nversion of pyruvate by
ling E.coli into acetyl coA &
1ic acid or CO2 & H2



'5 dlol fermentatlon



eria of genus clostridium contain the
erredoxin depenedent hydrogenase that is
- needed for this interconversion



Propionic
acid



cid producing bacteria are
erous in the digestive tract of



olecule of ATP is saved by linking
onversion of succinate to succinyl
eavage of propionyl coA to

that more carboxyl groups and CO2
les are formed in this fermentation than
regular lactic acid fermentation

] The net gain is one molecule of ATP



uestion

biological significance of

bolic pathways of
te in the following microorganisms

FOCOCCUS Cremoris
orobacteria
Clostridium



various types of fermentation in

tyric & propionic






o several groups with respect to
of oxygen on their growth &

s: e.g. Tubercle bacillus and some
illi require oxygen but lack



ganisms: can grow with or
they shift in its presence to a
ism e.g. many yeasts &

lerant anaerobes: resemble facultative
ir metabolism remains fermentative e.g.
“tic acid bacteria



aerobes & facultative organisms
respiratory metabolism contain a
on transport chain in which
NADH+H (or directly from
s succinate or lactate) to
7ia several cytochromes

substrates s
oprotein & then

generated in the accompanying process
of oxidative phosphorylation



tochromes are absent from strictly
lve organisms

ive organisms can carry out a
ed respirati . lactobacillus delbrueckie
xidize glucose ugh flavoprotein which
n is directly reoxidized by air

ort respiratory chain yields little or not
ATP but it may serve to scavenge dissolved
oxygen & thus to make anaerobic growth
possible



=lectron transport chain
respiratory chain)



1a, like higher organisms the oxidation
. depends on the conversion of

oxidative reaction in this cycle is
olished at the expense of the reduction of
NADH+H (except that succinate is coupled
directly to reduction of a flavoprotein)



urface of both membranes are sprinkled
thousands of small particles

outer particles are concerned with the

oxidation reactions that supply hydrogen

~ (electrons) from citric acid cycle or/and fatty
acid oxidation



rons are then taken by carriers (as
es NAD or FAD) which shuttles them
liquid filled space between the
o the inner particles

ncerned with all steps of
iratory chain  where electrons are
ferred in several steps ending by oxidation
molecular oxygen to form water

= There is a problem in the mitochondrial
membrane itself which is impermeable to

NADH



m is solved by 2 shuttle system
onsible for entry the electrons
cytosol into  internal

electron transport chain, the 2 hydrogen
ents are transported inside
ondria in several oxidation- reduction
sequences until they are accepted by tne
- oxygen to form water




ain require oxidase & dehydrogenase
xido-reductase)

occurs in the inner particles
ce it is the site of coupling
TP synthesis (oxidative

horylation)

is formed in 3 sites through the
tory chain starting with NADH, 3 moles
of ATP are formed while starting with FAD,
only 2 moles of ATP are formed



uestion

transport chain in



AUNOTROPHIC METABOLISM
PHOTOSYNTHESIS &
CHEMOSYNTH ESIS)



letabolism in animals & plants is
hic (means feeding on others)
e organisms depend on organic
food stuffs

other hand, so icrobes don’t depend
rganic compounds but use different
es of energy & reducing power to form
ic compounds needed for their growth

Thus its metabolism is autotrophic (self
feeding) metabolism






Photosynthesis

and reducing power from the
isible light & is found in algae
s well as in higher plants

1s process, a quantum of visible light is
ed by a molecule of chlorophyl which
an electron

This electron is accepted by ferredoxin, while
- the oxidized chlorophyl oxidizes the terminal
cytochrome of an electron transport system



ctions in 2 different ways:
horylation
lation

e cyclic photophosphorylation, the
on is transported from the reduced
xin to the oxidizes cytochrome through
a chain of quinones & cytochromes similar to
- the electron transport chain




