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Figure Z0.1 Ouotline of Major Fermentation Pathways. hh-.r::n_ian:l-nn:-'. produce vanows waste products when they ferment glucose.

[he by-products released (shaded boxes) are often charactensoc of the microorganismes and can be used as identificadon tools.
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1. Lactic acid fermantation. Lactic acid bactena (Streptococcus, Lactobecillus)
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3. Propionic acid fementation. Propionic acid bactena (Propicnibactanam)l
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Mote that the hydrolytic exosesnzymes split larger molecules into smaller ones, utilizing water in the process.

The smaller molecules are then assimilated by the cell to be acted upon by endoenzymes to produce energy and cellu-
lar material

3/21/2019 Assoc. Prof. Dr. Sherif M. L. El-Kadi and Acting the Head of Agric. Microbiol. Dept., Fac. Agric., Damietta, Univ. Egypt




S - a3 Jas A
e | CGAal) g JABY) 4y o

— @ X

Key (substrate) Lock (enzyme)

l

Enzyme

Lock-Key Complex Enzyme-Substrate
Complex
substrate (© .M. Colline 2001
e products
"\ bonds in substrate A7 )\
( ~ are weakened
I.\‘ o/ ‘ e ? XJ
active ¢ \
‘i“ N N " ' .
by 'v' \ q { ‘i
s N r s =~
E | [
enzyme enzyme-substrate enzyme

3/21/2019 Associate Prof. Dr. Sherif M. L. El-Kadi and Acting the Head of Agric. Microbiol. Dept., Fac. Agric., Damietta, Univ. Egypt



Jo i) .l Ao ) ABUY) cya S0l aad) a1 Japiil) 45U

Without
8 enzyme
7
-

With

> enzyme
O A+B Time
(«}]
c
w
©
)
2 AB
o
[0))
o

3/21/2019 Dr. Sherif M. L. El-Kadi, Ph. D of Agric. Microbiology, Lecturer of Agric. Microbiol. Dept., Fac. Agric., Damietta, Univ. Egypt




as M Alrass) s Al

9 Apoenzyme L (uia ¢ Halo-enzyme Jalsll a5y s iy
A A a3 e Aus 5 GliSg g ol e s (e A A s o8 Bk
568 G s Al Wl Bl Al AU g sy aa i) pasadd aa g 4l
oS AL salad) (e 2 A s 3al) 4y Coenzyme <) (38l
prosthetic group 4l ds sana 9% O Ll sa 5 Uadd 4y 33Y) s
) e Baata ¢S Y an Y (8 Lelead iy g i plS Balad) B A
b ) gl JaSga Sl aralaa pa Baade gl chelating elbbdall La g
- abdud gall — Jil) — 2 guwiSlall — Guladll — maall)  aa 3HY) o gl
clilid oo 3ibe Baall A g cofactor 481 Jalss o) (<
- Gl — g (aan — g Sal) Gasa — (il sul sl — il

(FAD ¢« NAD ¢ ATP) Ll Lgiag (o sl

3/21/2019 Assoc. Prof. Dr. Sherif M. L. El-Kadi and Acting the Head of Agric. Microbiol. Dept., Fac. Agric., Damietta, Univ. Egypt H



Haloenzyme

Apoenzyme

_ cofactor
prosthetic group

v
” ; L, 351 Gaan — 0o g 1) — Cppal
i3 - plalgall — JS FAD « NAD « ATP

3/21/2019 Assoc. Prof. Dr. Sherif M. L. El-Kadi and Acting the Head of Agric. Microbiol. Dept., Fac. Agric., Damietta, Univ. Egypt



A g Saall ey 33 laguds

12>

o) Substrate Jelll ik Gl o) 359 e o clay Yl andly
Adad) W3, A A Constitutive enzymes Al sl bl cilay 33)
sl S Al Lgall) A aSatyy Jeldl) Bale e B gl asay B s sm
Inducible (Adaptive) &all claill ewn SG) ggilly  AdAl
bt Joldil) Sala 3529 2 AT cles3) A5 enzymes
(

Glagii) =1 & ) acdl 314 Ol qua o clag 3 Al st 2?
Az A e A ale 3 a5 Extracellular enzymes da i
Jga A aaad) 5l <l Balaal) 413l 3 gal) Jalady a6l Cilay HY) oda g
Ladll dllaal) oli Leifia) ey AAl Lededn Jewn anall 3 e da
A9 Intracellular enzymes 4dals cla i) -2, Jslgabadl g (g sll g
Gllanlly a8 Al clag JY) Al Lgala) Gag AMAY) JAka AT Al cilay 3
basa LMA sl aldes 4 catabolism 48kl Ao Jsaaall 454l
. Anabolism

