Microbial Physiology

Lecture 1: Bacterial cell structures and their function
-Shape and size
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1- Bacilli

2- Cocci

3- Vibrios (curved rods or 'bananas’) helical

4- Some rods twist into spiral shapes and are called spirilla.
5- Spirochetes, which are tightly coiled bacteria.

6- Filamentous bacteria
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Intracellular components:

» Cell wall.

Cell membrane.
Cytoplasm.
Ribosome.
Chromosome
Plasmids
Inclusion bodies.
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Capsule.
Fimbriae.
Flagella.
Pilli.
Endospores.
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The adhesion activity is supported by glycocalyx, pili and fimbriae.
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Glycocalyx, pili and fimbriae.

Glycocalyx:
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Capsule:
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The capsule of Bacillus anthracis is composed of polyglutamic acid).
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Flagella and Motility
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Structure of flagella
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Structure of bacterial flagella
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Types of Flagella distribution
Monotrichous flagella:
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Amphitrichous flagella:
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Lophotrichous flagella:
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Chemotaxis
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Active motility e.g Pseudomonas spp.

Darting motility e.g Vibrio cholera.

Tumbling motility e.g Listeria monocytogenes.
Corkscrew, extension flexion motility e.g Spirochetes.
Non motile: most cocci, Shigella, klebsiella.
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Bacterial endospore
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Clostridium spp.
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rRNA

{b) Large subunit
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{a) Small subunit

(e} Complete 705 ribosome

Chromatin/Chromosomes
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Inclusion bodies:
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Plasma membrane
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Function of cytoplasmic membrane:
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Lecture 2:Bacterial cell structures and their function

Bacterial cell walls
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A Fignure 3.13 Comparison of the structures of glucose,

rMAG, and MAM. (a) Glucose. (b) N-acetylglucosamine (MNAG) and
M-acetylmuramic acid (MNAM) molecules linked as in peptidoglycan. Blue
shading indicates the differences between glucose and the other two
sugars. Orange boxes highlight the difference between MAG arnd MNAMN.
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Gram-positive cell wall Gram-negative cell wall

10% of cell wall
MMM&me

Contains enzymes for transport,
deradation and syraties

Function of outer membrane
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The chemical structure of the outer membrane is often unique to specific bacterial strains (i.e., sub-species) and is
responsible for many of the antigenic properties of these strains [10].
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Ay hall 03gy ) sanll LeiSas¥ ) 5SISH S g i sl Lais (g sl 5 O 52 WS S )

Facilitated diffusion el LAY -
Y by cliall yie Jall Jeud &l g8 L e &8 S5 integral protein <l sl 3ea b an¥) 13 can
iy ) Sl (b L g e DU ABLAIL BN Sens elial) ik o deal) (5 STy U Z8LLI GRY lias
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permeases sexds Clisis ull (e g5 ulidl aaall el Al 5 48 )lall o3 juad Cosas (J V) 38) )l ) 5aall
B354 3l gal Lol ) &8 ge clla 5 Ll jeS A5 gadia o gad Sl

Osmosis 8Ll

. )})An-g sLall cAu.\ eLial) A0dlay o) ¢ 2aluilly (el cLaall JYA clall Jan) dulee

e sehlgll S @l ( solvent cudall) sldl e e 35S 5 (g mn ) GOl aila e elal) JE (g
5500 Eiams o () i 3881y Mo 3l 58 555 eqpels oLl 1S 58 48 5% s el ) ( solute) e

celaall sk e 58 )
).gé‘;ajl.d\ cLaadl DA e 2a ) :.\L.\M.}w i "‘y@n (solute) 3 gall uu‘;dmmasw.u\ oda Al dals 4 5
L) ok e 35Sl 8l gl el

e slall e Ua g isotonic Als gd Al Jals s 508 jil glise LAl = HA £l salall 508 il o S Al A
Al (5 e Ay slasia 3 ) a5 1Al o L)

) elall Jaiiy (o g Ua g Hypertonic 2 <llad a0l Jaly e HISHGIAD = HlA 2ol salal) 3 5 o S alls &
S 8 bl A2 8

. Hypotonic s s zusa (oSall

dBla ) zlias 3 JA) clules

:» 5 Active processes Al cililaally Curens A 4y 6lA A8l (8 pa )z UaS SLSKaal) 034

Active Transport Jtxall Jaill -1
Group Transport cleall Jaill -2

Active Transport Juill Jail)

Q;Ld\)’;&)ﬂ\bi\;gsb\)l\jgsﬂ\w%g\)':\s)ﬂ\cju Ms\ﬂ\dﬁ@ﬂﬁu\é\w\c&égw\e&uﬁ

Al Jads ) Jass elldy ¢ 3a0a o) gal Jalii WG 2 88 Al g permeases Sl sy s sl penal) Jaill andy
1 b Adeall 238 Ciliia g
el 5 8l e al sl 5 5l o) sall JUE) gy -1

Al Gy zgisi -2
LS Ly a2 Al ganall 30kl -3

A eLie 3 A3SH BN e Ala e Jy ATP ) (b 5t siall 23Ual) e 5 5 aaiad Y Jladll Jill ddee
@mﬁuﬂ]ﬁjwﬁbw\GJ&@@&EQ\:\M\J'}UM@Q\E‘)BGJ\H+U'_1U}:\\d§3.'\3:u:xmk_'q}‘)£g“_\;3}
MW;W\&%Q&A@J\&&J&&D@ cb)@ﬁﬂm‘)ﬁ\‘;;\ﬂ\c.k.db‘fbﬂ_}\s\cw@‘)laj\c.kus\
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?:\‘).1\ EJQLMJ)MM‘}SJ‘} ADP L}“ATP LB...\SA:\J%LH\ PRV Mlﬂ} ;w\g&&\ﬁu\ @J‘SS\JJSSA@A
. ATP-ase o (~Sc

Group translocation sleall Jill)

%Wﬁu\u\ﬁujjf¢m\¥%uﬁﬁaﬂeﬁgo\Ja..)g;jlij\;W\ﬁcﬁdu\d@\w\a&gﬁgﬁ
B 5l Aoy A ol 83 g ga ()5S A% Hlall s 5 Leal) i 68

il Gabaal s ol S A Ll sl Ji5 ) of sall

Jebidhaul s E. coli LSy 8 SIS 5 jhud dolee ga JAll (e g 5ill 138 (o a5 pmall JU)
leale (Bllay ey 331 (0 Ao semne Booda o Sl ) i @l de saas Ji3 (5) phosphotransferase system
s shad A5 (e A shaildll oda Gl | glucose 6-phosphate o« JSll e 5 <ldu séll Ja5 4 glata