SYNTHESIS



energy from the respiration
anic electron donors

in bacteria which are
(litho = stone)

nd only in
wn as lithotrophs






er electron acceptors as



emo-autotrophic bacteria play an
in the geochemical nitrogen
converted to NH3 which is
Il by oxidation through the
cteria to non-volatile

of nitrifyin

an be reduced by plants to organic



sdtabolic, anabolic &
amphibolic pathways



of glucose in E.coli occurs mainly

ss through an alternative
1 has primarily an
lic role rather than catabolic

major energy-yielding pathways of
, pyruvate oxidation & the citric acid
- cycle were considered purely as catabolic
- process



ecific pathways of biosynthesis
various catabolic pathways

olysis & citric acid cycle
amphibolic (amphi=






of tissues which are
F.A or steroid synthesis
e, liver, mammary gland,



of pentoses which are used for
TP, NAD, Co A, FAD, DNA &

which is required for
esis of fatty acids, adrenal cortical hormone,
erol, RBCs health, glucuronate, non
tial a.a, coenzyme for cytochrome 450

Complete oxidative degradation of pentoses into
hexoses than through glycolysis



e 3 reactions

3 reactions



oxidative irreversible

\‘ation' OF NADPH+H)






n-oxidative
reversible reactions



ibulose-5-P

4 i Nmerase

Ribose-5-P






t of these reactions is the
exoses and 1 triose from 3



AETODIC oxidati

SYOPic oxidative

ol process
Kreb’s cycle



portance of kreb’s cycle
y in the form of ATP

_ role providing
ediates for biosynthesis of glucose, F.A,
acids & succinyl CoA









JVET .sll eld of ATP from
3’s cycle



ddative steps in kreb’s cycle
for ATP production from one
ruvate as follow:

vate via NAD into acetyl

n of isocitrate via NAD into «o
tarate (3 ATP)



- a ketoglutarate via NAD into
ATP)

ccinate via FAD into fumarate (2

tion of malate NAD into oxaloacetate

GTP mole is also added in the
conversion of succinyl CoA to free succinate



oles are formed from one
les of ATP from 2 pyruvates



slyoxylate cycle



enables plants & bacteria to grow on

& plants are able to grow on
ompounds that yield acetyl

make use of a metabolic pathway that
ts 2 carbon acetyl units into four carbon
succinate) for energy production &
thesis



slyoxylate cycle









acetyl CoA enter per turn of
late cycle compared with one in the
id cycle

rized to succinate in glyoxylate
mation of succinate as in
ate acid cycle

ead of being decarboxylated into a
gluterate, isocitrate is cleaved by isocitrate
yoxylate

iv. Acetyl CoA condenses with glyoxylate by
malate synthesis to form malate which is then
oxidized to oxaloacetate



f these cycle is
NAD +2H20 —
+ NADH+H 4

lyoxylate bypass have
ound in a variety of organisms grow on
as sole C source but their formation is
sed by the simultaneous supply of a
pidly used substrate such as glucose or
succinate




the glyoxylate cycle arises from
ibility, in most organisms, of the
oxylation of pyruvate to acetyl

ermit photos tic bacteria & certain
bligate anaerobes to form pyruvate by
lve carboxylation



Pyruvate dehydrogenase
complex

Acetyl CoA

I x" A. oxidation

Lipid

he formation of acetyl CoA from pyruvate is
a key irreversible step






— Citrate \

socitrate /
A Biosynthesis

lfeto gluterate Glyoxylate
+

Succinate



Amino acid synthesis

letabolism



yOUrces of amino acid synthesis

rates metabolic pathways
sources for the amino acid









25iS of serine






sis of glycine



3;;,]-,; give cysteine
/ cond ensation with
ocysteine as follow:









vate family

ine occurs by transamination
ansferase) as follow:

