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Digestive Enzymes |

Digestive enzymes Lau'lafiitiain11ing

Most dietary nutrients come in the form of large
polymeric structures snsatmstiluarsiuana
[§%131

Cannot be absorbed in the Iintact state

They have to be hydrolyzed by enzymes in the
gastrointestinal (Gl) tract

The breakdown products : monosaccharides,
amino acids, fatty acids are absorbed
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Saliva contains a-amylase and
lysozyme

e Main function of saliva is not the digestion of
nutrients but the conversion of food into a
homogeneous mass. dhanavinlarmsiiuiia
LAY

* a-amylase cleaves a-1,4-glycosidic bonds in
starch.

e Starch occurs in two forms. Amylose Is a linear
polymer of glucose, linked by a-1,4-glycosidic
bonds. Amylopectin is a branched molecule with
a-1,6-glycosidic bonds at the branch points.

4/82



o-amylase

e o-amylase does not act on disaccharides
and trisaccharides, and it does not cleave
o-1,6 bonds. aglutad luaa lawaannllse
LR LasLAAAT LI6

* Therefore It produces maltose,
maltotriose, and o-limit dextrins rather
than free glucose. siauadliildnalndassy

* o-limit dextrins are oligosaccharides
containing an a-1,6-glycosidic bond.
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Table 19.1 Dietary Nutrients and Their Fates in the Gastrointestinal Tract

Nutﬂent et - Products Generated Enzymes _ Sites of Digestion
Starch, glycogen Glucose a-Amylase, drsaccharldases Saliva, intestinal lumen, brush
oligosaccharidases border

Maltose Glucose Glucoamylase, sucrase

Sucrose Glucose + fructose Sucrase } Brush border

Lactose Glucose + galactose Lactase

Proteins Amino acids, dipeptides, Pepsin, pancreatic enzymes, brush ~ Stomach, intestinal lumen,
tripeptides border enzymes brush border

Triglycerides Fatty acids, 2- Pancreatic lipase Intestinal lumen
monoacylglycerol

Nucleic acids Nucleosides, bases DNAses, RNAses Intestinal lumen

“Fiber”: cellulose, lignin, Acetate, propionate, lactate, Only very limited fermentation

= hemicelluloses H,, CHy4, CO5 by colon bacteria

DNAse, Deoxyribonuclease; RNAse, ribonuclease.

Figure 19.1 Pattern of starch

. : . Maltose

digestion by a-amylase. This / & -

enzyme acts strictly as an ‘ ______ e T Seal

endoglycosidase. It is unable ...0l4g 0ol aGIc‘“ 46167"1 ;4G|ca1 4Gle SN

to cleave the bonds in maltose, J' """"" i 01,6 \\‘L £ ‘L ;

maltotriose, and the a-limit & e e 1 s e
: : i a1,4 al,4c001, 46100 al.d4ge0l 41001461000 ﬂ al.4 (x1 dci.0l.d, 8

dextrins. Arrows indicate cleavage SRS Glc+ﬁGIc Glotl4GIo2hdglctldGlothagcalAGIc e

sites. Maltotnose ST \ o-limit dextrin \ Maltose
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ANstiaailvaaaglulas

Amylase QQQ

ol

Maltotriose

c-Limit dextrins

Koeppen & Stanton: Beme and Levy Physiology, 6th Edition.
Copyright © 2008 by Masby, an imprint of Elsevier Inc. All rights reserved



Amylose Amylopectin
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Salivary a-amylase

* Active at the normal salivary pH of 6.5 to 7.0 but
IS rapidly denatured in the acidic envwonment of

the stomach. waa?inW? pH luiinane wedasan W
lunsgnng

 |ts main function is to keep the teeth clean by
dissolving starchy bits of food that remain lodged
between the teeth after a meal. Wugzam

e Cancer patients whose salivary glands have

been destroyed by radiation therapy develop
rapid tooth decay. Kilaugise sanliialagn

vinane Wue
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Lysozyme

* Hydrolyzes 3-1,4-glycosidic bonds in the
bacterial cell wall polysaccharide peptidoglycan.
pin eI NS LR AL LATILSE

* Lysozyme Kkills some types of bacteria. However,
other bacteria are resistant because their
peptidoglycan is protected from the enzyme by
other cell wall components. wuaA3aU9uL6 L
Tautiag twsgfiavAlssnavuagniviaiadatineay
Unilag'ld
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Cleavage by
H,C—OH lysozyme H,C—OH

o) 11 o]