A o sl G5 (A S b J sl s 8 (e Dl il Ao gana Jan J 5V (e )3 sl 3 ashy -1
HPr s

st (A il 3l aa B A g SN 4y 1Y) ot deaiadia Gl 3l ) ld ) Ja pa¥) o) s -2
A = A sa g Sl ) clin gal) Jass 2Bl ey )

bl Ole s A Jay g il Jals ) jsusdl Sl Jas oy -3

18



Microbial Physiology

Lecture 3

Nutrition and growth requirements i)y saill cilallaia

chemotrophs 4.l 435S 5l phototrophs 4l 43 gua ¢ 55 Lal &y jeaall Ll
Alia g S5 )S saaes GalSh 2 a5 Lilie wriial aodaiod iy S ) A jemall Lald) ISH pan Ui
OsSU e Jgeaall olaall 3 Adadl) 4000 de gene e aaiady il aiial e 508 pe LW (e de sene
. Heterotrophs (e s i€ jall (e la e 5
sl Gl il e 5,060 LK e plsi @llia g cpmg il A jeaall Lal) Sl gpen zlisi-
LS pall (8 2 sall G il () gling lpams () (s (A Dpandl e A s il LSl dllgin Lgiany
o el
G Sl Bl L S g g3l Glamy aodaliod Cus AL S0 5 gl ) s gl 5 5Sl A peaall lilS)) 2l -
(2l s il Ganla #O) JSA) (e ) shas gl Jaid s (8 Lo 5l lad Gy Sl i sl (g sazac D ) (5 gucan)
3aS Gl LAY Lealias il s Macronutrients or Macroelements 3 xSl el joaliall 038 ey
Z.B)
C,O,H,N,Sand P
K*, Ca™?, Mg*?, Fe*? and Fe™ «lix
i gyl el 8 Jay Lgaany il 5Y) (g 23ad 2elise Jule K

5 yall A sladll £1 59 (aS 5 & Jay Ca™?
g Al AAle W) 5 il s sl U i e Jasd 5 Gl 331 (e 202) 2o lse Jale M g™

Al g I ALl i 5 jall 5 ey 331 (e 20a) 2o Lisa s a5 S £l 8 Jay Fe™ and Fe™

Micronutrients or Trace elements 4834l gl 5 juall cibidial)
Mn, Zn, Co, Mo, Ni
o AL il 81 LA aea Lealiag Al el ells

i gill Ao gena J8 a3 ) Ciley 30U aclise Mn*™2

-l 3V Gl Jladl) @ gall S 55 (gain Jay Z*2

B12 0l i 58 pana Ja Co™

sl i Alee (8 3 Sl AA)) 4aliat o gl sall sl Mo™?

2 5 Ay il dall Caladl (550 (e %8 Gansned) 5 %14 D8l 5 %20 OS5V 5 %50 s WSl
LAl 5 Sl s sl 5 o s JSI (a5 elaad) jaliae S 5 A dgu Il jealiad)

el 3na JalaS Jrias) Al 2yl el U 03 g 0 31 sLall ) S lin

folall daci M) il gdl) A La
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05 ol g SI any g Aot 53l ae ) sl 5 dpine¥) (alea¥) @aladl cpa g 5l

(ATP) x5 1S sl a5 5 sinsiall & 3825 oy 50 mloa¥) s il

B1 Jie clislill 5 o4 ol 5 ( cysteine and methionine) 4! (alea) (axs S 5 8 <y )<l
Slied g Lald Cilidae ) Ui Ly K1 (e (8 2085 Le ) ddlial

Ll A el N 2Us3 Bacillus anthracis

cpeslill I #Us3 Brucella

082l gl Yl ) ~UsS Clostridium

Growth factors and Vitamins <liwalidl) g gall) Jal g

Ledalas e 4N &y jeaall slaW1 28185 ) LS yall el gy duayy gai Jale g saill 4y (g suine S 50 JS )
sl Joany S eyl Jans gl ) Lgiilal Cany 1)

Three Major Classes of Growth Factors
Al 5l e lid Ayl alea¥-
A5 palal) cld Purines and Pyrimidines-
enzymes cofactors <la Y Glaclue (e e ja 5l IS el (& JAN 5 ja &) gae Gl ja 5 jle Gl
sl (8 aadtun QB 6 ja A

Auxotrophic or Auxoheterotrophic

salll Jale sh cpalil) 0 65 e 5 ol agal a5 Y (S gl 5yl iy S () Walins
Prototrophic or Auxoautotrophic

A Ll JISE) (pe JS3 and s el 51 saill Jale (3085 e 5508l al g3 S

A2 lgilaliia) cuwa U S Ciulal

Classification of Bacteria Based on Nutritional Requirement
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QJQJSS‘JMG,\HA

Autotrophic 43l 433
Heterotrophic 4l 3 jlata

43Ual) BLI-VYEVITN

Phototrophic 43l 4 ga
chemotrophic 433l 4as
(Fermentation and respiration)

OSSN Hhaa G

Lithotrophic 4l 4yass

Organotrophic 4323l 43 guac

Nutrition Energy source  Carbone source e.g
Photolithotrophic light Co, Eukaryotic .
algae and cyanoba.cterla

Photoorganotrophic  light organic purple , green bacteria
Chemolithotrophic inorganic CO2 Nl:trosomonas,

compounds H,, I;_Ig{‘oé)ac_l;len

NH,, NO,, HyS iobacillus
Chemoorganotrophic organic compounds as  carbon Pathogenic

sources of energy, bacteri
hydrogen, electrons, acteria
and carbon
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Lecture 4

The culture media 4o 30 hla oY)

g1 e drani o cang QLS 028 ailiad Al jal clldl g 3aaa Glaaine JSE e &y jeaall ual) SIS 2 63

ge )l el W1 padiud o g A g ) e e Jgeasdl (i jal
p ) e Jalu g¥) andis Aale B gacs

8 519 LaS ATl gSa puaa b g e o g synthetic;i,pl.b.al\

Lo gig LaS Alligla Cig2a & natural:dasdl)

Baa) g Bl 1ae Lo gi g LaS 43U gSa g e b g sSemi synthetic dsliall 404
Lo gig LaS Ad g jra Ban) g Bala lae Lo gig LaS AlligSa Ligaa 1€ g semi natural:dsphl) 44

-de Lial) Jalu gY)

s3¢25 .( broth) sl aii Jie il any s ALl Ll B Wild alaainl) oIS Cun ddiall g ABL) ) s
& ol axdial s i) Jas sl e Way alall Ja gl andind A 4 L5 ¢ ) el Gal s Al ja Sy A ki
Dbl Lily il dasy (I adsmn g aiDlad) Jlagy (o3l 553l oy 330 5180 e b Sl (e 3801 5 a8l (S5 4l

Ol e Yy SISV alasiud )l el gall o8 L A3kl 55 51 a0 8 (all

J\SY\ R La

Agar

« Complex polysaccharide

« Used as solidifying agent for culture media in Petri plates, slants, and deeps
* Generally not metabolized by microbes

« Liquefies at 100°C

« Solidifies ~40°C

- uaibadll g A o) do taliiu) A 31 Jala oY) Ciinal
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- Simple media

aalll LadA (e le sias Nutrient broth leies sl 84 5 )l <l JLaay) 8 Losee axdiion ulal Jas g Liay) cann s
.80y bean Lisall Js 5 extract of meat

- Enriched media

palie ZUaI 1 i elai addiig 5 2l Jie sad Jal e 4 Ulias nutrient medium oo Gl el o)) o
BAdsa Anilde

-Enrichment media

s pall b SISl gad Jdag S 4y 1Sl o) 53 QYY) e (5 sz sai (e dal 5 5 i g 5 e (] pAid
Tetrathionate broth o s JUica led ase e sl 6 AV £ 53V i Jadly g Lead

LSl gai Japiii 5 ) 9 pudally (Gl 5 73 saill A laa AL ey aal 5 S Ol 5 o IS s a5 A1 3 jlms )
Ay Bl ) Jie s AY)

o 58 (5 AY) B o) Y e YY) L 2 Jlal sl sl Allaca U 5585 5 gm i 23508 () (sm s S
8 e Aglaall ) Sig Jsidl) Jan g (g pmy i ) aaly jillle Ja5 cpaad) aan g Jsidll (g g dan g 3 gaill da sl
el e (ST g gl (A J gl (e BalaiY) e b alal) L aSll old b s A

