CHARACTERIZATION
OF
PROKARYOTIC CELLS

STRUCTURES
IN
BACTERIA




At one time the living world was subdivided into
plants and animals.

However, with the development of microsco
existence of organisms invisible to the unaic
was discovered. It was rapidly appreciated t
microorganisms were neither plants nor animals

IN 1866 Httsekadioemssast] aa mew Kanoppbom), thee
Protista, that contains:

—Bacteria
—Fung
—Protozoa
—Algae




With study of biological properties of Protista it
was soon recognized that these microorganisms
could be subdivided into two groups
based on cell structure:

Eukaryotic cells (Greekfor e mudieus)

— (within this group the major subdivisions are t
algae, th protozoa and the funt

Prokaryotic cells (Greekfor ,primitive
nucleus®)

—bacteria

Eukaryotic cells are structurally more complex than
prokaryotic cells, containing a variety of membrane-
enclosed organelles.




Bacteria jhlecsmalllestedbs amrewssidéonly with the

ald of annncossopee

The smallesbaateer@eChlamydia, Chlamydophila,
andRickettsia) areaniy0.1 to 0.2.m In diameter,
whereasdaggeisriEn mnag\temagym oarsm

lengtl. Most species alapproximatel 1 um in
diamete rasnudmesttreneftnesvsanidausimgyttines gyt

microscopennitblihas aesstltioom i

21m.

In comparisonaamvakimdip Emtos|saae much
larger,reanggnuifioom 7 pm (red hioodioe|ks) to
severaléeiinelemgfih of cente mrermensdle).




EUKARYOTIC CELL
STRUCTURE




The nucleus

The gemeticnitsmadioonof the eukanyotic
cells, DINIA Is orgamzedinto multiple
chromosomes@eae@dth protein (nEmTEs).

The dimomosomesiturn are Surmuratety a

two-layer memitnamap ofvhich the awiier
membrane is@otminowamtiithe emdopkEsmic
reticulum




Endoplasmic reticulum

The emdioplasmoszeaallons a networlkod
membrandibandddchannels.

The endoplasmi reticulun extend
throughoutitesndll cytoplasmandis
subdividednto two types:

—rough,
—Smooth.




Endoplasmic reticulum

T he nowgyhemimp Esmoreaoll ons coveredwvitith
ribosomesywritic areussstitomprotein symtreess

One spen &l izl sinotiveeo tileesmootitesTokbondéessm
reticulur is the Golgi comple».

Proteinsifoonthe nmowghesmabog Eesmoreaollom
migratettothe Gallgy complex wheeet iy
packagednrvesicles.Theeesdesaediiem
transportedddhe cgll surfaceywhibestimyfiusewrith
cell membrane ad o EsdH b qrotEims.




Mitochondria

The mmemiirmameaolkdesdditochondriacoorda

theirowmDNA andsyntheticssytegmandare
capableodelf-replicaiiom

Membranesnrihe mitiociaomdinEaedties el

the resmnatione lectrontransporisygseantne
primary sourceobfenergyin the odll.




Plasma membrane

The plasmanneamibazaga lipoprotein
structureencloseshecell cytoplasm
anc regulate transporiof

macromoleculesto andout of the
cell.




Cell wall

Thecell wall formsrigid outer

barrierttiet Whepresentnn

elkaryotic cells, Is most

commonlycomposeaf
polysaccharidesuch asegillldsse
or chitin.




Motility organelles

Many eukarnyatiicmicroorganisms
propeltthemssikesshroughwater

by mean. of proteinappendage

calledcilia or flagella(cilia are

short,flapptiteare | my).




PROKARYOTIC
CELL STRUCTURE




Prolkanyaticodls ae smalker and gemenally less
complex than ewskgoyoiamlks, witih ame exospion:
the cell envelope Is more complex.

The primary distinguishing characteristics of the

prokaryotessaect e eddd llssrze UssIad
the order of 1 micrometer in diameter, and the
absence of a nuclear membra

The DNA of almost all bacteria is a circle with a
length of about 1 mm: this Is the prokaryotic
chromosome. The specialised region of the cell
containing DNA Is termed theuclexedamod azamdee
observed by electron microscopy.




