STRUCTURE OF BACTERIA
Bacteria at% the staallest organisms that all machinery required for
growﬂi and 'Scli"-I‘eIeIICStio:l, their diameter is usually about\{ m.

Bacterial cell have rigid cell wall surrounding the cytopléslmic
menib;'_ahc. The membrane provides the osmiotic barrier while the wall
protects the cell against osmotic nipture in dilute media and against
mechanical damage. The cell wali and membrane are often referred

together as the cell envelope, while capsule, flagella, and pilli are

considered appendages. _ ”

MORPHOLOGY OF BACTERIA

the  high microscope reveals: two principles forms of Eubacieria,

spherical organisuis called cocei and ayiindiical ones ca Uled Bacidi.
Coccl.appear in number of dilfegspt pateins d’:pcnding upci the

vianes 1 ‘which they di vide. When con \;a Drzarin patrsthey ars known

&3 diplocogel, while 15'in chaw Uiy ace cated streplococcy, and vy aie

called Slf-?ll?'-‘-']‘-'u:“-".c: i they wese in cluste:

Coeci that reniz -(1 adheiert often spiitting successively in two or three
pﬁrpendmulu direction’ yielding squarc (:@b'wls‘l of cubical pa-kels are
FHowi as sr-:.z_-cin:ac (bundles).

Bacillus when unusually short are referred as coccobacilli, when
tapered  ut both eads as fusiform, when growing in long threads as
filaments form, when curved as vibrio 2ud when L spiral as spiril ’1'111

in 1681, square bacteria had been discowvnred: they rn,Z—Q m i

diameier, halophilic (Arneshicieria), pracuce sieins similar 1o hacterial
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PLEOMORPHISM

Bacteria appear in number of different forms. Environmental
conditions are affectinX the size and shape of bacteria, which is seen
obviously in bacilli forms dther than cocci forms.
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STRUCTURE OF_B‘ACTERIAL_CELL ’
The ceil envelope:

s
o

¢ The layers that surround the prokaryotic cell are called cell envelape.

| The.structure and organization of the cell envelope differ in gram positive

and gram negalive bacteria.

The gram positive cell envelope "

i

It is relatively simple, consisting of two Oi"threc layers: the .

cytoplasmic membrane, a thick pcptldorﬂyum h\*u (PG) and in sonie

bacteria an outer layer called capsule.

The gram neqative cell envelope
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It 1s a highly complex, multlhycred smlcturc The cy‘toplasmlc
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nwmb;anc (ca[!cd Inner I Prmnane) 1S SUJTOLIlde by asmg[c IA}CL of
: I

quudoﬂ yum to which is anchored a colnplex l'ayer l\nown as

cayrhd " i :

raad

outermembrane, and the capmlc may also be present. T he space. bet\w:cn

inner membrane and outermembrane referred to as perip slasmic spacc

reriiesd
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Capsule and glyvcocalyx:

Lk )

» Many bacteria synthesize large amounts of cxiraccllular polymer
when growing in their natural environment. With one exception (the poly
D-glutamic acid capsule of Bacillus anthracis) the extracellular material

T is polysaccharide. When the polymer forms a condensed well defined

'
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layer closely surrounding 1he cell, it is called capsule; when it forms a

loose meshwork of fibrils cxtendmg outward from the cell, it called the

Glycocal}‘\ Negative staining  using Ir1 n ink could dé_mons'traté" B
Capsules.

In some cases, masses of polymers areformed that appear to be
totally .detached from the but in which cell may be entrapped, in thege

instances  the extracellular polymers may be referred to simply as a slinte

layer.

Capsule contributes to the nvasiveness' of athogenic - bactes 74 in
p ( p

protecting them from phd‘f()?c 'Losts.

The C*Iyt,ur‘afjx plays a rr)k* mfhf‘ d(I}IP‘"CI}CL of bac tcna to bw‘f'* ces

“in their envi ummcnr mdumf-ﬁ the. oo HS of plant Land apimal he osts,

e colf syali . s

The layers of the Cen B mo w lying berwesik the CYisples.mic

membrane and (ye ¢ Copswie aye calfey cell wald.

I gram Positive ':::!_-:fer.'rr: e ceil \«:1' COopsists mum‘} of
;_‘.f?pri-ciogfyc.:n,_ teichoie acid, ang Nlyyue haside. Wibte in pr“..negaéi(/_q

bacteria, the cel wall incudes the pepiidoglycun, ¢ outcrmentrare,

lipopolysaccharide (LES), and Tipoprotein,

ﬂ@ﬁ_@gﬂo_fzs_oj_g‘g/!ﬂ@ |

L-Protecis tive coil from ONNCHC pressure,

2o LPlays an es-:f_m'fia/ r.j-'s'ts'- noerly diviziosn.