SSSSSSSSSSSSSSSSSSSSSSSS>>>>>>
SSSSSSSSSSSSSSSSSSSSS>SS>>>>>>
SSSSSSSSSSSSSS>>>>>>



5josynthesis of valine &
“isoleucine

spartate families both make
nthesis of isoleucine









ading to valine are catalyzed
enzymes that catalyze the
- reactions in  isoleucine









tic semialdehyde ‘

-H2
_ Dihydrodipicolinic acid

l Reduction

Tetra hydropicolinic acid

l+ succinyl CoA
Isomerase

sO0 DAP s Diaminopimelate

Lysine



~ species incorporate this
to wall but more wuse its



thesis of lysine

nt biosynthetic routes have been
t organisms

1't contain DAP lysine

hesized by a route involving the 6-C a
 adipate rather than the 7-C. DAP

The DAP pathway is found in higher plants



utarate msssss) Homocitrate

Isomerase

Homoisocitrate

- CO2
- H2

Transamination

dipate 4 o keto adipate

Reduction +
ransamination

Lysine




1C through addition of an
eto-isovalerate followed by

s analogous to a series in the citric acid
which converts oxaloacetate to «a



acetic acid \

\

a keto-isocaproic

\ Transamination

Leucine



esis of alanine

ally derived like aspartate by

SSSS55>555>55>5>5>5>



1S of glutamate

es as the starting material for
tamine, proline & argenine

e fungi, lysine is also included in the

nate family

| ect amination of a ketoglutarate leads to
glutamate



ost direct route to glutamate (and
amino group formation) is that
many bacteria when grown in a
lning an ammonium salt as the

reaction involves a reductive amination
lyzed by glutamate dehydrogenase

[i, this enzyme is specified for NADPH
as the hydrogen donor, as might be expected
for a biosynthetic reaction involving a
reductive step



of the glutamate dehydrogenase from

in green plants, as well as many bacteria
| i, the formation of the amino group of
glutamate usually originate from the amide
group of glutamine



1ical reactions



is cafalyzed by glutamate synthase

ase is a highly regulated

arranged in 2 hexameric rings



f glutamate synthase enzyme is
gulated by eight nitrogenous
carbamyl phosphate,
hate, tryptophane,
_ histidine, cytidine

ine, glycin
sphate & AMP

It compounds, with the exception of
alanine & glycine receive the amide nitrogen
from glutamine during their biosynthesis




te is a precursor for other amino

eria, as in higher organisms,
via pyridoxal phosphate, as

mino group of all other
oms in certain other cell

no acids & of
onents

amide group of glutamine also provides
higher energy level in the synthesis of
various compounds (purines, pyrimidines,
carbonyl-P, histidine, tryptophan & amino
suger)



te provides the C skeleton as
tom in proline & ornithine (a
inine)



.Su.,/: iesis of ornithine



1 CoA

Phosphorylation N- acetyl

S——) v glutaryl]
phosphate

Reductive
phosphorylation

T a
N-acetyl glutamic-

y semialdehyde

Ornithine



sjosynthesis of proline



s10synthesis of arginine & urea



hesis of aspartate
lesized by transamination of
lutamate, it is coverted (via aspartyl
ate) to an amide aspargine

1 Tts metabolic pathways include the following:



ecursor of the pyrimidine ring
or of threonine synthesis

atoms in the purine

e precursor of nicotinamide in bacteria

It is the precursor for methionine synthesis as
follow:



1ical reactions



acteriaceae, the intermediate
of cystathionine is O-succinyl
ut in bacilli ,it is O- acetyl

'yed from 5-Met HF in
ut via cobamide (a derivative of vit.
erobacter



s10medis

al Importance
athionine



ticipates in the initiation step of protein
is as forming methionyl tRNA

S-adenosyl methionine, a
ich the energy of the S-CH3
15 by conversion to the
onium ion

vides the methyl group for a variety of
ylations including the synthesis of
e, carnosine, melatonin, anserine,
sarcosine, methyl nicotinamide, adrenaline,
choline, creatine & thymine (for DNA & RNA

synthesis)



ides the (CH2)3-NH2 portion of

ine) & spermidine (triamine)

are not amino acids & are formed
from ornithine & methionine

oli, the diamine putrescine & the
triamine spermidine in about a 4:1 ratio
- constitute about half the total product of the
arginine pwayath



ine (a tetramine) which is present in
s hasn’t been found in bacteria

nous spermine (which is

polyamines bind to nucleic acids in
vitro and increase the resistance of double
stranded nucleic acids to strand separating
agents and to enzymatic attack



