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FACTORS AFFECTING G ROWTH

In addition to their chemical needs, micmnréﬁsms are affected by

the physical nature of their environment. Environmental factors such:as

" temperature, pl, osmotic pressure and radiation, influence the growth of
il = -

L

MiCroorganisms.:

4- | Temperature

._._Témpcfaturc plays a very | important rolein ﬂlt'. cell cycle. The

oplimura temps rature  for anayme 1c11v1ty i micrcorgml':ms IS

depending on the [:l:l‘_‘llﬂﬂ'[{‘al sife of the species aﬁd”rlic, enzyme's "

lecation. Certain ter ]c'rah.L_FdE are lethal to some microorganisms

-+ but other microorganisms are capable of growth at these

ol
e

temnperatures.
Microorpanisins can grow over a temperature range of 30 C or

mare but the oplimum prowth température 15 within a very BATow

anse ofF lemperaline, Above the opiimum temperafire, enziane

VAnEs OF SEEperaliiie, s

rate r*f_. rowth q}mm '1”1-'11“, ar wn at- 14
prek
called the maximum g mwtl"fH{,L:}w the U]_‘lTilTlle temperature range

A iR cerill g i L
Geeolue denalured ana wl

the rate of growth decrease slowly until a point is reached, called the
inimum growth temperature, where growth ceases.
ficroorganisms bave becn divided into threa proups based on
their eptimum lemperalure’
A- Psychrophiles
Gxlibit an optimum range of growth between 0C and
Z-J_CIDC over this temperatune the ribosames will bz unstatbile

N

Pevetiranhiies are found i preal numbers n'the Antarcii
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B- Mesaphnes '

[ 23)
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*_.Evhere tew;pcratum fall below 0°C also found in cold sn::-il,.
strcams, rivers, and lake mud. They are also capable of
Erowing in a household refrigerator where -'[hv‘.ij.-’ are impﬂrﬁamt
agents of food spoilage. These microorganisms are unable to
live 1n Ifigh' temperatuce because of the inhibition of

= e -

enzymes.

They ‘have an optimal temperature range between 20- 50 C_
most of the bacteria grown1n La¢ mmmbmiﬁgmal laboratories
are  mesophiles. NMany .micsophiles have an nptimai

temperature. of :ir.-crutrj?h which -similar-to-human body

temperature, I\a‘f'my# {}f normal rLs1dcnl microocganisms of the °

human body such as L"qcm': are I"L....:‘Dpl.lllﬂ They are able to
grow rapidly and establish ‘an infection within the human

body. Some species are pathogepic to humans and other

warm-bloodad animals.
RMesophilic microorganisms have minimum and maximur

temperature of 19 C oand 50 C.

_.-Thrarrncphi_le

Such as Bacillus stacrothermophilns E_rowu at higher

ichcrie ; K -
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——— The ability of thermophiles to survive at elevated

Thermophiles are found among many groups of
micro.drgauiﬁsms such as the Cyanobacteria, the photosynthetic
ll)aatf:;ri.a gr I pmsili#e gram rnicgative bacilli, and protozoa,

Most spccles are fmur:ld n hs:rt SpI‘ll’lf__ﬁ in may arcas of the |&

O owdtld, B -

Thermophiles have ribosomes, enzymes systems,

s

metabolic pathways, and regulatory devices that are

1 functionally the same as those found in mesophiles.

temperature is a ::haract\,nf;tm that has not been fully

explained. Experiments show ‘that the cytoplasmic proteins

Mrom. _ﬂlﬁl‘l‘ll@ph&ltﬁ- are. Tesistant to temperatures that denature [
mesophilic proteins. Resistance o heat is a property \ '

associated with the “endospores of “such bacteria as the

~—

Clostridia these organisms release poient fexns (Clostridia
Cbotlinum: toxan). Some spore forming Clestridia are also
thermaophilic and the wvepetative cells can prow 20 high

temperature,
It has L en proposed that most thermophilic groups of

microorganisins evolved from mesophily to thermophily,

2-Osmotic pressure =

Channiup the " solute uumcn[rd*mn not only alters the
availability of w:ﬁ::r_t_:ulal':(} alters thc osmatic pressure. The cell
wall structure of bacter:a makes them resistant to changes in
QS0 pressure but extremity in MImﬂlL plc-:'?u € can result mn

s ~death of e ruurgm_mm T ot ond W S W
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‘concentration to grow like sqm{: fungi. ”

In hypertonic solutions microorganisms may shrink and in
hypotonie  solution the cell may burst. An organism that can grow

in solution with high solt concentration is called osmotolerant. . .. .