- Various layers of z/zf, wall ire the sites of major anticenic

detor SHIRarion afl thie ceolf 'I..?/r c:
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4- Lipopolysaccharide is responsible for the non specific endotoxin

activity.

Chemical composit on of the cell wé//

1-The peptldogiycan layes-

It is a complex polymer consisting or three parts:

I- A backbone composed of alternating subunit of N-acetyl
glucosamine and N-acetylmuramic acid linked together by [} 1-4

Vi

g!ycolsirfic bond.

*g:_vwm et

2- A,.*satwg (zidentigil= letrapeptide side chains attached to IN-.

(fcctvhnummzc acid.

3- A setf of identical pm*rd : Cr055 brra’ﬂc (the rerm.'na! COOH )
NI, of neighboring teirapeptide). ' =

The backboue is the same in &ll bacteria species, ﬂl[‘ tetrapeptide side
chain and the peptide cross bridge vary from species to species.

The tetrapcptide side chains of all species however have certain
important features in common:

Most or them have L-alanine at position 1 (attached to N-
acetylmuramic acid). D-glutamine is at position 2 and D-alanine at
position 4. Position 3 is the most variable one, most gram negative
bacteria have diuminopemelic acid at this position, and gram positive
bacteria may have “W« c«w;_;v\.»;, o L-lysine, or any of several other

L-amino acids at position 3.

All peptidoglycan lavers are cross linked, which means that eacl

peptidoglycan layer represents a single giant-molecule. *~
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Figure - . A: A segment of the peptidoglycan of St r2us. The backbone of the peiymier consisls of

. The murarmic
o enather In
O"h,f in

connacied by fl4 linka
= vzrias from one bacterial sp2
an amino acid (nat is found
c conslituenis of prokarysiic C©
slysaccharide backbones, as show
< i fcrmed by cross-linking. Bl rc’fs c
p-a'anine residue of one chain
-inking bridge varies ameng o fieranl

alarnating subunils of N-acelyiglicosamine and N-ac

t2id resldues are inked to shorl peplices, the composiion
- soma species, thu L- Jy,'ne residues are r ced by diarminopimeli
~prokkryolic cell weils, Mole the pamino acids, which are alsa char
apilda chalns of tha peplidoglycan ara cross-linked bet
+18B. B: Schemalic representation of the peplidoglycan lal
antaglyclne paplide chains coanect the a-carboxyl of the te'mi
foup 6! the Llysine resjdua of tha next chain. The naturs of the €723

A o—CcH B —0-—CH ' c D-Al
ca 2 g _ ® il e : !
‘®—-o—cH / /o—cn lF';/ ; /GIcNAc—F—O—C‘IHz &
' | E o | i ] A .
H,C—0 t =gl ) <ot Ho—ci I~
CH & = oH ' : | P
KC—0" |
OH -
D /O——(it!tz . E Ho—(l:H2 5
‘®—0—CH - HO—CH
- | _ . i
1HO —CH = 2{63|}|_3f5:u:;_3(ﬂh5)1“O_'C
oAl - | B o Vg : [ R )
{HO —CH I~ L ? HO—CH 11/ o
i P = ;
' -
E e - H,c—0" |
H,C— o’ &g . 2 oM
F'iQU-fE .. Repeat units of some teichoic acids. A: Giycerol teichoic acid of Laclobacillus casel 7462 (R, "’a|a“'”:‘}
8: Glycerst teichoic acid of Aclinomyces antibioticus }”‘UOI tnl..chc acid cf Stanhylococius fe? tis

13, p-Alanine occurs on the 6 pasition ol' N-acotylglucos
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In gram positive . bactena there are as many as 40 sheets of

peptldoglycan comprising up to 50% of the cel] wall materials. In gram

negative bactcrla it appears to be only one or two sheets, comprising 5-

10% ofthe wall materials.

E
~ B spemalcomponents of gram positive cell waH S [
Teichoic acid
N Most gram positive cell walls contain amount of teichoic acid, which
Mmay account -for up to 50% of the dry weight ofthe wall and 10% ofthe =~ = = [
h dr_y weight of total cell,
Teichoic acids are watel oluble polymers COIltdlI‘lLI‘lU ribitol or - [
Elycerol residues joined t}uouoh phosphodlcstm hnkaﬁe Thﬂrc arc IWOI
types  of teichoic acids; wall_teichoic’ acid covalently linked to . [
pcptidbﬂlycaﬂr and “"membrane f(‘ILhOlC acid (lipoteichoic acid), [

covalently linked to membmanc glycolipid and concentrated i 1N mesosome.
Some gram positive species lack wall teichoic acid but all-appears to

contain membrane teichoic acd.