Figure 19.2 Structure of
peptidoglycan, the substrate of
lysozyme. NAG,
N-acetylglucosamine; NAM,

@) (@) O--- N-acetylmuramic acid.
H 0O
/([:H HTIJ HFTI HQC/ (|3H Hl*il
o G0
Pt 60 | €=0
| | HN |
CHg CHa i CH
Peptide
- NAG NAM NAG NAM
(with oligopeptide
~ crosslink)
9le 19.2 Enzymes of Protein Digestion
~ Source  Type Catalytic Mechanism  Cleavage Specificity
Stomach Endopeptidase Carboxyl protease NH side of hydrophobic amino acids
Pancreas Endopeptidase Serine protease CO side of basic amino-acids
Pancreas Endopeptidase Serine protease CO side of hydrophobic amino acids
Pancreas Endopeptidase Serine protease CO side of small amino acids
POXypeptidase A Pancreas Carboxypeptidase Metalloprotease (Zn?") Hydrophobic amino acids at C-terminus
£90Xypeptidase B Pancreas Carboxypeptidase Metalloprotease (Zn*") Basic amino acids at C-terminus
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Peptidoglycan Monomer

lysozyme

NAM
CH,OH

-0

H

NAG

H =
o NH-C=O  cH,0OH

|
H3'|: -CH-C=0
L-Alanine

I
D-Glutamine

L-Lylﬁine

D-Alanine

D-Alanine

CH3

— pentapeptide




e Normal bacterial flora in the mouth are
resistant to lysozyme. uasuaawaasluin

Gu'late Ll

 However, many bacteria from other
ecosystems are killed by lysozyme.

 Animals make use of this effect by licking

their wounds. They use their saliva as an
antiseptic. ailatnaradluenginia
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Research Article Animal Sciepce Jnurrjal, 2(1): 18:2_2, 2011

Available online at www.isisn.org
°ISISnet Publishers Print ISSN: 2220-9549

Online ISSN: 2220-9557

Saliva of different dog breeds as antimicrobial agents against
microorganisms isolated from wound infections.

Akpnmle 0.0.", Ukoha, P.?, Nwafor, O.E.? and Umukoro, G'.

mmﬂawwuﬁmﬂ > Lﬂumsmu%aumaﬂmmaﬁﬂLﬁua

1Drs-,partn"me:nt of Mlcmhmlngy, Delta State University, Ahraka Nigeria.

“Department of Chemistry, University of Nigeria, Nsukka ngerla
*Corresponding author

The study investigated the antimicrobial potential of saliva samples from five breeds of dog
namely Alsatian, Belgium shepherd, Doberman, crossbreed of Doberman and Alsatian and
Local breeds. The antimicrobial properties of the saliva samples were tested on
Staphylococcus aureus, Pseudomonas aeruginosa and Candida albicans isolated from
wounds of patients receiving treatment at the Delta State University, Abraka, Nigeria. The
wounds had total bacterial counts that ranged from 1.43x10° to 4.7x10° CFU/ml. All the
breeds’ saliva samples contained lysozyme, peroxidase and lactoferrin as antimicrobial
constituents. The peroxidase activity was found to be highest at 0.81+0.021U/ml in Alsatian
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Protein and fat digestion

Start in the stomach Butaalunszinizatnig
PH close to 2.0

The gastric acid has three major functions: (1) It
kills most microorganisms (2) It denatures
dietary proteins (3) It is required for the action of
pepsin. 2N3dun3t TUsfudagniw vinlvitdlau
Vinu'le

10-20% of dietary fat is digested by an acid-
tolerant gastric lipase. latdalunssinig nunse

einelladula 10-20%
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The pancreas

The pancreas iIs a factory for digestive enzymes.
o-amylase Is secreted in large amounts.

This enzyme Is different from the salivary o.-
amylase, which has a slightly different structure
and Is encoded by a separate gene.

Closely related enzymes that catalyze the same
reaction but differ in molecular structure,
physical properties, and reaction kinetics are
called isoenzymes.
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Digestive Enzymes ||

* Fat digestion requires “bile salts”

Fat globule (nonpolar)

:'f NH) - CH, (€007 Na*
I .