- Selective media
EMB (Eosin Jis s A) L yiSs sai o laiy digea Ly iS5 sad Jday o 685 ) g Ao (5 giad 4 5LaaY) Tl 5Y)
.Methylene Blue)
1S al ALl L S sad jaag 5l S daal A sall L S i i s e 5 5iag

i paluadlS AL L S J jad andion 5 daa gl L3S i ) o) sl Zauall e (5 5y Brrilliant Green
Agar

- Indicator media

Wilson Blair by Jia 33aa 5 88 £ 68 gail Al Gura (49l ) L gl ity AuilasS 3 g 5 9o Ao § Jalag)
Sulphite <y S Je b dl &) 5aY Salmonella typhi LS 2 5 oo CadSllaadiug 3y media
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- Differential media

Lgaiamy (e Al 4 0 £ 5D G (s oSkl Gl (8 DAY 45 ) e Clilial e (g siad dpe ) ol )
K—A‘SML:\_)SS-}JSBJAM&;\SL:\A:\SJ“BAJ\ QL&.\;AJP}S%:LU,.LLMJY\ XYY GJ.I: é}h&hd&uﬂ&\y‘j\ dSu\QL\:\A
.lTJ ws.x\ ¥ s e \_év\.; GA . -'.. “ ~“ Q‘ ....0 - @

Eg., MacConkey (MCK) agar, Eosin Methylene Blue (EMB)s Blood Agar Plates (TSA
with 5% sheep blood)
ol aall aall il 5S Jlad G S G5 aadiiy aall H\SH das

- Composite media
Triple Sugar lron b Lale Jla s 4 )0l &Y jall andlal aadius b )
- Transport media

Stuart’s transport media L5 M Ledebail gl (KI5 Ly Jadald 20d503 dalu o)

oY) clallad e Lo

Culture Medium- Sterile- Inoculum -Culture

Constituents of Media :dslall ds 311 Jabu g¥) il 9<a

sy

(oA S A page Clitis 0 02 3)le (Peptone ) O sinl

yeast il

meat extract sl 4ada

NaClalxkll =L

T fda oy (S

(-50 °C to -95 °C) Deep-freezing Gl aaaily

JI aladiuly Cadatll @lld 2y &3 (=54 °C to -72 °C) A= 223l Lyophilization (freeze-drying) wéadll

. vacuum
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LSl e laily o s 130

ol LA wie s dadae iy UL 5 Gl ) Slise J e 5 gt S (1 311
L) Gailiad Al j22

Awsdl vaccines Slalalll juiaad Jdsaeludl-3

Aol s deliall ¥laa 8 L S (e 32lELY14

A1) ) Al ¥l 3 Lllaniad Lyl 5
Lecture 5

Bacterial growth 384 gadl)

c ALK claandl) Bab N g A Al A el Al AN cilista JS B Baly 4 daly
38 Baa) gll 3 paricaall Ol (o) i parficall gSE A D gagag WOAL dae B Balijg A aaa B 3L Gadalyg
A G DAY (e S 238 e sl

Batch culture 351 )l dc ) 3.l -1
Continuous culture 3_<iuwall 4 3l -2

iy e )l dan gl o8 bl Slaal elld o Ly Sl & gad a3 gaill Aay HY) ) phaWh &y il WAL s J W) A 8
Aon gl Uil (laal) aUaily sy allai) 13 5 cOUmill oS) 5 Ll 5 i s el (Y]

=l Bl (e a5 s ¢ e ALl A (e gl Ol Led ran Y A SN LBIAD) S ()l - gidal) alailly L
sl pUally ansy SUn 138 i yasgl) ) A8 e g DLl g

Phases of growth il ) shl

[ty B sai B3 A ) shal day )l 4y peaall dall lilsll le )

Lag phase @kl sk -1

Log phase «ijte slll Hhll -2
Stationary phase <l sb -3
Decline or death phase < sl ;s -4

Y 058 5slll 138 5 saill sk By () il (e85 seanall 3 55 a5 Liag phase ds¥) skl

Gy Ay s pdall e Slay V) Z W) e a8l ag Cua Gl e Jasd s paall oo )3l das sl e o e L i)
aal g el (o Jaus gl o g Jlanall 138 3 Aadi () 5S5 Cum 3paa) Jans gl) G g a8 L 3ad B ey 33

M\)MQ)\%U}SJLJ}&)AJ“@MJ#‘ \MLA(‘\:’\B‘\‘;LA‘
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(e B0 Ao pui (ally andil g Jass ol) U K (e BAEELYL AN 0 585 o Jan 6l 138 3 LOg phase SUll ) shal)
uB\S]\ O J}LJ\ Jaa ‘;5 cj\ M}L)j\} (5"";})‘\%'“ oY) a)‘);“ a;).lj G EXEN| uA.L:uj“ Gﬁ‘\eﬂld\ g_q})u\
@ydﬂu}d\g_\wcﬁ}u}u Ll g H)SHLall 3alisaall el gall g Asilad) chlaliaall fas pbos

&) Ll shay e SN 5 Apall LIS 22a] 1y slise 2l LAY 220 (S s Stationary phase &l ) skl
Gkl Gl Jie 00 e Al Cogkall Agalge (8 SN 0 dua plateaudiee 5l Gl LAY e ()
Dol Wilse saill inie o5 Sladl) o155 N dilial (1S asa ade S pHU s (S 515 sl g

ORI

gl g A Gl LOIAD (8 Lella e o plall @y 13l sl 5l Decline or death phase JaY) ) shll
Ao oy saill inie Jaygy i gus lal) 28 e 6] Aipma ol ) DAY Lali

Stationary phase

=]
2
2 Death
3 (decline)
o Log phase
2 (exponential)
S phase
3
2
£
2

Lag phase

Time

& oaeall RN gai G5 Cap plall Calide Cad (g jeaall QIS gad AdS agd 8 LS gail) iaie A 0
L;J:C\S.J\ }A..\M ‘_AQ B‘)\‘)Aj‘ Lﬂ]ASJ Lﬁj}AJY\ M\ UJ‘)LJ w‘ @L\A&ﬁ\ dA‘}ﬁj\ n_a\):x;"b M\JJJ L.M\.u;\

Generation time and its calculation 4bua 4dS 5 Jaall ()

O Al g Hlall Leaads 4y SIS o1 i) o ading g sy gl (S 4 S IAT 530 a3l sa Jaadl (e 3 2y
Escherichia colid b_sS Sied el 4336 (5 4880 ¢ 8306 ()55 Le LWlle 5 Ly S ( Calisg Wl Jiall
Gl Ca g el chnd il A58 (5 e i (e lla

il () s 44K

A0l Adabeal) aadiid Jaall (e ) Sluald
2" * eV aaall = Sl saall
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Glebaiy) aae Jain o) Sua

n

N=N x2
t o

where N is the final cell number
t

N is the original cell number
o

n is the number of generation
final time

Generation time = ——
division number

the final time

the number of division = - -
generation time

3 el axe s 418 100 LVl 222l ) caale 130 dalil) LAY K axd) sala

2% x 100 =S 2}

485442 800 = IS aaall

$488: 15 s diall (e )5 A8 100 Lol 2aall ) caale 13) el G0 JMA dalill AT IS sl sl
180=60*3

the final time

the number of division = - -
generation time

180

the number of divison = ET

22 x 100 =S 2aal)
22 x 2°x2°x 100 =
4096 x 100 =
i1 409600=
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Table 6.1 An Example of Exponential Growth

Division Population
Time? Number 2" (N, X 2") log,oN,

0 0 = 1 0.000

20 1 =2 2 0.301
40 2 F=4 4 0.602
60 3 D=8 8 0.903
80 4 ¥*=16 16 1.204
100 5 2° =32 32 1.505
120 6 2% = 64 64 1.806
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Lecture 6

Enumeration of bacteria L i) & 3,k

the (Al s Zuall) 4, Sl LIAN aues Qo Sy 8 1) J3A A 5 Sl LAY 232y sl Aassd 53 sl Gl
Ao Sl BIAT adh aaall Gilua (e LSy (LdaYU aall Lein jeaall sl total number of cells

(ke By (o Sl gail) il oy

Direct methods:

Serial dilution and viable plate counts (pour plate and spread plate methods).
Most probable number.