3/21/2019 Assoc. Prof. Dr. Sherif M. L. El-Kadi and Acting the Head of Agric. Microbiol. Dept., Fac. Agric., Damietta, Univ. Egypt



- WA 7 A B Skl Ly Saall s 5y

a8 pal_all a3
Ll Sl — W Bacillus subtilis
Glis gyl Jafi gl
Slady Jeall — clis g )l Jad s sl Bacillus megaterium
yaliaatl sl Bacillus cereus
Laall 3aleel — Wi Pseudomonas saccharophila
Slad Saolal Cyrophaga species
Sty il i Vibrio chlorea
LIS 535 g0 5 S g 1€ 5 5u 5 S5l (52 Streptococcus haemolyticus
SLIS 4 Sl g5 5
senbadl Staphylococcus aureus
il (513 gl g8
el Clostridium welcbii
Slaty  J gl a5 9yl
Eilats 1, a5 9l Micrococcus lysodeikticus
SR 3 el Trichoderma viride
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Lag 3 2 gal) allad) ascddill m
; 3

S NG (EC) Enzyme commission <hesdy) sl cuagl
The International Union of Biochemistry 4igall sluwasll
138 daing g ) gabie Y dacd quila ) a3 JSI Baina dpallil drandy (IUB)
1 ad, o ald i Al classes abwdl diu ) cilag 3 asdi o Ul
awl G989 subclass aud cai 13 A 4 (e s ging and JS A5 6 B
ady an 33 JSlg ase adalall AUl Jelil) 3ale awd Jg¥) i e Y a5
s ) Gy J oY) 1 a8 Ara ) (e (g 98a 989 (EC) adallally o ald (5348
SEL) a8l - a3 6 ey oAl JoUil) £ ood Cum (AU - a3V 4] el
ad el il Jolll g oi Lay) mag 29 sub sub class ) s
A ax i) dua ols gl Mia A alimall anl) A el ) ) éﬂb - aa Y
G} amll iy w's\z\ 1 O A JoY) BB CEC:3.2.1.17 Sl gl
e.uﬁua.a@aaﬂu\ 4 AL P&Jﬁbww\ Jadl) clay i) Ay Slag 3 (e
& ) J-\-U-H @UMJ uiu\ ?UU doduw gSutal) Jay) g 81 (e u.d\ Slag MY

Ak g Al o) Ay S Jagl gy S al) D3gy 22 53 ¥ 9 (1508 B3 e Je i)
(el W1
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Glay 3 allad) Caybarl)

(EC:1.--.-.--)
(EC:2.--.--.--)
(EC:3.--.--.--)
(EC:4.--.--.--)
(EC:5.--.--.--)
(EC:6.--.--.--)

Oxidoreductases JIFaY g sausY) cilay 3) -1
Transferase Jll clay 3 -2

Hydrolytic enzymes (Stall Jail) <las 34 -3
Lyases aygd) clay 3} -4

Isomerases 4lddll clay 3 -5

Ligases (sUal) ) clay 3 -6

Single_Polymer_Chains
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Enzyme nomenclature database

Enzyme
Group Reaction catalyzed Typical reaction example(s) with
trivial name
C1 e [ A8 A B Gatucon) [ Denyarogenase
Oxidoreductases A+ O — AO (oxidized) Oxidase

one substance to another

Transfer of a functional group from one

352 substance to another. The group may be AB+C —>A+BC Transamlnase,
Transferases . Kinase
methyl-, acyl-, amino- or phosphate group
EC3 Formation qf two products from a substrate AB + H,0 — AOH + BH Llpage, amylase,
Hydrolases by hydrolysis peptidase
EC 4 Non-hydrolytic addition or removal of groups RCOCOOH — RCOH + CO,
from substrates. C-C, C-N, C-O or C-S bonds A Decarboxylase
Lyases or [X-A-B-Y] — [A=B + X-Y]
may be cleaved
ECS Intramolecule rearrangement,
i.e. isomerization changes within a single ABC — BCA Isomerase, mutase
Isomerases
molecule
EC6 Join together two molecules by synthesis of
Ligases new C-O, C-S, C-N or C-C bonds with X+ Y+ ATP — XY + ADP + Pi Synthetase

simultaneous breakdown of ATP

http://enzyme.expasy.orq/
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http://enzyme.expasy.org/

w_| Enzyme Subclasses
EC1 Oxidoreductases J)JaY) g sausy) cilay 33)