Water (polar)

Hydrephobic b
/ (nonpolar) Bile salts . *
/ {(amphipathic)

Hydrophobic side

- ) ™) Hydrophilic side ah é’: B
J -

Fat droplet _ Phospholipids

Hy dma'llluc

(b} groups (polar) [nonpular} b F‘ ;

|'f" LN
¥ N Triglyceride
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Dietary lipids
(mostly triglycerides)

Y Physical break-up

Lipid droplets in chyme

Small Emulsification by bile salts

intestine Partial hydrolysis by pancreatic lipase

y

Mono- and diglycerides
in micelles

Intestinal Absorption
lining

Synthesis of triglycerides

packaged into chylomicrons
for transport in blood




Poorly digestible nutrients
cause flatulence

 Many plant polymers, including cellulose,
hemicelluloses, inulin, pectin, lignin and
suberin, are resistant to human digestive
enzymes.

* A small percentage of this undigestible
IS hydrolyzed and

anaerobically fermented by the bacterial
flora of the colon.
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e Some vegetables contain oligosaccharides
In which galactose forms an a-1,6-
glycosidic bond.

 These a-galactosides are resistant to
digestive enzymes but are hydrolyzed
rapidly by intestinal bacteria.

e Raffinose and stachyose in beans and
peas are examples.
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—a |[NDIGESTIBLE

RAFFINOSE
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Introduction to Metabolic Pathways

* The cell has to synthesize its

macromolecules. Biosynthesis processes
are called

* The cell has to generate metabolic energy.
Degradative processes are called
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Catabolism | Anabolism
energy-yielding metabolism |  biosynthetic metabolism
energy sources biopolymers

heat «—— N\ utilizable Tp\[ intenn?diates

energy
intracellulqr precursors
v D ™

metabolic products | external nutrients




* Therefore a nutrient molecule entering a

cell has two alternative fates
f17a1snAuLINgLad 4 2 natlaniaglidea

- It becomes incorporated into a cellular
macromolecules

1insudIdunaeilusnsiuianalue

-It Is oxidized for the generation of ATP
anaandlaafiiialdlunisasie ATP
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* The biosynthesis of cellular macromolecules has
to be balanced by their degradation

AsFILATIZidITINLRNR T AaTuleiad Agsiasauaadunstatsgae

* Under steady-state conditions, the rates of
synthesis and degradation are balanced and the
amount of the macromolecule remain constant.

AMaladEn g “duad” danisdatangiidutaggaacaNaa il Ly
Funagstutanaluaazadn
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Cell kTP @ ADP P,

Dietary _'
=1

SUpply . Nutrients =2 Macromolecul&s'
((glucose, amino acids, . Ho,O (proteins, lipids,
. fatty acids, etc.)  Hydrolysis polysaccharides, etc;;

Intermediates
(lactic acid,
acetyl-CoA, etc.)

ADP + P, fo?_ /

S al
fxoretroni CO, + Ho0
| (+ urea, uric acid, efc.)

;II\

—

Figure 20.1 Major types of metabolic activity in the cell.
ADP, Adenosine diphosphate; ATP, adenosine triphosphaté;
CoA, coenzyme A; P, inorganic phosphate.




Different nutrients can also be interconverted
through metabolic intermediates

192711156019
LULLNL AR

For exam
converteo

q Agrusatddaunauldnauu'ld frusgIsaInaIIuay

nle, most amino acids can be
to glucose, and glucose can be

converted

to amino acids and fatty acids

saatatdu asauafitususatdauilunglad waznalAdsINIsa
w&autilunsauafilunaznsaluiule
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Alternative substrates can be
oxidized In the body

e TIAARINTALRANAANYL La2d& 15619 9 16

e Several nutrients can be used as a source
of metabolic energy.

fsavinsvanardasusalaiiuunaInadsaunnluLnua
adiu'le

* During their oxidation to carbon dioxide and water,
carbohydrates yield about 4 kcal/g, triglycerides 9.3

kcal/g, proteins between 4.0 and 4.5 kcal/g, and alcohol
7.1 kcallg.