Some  microorganisms are osmophilic requiring a high solute

Some microorganisms kna_a'wn as halophiles specifically
require smﬁum chloride for growth. Moderate halophiles inclﬁdc
many mariu\e bacteria prow ‘bcst at salt concentrations of about
3%NaCL_ .- - = | |
Exteeme lialophiles show_maximum growth rate in saturated
solutions. These organisms prow well in salt concentration of
ETFd' er than 15% NaCl and can grow in salt lakes and pickle
]JBJT{_.].‘E o '_ P e =

High salt cum;mln‘ah i rmrm'il[j.r disr upta membrane trans::mt

e

systems and dunaturca proteins. .
The extreme halophilic bacteiivin Halvbacterium possesses
an vnusual evioplasmtc membrane and wnusuzl enzymes.

[

Thae doearee o3 isitivily o salt varics for different microbial
spectes like some  stratns Gmepﬂy!ucar:r:n& are sall tolerant and
provw at salt concentration greater than 10%, so one of the reasons
for mixing high coucentration of sali or sugar with foods is to
prevent growth of microorganisme through dehydration,

The addition of 12% NaCl is the best technique for reducing

. mucrobral growth, buf this has no effect on corlain halophiles.
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3- = Hydrostatic pressure

It refers to the pressure exerted by a water column as a\gesult

of  the weight of the water column. Each 10 meters of water depth k

15 aquivalsnt to -appmximntci}r one atmosphere pressure. |, O

e

M{:st mmmnrgamsms are relatively tolerant (o the hydmstatm

-

pressure, but cannot tolerate the f:xtrcmcly hlgh hydrostatic

prcssurc of 200 atm since this will inactivate thucnz}ﬂms ard

.dlsrupl mcmbram: transport system iy

b
Sofne microorganisms are referred to as barﬂmIcrant (they

- ~-—-are—classified into- Qbhg?té “uﬂ_faculi five b.;rﬂtmc:ﬁut) can
grow at high hydmslatm pressure.
T The mhﬂruun of microbial cell 1s altmbuted to the

‘accumulation of acids inside the cell. =

e 78

d-  Acidity and pH
The pH of & solulion desenbes the hydrogen 1on concentration
[EIT+} Microbial growth raies arc preatly influcnced by ]-_lii values.
The pH greatly ﬂlﬂua’n&.cs the structure and function of proteins
and enzymes,
The pH va lues must be controlled in order to achicve optumnal
ﬂu:-wth rates, This 15 normally accomplished by ‘r:-u:fenng the

solution. Buffers arc used to maintain the pH value within a

_|__....- — e et - ' e T iy —

particular Fange

IMicroorgamsms  vary in their pH tolerance ranges, Funge

B T R

penerally show  a wider pH ranpe prowing well over 2 pH range of

=h-9 eomipared to most bacteria, which grow well over a nll range of



6-9. Some fuuﬂq grow wr::Il at :Jower pH wvalues as low as zero,

Some pmtuzoa and algac are able to grow at low pH values.
-Some bacteria called ¢ culn}]lules re restricted to grﬂw at low

b | pI{ value, such as Tf’:mbac:ﬂus

o A — i

Mlcmorgamsms live m a wide vasiely of habitats bulmnst .

mxcrﬂorgan1§ms grow at pH valusa near nautraht:-,r (pH 6- 6- 8}

In gr_enerat ﬁllCI’DDTgHﬂlbIIIS may dmdc into three categones:
1= Al KH({' Hiiles
Grow ina pH range of 7-11 with an optimum of 10.

i A S R e i 2 Neutro [J‘.F' .Irn:___________m_“_.___ - _

Grow in_ a pH range of 4-9 wnth an opumum near

‘- neuwtralily. }v

g= {’sci;l"sapﬁ:'frs

Live al low pH values and can be divided info facultative

!1 and obligate. Such as Sulfolobus  (bactena) dnd
’Twrmjgﬂfr:ﬂm, fmycoplasma).
Vacultative acidophiles grow well at acid pH valies but
cean also grow at pil values of 7 or abgye, such 2 fungi.
r | Oblicate acidophiles grow normally at pH values of 3 or
less and usually cannot grow above this pH.
; - 5-Radiation
| The electromagpetic. spectium, divided iato certain catcgories of

Py } radiation including pamms rays, }\ ray. TV light, high enerzy, and

; /  short-wave. length, radiztion dlsmpi D\m molecules and exposure 10

! ¢ short waveleugtll radiation may cause mutation many of which ars
:i ' g e
: i

|1l 141,
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The visible light js a source  of energy for thtDS}"HT.I‘IthC
micmcrganiéms such as C}f&IlDdeTEHd and purple and green bactcna
where th: i ght EI]El'g}’ 18 conw:rted mm chf:mn::al ehergy in the cell.
. Y i i i T 1\ E -
.z‘ 2 + B "
1

——.‘——'l'-—.#——




Lot

i o S S S SO S

R o i

b g M e

B S lminey i i
et

R T e g g

bk

R S

—_

A et - e e i iy

e

: A Fi o £

I“ ’ Lrature: i S . ) =7 I'-'ui:m:,.-_";u.l: o PRay OO e
i =1 ’ S il Lo
- e i)