Membrane filtration.

Microscopic counts.

Electronic counters.

YVVYYVY

Indirect Methods:
» Turbidity.
» Metabolic activity.
» Biomass determination: dry weight; essential cell component.

Genetic methods:
> Isolate DNA sequences of unculturable prokaryotes.
» Used to estimate the number of these microbes.

The plate count method

(bl aad) 48, )k

e Al Bl sl o Gl (L ke Cadlas) ald) Jlaall o) i) elall Jlastinly (g i€l 23 saill Caddy
(e axs (spread plate @ubY) Sle 3l pour plate LU caall (i jhy del ) 3l &t g) dae )y Lala
g Gl paniunall day o g8 Cpimal) 858 pleil aay Asulie 3l Ax o GLaY) amad Gl day (g K 73 gaill (1
LS e Lo umy il (o Sl aall s 300-30 g ol paionn Gl Fyglall GLLYI Losae il Jalaay

€ 4,0 LAY ae L 48l o3 8 73 saill (pa illLaL
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1ml 1mi 1mi Tml 1mi
Original 9ml broth
inoculum in each tube
Dilutions 1:10 1:100 1:1000 1:10,000 1:100,000

\_/ \_/ O \_/

Aan bgiae e o)) by il S5 3 8 0 3Lk (B 1 or 0.1 Ml g peali (LhYL uall 38 )k
Al Sl Alia e 30kl o3 Ao Gyl n A e s bl o iy ¢ 30 Bl 45 °C 5l s
S mhans a3 Gl jasianal) edai g Adlall 3 ) jall

o iy Sy s e 5 ey e B stall G e e 0.1 Ml D Ll e Ll A5k b
gl e jelai o gu <l jantidl) A5y ykall 038 & spreader e pine ala )

Most Probable Number

Ylaial) LAY aalf

slall cilige il & slal) slall L gamd 5 45 slall Jil gual) e 8 L iS4l dlae ) 3yl 46, Hlall o3 axdins Le Llle
Sl Cacline s 3 jie 58U (3 pe dany e Ay sla il canlil sac ) 45 5kdl)

B jlie (e Ul Lealily 55U S kS YA (o Loale OV (Sa Aisall b 53 53 3o 0 sl Ly S5 il 13
Adgal) (8L S e U jelay o5 (e g A Ailian) J ghan L gall i)

Filtration
e
oS e il oLl e Al Ll by 3 el d L ) s e Byl aiins
LSl had e J8) La ylad ) oS5 685 4 5l Filter papers i) 315l IR (e i i el
@ Glbal () eda mad il 81 ) 5) Ja5 Gl axy | 31 )5Y1 02 7 shaws o Ly IS Jaiaf (g Gl
Al u\M\u@"JM}

Direct microscopic count

seaal) ciad bl )
Bapa caliat clld 2ay &3 3B e (5 il Blaall (e 3kl aa 55 Cus (a3l ] e ) dald ilayBlu 2 g
e Jaoas oy 13 3 3 5 i g8 (5 0 330 ooyl 305 (ol ol ks o3 L S0 s g
30 & pm ISy gl ) 330 iy (1 1 i) SR 34 5158 (e LS il saa) Liaed

AS il byl

Petroff-Hausser counter
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Ridges that support coversllp == A 5 [ To ca[‘i’l';':_:‘te “f“’“befl
) o 7 o N per milliliter of sample:

Coverslip \///_7 =i é/\ r P - \\ 12 cells x 25 large squares x 50 x 103
y I A A

] h o] lo s \ . | | I

| [ @ lo] ) : 3 : b

- o= P / l |

TR o |® Y/ | Number /mm? (3 x 102) -

Sample added here; care must be o “\é-\_ bl 5 L I i !
‘ I I

taken not to allow overflow; space Microscopic observation; all cells are | Number/mm3(1.5x10% |
between coverslip and slide is 0.02 mm counted in large square (16 small squares): L )

(50 mm). Whole grid has 25 Iarge 12 cells (in practice, several large squares 3 <
squares, a total area of 1 mm? and are counted and the numbers averaged.) Number /em* (ml) (1.5 x 107)

a total volume of 0.02 mm?.

Fluorescent Dyes:
* Propidium lodide — stains dead cells
» Syto-9 — stains both dead and live cells

Turbidity methods

5 gsal) ulid

8sSall (8 iy 3 laa JSE ) adsa s Ll oo 3 dans gl Cae L 1y il (g Sl gail) (uld Ll (S
s’ ) Jalaay ey &5 spectrophotometer sl Cilbladdl jlea (8 b gl ¢ shas gl uim g SR (e
Al s Al L Sl s G il (S Ll | 3 saill OIS i ) ¢ guiall 4SS (ully L S il

The dry weigh

i) G el bt

O el alasinls e ) 0 0 58 pellets ant Cluna il 4 el cba¥) adle slaiall (o ) 3l dass sll (538 50 35k Jany
Aoall 5 A5l L S G 38l e (el

Biochemical oxygen demand (BOD)

(s O (g gaal) ullaial)

65 n 5 A A5 a8 L e Sl mn W1 gl () 3 A ey all (€ 531 gl G (S
eial 3 e 3l o RN 0y V1 Ao S0 3 gm s sl elia¥l (o o U (s AN ciled)
Lsladl e GS@})S,)LA\ &gl APjGXQMYﬂeMJM}mLﬁ):\Q\ JLSA\GMEM}Y\
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Metabolic Activity

syl cllladl)
Sy O SN Sl Uy sl sall Jie dpe ) 3 ol oY1 (3 4 jeaall cla¥) gad day 38 ) da¥) gl o
Al A8y Hhall oda (ST el oda alac) e Y ain el

Lecture 7

Factors Affecting Bacterial Growth

1S gl o i Y Jal gad)

3 e oLl 2 L sad (e aad) ) Ul Ledalias JS ) Ll g Ladlae) (il W5l (ad 4 semall sl e 3kl
e aladinly a5 Uy ja ol LS Ll )

» Temperature

A\ 4

Atmosphere — O2 & CO2

H-ion concentration

Moisture & drying
Filtration

Osmotic pressure

YV VYV V V VY

Radiation

Chemical Agents in Control

Phenolic
Alcohols
Heavy metals
Halogens
Detergents
Aldehydes

VVVVYY
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Optimum
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Temperature

Temperature and Growth

H-ion Concentration
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PH (e el (8 Gms (3 4 seaall elia¥l e al 5 ks Jadis neutrophiles Aslaiall &y el cla¥1-3
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UJ‘)&AJALAS‘;!}‘)S:\LAM }AJS\BJUJ@A&M\}JM’JQY\LS;@A&M:\MM\Cﬁ\)ﬂ\

daddiall dila jo o adl 81y it 5 5 S 4y lall AV e il 5 b S gai e 4l pHU) dad & 830
da ) g la )l e 4l oy LS Lalad o a0 dais a3V (g pall alid Giaay 38 pHJ) Aad (e lax dadi pall ) laa
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Oxygen