 Molecular oxygen is consumed during aoxidative
metabolism, and carbon dioxide is produced:
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e CcH,O5+6 0, >6CO,+6H,0
glucose

o CgiHgsOp + 7220, —» 51 CO, + 49 H,O
tripalmitate, a triglyceride

The stoichiometry of O, consumption and CO,
production is described by the respiratory
guotient (RQ)
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Metabolic processes are
compartmentalized

e Aalulzaa AszuIUMSIHLNUadduasLLtugIu 9 a1
AATUNLURRATY q 1aaddauadtau lefiuadiaasdiIu
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Mitochondria: Endoxidation of Ribosomes: ER and Golgi: “Secretory pathway”;
carbohydrates, fatty-acid oxidation, Protein synthesis synthesis of membrane lipids,
O, consumption, ATP synthesis by : membrane proteins,
oxidative phosphorylation and secreted proteins

Cytoplasm:

Many biosynthetic
pathways; initial
catabolism of
monosaccharides;
storage of glycogen
and fat +—— s

Lysosomes: :
Digestion of |
endocytosed and

gocytosed materials T @

/ N
Peroxisomes: Specialized Nucleolus: Synthesis of Nucleus: Central databank,
reactions forming hydrogen ribosomal RNA, assembly DNA and RNA synthesis
peroxide as a byproduct of ribosomal subunits

/82

';_20.2 Metabolic functions of the major organelles. ATP, Adenosine triphosphate; DNA, deoxyribonucleic acid;
doplasmic reticulum; RNA, ribonucleic acid.



Metabolic processes are
compartmentalized

Aalutgad aszununswLnuadduazedatidugiu 9 anu
223ULALURAAY 9 Taaddauadtau ldiuauaassIu Lau

Cytoplasm wu pathway TuA1s&ILATIEURT LAY
catabolic pathway Afluiuy nonoxidative 119 pathway
uanannil glycogen way fat Asvauidunvandgouly
cytoplasm &g

Endoplasmic reticulum wag Golgi apparatus tAe2iadiw
nsRILATIEVilUsAULLRE membrane lipids

Mitochondria &379 ATP WidutdaaniunszulIung
oxidative phosphorylation
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Free energy changes in metabolic
pathways are additive

astdasuLdaIwavudasylu pathways aadtnunuaddi
grusatnmInauAule

ASTUNUNNSI LN LA A Tuidduduefay 1y ns&ILaseu
nalAaA lactate uaynsaandlaaf lactate 1ilu
A1suaulaaanleddAull luagu1satAia' la TuAdUa A ULA e

a1 ulHAzentenue 13an31 metabolic pathway

Ay pathway agldnelvnu duatidunasinuag
WAV UAFTZURIUARLUHATEN
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alcohol aldehyde
dehydrogenase dehydrogenase

8]

O O
CHS_CHQ_OH CHS_C’// CH3—C// EE—— CH3_C//
N N N
; ; H OH S—CoA

ethanol NAD* NADH acetaldehyde NAD* o acetic acid acetyl-SCoA

e ethanol — acetaldehyde AGY = +5.5 kcal/mol
e acetaldehyde — acetic acid AGY = -12.9 kcal/mol
e acetic acid —» acetyl CoA AGY = +0.7 kcal/mol

savlusuifnsensisl AGY tiluuan weinasNTInuaLuay
Aa -6.7 kcal/mol sivtiu aulean1zunnsgIu pathway il
wnTiud&au ethanol 1ilu acetyl CoA il20il&eu acetyl
CoA tilu ethanol
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alcohol aldehyde
dehydrogenase dehydrogenase

8]

0 0
CHy—CH,—OH CHy—CZ CHy=CC ™ ——» CHy—CT
/ < H OH S— CoA

ethanol NAD* NADH acetaldehyde NAD* o acetic acid acetyl-SCoA

e ethanol — acetaldehyde AGY = +5.5 kcal/mol
e acetaldehyde — acetic acid AGY = -12.9 kcal/mol
e acetic acid —» acetyl CoA AGY = +0.7 kcal/mol

WO TURNIZAFY 9 ALAWIAINNAINNZUIATFIU A 1Ldu
UHATeN 1 drflanutznzduuas NADT windu NADH 0
guaaLil acetaldehyde e 1 Tutana 6a ethanol
10,000 Tulana

atinv'lsAau Maladan1g aerobic [NAD*] agdiainutdudugy
N1 [NADH] t&ua

flafl NAD* 1nnn31 NADH 100 win Aagdl acetaldehyde 1
Tuana ca ethanol 100 TULRAR
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Most metabolic pathways are
regulated