/ r’{ - i i et
" I 3 . Fi ¥ r ] _--H'F
M 25 nduat L 2 8|3-7 aly )
‘.: P i H ' 1 an = 1 =i - "4 .-:
! | ' {1~/ 5.
F‘ snbstances. Microorganisms used several diffecent tea nspotl mechanisms,
the most Am wortant of them are:
f 4G Pﬁnfwu’r ;’H_._.f._- 3 | 2
E 1= Pacl{jtated diffusion _ —
3_ Aciive transport
ef- Group ransiocation
; I acilitaled diffusion:

: : v [ew substances can cross the eyloplasmic membrane by pasawe
fi{'m)"{ ||J_‘~— . .

#{_ ‘1( { e YL

deffusion, T l] 15 process melecales move from a region of higher
concentration to  one of Iower concentration The rate of PEESIVE
diflvsion 15 depending 84 the sive of molscule and the concentration o
1 gradient  between e external aud internal LHVI'I'DI'THL.HJEILJ rate of
J. [ - .'F H 1 i
dekiffe e diffusion across the selectively pormeable membrane is increased by the
Vi s of carrier proteins (sometimes called permeaces), which present i
e cytoplasmic membrans and in this case the passive diffusion called
acilitated diffusion. )
ACEIYE Ly iy prorts

It s the trassport of sofufes Lo higher concentration er agains. (U

coneciiration gradical with the use of mefabolic energy Lo iipat, The
salutr  molecules are mioved acroes e membrane without any
nodilication.

Croens Earis!ocaffor:

A substrate is becoming phosphoryvlatediduring the transport procoss
I -t prevesT e nembrane-vames proteins e lirsTplie naplorylated 1nthie

- drnasn Jtineempensesot plosphoenotpyrovate;tinephosphory buted
. Ak
citEr—peoren; thes binds the frec sugar at the extertn ms face aud

H

ransports woanto the oyloplasi, releasiag ot as suegar-phosphate. Sasdh

S LT TERT :r;msj'f] TATECE e |111{:}_.'J.1Dtrcln-',fr~rat e systéEms,
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The  genctic  information of  prokaryotic  und cukaryotic
microorganisms z::"u::{‘.nd«i within the DNA (deoxyribomucleie acid)
molecule and sometimes (as in viruses) in the RNA (ribonucleic acid)
moleeile. These moleculos are knpwn as macromolecules and they are

1‘.'— .
mspﬂn‘:tb]e for the fraasition of hereditary information Srom one

generation to the other, Another macromolectle found in the cell is the
protein, which is the result of the genetic code into its stiuctural or
functional form.

51

A third type of nucleic acids was discovered in 1994, called PNA;

B
s

eplide nueleic acid, PNA 15 an analopue to DNA In which the
G ol ot et 1 [ &

backbone chains are modified polypeptides (rather than chaing of & ugar-
;_::fmsph He units); two strands of PNA can hy blldl'.:."" 1o forrm a DNA- fJ'U::

1elical duplex. This molecule may ha we evolutionary significance: it has
been suppested that pre-biotic nucleic acids Mmay not necessarily have had

& Spzar-phosphate hackbone,

The structure of nucleic acids and thair replication

The genetic information of 4 cell forins a GENOME, The genome of
1 microorganism is divided into se £ments consisting of DNA nucleotides
sequences known a5 a2 GENE. These gencs may have stmctural or

tunctional, metabolic functions,

DNA structure

The DNA is a douhle helix where each strand is composcd of a
sequence of nucleatides: pansshadiester bonds link these nuclectides to
cecl other, Fach nucle: tiae 1s formed of a deaxyribose SUEAr, o nitrogen

base and o pho SerlEeare aroun
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Four nitrogen bases are found in DNA: adenine (A), guanine (G), E b
cytosine. (), and thymine (T). A and G are purines, while & ancr\_ ake r
: \ .
pyrimidines. E i
i % ] r
i il o 3
The primary structure of DNA |
It is resermbled by the sequence of nucleotides in a single strand. In
i siructure when the nitrogen base 1s bound to the sugar it s knowa as [
o nucleoside, when a phosphate group s linked to the nucleoside it s [
know as nueleotide,
|
| L
The secondony structure of DN |
i ] ] i
The two strands of the . double - helix are complementary and 'I L
antiparallel. They are complementary because A in one strand always :
g !‘
connected by a double hydrogen bonds with T of the complemeniaty I
stand (forming what is called a base pair); C always connected (base '.[-.
pair) by triple hydrogen bonds with G of the complementary sranc. :
"Ihey are antiparallel because he 5° —w 3 strand  starls  with @ i
5 PO, proun and ends with a 701 free proup while the caomplementary
strand has inverse polarity starting with 3.0OH ending with 5-PO4
3 ~>5). !