LSl Gt Ky s U s 5 Lgilen Al gl (i€ 5V ) Ui Y ) it 8 L Si€0l) Faliy 5 Aaall Al i<l
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Clostridium spp. and Bacteroides spp. &S Jis

g Chall paliad Al LAY a9 ( Facultative anaerobe/aerobe) Llisl 4dia ¥ L i<-3
£ saa 0a o Hadll g Gl ileny aLEN aulited LY dade g) CpaniS 5Y)

Erwinia carotovora and Streptococcus cermoris b ySs Jba

Sy S 5V (e AL LS 35 50 Juall S8 5ai Al 5 ((Microaerophilic) ceasS 52U Al Gl dne-4
i) s S Gl ) kil Auleny o s Y LY (oS 5Y) (g Aallad) cilaaSlly

Campylobacter spp., Neisseria spp., Haemophilus spp., Streptococcus J\ LS Lele Jis
pyogenes

A a3 iR (A Ghal () Ay gl £LaY) A (Aerotolerant anaerobe) oS U dlaidl L S5
Lein (B a2 O (s 0¥ Jaad aalaids ¢Sl
Clostridium perfringens, Treponema pallidum Ja

Lactic J9e .CO2 % 10-3 2550 Juadl saii (815 Wil 8 Gl AN L iSH) 4 5 Capneic microbe -6
acid bacteria

Toxic Forms of Oxygen

Gl Al S L (6 0555 (s Y1 o IS 52

singlet oxygen (02), superoxide ion (O3’), hydrogen peroxide (H202), and hydroxyl
radicals (OHe)
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Superoxide dismutase, catalase, Peroxidase
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Catalase

Osmotic Pressure
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Moisture & Drying
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Filtration
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Radiation
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Type of the radiation
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Ultraviolet, UV
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Lecture 8

Microbial metabolism

g sdll DG G 52a¥) g AU JISE) e g 3Ll L ) jpain Y 48U ) g yre s LaS 2l DAY (S
. Adenosine tri phosphate (ATP)

pedl Sllae (o) Al dlal) Jads Gaaad Al 4 bl Glleall IS¢ saae 8 metabolism oYl aais il
.Anabolism <l “lle s Catabolism

Catabolism (Dissimilation)
4l Wl 23l (carbohydrates, lipids, & proteins) 4 scasll ol gall €S ) ga58 Al G jlosal) Lo 2ually
B rall Ll o) g SIS 5 IS 5 gailly padis

Anabolism (Assimilation)
L s1al ) el angd) cililee (e dpuslas) slill ) oy Al A8 aladiu) Legd &3 il lleall 5) ) o
Al iy 8 b bl s aagdl Gllee ol 5 (biosynthesis)

Basic Concepts of Metabolism

ol L) asalial)

Glycolytic Pathways
Fermentation
Respiration
Photosynthesis
Chemolithotrophy
The Nitrogen Cycle

VVVYYYVY

IS Al Al o <5 A ga s Al g oLl af gad Ol AN G i sale ) peaa® Gl ghd e st ) ke ld
Lo =l a3V ) ZUad ) pladll oda (a8 glad
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) elaad) e i cililee 5 il e Jie du sl Cailla )l

38



Microbial Physiology

Metabolism Relationships

O Metabolism O + ( Energy

onSS Bah e ATP) Aall p jat by 4 dd Glay 3l 8am adle jlases 238 jliay 050 25 (Sae 8K S
saaliall 3 aYl

el 5 0 53S0 2 5l S ) ) e 36 3y yha (g0 5SS S 50 oy
Overall Formula:CH O + 02 > CO +_ HO
6 12 6 2 2

@ Al

The three stages:
» Glycolysis (anaerobic) (in cytoplasm)

» Krebs cycle (aerobic) (in mitochondria in eukaryotic and the cytosol in the
prokaryotic)

» Electron transport chain (with chemiosmosis) (aerobic)

e 3 sl ez V) A aleaia) Gy 5 e (o328 3 L S 8 s Sl (W) o) Gy 13

Adall 53 Sl e laall Sl e S5 Al (extracellular enzymes) as Ja Gl 33 51 1EY
.intracellular enzymes 4l 4, a0l cilay 1YL Lgaas 20 oLaall A odle ) 4013201 2 sall (atad ;L3G

o RIS LS 3 g e ALV e Ll o Ly il e UL 5 Ll g ¢ 50 SO 2 5) 5 oo Alaal) o3a ;S
o132l

ATP J) a8lall #ll 448
ATP s ill S e 5l 55 ADP ot sll 5 (s iaa¥1 ) o ill e paa Bl iy
tos s Aolaall oda 32 WAL 5 phosphorylation s _awdll daleal) o8 eud

Substrate level phosphorylation: is a type of metabolic reaction that results in the
formation of (ATP) by the direct transfer of a high-energy PO4" to ADP.
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u.u\.a.u‘}” J\}A BJimé
Oxidative phosphorylation: is the metabolic pathway in which the mitochondria in cells

use their structure, enzymes, and energy released by the oxidation of nutrients to
reform ATP.

ADP

Adenosine—®—~® + Energy + &@—
Adenosine—® ~®—~@®

™

ATP

A,0nSUl) 5 jaudl)

Energy released from the transfer of electrons (oxidation) of one
compound to another (reduction) is used to generate ATP by
chemiosmosis.

Chemiosmosis is the movement of ions across a selectively permeable membrane,
down their electrochemical gradient. More specifically, it relates to the generation of

ATP by the movement of hydrogen ions across a membrane during cellular
respiration or photosynthesis.

€8l Aal) il £ ling 13l
Al ~Slal s el Byl e Ay slall L) 5 e Ldlas <1 -]
Al Y5 Baneiall il jSuall 5 Ay 5 3l (alea WIS Bagas Ay 5la U Sa g iy ja (Balaal -2
(A8l Uing i) leall) Tamall )5 e 3 gl Ji e LY A8UAD LAY #liad -3
e Ll g L) 5 paill d8all Zlin3 -4
ASall Jie dy pall clileall -5

a5 ol pall Jii 5 (5 gl BRI 8 ¢ 5 AU Dlgiad Lais 5 pual) usS il 5 il 5 bl 8L A 55 ke
A8l
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Lipid Sugar Protein
Fatty acid I Pyruwic acid I Amino acid
A
W

| Acetyl Co-a
F N
W
Krebs cycle MNH3
@ | cCO2 | | H.o |
I ERPN L LY A LR [t & TP (et I IO R Ay S I

Lecture 9

Oxidation and Reduction

s JI AN ¢ BausY)

L) Lgila 15N L) i g IV 1o iad 508 (8 g yma sn Lo L LA 3 48U -l dalail 6 Ja 8 s
47331.9 45& U:’Jﬁ ‘_A\ 95333 SJMSY\ ;\:\L&G U\J QUJ‘):\SPX‘
S Ll s Y ) g S LA (e i€ Ailaa e iy el Ladie J) A1 dilend o SS) (585 il 5,300 )
U:\;}JA;\«JSE‘)JMJ:L\SJ\ Qe g_u;_J \MJJ&EU@J\ M\_}:\JM\ Q‘)Jﬂ\.@.k\.ﬂ)\
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(CranS U Ll ) ie Caay 138 (L 5 ALl A 2l 5 sa il
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Loss of electron (oxidation)

o ;
a

e > A

& +'.B
}

Gain of electron (reduction)