LUNUaRAN fHrunnngdssuumuAN

lunsalaaguuie FzdnalnAILANANFEAIZUDITINNE INT
WAIIIUMIDGDINTWAIUNIAUBELATAU T&Ta 1RSI WA
flamINGaINITIa LU Taaadadastuung ALy

Insulin Yaagaaniundsanniuaimsiiasiulansaunn way
nsesiUNIT ld&1Ta 1T

Glucagon daagaaninseninganainis tilasnsyduinanaly
Hhly

Epinephrine wag norepinephrine aagaanuiseningngia3ae
AENILALUNAYU URLNILEHUNITLARAUNUAIRITAIMTRERN (Laiy,
Tnalatau)

Cortisol daagaanutidaidngtastaaNIuUIUduY f9L&aunN19
RILATICUNRLAF LLazeaadata 1y
. 38/82



N13AIUAN metabolic pathways

e 413 uuy

1. duilsuanasiaulad 1auns
LRaundavansinIsgItAsIzvinIatiat
g8 11U nselaay lactose operon 1u
WUANLIE Escherichia coli
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2. taulaniuvriinazgaeauiladaiaianisian
1y phosphate 1inldnAsaLaity vinlu
Lau ladiiurineule wIa lugusarinnule

58fleia9lad protein kinase wag protein
phosphatase
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3. iauleniunvaiiagaaiuanlae allosteric
effectors €vtilu substrate, intermediate
#3a product aay pathway
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Active site > ;Alloste ric effector

Allosteric site




Allosteric site

e Wuvsnauuaulaninatauasidudy
active site

e IRYUTUNITILIVIITRALAANITVINIIUAAY
tau lafl'la

e patILaU taulefitlu catabolic pathway il
13120 allosteric site 19 ATP Au AMP 11

16
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e ATP vinntinndlu éaffugdy (inhibitor)
e AMP vinuinvitilu dhudn (enhancer)

e LiIRINNF&SI ATP unAtAuAIUGadINg ATP
WHLAN 1IN pathway 1aInnIaneamans
NIU

- flafin1sds79 ATP 1hiAulyl AMP asaeam
LNNATVINIIUAAY pathway
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Feedback inhibition

e nARSUYIURY pathway vinntntduddues
229 pathway

Start of
pathway s Intermediate Intermediate_# Product

=NZyme 1

Presence of product inhibits enzyme 1
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AIaLIINITAIUANGIE Feedback inhibition

Pathway n15Ld&a threonine ilu isoleucine
latauleni 5 uile

ANTAIUAN \Anduiitau’lafii threonine deaminase
=2 [~ o
giatiutaulefinsnuay pathway

LWadin15&979 isoleucine uNALAUNa g LU AU
Lau'lefif threonine deaminase MuatIaLaUN 13l
active site ¥inl¥i pathway neaag

\iia isoleucine gnlAlUaudsunaanay Aaznan

aanntau lad vinlvitau'leiiaunu substrate @a
. 7= [ o 9 A a

threonine ‘lean pathway Aagvineulatniiautau

46/82



Feedback Inhibition

Threonine

Enzyme 1 Threonine Deaminase

High levels of isoleucine
Allosteric Inhibitor Substrate

{Threonine)

Intermediate A

¢ Enzyme 2

Intermediate B

¢ Enzyme 3

Intermediate C

¢ Enzyme
Enzyme

Intermediate D {(Threonine deaminase)

Enzyme 5 Low levels of isoleucine

H
| MH2

EH3—EHQ—E—E?E|;DH
CH=

Isoleucine



Figure 8.21

Active site
available

i

&

< T
ol

Isoleucine
used up by
cell

Active site of
enzyme 1 is
no longer able
to catalyze the
conversion

of threonine to

Feedback
inhibition

—

.

intermediate A; :;, J

pathway is
switched off.

B! Pearson Ecucaion. sz

f,—’ Y
Isoleucine
binds to
allosteric
site.