T/?G fUK?C’[IOH Of {eichoi /C acC ICI:: IS suli a malter ofsr)u,uldtion

J~ - Teichoic acids bind magnesium fon and mayp!aya role in

e supply of this ion to the cell.

2~ They also play a role in the normal functioning of the cell
- envelope.
3- They enable the cell 1o resist the awtolysis and to lose the

ability to take up transforming DNA.
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4- ' Teichoic ° (ICId cell . wall layer: prowdes“ an external

permeability barrter to gram positive bacterit, functionally

. _equwa!enr 10, rh outer membrane of gram negative bacteria.

5~ Membrane l’eIChOIC acrdv fmay serve to '(_'Iii?‘z'_chor the wall to the

underlying cell membrane..

Teichuronic acid

The teichuronic acids are similar polymers, but thcl repeat units
include sugar acids instead of phosphoric acids. They are synthesized in
place of teichoic acids when phbs;ph_atc is limiting,

Polgsacchandcs )

The hydto]ysas of glz‘:d posuwc‘ ull\ rall has yiclded neutral sugars
suc_lr_l. as MAantiose, ar comosc g@htcto rhamnose, and gluceamine and

ac_idi'c sugars.
4 G-special components of gram negaiive cell wal'

Lipoprotein c -
4 " ||‘,'.

~ 8 i | I e
Molecules of ar unusual lipoproiein cross-link the outer membrane
and peptidoglycan layers. The lipgprotein contains 57 amino acids. Their
function is to stabilize the outer membrane and anchor it to the

peptidoglycan layer.

OQuter menibrane

The outer membrane "is @ bilayered structure; its inner leaflet

resembles in composition that of the cytoplasmic mem} e while the
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p+10pholipids * of the outer leaﬂet are replaced by Ilpopolysacchdudc
(LPS) molecules.

the functions of outer membrane are

- Pre vents leakage of periplasmic space proteins.

9 _ Prorects t!ze enteric bacteria from bile salts and Irydrolytic
| enzymes.

|

$-Contains the minor proteins, which are

involved in the fransport
r‘f specific molecules such as vitamin B, and iron

-siderophore
conplexes. ¢ ;

@-Has a special Chmme[s "consfs{ing of:prote

ins caﬂedparms that
pe/ Pt t’z’:epasswe d.rﬂ}mon oflo w molecular wc:ghr Iydrophilic

compounds like sugars, amino acids, and certain ions.
5- Contains numbers of enzymes like

¢ proteases and phospholipases.

. Lipopolysaccharide

The lipopolysaccharide of gram —~Je- cell wall consists of a

complex lipid called lipid A, to which is attached a polysaccharide made

up of a core and a terminal series of repeat units

The function of linopolysaccharide:
i

Stabilizes  the ~membrane

and  provides
hydrophobic molecules.

a barrier fto
Lipopolysaccharide, which is toxic to animals, las been
called the endotoxin of gram negative bacteria because it is

7
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Figure . - Molecular rearesenjation of the enveloge of a gram-negative bacterium, Ovals and rectangles represent
sugar residues, whereas circles depict the po'ar haad groups ol the glycerophospholipids (phosphatidylethanotamine
and phosphaiidylglycerol). (MDO. marmbrane.darivad chgosaccharides ) The cora ragion shown is tha! of £ colf F-12, a
slrain tmal does nol normally contain an O-antigea repeal unless transforimed with aa appropriate plasmid (Reprocuced,
with permission, from Rastz CRH: Baclerial endatoxing: Extraordinary lipids that aclivate eucaryolic signal lransduction.
J Bactzriol 1993:175:5745)) ! - ,
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the - cellr volume. It's ~proteins dinclude binding proteinq ot

Y s.,g;u.“m. ! é—} 7 o NG . u,,w,‘,v.ﬂ o _____:_;___ ’ ]

firmly bound to the ce{f surface and is released only when the -
cells are !yséd, all of the toxicity is associated witl the lipid A.
3-  Polysacsfiaride represem‘&. a major surface antigen of the
bacterial cell so called O-antigen, and is rc.spoz{.s'ibfe'fo}' te
antigenicispecificity. Lrpopcj{;}sacch‘rrr:'dc Is attacled “to the
outer membrane by Ixydropfiobic bound.

-~

The periplasmic space

The space between the cytoplasmic membrane and outer membrane,

called the periplasmic space, contains the murein lrztycl mld a gul like

selution of proteins. -The - periplasmic space is appmxmmtcly 20 40% of

snm ific

substrates (2., 2miino acids,” ‘sugars, vitamins, 'mc 10115)::"9.11(* the

hydrolyiic enzym:e:,

Enzymies that attack cell wall | g

The P t-4 lirkage of the pe 1“1t1”’\”1}C"' backbone 13 lwdgolwc l ljv L'z*a;
crnzyme .1}"56'}:}’}110} shich is founid in the animal SUALL‘OHS (‘CM, salive,
and nasal secretions). .