Low energy
= High energy

(S A1 el Jadii il o AS 2 Jadi L1 ¥ 3kl

> Embden-Meyerhoff pathway (EMP) or Glycolysis

it Jladl) 13 A gy 3 SISH St a3 o Y An G prs L1 3 a3l gl 3 jlanall (0
il Ao 5 A Gl e pags O (Sae JSIS 0 g KU S ) 365 ABla il S5 ) 90 (A 3 &5 (e g Cud g il
.“"!. }‘ %m - .].Q. @.ﬁ\ﬁ

> Entner-Doudoroff pathway (ED)

S jlsd) ddy e (EMP)bsall @l sl Juai ela¥) (oamy s L yiSal) Jie 518 dgilay Sl o L) 13a 2a g
Pseudomonas, Rhizobium, Azotobacter, Al 4 5l ulia¥l (A& jladdl & 2ag g AY)
. Agrobacterium, Escherichia coli,
oY) A @ shall Aala s Hexose Monophosphate Pathway,d) Jbee el ity L) 138 oy
gl N gam Jo¥ cpid A el 13 aussy | glucose 6-phosphate and 6-phosphogluconate ¢4
Al S e b Sl Jiass Ll 138 A5 Liayl <ud g ) ~U80 ) ga g EMP Jlise Jay JAY) 341 5 < 5 5ll)
Aa g il ae ) sl U Lealiag duled

Glycolysis: The Entner-Doudoroff Pathway

Glucose

l

Phosphogluconate

l

Glyceraldehyde 3-P + Pyruvic Acid
Go to the EMP pathway \I/

Pyruvic Acid + NADH + ATP
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Microbial Physiology

he best-characterized pathways for sugar catabolism in bacteria are the Embden-Meyerhof-
Parnas (EMP), the pentose phosphate (PP), and the Entner-Doudoroff (ED) pathways. These
pathways are widespread in prokaryotes and are crucial for their physiology and nutrition. The
overall schemes of the ED and EMP pathways are quite similar: 6-carbon sugars are primed by
phosphorylation and subsequently cleaved by the aldolase enzyme into two 3-carbon
intermediates (27). The two key enzymes distinctive to the ED pathway are (i) 6-
phosphogluconate dehydratase (Edd) (EC 4.2.1.12), which catalyzes dehydration of 6-
phosphogluconate to form 2-keto-3-deoxy-6-phosphogluconate (KDPG), and (ii) KDPG
aldolase (Eda) (EC 4.1.2.14), which cleaves KDPG to pyruvate and glyceraldehyde 3-phosphate,
the latter being further catabolized through the EMP pathway and tricarboxylic acid (TCA) cycle
(©).

> Hexose Monophosphate Pathway (HMP) or Pentose Phosphate
Pathway

Pentosd! z&Y glucose 6-phosphate 28U g3l s EMPJ) bl dhad)h &l jlsdl (0 HMP Jbise 22
Iy il 5 Ul gl 8 2 gy Aiaal) AaaaiV) 5 A0Sl daadl g ol yand) ol il S5 Al 8 g lusall 138 (5 S0
LS A g glycolysis Jbue ge slual) 18 Jany  (ald

Bacillus subtilis, E. coli, Enterococcus faecalis

Glycolysis: The Hexose Monophosphate Pathway

Glucose

!

Phosphogluconate

Intercoversion of intermediates l

5-C. 4-C. 7-C. 6-C. & 3-C

Go to the EMP pathway J/ J/
Pyruvic Acid + NADH + ATP
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Embden-Meyerhoff pathway (EMP) or Glycolysis

Produces two  0suS5¥) 25 g dealiogs 4all LA 3y L Sl cytosol 2 s ald e s
4l o)y Produces two lactates from one glucose 4L 5 pyruvates from one glucose
ATP (adenosine triphosphate) and NADH 4l dle il o JoS2a1 Jenid jlusall 138 (e sl

.(reduced nicotinamide adenine dinucleotide).

Glycolysis: The Embden-Meyerhoff-Parnas pathway

Glucose

2 ATP
Q 2 ADP
o

2 Glyceraldehyde 3-P (3-carbon intermediate)

2 NAD 4 ADP
2 NADH Q\/©4ATP

2 Pyruvic Acid

&) a2 S ) JSES () a5l ()5S o g g i) e (Gl Gl (S Y) 3
(acetyl-CoA is produced from the pyruvate molecules created from glycolysis)

oy Cagu (A sell Jlusall 38 Y (SEl D) g G jle ) kil Cogu Ll 08 acetyl-CoA JSi; Lavie
gl s (B s Sl Sl (G () J sl 32O (a paty ald UL 5 L oaS gilad) Jaly (8 e S5 )50 (B
e oS ATP gl cilig <Y1 Ji dluls adis NADH ol JELs  NADH J) GV NADJ) J 5y
oxidative phosphorylationiza.sSull 3 ji.sl)

b gl edd a5 S sad) leall Ll

= Glycosis:

Glucose ----- >2 Pyruvate + 2ATP + 2NADH

Outcome of glycolysis

Start with 1 molecule of glucose (6C)
* The products are:
— NET 2 molecules of ATP
— 2 molecules of NADH
— 2 molecules of pyruvic acid (3C)

44


https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=9&cad=rja&uact=8&ved=0CDYQFjAI&url=http%3A%2F%2Fwww.wou.edu%2F~guralnl%2Fgural%2FGlycolysis&ei=LT7sVNOdDYfhywPPsYCYDw&usg=AFQjCNGuBbFwM0zUsE_ClvPx_PPmUDqbHw&bvm=bv.86475890,d.bGQ
https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=9&cad=rja&uact=8&ved=0CDYQFjAI&url=http%3A%2F%2Fwww.wou.edu%2F~guralnl%2Fgural%2FGlycolysis&ei=LT7sVNOdDYfhywPPsYCYDw&usg=AFQjCNGuBbFwM0zUsE_ClvPx_PPmUDqbHw&bvm=bv.86475890,d.bGQ
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* Organisms that are aerobic or facultative proceed into the Krebs cycle
* Anaerobes proceed to fermentation
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Hexokinase
(Glucokinase in liver)

Phosphofructokinase PFK-1
Rate-limiting enzyme

Phosphoglycerate Kinase

Pyruvate kinase PK

Lactate Dehydrogenase LDH

http://biologyguide net
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Krebs cycle

Oxidation in Krebs Cycle

pyruvate
L
acetyl Coh C:
1
oxaloacetate citrate
8 MADH 2
malate isccitrate
7 HADH 5 co,
fumarate x-katoglutarate
FADH .
5 2 NADH_Jg co.
succinate suceinyl Col

5
ATP €— GTPL'__’L GDE + Pi

Krebs Cycle Metabolites
O For every Acetyl-coA
2 CO2
3 NADH
1 FADH2
1 ATP (substrate level phosphorylation from GTP)
O Regenerates
CoA
Oxaloacetic acid
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Lecture 10

adidg (3 s o4 (Catabolism ) b Sl 5anSs
» Aerobic respiration

» Anaerobic respiration
» Fermentation

Aerobic respiration

‘_gu.\;.usj)dc\.\uy@\}«tﬂ\u.us.uS\MMjﬂCmYJMM\eLAeJ)u}uw\‘_g‘fs\}@\u&d\um
@\}A)J\u_@_uﬂ ;L\.\\MLEUAC_\.\.}LA&AMJML:J}SE”)SMDMS\L”A}ASMLLCu\eA‘f\}é\uM\