—

This DNA double-helix model was proposed by Watson and Crick

1953 and accordingly the base ratic equation was pul fourth:

r sl
i A+ |

| !
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l_ In aDNA molecule, each tury ina double hielix has 10 bﬁ\'ﬁ and the
: diameter of z single tumn is two nm (1 Kiloba

se = 100 bage pairs and has
! a molecular weight of 3.3 « 107 per strand), ;

3T
A DNA malecula always carries g negative charpe due 1 the PO,
are neutralized by
kistores in eukaryoles, histon

groups. These ¢h Arges

alkaline proteins know

e-like prateing i, progaryotes.

. a3

Structure of RNA molecuie

A RN."L I[lO[C{TUIE 15 Lsuall Single stranded: It has &2 5o uence of
i 3
I'ﬂ:‘DflLlCEEf_ﬁE’f({i‘.S Cac

C, and Uracil (U) instead

h is formed ora ribose SUBAT, 2 titrogen [yse (A, G,

of thymine), and 4 phos

phate group, A
formed of a ribose SUZAr and a nitrogen hage,

nbonteleoside is

DNA replication

DNA replicates wheg the cell s ready for division, Mese

s process thay

Nis-labeled DNA that the DNA
The process of replication begins whey
for the new cell; tf

Isen and
o Btalld firg studied proved Experimentally using

repiication js semi-conservative.

e cell membrane is [ormed

1 chromosome je attached (o the cell membrane hefore
teplication (in prokarvotes tha chromosome is mos Uy circular excepl in

ar)in cukaryotes DNA is linear,

The initiation stagc. in DNA e

SOME viruses it js line

phication is the unwinding of the
deuble helix when each strand SEIVES as a template, An Elzyme known

W RNA palymerase is needed to form 4

primer (a spmall sepment of




p 1 ) 2 J i e “t P ] ) 8 = a ....f"
£ RNA) which serves as 4 leader to which the DNA nucleotides link znd 3
7 . |
: bind together i sequence,

The point where 14 Starls unwinding is known as the replican (or
origin of repiication) when (he opened  double helix with strands apart
forms the Yeplication forld The tnzyme that participate i unwinding the
double helix al (he rcplétifm fork are; DNA gyrase and helix
dzxtabi!jzing protein hc!icasc,‘.:_ﬂumthzr protein takes part in holding the
r'tv.ro_s;trands apart it is the replication protein (single strand binding
protein). The new strand will be complementary to the template strand
and antiparalle), ) -

The following step will be the elongation stage. In this stage the

leading strand wil] be intles —p 3 dircction synthesis of DNA in this
; ;J  direction s contintous but for the lnggiug sirand, which will be in the
O _ 3'—}- 5 direction DINA syathesis is not Possible so along this strang siiall
ENA frapments of separate primers are syathiesized in-the 5" —4 3

direction, these are & [OWn as “{ﬂﬁ@d_i'@gﬂigﬂ_tg.
: | DNA synthesis in both strands reauiresINA polymierass 1] to join
the nucleotides 3.007 & '""*5:_1’04: and DNA polymerase T jc required
o oremove the primers, The LAps - are then filled with the propar

nuleatides and joined by ligase enzyme,

Types éf RNA and steps in proteing synthesis
There dre three types of RNA (mRNA, LRNA, and rRNA)Y. Their

teles will be deseribed within the process o1 preteimn synthesis,
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Messenger ANA (mANA):

It 15 formed in the nucleys of eukaryotes and :mc:b‘:e( repion of
prokaryotes. It carries the information trapseribed fiom the I{Nﬂ to the

riboshmes (in the cyloplasm) whme protein is synthesized. It is
transcribed from a single strand of DNA and 1s complementary to that

slrard,

-

mMENA is a single strand with a sequance UT"IITOJLULJE{]J({L%'EU be

translated by the ribosomes to the required protein.

Transcription is a non-symmetric process since only one strand of

DNA s ranscribed (except in some viruses where DNA is single

stranded by nature),

mRNA  is synthesized by a- DNA:de pendent RINA pol}mcra%{: known

also as transcriptase,

s —Transeription is the first step in protein synthesis,
'j The second step in protein synlhesis is translation: it requires the

j presence of  the other two types of RNA; transfer RMNA IRNA and
I tibosomal RNA (TRNA),

Transfer ANA (EANA)
L 1s also known as soluble RNA has distinguished claver leaf
strusture and two recognition sites; ona binds to an activated amino acid,
“J tae second is known as the anticodon that recognizes the codon on the
“ : mENA,
!“J . The genetic code
» Every eodon is mads of three nue leatides coding for cn¢ ainino acid,

r"lT'J and since there are four nitrogen bases the prababilities of the number of

] .
w
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there could.

T

. _ P & : ,
sanolic codes are 4 = 64, There are 10 amino acids therelore

I.l'"'”

o\ - -
he more than one code for nklt\st arnino acids,

1

For eac

- % N 4
b amine acid thoss is oneg or more RMA that carries the

R T
]

specific activated amino acid to the ribosome.