Nucleus

In contrastwith ewkaryotic calis, tihe gemetic
material of bacteria and other paryotic calls

IS diffuse, organized into a single, naked,
circular chromosome.

A nuclear membrane Is not present.

The dmomuzomes sittacbdddE@EsESsIB0A)E
which Is important for the replication of the

chromosome.




Plasmids

Plasmidsywhiublare smadl@rcoocida)
extrachromosomd) BDAlANay alsobe presemnit

Plasmid are moscommonl founc in grar-
negativebaatteidgaddlthoughnot wswizlly
essentiafdorcellular sumuwvall ttreayoften
provide @sstlettieaavzardaperaanyoeofeer
resistancéd@nea@rmoreantihaitcs




Cytoplasmic structure

Prokaryotic cells lack mitochondria and
chloroplasts.

The electron transport enzymes are localise
INn thecytoplasmitmembrane

Bacteria often store reserve materials in the
form of Insolublecyyombdasmogyaanildass vinnod
are deposited assosmtioatgihert, neutral

polymers (e.gnmat&telcioorattcaanidesthey
are characteristic featuresairgoplretiante):




Cytoplasmic membrane

The — o y Hobblossblatifi
and proteins and, in contrast with enldIiyosts, does 1

contain sterols (except ftycoplasma species).

Because prokygintiosls ok mitmcinomdiim @md @ oomgplk

membranous network like the endoplasmic reticuwithin
the cell cytoplasm, the electron transport enzyanes
located In theygidgplaasnunesniivaaee.

The menbranesssossressamsaamossnudioczar ezt oot hes
contains transport systems for solutes, and reggilat
transport of cell products to the extracellularissrvment




Cytoplasmic membrane

Invaginationsobdthe cytimpEsmoneeniivasee
form specializedstructuresafidddhesosomes

Thereaastmmtypes:

— septalmesosome — which functior in the
formation of anasswvaidsdumningo=lldivision,

— |ateral messosmmeESs

T he IbactienzEEToonossrneeis v a
septalmesessrnge




The major functions of the
cytoplasmic membrane are:
selectivepeenmezdntliygantdnamspant oetlikss

electronttearssoridmodp: aEt ey syt et mmn
aerobicizatéeidg

excretior of hydrolytic exoenzyme,

bearingtiesamzymesad dznn e Bl Edbiaht
functionim the lnosyminess oDDIVACek bvall
polymers aandmemniimeamdhmds

bearingtiercospiorsadditremmate msofthee
chemotacti@additesarsuaassdictnorg g stam:




Cytoplasmatic structures - conclusion

1. Bacterialaimomusnme dnlidkeukaryotes; ke
bacterialotitoonussoneeis sisiyigled ol HEstadeld d
circle tihat 1scrttameshod inneauctéisohtim a
discreteaaeaimovwrasttiremuc o

Plasmids.
Ribosome — the bacteria ribosom¢« consist of

30S+50Sssbburnggdommga 703 ossoneel higs
unlike tihe@ulkanyotlcSEES (-6 rxsoréhiee
proteinsaanuiRNEA of the (hectiemnEl idossrnseaee
significantly diffieremifiemmthose ofezudeayynbioc
ribosomesaaddre mmaguraaggetkborantibacterial
drugs.

4. Cytoplasmaticmerbbaaee




The lay

Cell wall

ers of the cell envelope lying between the

cytoplasmic membrane and the capsule are refesred t
collectively as the ,cell wall®.

'he ce
"his rig
the hig

| wall in prokaryotic cells is extremely cplex.
Id structure protects the cell from ruptesised by
N osmotic pressure inside the bacterial cak

Interna

osmotic pressure of most bacteria ranges b to

20 atmospheres as a result of solute concentraoactive
transport.

Additionally, the cell wall is the site of many tife
antigenic determinants that characterize and aiffeate
microorganisms. Endotoxin activity associated wgintain

groups

of bacteria is also associated with thevesill.



Cell wall

Bacteriahzsasathsttoraadliybeensubdividedoy
their reactiomvith the GramsEm

Althougl botr gramr-positiveanc gran-
negativebaatteiabaaeam iwalls, their
differential StiEmImgpropertie saaea mhbaoppmait
attributedto the siuctiuend the odliwall.