Bacteria themselves possess a number of autolysing, __Liy;l;'olg'tic-
cnzymes that attack the peptidoglycan, including glyoosidﬁﬁfﬁ:ﬁ;'nri'ilcl:asesP
aud pulec’ﬂSCS T

These enzymes plcn an essential role in cc.li_ growih and flivisiprl.

[Howeyer, their activity is apparent during the dissolution of cell death

(autolys i's) .




Protoplast, Spheroplast, and; |-Forms

' Removal of bacterial wallis accomplished cither by hydrolysis with
- lysozyme-or treating with penicillin, in supporting media.of high sohkg-

concentration,. :such -treatments will - liberate protoplast  from_gram

positive bacteria and spheroplast (which retains portions of the outer

'membrane and entrapped peptidoglycan) from gram negative bacteria.

Protoplast preparation could be accomplished as in the following
manners: |
l Renoval of ﬂ:e r‘clf wall by rrearmg the ceH w:rh an enzgyme

( ysozyme), whzch se[ecrwe{y dtssol ve ﬁ:c cell wa(l mm’erm!

2- Cuiuvmﬂ the orgamsm i, the presence of pemczmn which

prﬂvenrs the sym’hes:s of ce!! wall material and doesn’t mrerfere

with growth and reproductfon._ ‘ ey

If such cells are able to grow and divide, they are called L_For:ns. L-

Fonﬁs are difficult to cultivate and usually require a medium _ihat is

solidified with agar as well as giving the right osmotic strength. L-Forms

are produced more readily with penicillin than with lysozym'c, suggesting
the need for residual peptidoglycan. B

Some L-Forms can revert to the normal bacillary form upon removal

Lof mducmg the stlmulus Thus they are able to resume normal cell -

synthesis. Others however are stablc and never revert. Stie bactenal
species produc“ L- Form spontaneously The spontaneous or antibiotic
induced formation of L-Forms in the host may produce chroni¢

infections, since their resistance to the antibiotics presents special

problems in chemotherapy.
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MOplasmic memt"irane- o _
It is' also called celi membrane composed yof -proteins' and
ffbp

phosphohplds Thc me mbrane of ?{gy\o\\t'ﬁo\\cell is di ng ﬁom those

_ of eukaryotic cclls by the absence of sterols except Mycoplasma

‘*\“.

Function of cytoplasmic membrane: -

1- Selective permenbfﬁty"&nd transport of solutes.
2- Electron  transport and oxidative phosphorylation, "in aerobic
species. | | |

3- EXcrétion -ofk ydro{yn‘c e.xoenzyn-:es

4- DBearing the enzpmcs and carriér moiecules that ﬁmcrmn inthe
“biosynthesis of DNA el wal! polymers and membrane lipids.

5- Bearing the receprars and other proteins af the chemorace‘:c and

‘other sensory transduction systems-—-

At least 50% of the cytoplasmic membrane must be in the semifluid-

1.

state in order-for cell growth to occur.

Cytoplasmic ultrastructures
M ESOSOIMES: |

One or more large megular invaginatjons of the plasma membrane

often are seen in the thm sectlon ofbacterla Called mesosomes There are

e
two types of them, sept‘a! mesosome which function in the fonnatlon ofa
transverse cell membrane during céll division. SCptal mesosomes always

seen attached to DNA, and lateral mesosonte.
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fi Roughly, spherical densely stained objects about 18 nm in diameter.
] : They are mostly grouping in chain called polysomes.

[ The ribosomes ~ are designating according to thé!\sédimentatiofl “
: coefﬁment as 705 (s = 10 N cmfsec ) in prokaryotes and 803 in eukaryotes
ﬁ Ribosomes are res;;onsxble for the synthems of protems

I="="_ GRANULAR [NCLUSION: -

Many species of prokaryotes and eukaryotes store up reserve food

substance in intracellular granules such as:
'3 LIPID: “in bacteria many of the inclusions foﬁnerly regarded as fat
vl ' - are actually a highly polymerized form of fatty é;:icl and -[3—
hydroxybumc aold S -
VOLUTIN: is an espemally [Ch in- organic phosphate, it

Widrakk 7ty i}.r'l‘ ii-

consists largely of polymerized metaphosphates a_ssocxatcd

WL F sheen with nucleic acid and lipid in various linkage.. Volutin
i yneks ERNT appeared in large granule called metachromatic granules
g S and usually abundant under condition of good nutrition and
slower metabolism. ;
11 POLYSACCHARIDE: many species synthesize and store
S o fe up excess soluble carbohydrate food substance; these are
L / ¢d polymers of glucose.
_ [ oeli
. v - - 4 o
Appip)aetlrere Ll = . ' i’