- Initial
:E ; substrate
(threonine)
| Threonine
o~ in active site

Enzyme 1
(threonine

deaminase)

Intermediate A

l Enzyme 2
Intermediate B

1 Enzyme 3
Intermediate C

l Enzyme 4
Intermediate D

l Enzyme 5

#

{ﬁ' End product

- (isoleucine)
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e @ animation Usgnau’lan

https://biochem.flas.kps.ku.ac.th/01402313/
feedback.mp4

Waa
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Inherited enzyme deficiencies
cause metabolic diseases

ANUUANIaYuadtau lal (wefdia) vinlu
LARTIANIILNUNL AR DN

LARNNTRLRNUAI Ssubstrate ¥19a
LARNITUNARITHNAN AN U

fMaeiNdLau oculocutaneous albinism LAa
ANNNNTUIAFITIIAINEG melanin
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The deficiency of an enzyme

e gARduUAY pathway &11A5Un1IFILATIZU
ATP Axgiilutleymiaenise

e 1aai 1l wuilaumn catabolism aas&1sle
§191A1l9 11U galactose ##3a phenylalanine

51/82



Storage diseases

e LARAINATUNALAU LN EIDARRURITIULANR
ainatuldad

e AIAENILAU mucopolysaccharidoses

e 1NYASIANALARINAANLANTDIUDILA Y Lafa]
1lu lysosome
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LFALNLNUARTBNINRILUA AU

e Toxins LAU A¥AI dULINTRILATIEU heme,
cyanide fufon1snnalasenuiuas

e A5G Y Miilulataulaiyd

e Endocrine disorders aufalnfuadssuil
sad lsvia virlvanagdas IuumMUANLNLNUAR
A3
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AANAU

e 5378117 ALK MAU &1TANUUA Laaan e
e AGE = Advanced glycation end-product
e Glycation = ANT&NINUGE TANLRUAIEAIN

TdsaumIadane Auiena (laalufitaulal
UIAIUAN)

e Aeaun&Vl67 youtu belSU3ymBxvAE
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Enzyme Nomenclature
nnsizandataulaid

- WalvnssandadfAsensne 9 luunuad
uilussuu

: LLfIJ‘]JGNLG]lI m?jal,au“l,ézm’imﬂmsmu —ase
wdvttagnstaulaniiu 9 winvind§asen

12U urease da taw'leiii hydrolyze urea

phosphatase @a wau'laisi# hydrolyze
phospharyl group aananng1slsenal
organic phosphate
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Urease Hydrolyzes Urea

0

] -
H,N-C-NH, + H,0 =I¢35¢, aNH, + CO,

1.
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pus!five urga test




Urease Test

Positive
Reaction

Negative «—-
Reaction

E.coli Proteus sp. 58/82



ADP (P)

Phusphur}rlatm'>_<

{(kinaze)

Dephosphorylation
{(Phosphataze)



Phosphorylation and dephosphorylation
of enzyme alters its activity

ATP ADP
kinase
0
Enzym—Serin—OH Enz*_,,fn"u—E-ﬂrin—':l‘.'—F"—'::‘.lEJ

50

B phosphatase

I H,O

©0—P—OH
oo
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Phosphatase test:

@ Test for effective pasteurization.

@ To detect phosphatase enzyme in milk.
@ If the enzyme is absent, milk is
pasteurized

@ Add disodium nitrophenyl phosphate to
milk. This reacts with phosphatase enzyme
to give nitrophenol (yellow colour). Yellow

colour indicates unpasteurized milk.
61/82



Test used to detect pasteurization of milk

Phosphatase Test

lake 1 millormilkesarmples
=Pt 5 ml of nitrate Phos grlzlta guffer soltieln

Tgletiepzles [8 Ie) WEITSE EEIT) 2T f2fnparalitifs af cleet)e
A,
E'ner;}z Or colour change after ISNTInULES:

colur changes then the milk iSRGt pastelrized.

f.l-l‘]*“l,J_j : In the image Test tuI:J on left s de with
pale ;Hllm colour is showing test of Ra N rru
dikaline phosphate activity and test tube'or I right side
SESHOWINEIN0 colour change in case of packed milk
Confiming Pastelfization.