-I'- -'11 - — '.—d

Ribosomal ANA (rRANG)

It is a major component of the ribosome. There are three rRNA in ~

prokaryotes and four TRNA in cukaryotes cach is (iisﬁinguislmd by its L
molecular weight. The TRNA play an importent role in protein synthesis
because it forms an ‘essential part of the ribosowme which is responsible fo .

sequencing the amino acids in the proper erder aceording to the codon :
- 1

sequence of the DN A,

Proteln ¢ svnthesis

1) There are tarce slag?s in proteins synthesis,

1. Activation: when euch amino acid is zelivated Ly a specific

¢ amino acyl synthetase. This is also known as the initiation

stage. The starting signal 15 f—mctI’1'unn§,rl—mclhi(minc]."l"hi.fs ;

stape requires Ify, 16, and IG (L= initiation factor, which is & .

protein).

;- Elongation stage: it s achieved by the following steps

- 1) Attachiient of the activated amino acid oz tRMNA molecyie |
of the tRIWA is determined by the articodon

|he apeeilicity
b

sequence o1 the antice WROT] Bl

1) e Atz attarhed io e Tibosome al & spuc e =il
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LB O ?-

oy L) 3 -
i) The amino acid is transferred and carried by the IRNA

o the ribosome at the site bound to the mENA codon

complemcnlary  to the anticodon of the tRNA where gach C

E:_; bound to G and each A to U This process needs GTP

-

T

(Guanesine Triphosphate) as zn energy source,
iv) Translocation on the ribosome takes place and other
amine acids are placed in position, these aming acids ale
then connected together hy a peptide bond formed by the

peptidyl transferase enzyme.

3-  TYermination sfage: termination of translation occurs

when a stop codon enters the ribosonie and three celoase factors
(Rfi, Rfs, and RE) help in releasing  the IRNA, mRNA, and
] .

= proteins from the ribosomes.

Hasmids
They are DNA  molecules other than the chromosomal DNA and are
found in prokaryotic microorganisms and some eukaryotes such as yeasts.
A pilasmid is a double stranded DNA segment found in the eyvtoplasm
unrelated to the chromosome and can replicate independently.
Plasmids cen be divided into two types according to size:
1- Large size plasmids with high molesular weight 60-120 (kb
known as R-plasmids (resistance) carrying penes responsible
for antibiotic resistance or H-plasmids (fertility) which have

the ability to transfer some chromosomal genes within the

cells.  These plasmids are also kuown as Clonjugative

plasmids,

: ’ - ! Alizreliod genidics
& T —— O i
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i / 2- WIRH“ size plasmids are 2.5-15 kb they carry bacleriocinogenic ‘
.#‘-./
eMments and resistance to some antiblotics or chemicals, they
F ara,l,ais.u known as non-conjueative plasmids. E
i A
~ Transfer of genetic materials bacteria
{ There are three diffsrent mechanisms for  genetic exchange in
hacteria:

. q4Transformation
A free Ii‘w‘k molecule is transferred tn a recipien: cell of bacteria. The .
double ctranded DNA could enter as it is like in gram negative
Haemoplhifus cells o it could enter single stranded as mostly happens
in gram positive cells After entering the cell the single strand DNA
recombines with the DNA of the recipignt esll and the new cel! is

known as the transformed ectl. A special treatment is nzcded to

facilitate the entrance if the DN!‘; to the recipient cell; this could be
accomplished by treatment of recipient cells with CaCly thenitis
known as o competent cell (ready to receive the new DNA).
#.Transduction
It occurs when the DNA ol & donor is transferred to the recipient
bacteria by & hacf,.r:riﬂphugm. Transler of the genetic material by this
qethod is  more frequent than by transformation. There are two
mechanisms lor transduction:

Generol._transcludion: when apices of DNA at random is carried
by a phage and is ransferred o the recipisnt cell later forming

fransdnced cells.
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= i- 5@3_@':‘}_&'_2_@;:2 é_rug:r_oii(f_fﬂf_?: It occurs when the bacterial
DNA has a specific site for the phage DNA to INCOIpor
50 when the phage DNA s released it carries witl it the \\
bacterial DNA genes that are closely attached tg the phaoe

DNA  and transfers 1+

ate,

to the recipicnt cell (an example js the .
lambda (1) phage that infacts Lscherichia coli). f

3-Conjugation

this  method requires the
presence of the (fertility or sex) factor present on (he I-plasmid,

I : "
l Another methaod for genelic  transfer,
|
' which is fesponsible for the formation of sex

pPili or Conjupation
§ 1o the recipicnt (F) celis. Sompe (Fh

known as high frequeney TECDII‘I_hiLI_f’I_I‘!fi_ﬂI_Fﬂ they are

Bridge from donor (1) cell

cells are

L0 ties more Competent than the W cells 1n transfeming the
o}

genelic miterial,

2 _'______,..-""" - i

[
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The term mutation applies to a)] hetitable chan

ZES M nucleotide
Sefuence arising within e Organisim, they m 4y be;
I-Spontaneous {naturally occurring)

2-Induced by some mutegenic agents, this could be chemical or
physical,

.'-'.

i
%
f Mutation in bacteria
;
{
i
i

( Silent mutation: it is when tha mulant is not altered pf]-t:m_at}"piliaﬂy

| butonly gcrmt}*bicaﬂy.