ence DNA functionin the cell

the polyamine in cell is probably

from bacteria contain

est defined function of polyamines isn’t
but in viruses

= Nearly half the changes on DNA in the T4
phage particle are neutralized by polyamines



es are required for the growth of
ia (pasteurella, mycoplasma)

one or more essential roles in

ine can be synthesized in E.coli via
xylation either of arginine or of its
sor ornithine. The latter pathway is
onomical



are present in bacteria in cell
ptides and some in capsules and



D-alanine




osynthesis of
dromatic compounds



@ The synthesis of tryptophan from the branched
point compound chorismate in E.cloi is as follow



\

Transferase +PRPP

7/

anthranilate \

-CO2
Synthase | o

Endole glycerol
phosphate

Synthase
+ serine

Tryptophane



erent organisms the fine enzyme
equired for tryptophan synthesis are
different proteins

exist in the cell as a single
otein) complex

olic flow to tryptophan is controlled by
ition of anthranilate synthase by tryptophan

In many cases, the amino acid pathway branches
- so that 2 or more amino acids are formed



8sis of Histidine

int for histidine biosynthesis is
bosyl-pyrophosphate) as in






P-hydroxyphenyl pyruvate

L-Tyrosine

Phenyl pyruvate

Ymatic ring

L-phenylalanine




variety of D-amino acids are found in
or example: the peptidoglycans of
ntain both D-alanine & D-
sine or D-ornithine is found in
f some gram +ve organisms

capsule of thle anthrax bacillus is
osed of a nearly pure homopolymer of
lutamate in y linkage

= A wide variety of D-amino acids have been
- found in antibiotics e.g. D-valine in
actinomycine C1 & valinomycine



NJ” IC ACIDS
, R ETABOLISM



Nucleotide metabolism



ach nucleotide is composed of 3

itrogenous bases (purines &



of nucleic acids (DNA & RNA)

coenzymes (NAD&

tors for the transfer & transformations
s, wall peptides & complex lipids

> Constituents of some antibiotics



ortant roles in all major aspects of
. ATP, for example, is the major
by all organisms for the transfer
ergy from energy yielding



Ntcleotide biosynthesis



e-5-P can be formed in E.coli both

from glucose-6-P, & non
PP)

-P

e~ nucleotide biosynthesis
its pyrophosp

erivative (PRPDP)

ibose residues (for DNA synthesis) are
by NADPH?2-linked reduction of the
ribose of any ribonucleotide






deparatory phosphorylation
- step




rent by NH2
phosphoribosylamine

Addition of
glycine

Glycinamide ribose-5-
phosphate

. Aspartate
Amino COZ. . AII:IIHO addition
- addition imidazole

imidazole — c arboxylate —

ribose-5-P ribose-5-P




Fumarate
cleavage

ide

Closure of
6 ring

Amino
imidazole

carboxamide
ribose-5-P

FH4

Formyl amino
imidazole

carboxamide
ribose-5-1°



510synthesis of pyrimidine



- CO2

‘Oxidation

Dehydration



Cytidylic acid



sugars are donors in
ation reactions in the formation of
arides in bacteria (e.g. in

60 nucleotide sugars have now been
as wall precursors among which the
UDP-D-glucose, UDP-acetyl
glucosamine, UDP-galactose, UDP-
galactouronate, GDP-mannose, GDP-
fucose.......... etc




(which may Dbe ribose or
- deoxyribose)phosphoric acid is connected to
C5 of the pentose



cleotide are interconnected by
lester bond so that the hydroxyl
a nucleotide is connected to the
p of the phosphoric acid is
neighboring nucleotide

nucleic acid molecule has a polarity,
nce of OH group attached to the
~ oric acid present at the 5 carbon end &
the presence of free OH group attached to C3
- end



ucleic acid molecule is written in
the 3 end on the right side where
leotide runs from 5 to 3 end



structure of DNA



is present in the form of double stranded
e contains deoxyribose & thymine in

ne strand possesses 2 ends, 5
& 3" hydroxyl terminus so
‘it runs in the 3’ direction & called non