EC1.1 Acting on the CH-OH group of donors

EC 1.2 Acting on the aldehyde or oxo group of donors

EC 1.3 Acting on the CH-CH group of donors

EC14 Acting on the CH-NH, group of donors

EC 15 Acting on the CH-NH group of donors

EC 16 Acting on NADH or NADPH

EC 1.7 Acting on other nitrogenous compounds as donors

EC 1.8 Acting on a sulfur group of donors

EC 1.9 Acting on a heme group of donors

EC 1.10 Acting on diphenols and related substances as donors

EC 1.11 Acting on a peroxide as acceptor

EC 1.12 Acting on hydrogen as donor

EC 1.13 Acting on single donors with incorporation of molecular oxygen (oxygenases)

EC 1.14 Acting on paired donors, with incorporation or reduction of molecular oxygen

EC 1.15 Acting on superoxide radicals as acceptor

EC 1.16 Oxidising metal ions

EC 1.17 Acting on CH or CH, groups

EC 1.18 Acting on iron-sulfur proteins as donors

EC 1.19 Acting on reduced flavodoxin as donor

EC 1.20 Acting on phosphorus or arsenic in donors

EC1.21 Acting on the reaction X-H + Y-H = X-Y

EC 1.22 Acting on halogen in donors LaSt u pd ate 10 N ovem be r’ 2015
EC 1.23 Reducing C-O-C group as acceptor

EC1.97 Other oxidoreductases http://www.chem.qmul.ac.uk/iubmb/enzyme/
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Enzyme Subclasses

Subclass Name

EC?2 Transferases Jail) ciay 3i)

EC21 Transferring one-carbon groups

EC 2.2 Transferring aldehyde or ketonic groups

EC 2.3 Acyltransferases

EC24 Glycosyltransferases

EC25 Transferring alkyl or aryl groups, other than methyl groups
EC 2.6 Transferring nitrogenous groups

EC 2.7 Transferring phosphorus-containing groups

EC 238 Transferring sulfur-containing groups

EC29 Transferring selenium-containing groups

EC 2.10 Transferring molybdenum- or tungsten-containing groups

Last update 10 November, 2015 ‘
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Enzyme Subclasses

Subclass Name
EC3 Hydrolases sitall Jaill cilay 3)

EC3.1 Acting on ester bonds

EC 3.2 Glycosylases

EC 3.3 Acting on ether bonds

EC 34 Acting on peptide bonds (peptidases)

EC 35 Acting on carbon-nitrogen bonds, other than peptide bonds
EC 3.6 Acting on acid anhydrides

EC 3.7 Acting on carbon-carbon bonds

EC 3.8 Acting on halide bonds

EC 3.9 Acting on phosphorus-nitrogen bonds

EC 3.10 Acting on sulfur-nitrogen bonds

EC 3.11 Acting on carbon-phosphorus bonds

EC 3.12 Acting on sulfur-sulfur bonds

EC 3.13 Acting on carbon-sulfur bonds

Last update 10 November, 2015 ‘

http://www.chem.qmul.ac.uk/iubmb/enzyme/
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Enzyme Subclasses

Subclass Name
EC4 Lyases asgd) <lag )

EC4.1 Carbon-carbon lyases

EC4.2 Carbon-oxygen lyases

EC4.3 Carbon-nitrogen lyases

EC4.4 Carbon-sulfur lyases

EC45 Carbon-halide lyases

EC 4.6 Phosphorus-oxygen lyases

EC 4.7 Carbon-phosphorus lyases

EC 4.99 Other lyases

Last update 10 November, 2015 ‘

http://www.chem.qmul.ac.uk/iubmb/enzyme/
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Enzyme Subclasses

Subclass Name
EC5 Isomerases 4l clag )

EC5.1 Racemases and epimerases

EC5.2 cis-trans-1somerases

EC5.3 Intramolecular isomerases

EC54 Intramolecular transferases (mutases)
EC5.5 Intramolecular lyases

EC 5.99 Other isomerases

Last update 10 November, 2015 ‘

http://www.chem.qmul.ac.uk/iubmb/enzyme/
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Enzyme Subclasses