Ul u\Jsﬁ Az g J}S&ﬁ\ ‘)S.m d.u\ u\)MJJJLSJ\ ‘).-.us.u 4\..\142.&\ XYY GA glyCOlyS|S db ‘593.1 4.\Lu_l @\}@J\ u.ns.u“ \A.u
Cud bl il g S Jisse Gla¥) any (8 o) GannS gV 58 6 131 el day ud g L e S e oSy el g Y
. ATP J) (e i szt Ca g glycolysis J) adae | Sl gel) putiil) (p0 JAY) ¢ 5l 24 Ja

rda) ye COG (el 4 58 llled o 3 e cellular respiration ¢ #ad) (wdill)

1. Glycolysis is the anaerobic stage and does not require oxygen.

2. The Krebs cycle or the citric acid cycle and chemiosmosis require the use of
oxygen.

Fermentation »e3ill avs Lo sty sSOIS jlie aii Le 5 Alal) Al 8 cpan gV 5860 Y Ledic
CranS ¥ g Al Jitaall (5585 COp (A JalS Sy alid g 5l (oadla sl

oda ‘)MLASJLGJU:\;}JJ%J\ Qhﬁ?ﬂm&@}\@wdﬁ}Acetyl cO A‘_A\tﬂﬂj‘)’ﬂ_\h um\aa.lus‘e:g
A il g IO AL 4y guzanl) LS Jal) o) (e s NADH ) (oS 5l Lal Bale 4 5 e 50 oLl Cond Diusall
(ot Bl e s

Dehydrogenase, Flavoprotein, Cytochrome, NAD, NADH, FAD, FADH

Nicotinamide adenine dinucleotide (NAD+) — add electrons & hydrogen — NADH
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Flavine adenine dinucleotide (FAD) — add electrons and hydrogen — FADH,

OanS Y1 Ry s il g IV 8 Al 8 il S ) Sl

Aerobic respiration

Organic compound B — 0 o)

Carbon flow
Proton | Electron
ATP ———— motive | flow
force

Biosynthesis
O,

Anaerobic respiration

e AlS ye Wil g S oY) Gl 08 QUJJSSN\JBAM&QUJ}SSM@L@J\ Jadiial) oy
(eg nitrate, nitrite, sulfate) Jie 43 guac

= Sulfate reducer: final electron acceptor is sodium sulfate (Na2 SO4)
= Methane reducer: final electron acceptor is CO2
= Nitrate reducer : final electron acceptor is sodium nitrate (NaNO3)

JMA Caand G S 550 Jaih €1 5SS S e JSI 36 s (Gl sed) il A jlaally AL Al Ll S
o sa N il

)SMMJAUAATPM);CM\JG@JMUMY)&)\Q\MGA #d}‘u\ﬁ‘fﬂ‘jgf‘}«i\&M\
u_a\xj\uas_ul\j.umumﬁJM@JALJAMJMJ}N\U}&QF@\J@L}M\ Baal g

ol Sl AU Jiie a5 O iy o S 350 G4 JRd acetyl coenzyme A oS elly s
Ladie (pan Wl g Al Jisidl (€136 the electron transport chainet s A< Ja dals Jee ) il

Jia il g iSO Adlidiae diles Mine Jasist () (Sae (5 5a) @l IS i 81| A sed) (il () 555
nitrate ions, sulfate ions, or even carbon dioxide.
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Anaerobic respiration

Organic compound —_ CO,

Electron Carbon flow
Proton ﬂow
ATP —— molwe

force
Biosynthesis

SELE Organic electron acceptors
Glucose

v
Pyruvate acid

W
Acetyl -Co A

N

CoHs0OH+CO5+ {1 -2) ATP CO2+H20+3ATP
Anaerobic respiration Aerobic respiration

Fermentation

oAl Caliag g Al A3l e waall I Qlasy glycolysis J ke (e giiall Cud g bl jesill dlee 3
sl yedd cibilee d);u,aM)gA.A\ Gl & J s Gy SOUSN e 3l @l g Ll ks Ay sl uliaY)
ghsy ¥ A8l (e o3 sahis NAD Y NADH J) sl dum @V aS 5l Al Jide 4y guiae (aleal il

O30S S ol S o) g pmed) e ) oat o) (S GasnS U

u).m\.aul\a.\).aa.d\c_\\}\u\j Mu@\@\}ﬂ\mb)ﬁﬂ\wmﬁ\d#\ )Aaﬂ\s_a\JLumAu

Jie L Qlel 8 oS5 lactic acid <LaSOU) (adda il Cud g plll jedty J Y1 bl

Streptococcus cremoris, Lactobacillus acidophilus
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JGa g SN 2S5 J gAY il Cud g ) ad jedty SN Ll

Saccharomyces cerevesiae

LSy @l JUa 5 propionic acid @i <l a5 oxaloacetate @ind <ud g bl 4 jediy SIEN L)
Propionibacterium

LSl Jie Acetone, buteraldehyde, and butanol zisd cud s nlll 48 ity ail Jl) Lol
Clostridium acetobutylicum

E.coli and some 4Ll ethyl alcohol & &5 (5 acetic acid @ind Cud g plll 4d jedhy HAY) Ll
Enterobacter

At ) sanklie e 0858 paatall 3 sl ol Lede g SN A iliana () b 3 (st el lae
b g bl S Ao g LS pe (A1 J gatll AL 5 65 218 JR

(S A el ;L}AY\&M\ Q@mwu&

Homofermentation ssilaiall jeadll -1
Heterofermentationgsiaiadl ye jeadll -2
mixed fermentation Llisall il -3

1S iy L) JsaSl iy Gilaiall e jeddl) 8 Ll il S50 il Gadda 0S5 2k ) Al
Sy G Gl edl) el IS a1 a3 say b GOUAY) 3 cndl s il (mala w50 S)
Lee IS0 (5 JSH 4500 8 jhuda (e gene () Apuslanadl iy Sl

lealadiny Jassll (8 (5 A1 Lygme dge dga Ja il Alme Ayguae sl el Agleay a8 LS o)) g
. clostridium

CagLlally (s enall (RS ¢ il laliind Baaia G5k Al a5 il sel) Ay jenall SN b s bl Dgial L
Aglal) 8 45 oS5 o gllaall o jall 5 A0 gl

Fermentation Summary

Anaerobic
Cytoplasm
Partial Oxidation
Small amounts of ATP generated via substrate level phosphorylation
Organic intermediaries as final electron acceptors
End products
Acid: Lactic Acid, Acetic Acid, Butyric Acid, Acetone

O000O0O0
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Alcohol: Ethanol, Isopropyl
Gas : CO2, H2
Contaminants

Photosynthesis

i gacal) (galaSl)
G a ) 4lisads (5S35l 5 e i B Lgte iy Tl 8l ) At el ALy gnd e 0
&8 Bsn e Slasa Jid (e ¢ geall Galiaialy oy Iaded A8l Y o JISE) SIS dalaall 03 yiiai g 4 gaine 430 S
Al o) el cillee 8 Lgaladiinl Sy )5 AlhasS A8l ) A5 pual) 28U () gt Alee Lgali danadiie 5 jeal
gl 3dudll Alany Cippd Aleadl 2y ATP (0588 8 Pl @l Gllee s (4 & jide dale
e Akl 43 gl cBlelall JMA 5 jatall i mKIW Jas Aluls o L &asy W photophosphorylation
sz o Aalull sy 8 clig I H e A ATP 0S5 Cun Ly Alaial 3 3¢a¥) s Claall 4 dlead) Ty