g strand

ther strand runs antiparallel to the 15t one
.e. in the 3" to 5 direction & called coding
strand that used for synthesis of mRNA during
transcription process



trands are complementary but not
each other

arity is explained by base
‘role eans that adenine (A) is
to thymine through 2 hydrogen
& guanine (G) is linked to cytosine (C)
3 hydrogen bonds

e linkage is through hydrogen bonding



1d has sequence of

strands are coile

1 ladder

d to give the form of

‘conformation of the DNA helix leads to the
formation of 2 grooves (major & minor
grooves)



centration of (A) nucleotides equals that of
otides while the concentration of (C)
equals that of (G) nucleotides

orming helical structure along a

e structure of DNA the hydrophilic
ribose & phosphoric acid projects outward
ing the backbone of the molecule protect

B The nitrogenous bases (hydrophobic part) present
in the core of the molecule



ENOME

the whole DNA content of the

r DNA is about 1 meter
the cell is 20 pm in diameter

DNA content must be condensed to
small space called chromosome where
the condensed structure of the genome is called
- chromatin



ormed of 3 components
s nuclear DNA

eins) which are positively
e negatively charged
molecules by ionic bonds. These
es are of five types H1, H2A, H2B, H3

Non histone protein (protamine which is also
~ basic protein)



ecules of histones (2H2A, 2H2B, 2H3
resent in the form of beads around
a string of DNA are rapped

f chromatin are called

H1 histone



ntain a total number of about 10,000,000
uman)

f which are function genes, so gene
e that codes for a certain function

gene occupies a well defined position or a
osome (locus) and thus it is a segment of
molecule

1aracter (gene) is controlled by a pair or
series of genes occupying the same locus on
homologus chromosom



tes (ova, sperm) the genome is haploid, it
e number in somatic cells (the human
ain 23 chromosomes)

2 genome is diploid (double the

human somatic cell contains 23 pairs of
ologus chromosomes

= FEach one of the genes is an allele, these alleles
- may be similar (homozygous BB) or different
- (heterozygous BB)



termines the genotype , one
e dominant (phenotype) & the
i1l be recessive

yellow



n eukaryotes genome

of DNA per cell is the same for
el] of any species

X ote -

some genes are found in
y copies |

gene consists of coding sequences called
that are interrupted by non coding
sequences called introns number of which vary
from one gene to another

5 Exact function of introns aren’t known but it is
suggested to promote recombination



gefiome of bacteria & viruses

of E.coli is a circular
tranded DNA of Imm long

i s 4.7 million base pairs



chromosome is bidirectionally
tarted at specific nucleotide
as the origin of replication&
tion site DNA polymerase
3" end of both strands
g a structure mbling to Greek letter
ence it called theta replication




additional DNA molecules found in
ich are much smaller than bacterial
ontaining from 2 to 30 genes

e molecules a led plasmids which are
ar and self replicating DNA. Thus it is a
ting piece of DNA

plasmids can move into & out of the
- bacterial chromosomes



cterial cells may contain one or more
asmids while others not receive any
replicated plasmid

portant types of plasmids
nids) & drug resistance (R

ids exists as a covalently closed circular
piece of double stranded DNA that has the
capability of replicating autonomously and it is
this property that leads to its isolation &
physical recognition



mon properties of plasmids are

ids contain genes uninvolved in
lon or incompatibility. Such
properties like antibiotic

ability of plasmid to promote the transfer
the plasmid itself from one cell to another
ed a property of conjugation which is
defined as the wunidirectional transfer of
genetic information between cells by cell-to-
cell contact



-plasmids

ertility factor of E.coli contains
of which control the
hich are long rod-shaped
tend from the surface

containing F-plasmids (which known as
Ft cells)

Cells that lack F-plasmids are known as female
- (recipient) or F-cells



attach themselves to F-cells by the
er the F-plasmid to them through
idges thus recipient cells become

f F-plasmid is known



-plasmid

lasmids that carrying genes for
ibiotics or antibacterial drugs

tance genes ca also transferred from
ids to the bacterial chromosome, to
& to bacterial of other species