Subclass Name
EC6 Ligases ) clag 33

EC6.1 Forming carbon—oxygen bonds

EC6.2 Forming carbon—sulfur bonds

EC 6.3 Forming carbon—nitrogen bonds

EC6.4 Forming carbon—carbon bonds

EC6.5 Forming phosphoric ester bonds

EC 6.6 Forming nitrogen—metal bonds

Last update 10 November, 2015 ‘

http://www.chem.qmul.ac.uk/iubmb/enzyme/
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a3 L e 5 jigal) Jal gal

Jelidl) sdie 098 Optimum Jisl pH a8 sl g8 of éua ; pHA 1
wéﬂ ?EJJ dia S8 2\9)4 ac Jeldil) &asa Y Minimum ua.:\ ?EJJ sl
Ade A g ) aB ) ad ) 13) Je i) Gasy Y Maximum

) Jeldll) de yu a3 Eua 1 Temperature 3, da 0 -2
Laie 068 Ama 5yl dajn ) dual L 30aldl da e 3aljy Loy
Optimum temperature fial dajall Ay obadl b 35yl JLadl
Mujhwdhmguywkw\dmeaum&&\&aawa
5 luadl cd 13y [Enzyme’s denaturation ) Cmdgdl 5 Al
Sl Cad gl o) ) a3 JaLAL) A LaBl Giaag dp all oda e

de (Cmagml¥l) anll gabud Gy L gl B 5 A dleed JUag
Jia dyglas & fAge Aol B Sial) duaad o)) (Sagg  Axdlh gal) 30 all did g
Aoadil) 598 Andl) g Y gasl) g ALERY cjaleall g a5 581 g 538 pall (alaaly)
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a5 BLEs e 3 igall Jal gal) 1 ol

LalS Ay 31 3u8 5 31 LS Enzyme concentration a3y S5 -3
Wary 5aS Al Bab 3 sy ¥ Adma da o ) dean (A e Y JLADY 03
) BLAS 80 )

ala 38 53 31 ) LalS Substrate concentration Jeldill sala 3.8 5 -4
Cua JLidl) 10y 88 gy Wy g e da ) eag 35Y) LA 315 LalS Jeldnl)
Ahdll) ad) gall Jladl UJ\ Ji Y addl) pend Al ui\ a3 Juas
B Bk 8 g Al oda cialy Ledluadi) S8 Je il il i Jeldal) o) gay
Cra el ciadal 13) Y 3o 300 Jeldil) Jara Je i Y Jeliil) 3ala S i
e Y] S A

asaill Adladl) 3 dal) e dgay 1Y) cilbadial) juias Inh|b|tors cladiall -5
dueﬁaﬂ\w‘ﬁemu‘hmy\l\uw\ cLUASJ\J.uu.‘n
sadl) i gy Ml g Al adaly ag3Y) aa dadi Al el g audlad)
(95l
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Enzymes inhibitors 4 3y cilagdiall

DA Ay pa lglo W G Ao iladial) olheuﬁ

: Competative inhibitors dwwéls claia -

slo Aadil) ) gally Jali ¥ o Jeldil) Bala g cillagfial) el (udlis dua
SV AN (A gl Alaast) s il 8 ALY Jelinl) ale 4pdd LY ad s
blilll (i giyg Juadly ¥ s Y1 o Anddl) adlgall aa Lafiall aad Ledis g
Sulfanil amide ) Jlilad) oS sa Lgilial (1ag ¢ oa1 33!

e

Sl gil) Gaea ) Lay3E) (PABA) g sinall Ll (e b piSl) Jgas

A o) ) ae dady) o 4 Gl o) QL) QS pe aalgi die g

Sl Gaaa (S Y a3 g oedlll) bl daay AUl (PABA)

LS pa (il Ll il (aen (308N PABA A gliad ¥ dsea¥) A0al oy 1 kaiy
A i) AIAl) do S Y g L il JIES s o) 938 addliead Wbl
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Enzymes inhibitors 4m 3y cladall @ adls

Non competative inhibitors 4wl ¥ cladia -

S xSl 5 a3 Lol adgall e SO Bale pa (i3 Y cillaial) el
prosthetic group s 4wy cilid) jall ga aafi o) a3 (e AT £ 52
(o3 BLE Jish a3 e B ) I3 s

LLa Y e pdll Cpagla gas 508 Cinda ) g3 Lea waad) e i) ol
by i dua dgama il gl u.n Lghaldd A zliad A clag 33 Jadfll ) CraasY
e ) Je i) adad AUl g diamal) il oY) oA fes Aol cildadiall
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iSal) S g pSad) Jay i)