NUCLEAR BODY (NUCLEOID):
- The nucleozd in prokaryotes does not enclosud byamembranc Onl

contrary, in eukaryotes it is surrounded by the nuclear membrane.
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It is so known that the prokaryotes in general, didn’t contain |
membrane-enclosed organelles However, a few SpeCIallZCd bactegial
'groups contain extensive 1nternal membranes Such groups of bact}a '

include nxtrlfymg bacterla and photosyntbenc bacteria, in the later ll
these membranes represent the sites of oxidative phosphorylation. These 0
membranes may appear in spherical vesicles or known as

ehromatophores, which contams a mixture of lipids, proteins, and ~

photosynthesis  dyes. Cyanobactena contain multllayred membrane
structures, known as thylakoids. Some bacteria formed gas vacuoles are
surrounded by a pmtffm 1ather than real membranes
PLASM|DS e I
- In addition to the bacterlal chromosome bacteria may contain one or
“more small cncular macromolecules of DNA known as plasmids.

Plasmids contain. specific genetxc mfonnahon such as mating capabilities,

e

sl i resistance . to antibiotics, product;on of toxins, and tolerance to toxic

'metals.____

Sheaths: itis a filamentous or tubu.le structure enables bacteria to
attach to solid surfaces. These sheaths afford protection against predators
and parasites. In some cases, they may be covered with metal oxides such

as iron or manganese oxides.

‘Hﬂll(s. somc of bactenal specu;s have appendages WLth an
adhesive matenal at the far -end of the cell by which the orgamsms can
attach to a substrate. In some cases stalks may permlt cells to adhere to

eaeh other, forming rosettes.

';«J’:r L |



k' lagella: the bactenal flagellum is a thread- hke appcndage (a long
filamentous -~ appendage) xtending outward from the cytoplasmlc

“membrane that propcls bact - hence their main function is mouhty ®'s -

“usually- scvcral times longcr than the cell, is gencrally only 12-25 nm 0t B

" diameter. Thus flagella are too thin -to be seen’ by ordinary m1crosco_pe_
unless heavily coated_byas.pecial stain. | N

Bacterial flagellum composed of many subunits of the protein
flagellin with a molecular wcight ranging from 20,000 to 40,000, which

confers a specific antigenecity.

JiVy rangement of ﬂagella

" Tlagella ‘may be' arranged ‘~1n Vanous ‘ways on bactenal cells. The
flagellation is said’ to ‘be rnem:}trwhf)m =F only one ﬂagcllum protrudes
from one end, or pole of the cell; lophotrlchous if several or numerous
flagella p'rc')trhde from one pole; amplutrxchous if at least one ﬂagellnm
is at each end: and peritrichous if the flagella pro’brudc from all portions
of the bacterial surface. .- | |

The number and distribution of the flagella is a stable genetic
character so it used In classification of bacteria, Flagella may be
modificated into what is called the axial filament, which does not
f;xtrudé outward (e.g. Spirochete) or could be sheathed within a sheath

(e.g. Vibrio). W
structure of flagella

Prokaryotic, flagella unlike cucaryotic flagella, has no definite

membrane and consists of a single very small flarmnt made up of three

5_. . .
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 Each ﬁbﬂ 1S @ polypeptide chain in o helix_forrﬁ. Atleast-.s.bme, and |

or more. parallel or inierepneg longitudinal fibers of i

-

perhaps all, prokaryotic flagella appear to be attached toa stnicture called _
.th_e hook, Wwhich in tuyg is altached to the basal body; which hag a set of |

rings that attach ¢, the cytoplasmic membrane and a' roq- that passes

outermembrane of the ce] envelope. Ip Gram-positive bacteria there is

only one Set of rings that attaches to the Cytoplasmic membrane,

‘Bacteria] | flagella -'aré?-_;ﬁf"f‘\lxigf} heljcal rotors_'to,..wllich..fhe “cel]

Imparts g . g inning.

when Slix Ohrececd to a solid surface by aid of pili. There s another

kind of motions, GJidfhg __notion; this kind of motility is found - in

Bumerous species of Cyanobacteria and Myxobacteria. It occurs when the
bacteria are contact with a solid surface, ;
Chemotaxis: g cell that 1S moving toward of away from the source of

chemical stimuli, behavior known as Chemotaxjs. Bacteria move away

Negative chemotaxis, and=when the cell jg moving toward other
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rpositive and gram-negative cell envelopes. The region between the
of the gram-negative envelope is called the periplasmic space. (Re-