Cell wall

The ascsttoottrsedthe ogliwall of gram:
positive imatETais d@htbkckl5-80 mm)

peptidoglycarnayer compossdf chainsabf
alteratingsubunitsobfA-acetylglucoseamine

andA-acetylmuramiaamid

All grampositive cellwaldésalsocontain
teichoicamaboundto the cytmplEmic
membrane.




Cell wall

The stuctiure ofttiestelliwall of gramnegativebaateers
IS MorecanTgiiex

The pepidoglycatdsge istthmres;aonijyl to 2mm
Outsidetimpepidogllycatdsge Isprospioipoboee r

membran (abser in gramn-positivebacteris).

T he areaistivessTileautEmmeinamaad tes
cytoplasmicneenhibasecis alddietirpenpREsmcypaee
T he ouiEmmeninamp preearddss of pen mpEEmastic
proteinsaantdmms appotde ttret@ar e prexastimy
exposure obhattaasdhydrolytic enzymesadtmic
substancesistichdbden the gastiaimiestimal-aeict




Cell wall

Embeddednrthe auisits &yearof tiheaukEmmesniname:
IS lipopolysacchandel ik mnolecule 1St hieamosit
significantSnucttneymggaanmegativebaatteiaa

The limd componenti(pmcAA- endotoxin) Is
responsibl for the toxic propertie of this groug of

bacteria.

The polysacdhandecoppoaendos B Of @@mare
commontoall gramnegativebaadlliand a/aaaalde

terminal ssgmarnittibais expursriortihe outersintaos
of the lractenzsanac st Heamayor sunfEossatinge(

antigen).




Capsules and glycocalyx

Many ibactenzyyritiessrad g emuuits obsktaaed
polymerwirerg@mmmim their naturalesmamanmesris

With one kinnwmex@eptiiom (tiegpally-D-glutamic aadl
capsule oBacillus anthracis), the extracallulEnnahéeiad

IS polysaccharic.

Whenttepo it acooneassegalktdefined
layer diosaysumaumdl mugleenelll, it 1s calledtties
capsule VWkibant fonms @ dossaresiwaikoffinnds
extendingoounveadifcomthe cdll, it is callledttine
glycocalyx.




Capsules and glycocalyx

Thecapsulecontributesaodhe
Invasivenesgsibathogenidacteria
—Encapsulatedells arepaitattstiom the

phagocytosi unles: they arecoate(with
anticapsulaaanbbddy

—The gliyoocaiyxplaysa megmr nalke intttlee
adherencefdbacteriatosurfacesnrtheir
environment.




Flagella

Bacterialfféappl earettimessdiikceap pendagesaropusesed
entirely of pratzm, 12380mmin diameter.Thiegarettee
organs of dcoonodibon

ThreetiypessofaranypEmnerisaiErmmm
— monotrichoug 81008 g &nflEgyelum),

— lophotrichou (multiple polai flagellg),
— peritrichous ¥t Bhadl stiminwesdboes tiheemtineas ).

A bacterialfitappdilums made wp o assigtddimadof protein
subunitczalestdteged|im Tiefllagalwmis fonmedibythe
aggregation ossbbongsdorm atalowcylindrical
structure Thedagdlumis attachedddhe hactenmbony
acompessttnottirsecmssssinupof @ ooo@amnd abbaaddouyy .




Pili (fimbriae)
The il anreshontt, Hearhikesstructureshibatamaid
In adherencefdiacteriatodthe tangetiomls

facilitate excdmamg@bDNA duringbacterial
conjugation Theyare Stantereanuiner than

flagella,likeeflagella, ttresyare comypossnt f

proteinsubunit..

Two classesanabe distimaguisined

—ordinarymlli(@mbnae)),, which play a role imnhee
adherence didbetetestonvssieits

—sex pili, winciharenespmrs dEdo th e atticmemnit
of donoramthesmmesmtoedlésim bacterial
conjugation.




Endospores

Membersobiseveralaateeiaddperezeare
capableof forming endospores.

Thetwo mostammmiare grarmpositive

rods (@pmusBacillus andgenus
Clostridium).