3 A mutation could  occir by deletion, iusertion of a nucleotide,

lransition, (purine inte pytimidine or pyrimicine o purine) ay
' teansversion (poirine into pusine ory

yrimidine inte ]:-yrimfdi_'at*.j.




R Micrebialy  wlics
v :

A point mutation oceurs when one nucleatids is inserted or deleted.

8- 93 )

Types of mutagens

1= Base analogs (S-bromouracil) instead of thymine.

2-Deaminating agents such as nitrous zcid converts adenine (o

hypoxanthine,

3- Alkylating agents such as ethy| ethane sulchorate (BES) modifies

guanine to bind to thvinine.
A4- Acridine derivativea.

3- Ofhers such as Mancznsge and formaldehyde,

Several types of mutants are kreown:
i~ Antibiotic o drug resistant munants,

2~ Durants that differ in thair f. mentation Froduets,

3- Auxotrophie: sre muiants that Tack the ability to synthesize ST
T Ly g | ; S S| i
compounds  necessary  {or their growth therefore  diey  are

supplemented with vitaming or aming acids and need to CTOW O

rich media.

P

4- Phenotypic mutants: they are altered prenotypically by a change

in morpholagy or color of the colonjes.
5 Muation in cell surface and antigenic stiuchrg,
H- Phave fesistan: mulants,

|

O Mutidicos witl witeved sguRt ey (1o doss of lagells, magents o

sport fTomation
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Bacterial nutrition and energy source

Biological enerpy

nmhﬁcuies or from the sun_

faniel

conglruct new cellular components are called putrients.

Qe by

Ay e v 7\
::f".'[d.::r.f.m:z ":‘,n'f miaroorgariates
LR O PRGOS T

s derived [rom the oxidalion of morganic, OTEANIC

The cell uses the encrpy to form spec 11'1{.- function, one of which s the

biosynthests of new cellular components, The materials {hat uua d to

5

The wuents requized o1 prowlis are those 1nor R of crgante

¢.¢ “gpaponents that supply the :nzajnr clements o the cell. o =

The commeon nutrients requirenents

2 Anaysis of microbial cell composition shows that 5% or more ol

: cell dry weizht 1s mads up of few major clements (C& bon, oEyden,
wdrogen,  nilrogen.  sulfur, nhospherus, umtaasmm, calcium,

magnesium end iren), These are referred to as macic elements of

e macronutrients becarss microorganisms in large amounts reguire them.

_"l_; The firsl §1x are coOmponents nf.'uarh@hydlz:iciHpigis, proteins, and

nucleic acids The remaining lour

variely of roles

exist inthe cell as cations and play a

TNgTr
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Potassium (K*}:

It is required for activity by a mumber of enzymes including some of

r

tese involved in proteins synthasis.

f_‘-ﬂ|.f\1|r!1-| fi ety
\\_:'Hl'_l’l_l.l] I]-\_r-‘.'. .-

It Las- many functions and the most important gne 15 the contribution
to heat resistance of basterial endospore formation.

Magnesium (Mg*): )

It serves as acofaclor [or many enzymes also makes a complex with
ATP, stabilizes ribosomes and cell membrane.

lron (Fe** or Fe***):

It is nesd in synthesis of eytochromes, as a cofactor for enzymes and
¥ A

- electron carrying proteins.

All microorpanisms require a number of miciomolecules or traze
elemnents in addition to masrosiotzeules. i

Mozt cells need the tracs elements Mo, Zn, Co, Ni, and Cu, buln
small armounts <As contaminznts of water ar glassware and rogular mecia
components, they are aflen adequate for growth, These microclements are
nonially a pat of enzymes and cofheters and they aid o the catalysis of
reaction and maintenance to proteins stuclure such as zing, wiich 15
found = the active side of come enzymes, manganese alds many enzyImes

catalyzing aclivity, coball is 2 component of vitamin B

T&:

- e me— R ——t

Rt T o e LR o T amp—
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Composition of furction ol the chemical components of tacterial celis §
L]

i

PN
it
@

roni

I 5
[ 4
I.
I T |
I T . solute  transport, azd source of
f ' Water : il : ' N
I hoas electrons for some photosynthetic
i - 5
| AT ; organisms, .
x ﬁwvgwmmﬁﬁﬂmwwmmwwmlr e L A
Inurganic jons: (Ca, Na, 1 Active  components of  many
| - |
L' Mg, POy, 50y, ete.) enrymes and proteins. I
| L i i -nm-wmmmm
! o Major source . of  energy,
i g

components of cell wall, capsnoie,
| Sugars and precursors 3 ) .
: slime Jayer, and cowmponents of