Therefore infectious drug resistance has been
~ found among an increasing number of types of
pathogens



only a few copies of these large

resistance in bacteria is due to the
sis of enzymes that break down the drug
et up a new enzymatic pathway



[iruses

bligate parasites and can't
e cell

~consist of a ecule of nucleic acid
d in a protein coat or capsid

ntain no cytoplasm or ribosomes or
other cellular components



move from cell to cell in which utilizing
d organelles to replicate their nucleic
size new coat protein

the viral nucleic acid directs
new viruses using the
otides, amino a , ATP & cell metabolic

Inery

ucleic acid of viruses (viral chromosome)
either DNA or RNA, single or double
stranded, circular or linear



‘ es vary from 5,400 nucleotides
ucleotides

are closely packed with very
& even some genes may

karyotes. In general genes may be
d in different strands of DNA






of the phosphodiester link is a ITnm
es are a bout 0.33 nm thick so that
dder like structure there would

ces of bases are hydrophilic and in the
t structure they would be exposed to
olecules (unstable solution)



be done to bring the hydrophobic
er to exclude H20O from their

collapsing them together
diester link or more
tely hydrophobic forces cause the bases
pse together



e pair still lie flat stacked on top of each

ngement still permits base-pair
e exclusion of water from
e stacking can ‘t be exactly

ad successive base pair must rotate
ly relative to one another such that
approximately 10 base pairs (in B-form of
DNA) are required to rotate through one
complete turn




es are separated by 3.4A° along the helix
each base is rotated 36° in relation to the
e (complete cyclic turn is 360°)

(B type of DNA), the helical

cture repeats tervals of 34A° (every 10

elices are right handed as you more along a
or a groove you continuously turn
clockwise , alternatively, imagine you are driving
in screw, holding the screw driver in your right

hand



ture of the double helix is such that
ajor and a minor groove

are present in B-DNA and
cosidic bonds of a base

ren’t diametrically opposite each other

inor groove contains the pyrimidine O-2
urine N-3 of the base pair and the major
groove is on the opposite side of the pair



or groove is slightly deeper than the
lined by potential hydrogen

minor groove, N3 of adenine & guanine
2 of thymine & cytosine, can serve as
gen acceptors and the amino group
d to C-2 of guanine can be a hydrogen
- donor



form is the normal form that exists

can adopt different

urations in lal circumstances

dehydrated, the double helix is more
in shape and the bases are tilted, this is
s the A form which may exist in spores



orm is known as Z (because the
ide backbone zigzags) in this the
left handed which occur in
| DNA molecules with
nating puri & pyrimidine Dbases
ided the solution is of high ionic strength

G lete denaturation of a molecule of DNA
leads to separation of the 2 complementary
strands



ion of denatured DNA is cooled
denatured strands remain

just below Tm (the
process known as

This is termed hybridization when the nucleic
- acid is from different sources



ion can be used to compare the
egree of complementarity) of
m different sources

is broken int
, denatured

leces of moderate length

natured fragments from the 2 species are
mixed and those that have similar nucleotide
sequence tend to hybridize whereas those
where the sequences are very different don’t






Present in
few viruses

Linear Helical

Circular




-In most -The polarity is los

somatic cells

-Inside the
nucleus

-In some DNA
viruses

-Codes for
cellular
protein

Has 6 forms

(A, B,C D, E,
J 7)

-present in
mitochondria

-Also in some DNA
virus

-Codes for
mitochondrial
protein

-Most species of
bacteria contain
small circular extra-
microsomal DNA
called plasmids