“Maalee O. Neidhard: FC: Growth of the Bacierial Cell. Sinauer Associ-

Figure . Comp arison of the

" cytopiasthic membrane ard
produced, with permission. from Ing7ah,
ales 1083y Lo

enolpyruvate: the j;huz:phnr)flalégi_ carrier protein then

Filamant

Murein

Periplasmic space

-Figure. | Structural Components wilhin the basal body 61 the flagelium allow the infier portion of this slructure, the
3 * rods of the basal body, ant the attached hook-filament complex la rotate. The outer rings remain slatically in contact
i e with the inner and outer cell membranes and cell vaall (murein). anchoring the flagellum complex to the bacterial cell en-
fi: velope. Rotation is driven by the fiow of protons through the motor from the periplasmic gpace, outside the cell mem-
brane, into the cyloplasm _iri_'ré'Spqgs'e 1o the electric field and proton gradient across the meibr_a.oe_wich together.com- .
prise the proton molive force. A switch determines the direction of rotation, which i tum determines whether the bacteria
swim forward (due to counlerclockwise rotation of the flagellum) or tumble (due to clackwise rotation of the Nagellum). .
(Reproduced, with permission, from Saler MH Jr: Peter Miichel and his chemipsmaotic theories. ASM Nm_1_99?;83:13.)l
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positive chemotaxis.
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Aerotaxis: movement toward the optlmum oxygen concentration.

Phototaxis: movemerh\of photosynthetic bactena toward the llght

Magnetotaxis: some motile bacteria contam mclusmns of erystallme | t

[ SE

1:___.___] PR

T magnetic iron oxide (Fe304) Galled magnetosomes ' ' S T m—— e r

Magnetosomes permit these baeterla to oment their movement in

“response to magnetic fields, a phenomenon known as magnetotaxns. . [

| ot

Pi_li:

P1h are short, thin, stratght h.:ur like projections that emanate from .

the surface of some bacterla and are: involved in attachmem processes

They shon‘er and finer than. the ﬂagella

P

e peewwy

_j s - ghkc flagella, they are composed

oy

of structural protein subunits termed pilins. 'lwo_.clgsses of pili can be

J distinguished: ordinary pili, which play a role in the adherence of E
% symbiotic and pathogenic bacteria to host cells; and sex pili (F or fertility 5
] pilus), Wthh are responsible for the attachment of donor and recipient ;
J - cells in bacterial conjugation. Pili also act as receptor sites for some

’ bacteriophages.

] Sometimes a distinction is made' between types of attachment !
'j' processes w1th the term__ pilus 1efenu10 only to attachment between |
] matmg baeterlal cells and- the term f mbme refemgg to all other

_ "~ attachment, " e

J - Spores:

e _ Under conditions of limitation in supply of carbon, nitrog;,en, or

"“/,- phosphorus, (in a process known as sporulation) certain gram })os{tive

Spea e s NSRS ACUR TR EAICERIANI Y Moo s et oo s e e o S5
““““ A R B U TR S T e e res ey e e W ESER T
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aerobic Bacillus and anaerobic Closteridium and others form highly

~ resistant dehydratlon heatmg, and chemical agent called endosporﬁ.\

- All bacterial spores contain large amount of dlplcolmlc aci and
calcium, whereas these substances are undetectable in vegetative celli,the_
spore germinate to produce a single vegetative cell. =5
Stages on endospores formation: '

I1- DNA of mother cell c0m-lense5. | .

2- Transverse wall begins to form.

3-Spore material separated; formation of forespore at one em:‘l ‘of a’
cell. - |

4- Vegetative cell grows around spore. ;

5-Spore forzr:j m\zd!f!ayéred coating. = %~ B 7 T i

6- Cell lysis free spore.

Mature spere is completed in 6-8 h.
S})C-)l:e integument consists ofthre following layers:
i- Innermost laye: in germ cell membrane.
ii- Outer 1ayet is densely stained called coat.
lii- Between the inner and outer layers there is laid down a thick shell
or cortex.
- . Delicate layer found imsome species Calleﬁh exosnorium.

,.,;%'..
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- Growth means an mclease n 517e numbers, weight, and mass.

Growth ahd multiplicatioh

. chrodl}ction means an Increase in mdmdual number. CeIl growth is a

group” of reactions and events led to an increase the macromolecules

- number and then cell division and reproduction.

Cell cycle
TR o f
A group of steadily successive events are Interrupted with periods
which_ dcp‘endiug on environmental conditions. The required time from
j _ .
the bagmmhy tc the end of division Lnovu n as generation time and the
1@51.1{111{* or owlh called gr (Jwth rate.

L

_.'ffu_ft’:_{.?ﬂé i_E.'_f_ffI‘ cycle

It includes several stages.

Mirgi stage:

= AN N W R W A, 1 O, (7 ST
ATt g the PEring thaf i3 precaasy g 11.".-1*1})111' ation of DN~ 1

. .
i3 ealled Srsi sJ, A {( ’).