1 | - 2 DNA.
|

Y S T kA A A e A A s A T T T L T T T W T AT e il e Tl T, |

FPrecursors of prhtei:is souvrces of 1

5 Amino acidy and " “r :
1 | F cneryry, and compoients of  cell
I.E | PrECUrsSOrs ; b
! weall,
! i’j T B By S o el i i i kSt i el S A S e i ..-:-‘_'.‘.- a.:.-w L g L e |l A T A B |
EE Mucieadides anid 04 Precursors of nuoeleie acids, and
tR |
] ‘P { .
L& ‘I PEECULSOrs source of encrpy 55 ATE.
! e T L S T T T il s R A A S S A e Pl S A AT A L il
| Components of gram negative cell
|
A= - . v SHL ITSEnEC b |
Linids apd precursors A wall, eytopinsinie membrane, and g
] W i
; source of energy. I
!‘mm.'zwawmw.w.ﬂr;rw'::m e U A . 'mermﬂ#&nfﬂ'-**wf'“-
! [Cmuimn cots af  ytoplasmic
+ ' Macroimnolacoles; ) . "
\ i 15 membrane, cell wall, pui, lagelia,

; [ Troteins .

ribesomies, and most of enzymes.

b L A A ot o ) L g i S A A R o B A L A
' \ Yrimary genetic components of

Murleis acids .

e (7 o Sl

o 1 cells, cemponents of ribosemes,
T EANA ¢ o
) fi mBRMNA, and tRNA, that funcfion in
DA . _
b i proteins synthesis.

i —_ — ——— e -l ==
|
|
h"i.\"-" i, T prmme st il e T e e e sy S i e ST A R T T T T e T R T
: P R b e P R L i et Ty T faR A A R e T R
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The nutritional requirernents of microorganiasms vary among differen!
species a2lso these reguirements can change with in 4 specieg as a rum:’.t uf
pene mulation. A microorganism that reguires the éme nulrients as the

majority of naturally occuring members of ity species i3 a prototroph.
i -

I a prototrophic microorganism mutates in such a way that it can’t

synthesize a molecule essential for its growth and reproduction it will this
molecule, therefore it must obiain it or its prec@rsors from the

¥ . H . ' 1
surrounding  environment, such  a microorganism  is  called an

auxofroplh.

Nutritional types of microorganisms
The size, morphology, and_'w“nlcdl composition of the bzotenal cell
car vary d‘;}uIld.lIJ.‘{ on t;r_'virunnig::nt and the genetic make up ofthe
OTEANLENL, Sl OrPanisis Iequite sourcs {}l enargy, hydedpen, :Ju eleciron
for growth to take place.
Jhere are only two sources of energy available to orgamsms:
foLight enerpy
2-The  esergy derived” from  oxidizing crganic or inorganic

maleciles,

FPhototrophs: microorganisms use lpht as an energy source, such

25 C.-":Iambf.r.fm Chromativm, and Rhodospirillum.
Ch emairaghs microorganisms obtain energy from the oxidation
of chemical compounds.
Microorganisms alsp have only twe sourees of hydrogen atoms or
L e K o
lalhetrophs: micicorganisins use reduced 1notgantc substances as

an oleclron sonres
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Organotrophs: microorgenisms extract clectrans or hydrogen
from organic compounds.

Photolithotrophic zutotrophs [Df‘{f-ﬁn called

phototrophs): microorganisms vse light energy

iy
1

and CO;, 25 2 catban shHurce. L

Chemoorganotrophic heterotrophs (often called

chemotrophs or hcterotrophs):
MICIOOI EANISIS USS OTEAnIC cmupnundﬁs as 4 source
_of  enerzy, hydrogen, electron, and carbon for
biosynthesis. | ' .
Essentially ali pathogenic microorganisms are chemoheterotraphs
while large majority ol '.'.=1iam-::;';;e::1i51i13 are either photolithnrophic

auintrophs ot chemaoorganotrephic hoterol rophs,

. Puotolithotrophs(Phote antotrophs)Chlorobim, Chromaiinm

Ul-~fph

ST I
[ A

Pholoorganaopis  Rhedospirilinm

Chemoautorophs (chemolithotrophs)

Chemolionhs o
: ‘\"‘. L

o

Chemoorganoiraphic (Lieterotrophic)

Lo

A patticular species usually belong to only one of wé four

w puiritional classes but soms

their metebolic pattorn in resnonse to eavironmental change

show great metabolic fexibility and alter”

Y Gk e

e M v e

= Bt

|
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i Nutrittonal (ypes of microorganisms
T
] “%ﬁ? | L1y
E '
; g .