Semen — Presumptive tests
Acid phosphatase (AP) test

An older test

a-naphthyl phosphate

 Sodium a-naphthyl ¢ u g
phosphate £
v broken down by AP E;;;
v’ frees naphthyl group DR (U o o
U Fast Blue

v' o-dianisidine
v combines with naphthyl
group
U producesscarlet red color

http:l'www.westchestergov.com/labsresearch/forensicandtox/forensic/biology/bioimages/apresu Its.ht|6 3/8 2
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- taulafiunerde aviainalilsddenu
UHA%5e1 11U catalase vinuUNeiat
peroxide #%a pepsin, trypsin tagaldshiu

catalase

catalase - catalase +

Q
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Catalase test (S.aureus)



m'sﬁﬂnﬁal,au"lmmmnﬁ’otﬁu M TitAaaINU
SUU 691U International Commlssmn on
Enzymes S93nszuLss3andataulanidy

wedataulaniduiduifian Adelaas
weanaantilu 6 classes auUfAZENTALS
weiay class waneaaiu subclass

weiay sub-class Awantasilyu sub-subclass
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Each enzyme is represented by 4
numbers as per enzyme commission

First number

indicates Class
Second
number subclass
indicates

Third number Sub-
indicates subclass

Fourth EariAl

number number in
indicates that class

e.g. lactate dehydrogenase (1.1.1.27) 68/82



CLASS | DESIGNATION FUNCTION

EC1 Oxidoreductases | catalyze oxidation/reduction
reactions

EC2 Transferases transfer a functional group
(e.g. a methyl or phosphate group)

EC3 Hydrolases catalyze the hydrolysis of various
bonds

EC4 Lyases cleave various bonds by means
other than hydrolysis and oxidation

EC5 Isomerases catalyze isomerization changes
within a single molecule

EC6E Ligases join two molecules covalent bonds.
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Classification of enzymes: six classes according to reaction type
(Each class comprises other subclasses)

Enzyme class

General scheme of reaction

1. Oxidoreductases

ifh“runﬂ e Bux 5 JlIl!k“m:-: 28 Brrd

2. Transferases

A-B+C - A+C-B

3. Hydrolases

A-B +H,0 - A-H + B-OH

4. Lyases

A-B Z A +B (reverse reaction: synthases)

5. Isomerases

A-B-C 5 A-C-B

6. ngd SCS (synthetases)

A+B+ATP —» A-B + ADP +P,
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Table 5.2. UB classification of enzymes

with ATP hydrolysis)

Major Class Common Kind of reaction Specific Example
(Type of reaction axmaples
catalyzed)
r
. Oxidoreductases Oxidases A4 Bre—= A*2 . B+ | Alcohol + NAD
| Trarsfer of selectrons) Reductases + Alcohol dehydrogenase
Dehydrogenase Aldehyde + NADH,
. Transferases Transaminase A-X+B-+A+B-X Glucose + ATP
| Transfer of funclional Transketolase | Glukokinase or hexokinase
grougs) Transaldolase Glucose-6-Phosphate + ADP
. Hydrolases Amylases A-B+H;0-+A-0OH + B-H | Sucrose
(Hydrolysis Reactions) Lipases 1 Sucrase
Proteases Glucose + Fructose
Mucleases
. Lyases or Desmolases | Aldolase A-B-+A=B+X-Y Histidine
{Group eflimination o Decarboxylase | | 1 Histidine decarboxylase
form double bonds Fumarase XY Histidine + CO-
without hydrolysis) Citrate
synthase
. Isomerases Isomerase A-B-+-A-B Glucose — 6-Phosphate
( Transler of Groups Mutase I | + Isomerase
wilhin a molecule Epimerase Y X XY Fructose-6-Phosphate
. Ligases or Synthelases| Synthelases A+B+ATP - Pyruvate « CO; + ATP
(Band larmation couples | Carboxylases A-B+ ADP + Pi i Pyruvate carboxylase

Oxaloacetate + ADP = Pi
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- AsRuAudayatan laiinI UL Y fiviane
S1uliaya 1211 BRENDA

www.brenda-enzymes.org
EXPASyY
enzyme.expasy.org
ExplorEnz

www.enzyme-database.org
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ExplorEnz - The Enzyme Database

e | searcn | enzymes by ciass | newiamendea enzymes

| News | information | Downloads

Your query returned 1 entry. @ Printable version

EC3.4.214

Accepted name:
Reaction:

Other name(s):
Comments:

Links to other databases
References:

trypsin
Preferential cleavage: Arg, Lys+
o-trypsin; B-trypsin; cocoonase; parenzyme,; parenzymaol; tryptar; trypure; pseudotrypsing tryptase; tripcellim; sperm receptor hydrolase