‘“f;; 13- 1{ constitutes 50% of gene mtlou time.
8

_— C-ln it the cell is prepariug for I)‘JA mulf 1p110rdm11

i

Dt r_icpf:-';lds on environmental cond1t101 s, since it short in

optimal conditions that result in shortening the generation time.

ii- Second stage:

ATt is the penod i wihuch the DNA 15 syuthesized. It is

- abbievistad a¢ Q- |
B-It constitutes 2U-25% of generation tinie.
C-It does pot depoend toe much on environmiental conditions.




1i1- Third stage: -
A-It the period in which the precursors of mitosis spindle an¢

cytoplasmic division is synﬂlxijzd, it referred to as (3,

B-It constitutes about 25% of generdtion time.

C-The environmental conditions do not grcaily affect'it.

1v- Fourth stage:

A-Mitosis takes place, referred to as V1.
B-It constitutes about 5% of genenration'time.

C—Sepamtion of the two daughter cells.

-~ Prokaryotic cel I___c_u__clg

Most of studics on prokaryotic ccll cycle ‘were done on E. col
beeause of 1t is easy to handle. I’i‘ékarj-'r'Jt'_ic cell cycle includes:
i- Tirst stage o | |
This period is still under speculating. Mostly, under the optima
conditions it disag')lpca_ré due to the short‘:_igc of generation time

Also the envitonmental conditions greatly affect the cell.

ii- Second stage

A-A stage of DNA synthesis abbreviated as C instead of S, i
means chromosome replication. |

B-It required niost of cycle time.

C-It controls the continuity of the cycle, since when the DNA

synthesis is Interrupted the cell will not divide. Sometimes

i



’2? it s [.1(}.‘%‘?.}'?).70 to prevc.p{' cell division (by adding ;‘h{;n_ic‘-f_ﬁ';_ _.
4 the medium) without inhibiting the DNA syithesis. <
D-It is affected, a littic‘b_.itl, by the environmental conditions.
Lii- Third and fourih stages

A- Aﬁer the DNA synthesis stage, there is a gap before the cell

18 dwldmg into two dauc*htr*r ce 1lsi ;

.B- It repfesenfs both third and fourth L stages, G; and M.

C-It 1eferred asto ).
D It'is affected, a little blt by the cnvuonmental conditions..

1\ IJ it pOS'SIble to control the bacterial Ltll division period ex its

’nemmm time by alteratzon the emlronmentdl condthom suich

as: nuirients concentra tion,:pll; Oy, temperature, ang others.

1= CoMures aie wsed e study I‘L, b.ul cyjcte.
2-In these eultures, fveve arc cells 71 differspt cotf vy st 4ccs 1o the
saiac ouliure.

/\ 3-Fova study, it is prefeishle thit gfl wl'ture cells béing at oae slage.

T 4-4 ﬂﬂﬂ]lw"ht“} culivve showutd be chwsen for a wdsn}ofi“ﬁ’."rf‘i“
Toulture ':':c:il;: are at the samwc gu)”fth phase. | A e oy al anoo
o —

‘Methods of synchrenous arowth obtaining
To Obteip & syrchronous _,:f\-'i}‘.'rtf'?.!i at ity celis are wmuinglying et 0ng

fune, it should be chose gne of the following:




Srm e e i &

It depends on the chemical or physmal treatme=_. f the cells’
I s environment. : »
\ - - o 2- éﬁoosin_q methods | | v | R
o o B théy depend on physical dim;n's)ibns of the cell, since the
“ daughter cell has the qmallest size. It ba_l_nﬁl_;\e obtain the cells by:
i | | ~ A-Using microbial fiiter that pass the medium: and hold the
~ cells.

B- Using density gradient method. A 30% density gradient

sucrose solution 1susr‘d thereafter the cells are centrifuged,

~and so the m]a” size cell will be separated from the Lig
ones in the sugar %011111 on acc,ordmg to theu‘ SLZGS

atcn cu!ti : e

Whe"n liquid 'mcd_ia is inoculaied with bacteria the. nutricnt< are

tzpcndﬂd and _metabolic producis aocumuiatv in the cl osed: Enwromwn

S0 fndt 1h° normal deU"N l growfh curve is 4 characteristio o ke l‘:it(‘h

culture.
Growth curve of bacteria i

( When a bacteria are indeulaied -into a new culture media it shows 4

) characteristic growth curve which has four phases:

a- Lag phase
During‘ this 'p'hase-- baéter_ia exhibit gromh in size but ne increase
i cell number and the bacteriv arc preparing for synthesis of DNA, _
various enzymes, and other components, which are needed for cell

| division. The lag phase varies m length with the condition of the
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microorganism and the nature of the media thilqzan that the phase