: :
= Lwht cucrg}—, 1nurpamc Algace, purple and green
| Prgtsfithorrophis 2 :
£ | . Myd ra_s;r.n { electron donor sullur bacteria, and
I 1 t -
ik COy carbion sovree - cyanobacteria g
{:ﬂ! e T T Pt Sy S Sy s e it s vt = T,
% Light energy, inorganic AT
! O a - i ! . il . & b
fL.*.-; Fhotoficter arrapls Tydrogen [ clectron donar Green sullur bacteria
L g Opites g . = '
i ! rpanie earbon source
| l e A e A Sy e e e s, e T AT AT R T T A -—wa\.|
o Cheruical cw-:i_,v SOUTCCS
i i e vt
i j . . - (inorganic), inorganic
!| _ Clesolithotrapiis ) Fretozoa and fungi |
gy ! hydrogen / electron danor
A | 0Oy carbon souree : !
A T B A S R g 2 e it it e b o A il ol Sl |
E | |’( lemical enerpy sources
s i fﬁfﬂlw-'_-;fmn-‘li'fpm (organte), organic hydrozen The majority of won I
| A .- :
. :’.l’.,_-:-.-_«nw-;;,—:.;, felectran donor photosynthetic bacieris
Organie carboo suurce,

[
I

. . 4

IRequirements of nitrogen, phosphorus, and sulfur

" Carhon: the sole inorganic source of carbon is CO, (misrocrganism called
avtolropha) while glisese and swilng acids ace the sole s urce
rﬁ of organic carbon, whicl: 13 needad i’i'lr ansholism snd release
=

cnergy and microsrpanizm called he lerotroph
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Mixotrophs: bLacleria {ha Cepending on inorganic CNCTRY
Sources and orpanic carben sources,
HIlrogen: is needed for the synthzsis -7 emino acids, purires,
Dyrimidines, ruelsic zeids, ClZ5 0SS, el vilamins,
F_i@[ih@s_r is present in nucleje acids, phospLolipids, nucleotides Tike
ATP, several cofactors,  some proteins, and other cel]

cotnponents, It is found in K-HPO, and KH,PO,

SUIfUr: is necded for the synthesis of substances like amino acids (cystine, .

- - and methionine), thiamine, biotin, znd some carbohydrate

Growth factors

Microorganisms S ﬁciu]]y 1nos! [Jf'[}f'.I'.)fO]fLT.‘JOll’Dp]“u'f.G. autotrephs often
grow  znd reproduce when minerals and-smimcz ol energy, C, N, P, and §
i mippllcri_. These rui{:roo:'ganis:n:s have the L‘.‘I]?,}'DJES. and pathwavs
nestssary for synthesize all ccll .(."-f_:';]]:il._]LJt":'-.H required while other
MICI0G BaniSms lack one or more essentiz! enzymes so they can’t
synthesize 2l cell componenis bu! must cbtain them or their precursors

froml  the envirenment and ‘there are {hree major classes ar prowth

Tactors:
I-Amine acids: needed for proteing synthesis,
2-Purines and pyrimidines: needed fo nuc.zic actds synthesis,

- Vitaming: usually make up all or pat of enzymes, and cofactors.,

Mineral salts

Microorganisms need mineral salts i g e=al] quantily of inarganic

s feations and avions ) such as:

|
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I- Macronutrienis cilements:
They are needed for activation of enzymes, enzymes® cofactors,
and corrolling \(he osmotic pressure inside the cell Ti ey
Erra;|:u:'-r-‘ Mt Fi' T WE gad C]' Macronutziznis ate

ch airéd in concentditions about 0.1- 1 ml‘wa!

[~
1

Micronuirients elemenis:

They are required in concentrations about 107-107 mM, Such
as Co'™,

» There  is a group of microorganisms, which needed Na™ and CI
in high concentrations called [ laloplnles that can be classifizd
mto;

[-_Slightiu halophllas
Thosz who needed atsmall guantity of NaCl (2-5 %),

too most of maring baclernia,.

[P derf:-L..f,hh_u_.g’ﬁhHa

im
Lados

I
Wl

NaCi s needed inm a reope sbout (5-10 %) such a3
Psewdunonas, Lactobacillies, and Protozoa.
- €tismely halophiles
KNalll 15 needed 'in @ range about (20-30 %) such as
_I-_.!'.rffmt-r:.f:fe?rfm.*z} and f»’.’ffr'rr”cﬂifﬂfd‘. Nall 15 necessary (o
stabilize the binding of cell wall proteins to each other,
Uptake of nutrients by the cell
The first si::im in nutrients utilization is upfﬂakc of the required nutriznts
* by the microbial cell "
Hu o nolecules i must  past thrawgh the wdsetively permesnlile

cylonlasmic membrane that will nol pennit the free pasease of manry
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