Reversible and Irreversible inhibition

Reversible inhibition pxssl) Jagiil

Bra (oSl ol 8 o) ol OS] g g Jaflally g Y Ja L Ledie Caday
Ldall g as 3 ) s AN B e A ggany i o 3)

Arreversible inhibition «Sall & Jagfil) Laiy

Glag Y b a Ay bl e paill 1A Ggaa oo Cadsll (Say
X Y aal g slad) B daay 4 3238 enzymes kinetics

) eSS a8 A B ghdll daie Gk 8 by Saal) sad Caludd) B gy
a3 aa Cladd) Ay Eua cross linking Asaadl ha gl Lagad g
Gy Lad Az Db dma (eSy g daal o) Al 0 eSS 08 J glaal) i) 3

sSad) g Jantil) anly
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Feedback inhibition dswsal) 4l Jay i)

Ll Gk 8 a3 Joliill daliie o) gaS Apudli cilagfial) Jaad a8
Feedback inhibition= s e dausall L3 35k oo i 2
G (Product) sama 3 ge gl (e aa i) adad o pcal) Japll) dolas g
by ) g2 Lea Joliil) i ghd (o B ghd Ty ag 33U lgl milill a6y

Je il

o Isoleucine Cpusdsn¥) oaea gUW) E. coli quSw askiog
335 Laie g (<l ghd (wad) L ) Threonine s Al Al (aaall
i gl e HY) BLGN U galll Ady B Cpugal oY) Y] Gaeal) S
A B e dga Al aeal) 13 dlgin o) ) Wga

Al oS A liall @il padil) Sl B oeiSad) Jagdill) ddes (ha BaEILY) (Say g
aili anly Cmy Lad cilinalindll g i) (alaal) ZU) aplail 8 asanll
.Enzymes regulation <tas ¥
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Sbledl Alpassl)

S il

S Al L B A o) 5 S Bala (e Bke Al Aalil) (e shalad)
10000 — 1400) (Polymer of glucose) JsSsiall Sud jadss o oS g
P9) Ui £ ol (e A sSals Ayl Lgudary ga S glal) S cilaa g hadi i (55
G 1 ady BoM aa ciliyial) aal e 4 a8 BoM s 5 Eus S ela Cpbiia G el
o s Y Jslludly B-1,4-glycosidic linkage (Ly aasll 2 A (55
Micelles (raui la 488y Glaag B 2t Judbadl 03 225 (819 13 jdia dxgbal
Jsbbidl dad Microfibrils (et saSh qus) 5 B (el ISy i 5 W) g 038 g
Bala Bale Lgiy aa g3 claagll sl g (Avicel) crysttaline cellulose st

Ol

BI—I SOH
C—0O

HE\QH H/"I
H DH

e
|,/,_, “u—D WXEH_E,\E )

G

cellulose

CH,OH
v O "\I'_

N\ / —o—IN\QH H/ |
. §¢
H OH
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Cellobiase Jebalaad) Jalas cdas 3

endo-B-1,4—glucanase Cx

exo0-B-1,4-glucanase C1

Unnamed enzyme X

CH,OH | H OH CH,OH *" H  OH CH,CH | H 0O CH,OH 4'; H  OH
W/E,_O\GrO{E/EH_E,\E OO B N W/E_Dxl—O{w/EH_E,\& 'ﬁ/ﬁ—o\\é—oﬁ/g:w
Hi\gH_g/a INL o N N N N Lo—-?\gH_[g/H' NI O

H OH L CH,OH H OH <7 CH,OH H OH L CH,OH H OH <7 CH,OH

Ae Gl A BY) o cilag ) A0 Jand gliad dua Bataa ddas piiay G gladll ey 35Y) Alal) Jalail
Cl = digle gl (E.C.3.2.1.-) ex0-B-1,4-glucanase . Jo¥ cellulases cle 3y &l
endo-B-1,4— e Ay Jeldad) Aladad) Aled (e Jsliblaad) e 5nS albiiia Jualy aglg
Oy Cx = iy Lo gl dulgde 48k jelgdad) Julady ag8d (E.C.3.2.1.4) glucanase
Jemslad) o B—glucosidase e Glllls Cellobiose sl (poSil laa ¢Sl ey 35
Gy Adld L) dgles Gigaa quiaily GeSsla s0n 2 s Jamslad) Sw Jlay s Cellobiase
a3 Ly AT a3l o asl) el o iy a3 Joli Jaag e gsadl e ali
Cpialll Juad Jde 3 a8l 4l o alisyg (Unnamed enzyme) X oomny SSaal) alil) jia ag