Major characteristics of Eukaryotes

Characterictic Eukaryotes

catppees  fEunug), yoditozeg, (phéaniss,

animals
>3 Hm
atdesssocmesnidyeanae

stetnachsl 9 TODNMA
diploid genome

et

preser

prpeesent
80S (60 40%)

Major group

Size (approximate)
Nucleus
Chromosomes

Mitochondria
Golgi bodie:
Endoplasmatic reticulum

Ribosomes (sedimentation

coefficient)
Cytoplasmatic membrane contaiteidestamols

Cell wall

segnabbornassxadl

coonmbéext Reygeilum) [ifgyesssTit
Vi mmitioctinamadiniz

Reproduction
Movement
Regpanton

and Prokaryotes
Prokaryotes

bacteria

0,5—31m
nanoutlede anemeibnbrene

single, circulaiCDMA
haploid genome

adissamt
abser
adissamt

70S (505303)

dakeeaotctauniaiststeiols

is absent or is composed of chitins asarplaplstxsttuctLrentaintzig

proteins|ipmids aadd
peptidoglycan

asasexl b (inamg fystssmn)
sirsiphe Eaftpdielonif, frpsesent

viaxytoplasmaticmeertbbaare




Bacterial membrane structures

Structure

Cdl membrane

Cell wall
gram {pmsitixe rpcttnian

Cdl wall
gram-+megtives iecttEia

Other structure
Capsule

Pili (fimbriae)
Flagellum

Proteins

Chemical constituents

phospholipids, proteins, and enzymes involved in generation of e
membrane potential, and transport

peptidoglycan
teichoic acid

lipoteichoic acid

peptidoglycarifimneeveesgarodtibatdonddnrgorprposeba tacke)

periplasmatic space (enzymes involved in transport, degradatio
synthesis)

outer membrane (phospolipids with saturated fatty acids)
proteins (porins, lipoprotein, transport proteins)

LPS (lipid A, core polysaccharide, O antigen)

pobgsacthaaidéssaandopbipepitidss

miliim, adinesim

e, feggelim

NVigoodéemod fssteghdaoact i asasmexsanbdd )




Membrane characteristics of Gram-positive and Gram-
negative bacteria

Gram-negative bacteria

Characteristic Gram-positive bacteria

Outer membrane
Cell wall

LPS

Endotoxin

Teichoic acid
Sporulation
Capsule

Lysozyme

Antibacterial activity

of penicillin

Exotoxin production

thicker

often present
somestrains
sometimes present
sensitive

mor e susceptible

some strains

+

thinner

+

+

absent
none
sometimes present
resistant

moreresistant

some strains




Staining of cell structurein

bacteria

The c&llistructures aarive bbserediyyoptical
methods:

— theliggimnmicroscope,
— the electror microscop.

Stainscooninsetieemozaywithth e hecteml

protoplasmlif tihe cdll iIs mutalreadychzat} hiee
stamlngmunmseélﬁvlll lkqlll It 'ITlhmmlmmmhbﬂ




The most important staining In
microbiology

the Gramsts&am
the acidfast szm
the flagelle stair
the capsulestain

the sporesstam
stainingof nuclel




Gram Staining

Basic classification of bacteria is based on
cell wall structure.

There are 2 main groupSram-positive and
Gram-negative.

Gram staining Is a differential staining
technique that provides an easy differentia
of bacteria into one of two groups.

The staining technique was developed by
ChristianGram.




Morphology
of

bacteria




Bacteriacanbedistinguishedrom
oneanother by their morphology

—size

—-shap,
—arrangement,
—stainingcharacteristics




Size

Most hactenmibrmaressaane
approximatelyl micrometerm
diamete.




Shape

Bacteria are difficult to differentiate
by size but they have differen
shape:

—sphericalbla@téeida coccl
—rod-shapedacteria—rods
—a snakelikebacteria— spirllum




Shapes of Bacteria

Coccus
— Chain = Streptoccus
— Cluster = Staphylococcus

Bacillus

— Chain = Streptobacillus
Coccobacillus

Vibrio = curved
Spirillum

Spirochete




Arrangement

Some bacteria form aggregates suc
as the grapelike clusters of

Saphylococcus species or th
diplococcus (two cells together)
observed Ir8reptococcus or
Nelsseria species.