. nicotinamide adenine dinucleotide phosphate J) 3a) & Leay addieg o (S s ) jadall Gli 5 <Y

b a3 SIS e gilall 5 clle gl g ladall Jio Ailal gl 5 il Aia cla) 8 s Llall clilal) 8 Lleall 038 s
Green sulfur bacteria ¢! =3l < <l L 55 cyanobacteria s asall (1) 31 Qllsdall Jie 31 g3l 40
. Purple sulfur bacteria aswdill oy Sl G yiS

4 paall e lal) Lgdde Sllay g ¢ guall 3 (5 a0 sale Lagd ) SOl (o (e 98 (e Adlaall o2 Calli

Ll . NADPH 5 ATP JS&; 4l 48 ) 45 snl) 48Ul J5a Loy Light-dependent Reactions
Gllee 3 oda ALl A8l Jaxiud ed g Light-independent Reactions 2l cdlelss g8 AY) g il
Agseand) LSS Y CO2 J )

Jé sl ey photosynthetic pigments Sgall cldl Clwa ¢ pall Gaia ¢ pall Oleld 3
stripd s sl Ah Jexind  Dlaiudlly o8 Gamadie Jelii S e 2585« chlorophyll molecules
D shuttled <ibis SV (5auSta) D JI3a1 (e i il g SV aile) g AN mile (e il g SIY)
CATP U1 A8l () sS5 o gas Aglandl 038 JDlA 5 A8UAY Aak) o)) 11 28UAD Alall A0ad) (e i g SV 81 63 (pe Aluidis
a5 gl ) Ly il Y1 JE ALl ) s YT aa s Gl s YT JB les b

. NDA or NADP to NADH or NADHP J) sl dee & &l g yiSIY)
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S CO2 JIFaY axiiny ¢ suall ileld (ge (5 5Sll NADH , NADHP 5 ATP JI old 22Ul cdlelis o L
(S AY) b Sl g 5 SISH i Ay gaanll (50 81 LS

e sana ) (A EAY) 5 5l g IV Jaee can el Gl e s L) il A el slal) i

N )

Oxygenic photosynthesis (J s¥) ic sanall

NADPH zUl 5 &y sme il ja M alysads COp e JI Y Jamiad 3l i g S JaaeS slall 223000 o3
(VS Gadl oS Y oadh leaall o2 IS5 ATP

nH20 + nC02 - (CH20)n + n02

Jant () Ll (Y ional) Al 5n Ly S0 o3 e (55 a5 L iS5 sl s Llall il e pamall o ) oai
(ol Gl 8 ) padall cpauS 6Y)

An oxygenic photosynthesis sl dc saaall

5l I araS clall jie (g )A) S ja p2diin 55 june 40 58 ¥ B geay (s Ao ganall 238 21 8 (e 2aal)
Je 308 Green sulfur bacteria (e.g. Chlorobium) ) sadll <y ySU L 5iS MWiad aan V) a0 Y
(S5 s I aneS (g ped) 2 S

2H2S + CO2 - (CH20) + H20 + 2S

Lnsadial) Sl G S Jie LS g il Gamy el dagii cpanS oY) le Ja S Gama A6 L 500 o3a
iSO Jia i gy anaS 4 gimall LS all 223503 Purple sulfur bacteria (e.g. Chromatium)
PP

2lactate + C02 —» (CH20) + 2H20 + 2pyruvate

(YIS A il Balall g (s o) Lo (sS AS e 5 AL ¢ guall Bad ()5S Ladie 5 8l i) Aida lladal) b
H2 + CO2 - (CH20) + H20

el Jaad cpa s sl e Jadiy A i 5 sgdl w33 alladall o2 clliad

cll) Gllee 8 dlias aa) a6 I Lay) g2 ATP J) (A L jigig Al e J geanll (3l saa gall dagiill )

sball e e 5 A5 Ao sana G AliaS N (gAY QST (any a8 85 Dy gill aleaW) g (5 all 2 sSE (A

Gk b KR () A pgal sLall sae e S GRS Y Leidas 3k saal s o bV 5 ¥l 5Ll (S
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Ay Gald (55l S il Gl ey 5 S 3gd (5 5l S Sl DA e i AN sl Bl
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il y O s sl
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Lecture 11

Enzymes
Slaa 1Y)
ol d8la el YA e dilas] \akw\&ydmgjg\}aﬁ}lﬁga\ Yaa e b le

53Lal) ansi Auald 83y s ;U 3 i) @ sall mp 35Y1 day g Je il (g Jaiii Lo oy Jeliill jlsa (o Y cileg 33Y)
. substratesY)

— V) daa ey diaa oSl ula¥) ASale me Y JAINS i 3V Lale Jany (A salall @l o Gl salall
Je il &) 6 0 <38 ) sam AW 138 5 ( enzyme-substrate complex) () salall
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» Apoenzyme

» Cofactors

Enzyme action

o
/ Products.

’;l/( =]
O el

Enzymes consist <la ¥l Clia

O (e Sla 3 ale | alls

w3 e sl e 5l s

Sle sl wisda s coenzymes s=c 5l metallic e 58 L Wlle 5 a3 e sl e o 3all s
$panll ¢ 3all Ll | coppercaill s o siirall 5 1aall metallic cofactors o ces Jad Aol ¢ all Jaa
, NAD+ (nicotinamide adenine dinucleotide) s saall il jall (e ()5S0

i s S () paan GLsSy O Jadl s Gl o S5y S s FAD (flavin adenine dinucleotide)

. Holoenzyme s~ cofactor s » sadl < 32l s Apoenzyme sl ¢ jadl (830 xie
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Enzyme Structure

c Apoenzyme
= Protein
= Allosteric site

=  Cofactor
©  Metalions

2}
0
E

Create Holoenzyme with active site

058 Leee oS35 A JAls &5 daa W endoenzymes 4dils ) exoenzymes A i o6 L) Sila 3Y)
Ledlia 5 3 jluall 4y gLaasSIh o) sall iy 3o 5l 3 S e 12a) s Jilsy 2 688 3 5 extracellular functionadall = jla
Al (588 Sl 1Y) alara g Al Jals Sl 3V A5 cps A cellulose, amylase, penicillinase < il

synthetases, phosphorylases

Vpes OT enzymes
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ol A g 3

1- Hydrolyses

OS5V 5 Co Sl G gl G s 58 5 O 53 ST )0 (5 8 e S iy iy 55V o2
Leilial (e g sla 4 T il

esterases, glucosidases, proteases, amilases, nucleases

2-Transferases

e Jhe s Al (A4 sa (e AilasS palae 5l Aima B s ) s2a JUEEI jadaty aidiln 5 (eSS

Transglucosidases, transacylases s transaminases).

3. Oxidative- reductive enzymes

oxidases, dehydrogenases, peroxidases, catalases).
4. Isomerases

s o) A4y el Jaa <l Al cad yisale ) Lghauda g
Isocitrate epimerase, erythrose-4-phosphate isomerase

5. Lyases
ele Adlial (50 Al jadl (e AiliaS Ao gane A) ) Addils

Pyruvate decarboxylase, isocitrate lyase

6. Lygases
ATP e 48l ) zling Le WLe 5 Lee (i S Jay ) e aclay

Tryptophan—tRNA ligase, lysine—tRNA ligase

Constitutive enzymes
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8aa) siall ey 3V Ledlia g (ubad) 3alal) 25 5 o Hhaill (mns A sluiia LSy 5 Aaaila 3 ) guay it ) Sy 1Y) A
glucose metabolism Sl () Llee 4
Requlated enzymes

¥ 5L 3 55 8 el At s ) Gy ) Lol Ll a3 5 o B s s
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