A (e al jhd aa diaag LS bl ¢ (Phenylpropane)
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Cellulytic microorganisms

rJia il gp Lyl
Pseudomonas
Cytophaga
Bacillus
Sporocytophaga

:Jia i 1Sy g
Micromonospora
Thermoactinomyces
Thermomonospora
Nocardia
Streptomyces

r Jha il phadll g
Sporotrichum
Alternaria
Fusarium
Penicillium

Aspergillus " : s a1
. ‘Madll de s dua 8 Ll ¢ ddasaad) <l | J |
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Cellulytic microorganisms

r i A ga Y Ly syl

Clostridium dissolvens
Cl. thermocellum

ruminants <l _sisall 8 Ll ga¥
Ruminococcus
Flavofaciens
Butyrivibrio
Fabrisolvens
Bacteroides

ALl adaios Y 4) gadl) culy g Saall
Lgaand) il pall Alalsl) awsYL
Lellatt duilgdl) milgill o8 UM
o bue S e Jadd bl
1Ay guand) alaal) Jia Bawsy) Adals
Succinic , Lactic , Acetic
<Y aslly Formic , Butyric,
H,; CO,, CH,; Jia <ijladly
Aaal)  4Loieadl LSl caliy
Al gld 8 Laa 1,9 Jebladt
G503 IS Ay cladilualg
ZW) Ay il bl gual)
J& zuy da DU Ao gl il sl

.Biogas Jasd

3/21/2019 Dr. Sherif M. L. El-Kadi, Ph. D of Agric. Microbiology, Lecturer of Agric. Microbiol. Dept., Fac. Agric., Damietta, Univ. Egypt




Cellulose Hydrolysis Jjsblwdl lall Julatl

s o) Baay w*
L 99 A daddiiiaal) dipl) **
SN g 2 shall gh i) aBa) 3 g gr JLERY) Aulag) Go AASY) ol *

=y

+ Cytophaga sp.

- E. coli

G589 g Al 48 ) JSU o Jany 4 gl gl (8 Gl gulud) a3V kel qug pSaall ) Baad
s guadi 1 28 55 gt Jlaal b g Sual) L J o8 sl Jo i) ilgs 3

3/21/2019 Dr. Sherif M. L. El-Kadi, Ph. D of Agric. Microbiology, Lecturer of Agric. Microbiol. Dept., Fac. Agric., Damietta, Univ. Egypt



Cellulose Hydrolysis Jsidad! Alall Juladl
i 5AY)

s o) Baay w*
Seilala ) Ads dadiiacal) Adg) **
) g JSUEl) g o) jdual) gf Al adl) 3 ga g SLERY) Aulag) G CRAK Ay **

Lyl g g il 485 JSU Ao Jamy Al gABU) g ) 8 Gl galeal) a3 SR g sSaall o)) BaaY
Uiy gl ) 48 55 4t Jlaal) b o ol Laday Il g5 quiliS cul i) ¢ o
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L™ s 1" L OsSEig JsSslad)l S (e e Cldag e (S

i ND L N L N [ da) el 1 gle i e LA A
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H  OH
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o - ) 0a 42 Bl bl A s J'{SJ;S% O O
e ";'/I_D ’ cﬂbﬂ‘ 2 AY sl (s 1@‘.{) 5yl éAQh.U?M
5 \;H’”_:L/ g "'L’\\EH i}‘ﬁ Amylopectin aassefws o (Adllg (W)
o I -10000) JsSsiadl (e 4 iia Judlas (pa 058009
! ao Able bl Jia laad l=E (50000
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VIO VY VRN 00 6 a8 5 e osls kil g sl ol
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.glycosidic linkage

Amylopectin
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Laal) Jalas clas 3

Cr
_E;H/EH O E/QH % |maltase

a-amylase || B-amylase || gamma amylase

0
o b CHy EH@H CHp
¢—0 —0 G0
& a & H H H H H H
<TR E”EH:\E it \C,HHH\&L “\

o N LA o \EH_E/ N ﬂ_mz "
R - P h
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Go il il g de pdial) Jal gl S o a8 e AdS] A pde A8y phay (S ghaa¥) g Jskia¥) (e S
Ll O Jedladl Jlay g2y B-amylase Jebal Uil -2 cpiesal) Lol o a3l 13 Jad
(Ssille) (AUL jSaal) Cpa clang (Jarad GaS glal) claa g o A Adagl 1) e Sl (989 by
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Amylolytic microorganisms