‘may be long if the inoculum is from an old culturedor if the culture is

L
-l

refrigerated. S s

2-Logarithmic (exponential) phase

During this period the cells divide steadily at a constant rate. The
log of the ﬁumber of cells is plotted against time results in a stréight
line. U_nder appropriate conditions the growth rate is maximal during
this phase, and the population is most nearly uniform in terms of
chemical composition of cells, metabolic activity and other
physiological characteristics. |

3-Stationary phase

During this phase the growth rate is equal to the death rate. Food -

—

~ begins to run out, poisonous waste products accumulate, pH changes,

hydrogen acceptors are used up, energy transfers are diminished. Thc
rate of fission begins to decline, and the organisms die in increasing
nembers,

4~ Death (decline) phase

Eventually the number of viable bacterial cells begins to décline,

signaling the onset of the Déath phase. The kinetics of bacterial deat'h,

‘like those of growth, are exponential. The cells reproduce more
slowly and death overtakes then in ever-increasing numbers.

Envirenmental conditions interfere within this phase. -

Continuous culture:

Bacteria may also be grown in continuous culture where nutrients are
supplied and end pradustsaad cnd pioducls 1emoved continuously so that

the logarithmic growth phaseiis maintained and the bacteria never reach
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Log of number of bacterla/ml

LS S S e e e e e S
= © 2 4 6 8 1012 14 16 18 20
< : . . : o Lactose added - TR L F

FIGURE. (A} Bacterial growth curve. (8) Biphasic growth curve of an organism that may use both glu- .
cose and laciose as energy sources. The bold line repiesents the optical density of the suspension, which - e
is indicative of the number of bacteria present in the culture. The dashed Jine represents the breakdown of .
substrate, which is indicative of the relative activity of Bgaldctosidase.© . T o- . L :
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stationary phase because liquid \Jﬁzﬁum Is continuously. fed into the

hie=

bacterial culture and this can be done by using:

ql—Chemostat- - e

- -

ot

Apparatus is arranged so that there Is qlow but adjustable

7

. adm1xture of new and nutrient fluid! containing a hmmn g cOndltlons

Tty

of some growth contro]lmg nncronutncnts In the presence of the
limiting mlcronutnents exponential  growth proceeds, as
concentration of the hmmng micronutrients approaches exhaustion,
_plowlh slows. By a concomitant and’ equal removal of old zﬁedium
with its accumulation of toxic meta bolic products and older and
dead calls a constant volume of culture ’/ a constant volume of
culture, concentratlon of micronutrients and member of exponentlal

-~ growing cell is m’untameq in thc main culture. ,\;

- 2-Turbidostat: _ By o s tj.rwf! ,ﬁre, bk

{ (,oustant electr Omc monltormp of changes in tulblchty due; ro g,rowth
or removal of cells in the main culture vcssd maintains the steady state of
the culture. Changes in turbidity retard or increase passage of light

through the culture. Tlese changes activate mechanisms that contro] the .

flow of nutrients into it, and flow of waste out of the main culture vessel.

Growth rate and generation time: g
Generation time (doubling time): the time for a single cell to undergo

fission.

It takes short time in prokaryotes (e.g. 20-25 min. in E, coli). While in
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" Generation time varies with: : . |

I-Species of microorganism.

2~ Nutrients ¥

3- EanB\;zmenmI conditions: pII andtemperat‘are |

4- Growth phase |
Number c')'f‘nucroorgamsms increased exponentially, i.e. onc; cell will

become two cells after one (gt), and after two gt it will become four cells:

iy IOglo Cz s lOglg C
{'=
logy 2
f = generations number |
C' = cells number in the first tlme
C?  =cells number i m the second ilmc %)

For example:

f= logio (800) - Iogw (100)/ 0.3
= 24 ~ 2 /D3
e, 3

Growth rate (gr) =1/t

b o o o o
e T . = 1o e -
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Enurrleration of bacteria ... -+ .

Tn order to observe microbial réproduotidn*raies it Is necessary to
determine nu_mb.ex‘s’ Inicrborganisms. _Thére_ are different methods that
can be cmploy wh_ich%ude:

1- Viable plate count
; b

In this method serial-dilution-ef a senaldllutlon of a suspension of
bacteria are prepared. The suspension is 'spread over the Surface of the
?g:rmamtmd with the agar before solidify and pouring into the
plate. Multiplication of bacteria on solid medium resillts in the

formalion of ndcroscopic colony visible to eye.
2= Direct miicroscopic count - -
Cells ¢an be t.c)un.fed-_ili a st:.gxf.zué.r_{ sméar.as i the II'Ji"ef_:d method,
OF they  counted. by ' the. Petroff-ITaussér counting 'ch'amb-c;r
Craemocytometer). .. I' wee B

Tp {hest two methods it is so impossible to differentiave {iving

from non-living bacteria.

-
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