: The single polypeptide chain cattle B-trypsin is formed from trypsinogen by cleavage of one peptide bond. Further peptide bond cleavages

produce o and other iso-forms. Isolated as multiple cationic and anionic trypsins [5] from the pancreas of many vertebrates and from lower
species including crayfish, insects (cocoonase) and microorganisms [ Strepfomyces grisens) [3]. Type example of peptidase family 51,

: BREMDA, EXPASY, GTD, KEGG, MetaCyc, MEROFS, PDE, CAS registry number: 9002-07-7

1. Huber, R. and Bode, W. Structural basis of the activation and action of trypsin. 4cc. Chem. Res. 11 (1978) 114-122.
2 Walsh, K A Trypsinogens and trypsins of various species. Methods Enzymol 19 (1970) 41-63.

3. Read, R.J., Brayer, G.D., Jurdsek, L. and James, M.N.G. Critical evaluation of comparative model building of Strepfomyces grissus trypsin
Biochermnistry 23 (1984 6570-6575. [PMID: 6442164]

4. Fiedler, F. Effects of secondary interactions on the kinetics of peptide and peptide ester hydrolysis by tissue kallikrein and trypsin. Sur. J.
Biochern 163 (1987) 303-312 [PMID: 36433848]

5. Fletcher, T.5., Alhadeff, M., Craik, C.5. and Largman, C. Isolation and characterization of a cDMNA encoding rat cationic trypsinogen.

Biochemistry 26 (1987) 3081-3086. [PMID: 3112218]



XpPIOrENZ - T Zyme

mm Enzymes by Class | New/Amended Enzymes m

Your query returned 1 entry. #% Printable version

EC 3.4.214
Accepted name: trypsin
Reaction: Preferential cleavage: Arg+, Lys+
Other name(s): a-trypsin; 3-trypsin; cocoonase; parenzyme; parenzymol,

[ NPTV PENTEE TR TN TN R RN N TR TP TENITIN NSNS TrrTrapapey | TNy
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ENZYME

A Home @ Browse Q Search w G Documentation w

ENZYME class: 3.4.21.-

Release of 03-May-23

3.-.-.-: Hydrolases
3.4.-.-: Acting on peptide bonds (peptidases)
3.4.21.-: Serine endopeptidases

All UniProtKB/Swiss-Prot entries corresponding to class 3.4.21.-.

The following ENZYME entries belong to class 3.4.21.-:

3.4.21.1  chymotrypsin

3.4.21.2  chymotrypsin C

3.4.21.3  metridin

3.4.21.4  trypsin

3.4.21.5 thrombin

3.4.21.6  coagulation factor Xa

3.4.21.7  plasmin

3.4.21.8 Transferred entry: 3.4.21.34 and 3.4.21.35

3.4.21.9  enteropeptidase

3.4.21.10 acrosin 75/82




Enzyme Application in Food
Industry

uu (Dairy Industry)
L1iiels (Brewing Industry)
2uNal (Baking Industry)

Lwaziiwa'lal (Wine and Fruit Juice
Industry)

{adad (Meat)
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- uu (Dairy Industry)

lewn rennet 12dlunsvinda (lutauladni

Chymosin Horilu protease NNATELWILRN
1 uagdl rennet ANAGIE LAY Cyn2|me®

Lactase 121vi0 lactose-free milk &Aaanntlas

Catalase WHanINNAUNIMIAINAIAUNIE 121
ilavAunIsaanddiaduaaINIaN L

Protease falidafisgrnGuaziiaduia
LAWY LAY TRHUN
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- a9 (Brewing Industry)

1awn Protease, B-glucanase, a-amylase LLay
amyloglucosidase 9¥11319058UUNNT
malting aad2inIunsLac

- 2udaU (Baking Industry)

LU glucose oxidase ztviniloiauinilen
4w lagann H,0, tinANuwduselvivuse
1adialWalu Gluten
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CH,OH CH,OH

OH 0 +

OH OH
B-D-glucose Gluconic acid




- dnazuna

121u Pectinase flavAuluTvnanalizduy uay
MKt daaUUN FARRULARTUINA LY
aani leaunndu wegrtaunnaiulldagle

methanol Miiluie ilavannfianssu pectin
esterase
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Pectinesterase

Yo. o 9o oH
o o
HO HO
%) %)
+ n H.0 + n CH-OH
v iils S 2 BImi 6. Lon 3
o 0
HO HO
o o
o o

Pectin Pectic acid Methanol
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