Al ge SU A gall fol G LA
b And) Sl L sgh s
Ca .A...\M\ lrﬂmj JHasl) :\SJM
aldas Jdo 5 a8 Lgd Al cily g Saal)

D & Jaidi s (%80)

Cytophaga
Clostridium
Bacillus
Micrococcus
Flavobacterium

Chromobacterum

Micromonospora
Streptomyces

Fusarium
Rhizopus
Aspergillus

rFia Ly i)

- Fia cliesa ¢icis ;2\3

r Jha il kil g

3/21/2019 Dr. Sherif M. L. El-Kadi, Ph. D of Agric. Microbiology, Lecturer of Agric. Microbiol. Dept., Fac. Agric., Damietta, Univ. Egypt



Starch Hydrolysis Ll Juas

. CJ‘ By #*
Ll b day P daddiicual) dipl) **
pasas Al g (3,31 Csl (S G 4ase (e L) 3539 08 GRS 3 i) Jslana *

- E. coli + Bacillus subtilis
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3l sl s
Baiea dyyae Al pales] oo Bike Adbasll Aalll Ga gl
O Adayl ) Aoty oyl g Wi Lasd Jali 5 (Ladlsd) Polyaminoacids
oaaa & oY) ds ganay Aiial) (alaal) aaf B Jaas g Sl As gaa
il a3 cpligoall JoY) el diry Lad dady et AigSa (AT Al
JSd b aami a8 U sl AigSa gils JSE A el Jea Judhd)
Gl de gana JS aa a8 G e L) iy Ja A g% alagy) DS JAS) deas
Fia Lagas Agiia g il 2l gall g Guiguall Jlad die g 2l s Uil 4d g% las
UA JS L) ah LS NH Lisad) mlad) bl oo 4ggil (alaal)

M\mw\wtwtwu@@\gH S, H,0, CO,
Clad " oadly digan Ll A4p S milgy 4ala u,uss uuus
OoSiid Aulgdl) Jladl) milgd CAliAS Alad) eda Ay “Putrefaction
CO, 5 H,Sls dygas (alaally diisal) palaally izl g L gal)
1 £ s mercaptane &S sl
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Protessa

H o H 0 H 5 H )

T T | . T

St | iz ic K ic C e s HD —_— = W — O — & = HM —— & — G o
I | I I h I
H A, H R H R o A
Peptide
_ e -
Paptide Carbowy Amino
cormponsenit component

Extracellular proteases Jaisy aad 4a i clay 3l dadd gy oigual) Jad ddes a3
Lad (e gaa () aaliy (gl pg i Adadun B Aaid) Jagl g 1) ey o685 cilay 35Y) 03
Aalad) (A A8kl dadal) Lgyl a3 A claiW Ay Exopeptidases
Al Ay Al b Adalal duadal) Jag gl Jad AN cilay i) 29 Endopeptidases.y
A Galaad) JIaT plyg Awiaed) Galaad) (085 ia sheald Jieal cilifa (sSE Jladl Ades
JieaS 53 SV s gana £33 Aadg Decarboxylation Ak e Sase 5k il Seall Aol gy
Deamination awl ciss 4800 48kl g Amines clin¥y diai el s jo GueSi aa
b Bagasall NH2 0aa¥) goalaa £35 8 Lgda agdl g Liigal (oS ga (V) 48 gana £ 33 (g

s Sl LA £y B 3l 138 askien Gua  NH3 Lisad) (€8 3ua¥) Gl £ Ja

Protein—— Peptones—— Polypetides—— Dipeptides—— Amino acids
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Proteoytic microorganisms

- Cfgnsiugd oo Ble (il
Ol 598 (Blaas Gull) 8 2 g
G ga (38 Allss ey (Al Adgl

Bacillus
Pseudomonas
Arthrobacter
Micrococcus
Sporosarcina
Proteus
Streptomyces
Rhizopus
Penicillium
Alternaria
Aspergillus
Clostridium sporogenes

1 e syl

Jia liuga giisy) g
r Jha il kil
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Casein hydrolysis ¢sll Hlal) Jaadl)

s o) Ay w*
i 55 0 gl i+ Y1 sy rskind) il
PEERPATY GoSE duaa oyt g pal) Had s e AEsl Caddall HCL *k

- E. coli + Bacillus subtilis

B. subﬂlis

25058 O Crolsl Jlaall g uSaal) ) partina Jga S Sl o 33) ) 8Y Ao ABLaG Al (<5 BaY
Hadl) &) o8 Glagd Ao selay diddall HCI paea aladiad o)) LaS ¢ Sl (e A8laG JiS] Jalasl
alira 2l Osll) oS Jlaall € g pSaal) Lady A8BAL Algd) 7 gu g 8ol (Ao Jary MUl
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Hydrolysis of Gelatin. If geclann 1s hydrolyzed by

Figure 27.1
1t does not gel w hen cooled but remains a

the enryme gelaninase,
hquid. Thus 1t flows when the culture 1= talted backward (nght
tubec). A necganve control tube 1s on the left. Nouce that the sohhid

gelatin does not flow when the tube is tilted.