1g to helical structure there are 6 types
B, C, D, E & Z) which are different
e following factors:

pairs found per 360° turn

ditch (angle) between each base pair
helical diameter of the molecule

ndedness (right or left) of the double
direction



ersion of one type to another might
vivo depending on salt
nd hydration conditions

pitch of 3.4 nm per turn

r and major grooves are formed to which
ic proteins interact with exposed atoms
of nucleotide

m Each single turn contains 10 base pair (pb)



is the least twisted (12 pb /turn) and
type of groove that may not bind

some  5-methylated
cystidine nucleotides loss of which leas
. reversion of Z- form to B-form, thus
g gene activity




g ijons of DNA

genetic information into the
e replication

as a template for the transcription of
\ which in turn required for protein
thesis






lication of DN A of mother cell
les of DNA in the daughter

cation 1s semi-conservative I1n nature

h means that each daughter cell will

e a DNA strand from the mother cell and

- a newly synthesized strand from the bases in

- the nucleus complementary to the mother
strand



polymerase, helicase,
omerase, ligases, reverse transcriptase)

Proteins
6. High energy phsphate compounds



203 f epllcatlon In
* eukaryotes are
e bu here are some
_gn erences as follows:




Prokaryotes Eukaryotes

Enzymes responsible for ~ DNA polymerase |, |, I DNA polymerase o, 3, v
replication are

Replication occur at A single site called “oric” Multiple sites



lll is responsible for DNA replication

sponsible for DNA repair

eukaryotes p
plication and 3 fo

rase a Is responsible for
NA repair

merase Is responsible for replication of
ndrial DNA



the two complementary DNA

ylication fork

These steps can be summarized in only 4 steps
namely separation, initiation, elongation and
termination






occurs by enzymes and proteins as

ing proteins or helicases are

e helicases break down the bonds
een the bases at the expense of ATP
(needs energy) where 2 ATP molecules are
consumed for each base pair breaking



stabilizing protein become attached
lly to the single stranded DNA at

of the bases and protect
ingle stranded A from hydrolysis by

es



aration of double stranded DNA
of the DNA can occur which
aration of DNA very difficult

| winelase) makes a nick
e) in a single strand in the double helix
Ing each strand to rotate in the opposite
n of the nick prevents over twisting




rase |l (gyrase) introduces negative
to facilitate separation and

nick is seale  closed again
2 result of these preparatory steps a
ure called replication fork is formed

ication moves up and down the double
led DNA i.e. replication occur in both
directions



e pairing

se |l begins the process of
Ing free bases to the 3 OH

done according to the base pairing rule
-C using DNA strand as a template



erése Il builds the new DNA
e 5 to 3 direction

one strand is built in the
tion fork (leading strand)
is built away from the
tion fork (lagging strand)



Leading strand

Grows in the direction of
replication fork

It is built in a continuous
manner

RNA primer is rare

Lagging strand

Grows away from the
replication fork

It is built in the form of
multiple fragments called
okazaki fragments which
are linked later

RNA primer is common



hain elongation

rase |l catalyzes the chain
the 3 hydroxyl group of the
acceptor of the first
ribonucleotide

equence of nucleotides that are added is
d by the base sequence of the template
strand with which the incoming nucleotides are
paired



lJu DfiRNA primers &
, icement by DNA
(Termination)



olymerase Il continues to synthesize
e lagging strand until the enzyme
ucleotide with the DNA template

RNA is excised by DNA

he gaps left after excision of RNA primers is
built according to the base complementarity
by DNA polymerase |




of DNA fragment built by DNA
> |ll is linked to the 3 end of the
built by the DNA polymerase |
e at the expense of ATP

> links any cuts in the DNA



yotes DNA replication



eukaryotic DNA replication
ws that of prokaryotic DNA

ch as the multiple origins
ication in eu ic cells versus single
of replication in prokaryotes



yotic single stranded DNA binding proteins
’>-dependent DNA helicases have been

everse transcripta ' ‘enzyme) also called RNA
ndent DNA polymerase

s, the flow of genetic information appears to
be in one direction from DNA to RNA and from
RNA to protein




cies of viruses called retroviruses has a

1 for reversing the first step in this
RNA to DNA

tain single stranded RNA
| enzyme called reverse

: se transcriptase uses the RNA as a
template for the synthesis of viral DNA which
then  becomes integrated into  host
chromosome



tlranscriptase moves along the
NA in the 3’-5 direction,
he DNA product in the 5-3’

s are human immuno-
nt virus and some tumor viruses

e transcriptase enzymes are important
in recombinant DNA technology
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