Fac. Agric., Damietta, Univ. Egypt
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Gelatin liquefaction ¢uiball (Abwl) Alall Julal

o By
sial) odlal) Ay Aatdiaal) Ligl) **
Al JLEAY) dlagl oo sl ol <X

+ Proteus vulgaris - E. coli

oy Jile ) 4l ga g dadeal) Guidoad) Al e iy Slidlad) an 33 Al g pSaal) ¢ aaY
Lady 3L sl ol @l Ao oging (S B ol Aadll b i) s g (Dbl Al (e i)
il Lgad Gadladl oS Jlae g g Saall o (g giad Al 4 guiY)
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G Al cas Al

A e oS8T triglycerides AN Gy s o8 8 le daibiasl) Lalll) ¢ G gaall
Ao ) Adag) g \gulany pa Adafijag Jysmula o (N J9aS aa Baade 4piad (alaa)
G 9o A G YY) @l ) Jia Cpaaas¥l g G gotgdly GeeSl) (Ao sl Ay
o 2ol OSlg elall B gl Y Caaal) il Sudl B gt e GAliAS g cpaast) )
Ll Gspally cigailly dyguand) clulall cra W g ausdouslSlly Cuiially AN Jsasl
Taolad) Cig Y b AL () duend o Balal) cija (S1y s sbasl) GuS ) i
abud] 200 ) oAl acdiy (a0 candd 4d 3 Bl s da ya Jo Alal) el el i)
g5l By waxes gsaddly AN Gy pudal) Jia dbasd) Goal cams J9Y)
QIS (A9 AS pall Gl cans A (CseuS 33 40-10) Jisk A Gaeal) oS
Eua Phospholipides claud shusdl) lgaal Gy a2 £ 5o e ddadi e ddasesy
LAl oadlly alid) Gl La lhey dijghosill ghe Sl giad
GRA ansy CIUL acall g cilisig ) Jo (g giad (Al Auidg ) Gaaally il sSlad)
ALy sk oY 52l g Aal) Aadl) palasy) Jhe sl JIad gl s 0f 5e A s Al
odg (dali LaS Clagidig ISl g A Cpaliad g <Y g i) Lgalial cpa Al Al o) Aludad)

(K. D. H) G52l (A 43013 cilizliabll de gaall
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ool Jilad cilay 3

I

CHL, O c A CH,—OH + RCOOH
o
” lipaaseas

CH L i R, + JH,O = CH —OH = R O0O0H
I

CHL, o L A, CH,—OH =+ R,COOH

Trnghycends Water Ghycarol Fatty aceds

S B gy Sl cand A an3) AT G sRall Allaal) iy g Sl
(Jymalall g AN (alaal) 4 i) Jag) g 1) paeas
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Lipolytic microorganisms

Positive dla QJgSSJ\
Clostridium
Bacillus
Pesudomonas
r e Ciliua giiSY) g
Streptomyces
p e by pladl) g
Fusarium
Penicillium
Rhizopus
Aspergillus

oakaal oo e Adaall (alaa¥ly gyl all claadt Wl Adidal o) gadl ST o cgaall
s A 0S5 O L) Ay A iie b Alsh A0 Al Aluda Ll Al gy 58
(8230 Laen) el gl paes Jia Byl Aleabes ld Al gy SN alaal) JLie) (S g dapdia

(R (e (G583 4)
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Lipids Hydrolysis ¢saall lall Juladt)

. Oi IEAY *%
Al o) Lgal) cildas + (s diall JlaY) Ay dadiiaal) digl) **
e padl sl sSs Axiaal) (aleal) agag o8 CRASH (uladl) el S Jglaa **

+ Pseudomonas fluorescens

- E. coli

Sl g 350 U 31AY At cinal) et e 500 g A il sarianall Jga (33 padl (o) (085 BaY
OV 13 (5 Y Jlaal) i g sSall Laisy pabadl) iy 5 ga Pl g Agiaall pabead) 3 i i
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