(Pectin’)
(polysaccharide) middle lamellae
(cell wall) a
(1,4) D-galacturonic acid (carboxyl group)
(esterified) (methanal)
¢ 1 )
(consistency of homogenized) (net work)

(highly hydrophillic colloid)

10,000-400,000 [3]
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(Tectolvtic enzyme!

(protozoe)

(nematode)

(multicomponent enzyme)

3.1 [4]

31

Name

Esterase
Pectin methylesterases

(pecdnesterases)

Polygalacturonases
Protopectmases
Endopolygalacturonases
Exopolygalacturonases
Oligogalacturonate

hydrolases
4:5 Unsaturated
oligogalacturonate
hydrolases
Endopolymethyl-

galacturonases

Lyases
Endopolygalacturonate
lyases
(endopectate lyases)
Exopolygalacturonate
lyases
(exopectate lyases)
Oligogalacturonate
lyases
Endopolymethyl-
galacturonate lyases

(endopectin lyases)

EC No.

3.1.1.11

3.2.1.15

3.2.1.82

4.2.2.2

4.2.2.9

4.2.2.6

4.2.2.10

Primary

substrate

Pectin

Protopectin
Pectic acid
Pectic acid

Trigalacturonate

4:5 (Galacturonate)n

Pectin

Pectic acid

Pectic acid

Unsaturated
digalacturonate

Pectin

(bacteria)

3]

(Pectolytic enzyme)

Products

Pectic acid+

methanol

Pectin
Oligogalacturonales
Monogalacmronate

Monogalacturonate

Unsaturated mono-

galacturonate and

saturated ( -1)
Methyl oligo-

galacturonates

Unsaturated
oligo-
galacturonates

Unsaturated diga-

lacturonate

Unsaturated

3.2

monogalacturonate

Unsaturated methyl
oligo-

galacturonales

(veast)

Mechanism

Hydrolysis

Hydrolysis
Hydrolysis
Hydrolysis

Hydrolysis

Hydrolysis

Hydrolysis

Trans elimination

Trans elimination

Trans elimination

Trans elimination



ENOG-PG
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r---ESTERASE

ENDO-PHMG
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-C-0°

0

+HOH ;
0-C=0
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>

PO € s

e 4k ST

-0-C=0
~
0-C-0

EX0-PTE
EX0-PATE

I
'
'
'
1
'
1
'
)
'
-

ENDO-PTE
ENDO-PATE

L----r——--i—-------—
'
L

EXD-PMG
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(Hnzvme Immobilization!

[5]

[6]

1 (covalent attachment

to a solid support)

2. , " (non-covalent

interaction with a solid support)
3.

(physical entrapment in or by a polymer matrix or a micelle)

4, (covalent cross-

linking)

1 (Covalent attachment method)

(solid support)

" (covalent bonding) (side chain)

(amino group)



(glutaraldehyde)

(dissociation energy)
(active site)

(activity)

2. ,
(physical adsorption) ,
bonding) (Van der Waals)
(ionic bonding)
residue)
3.

(Physical entrapment methods)

(conformation)

(Non-covalent interaction methods)

(hydrogen

(hydrophobic)

(ion-exchange

(polymer matrix)



(lattice type) (semipermeable membrane)

(microcapsule type)

4, " (cross-linkage method)

(bifunctional reagent)

(stability)

(Properties Qf Immobilized Enzyme)

- (Km, v max)

(‘Enzyme Kinetics)

(Michaelis-Menten mechanism)

E+ >ES— E+P

(Michaelis-Menten equation)



Km

Vmax

23

Vo &
Y _ max”™ 3
. @
Kj +Cs
(Michaelis constant)
(
V) (C9
(hyperbola)
Lineweaver-Burk Reciprocal Plot
1 Km 1 1 2
V = vmax ¢ s+ vimex @
('Kinetics of Immobilized enzyme!
" (free enzyme)
3
(solid support)
(microenvironment)
(suspension)

(mass transfer)

(Michaelis-Menten equation)

AT}

outside Nnside EA» ES—E+P



2

(product inhibition)

- = UUm (Mass Transfer Effect)

(bulk solution) (stagnant film)

(mass transfer resistances) 2
1 (external mass transfer resistance)
(boundary
layer)

2. (internal mass transfer resistance)

(External Mass Transfer Resistance! :



2%

(rate of mass transfer per unit particle, N ) :

(4)

Na Damkohler number

(surface area of one immobilized

(bulk concentrations of substrate)

(surface concentrations of substrate)

“CO»V- @

(rate of surface reaction)

(total surface area per unit

kg (mass tranfer coefficient)
A
enzyme particle)
Cs
Cs
M C*
V*
a
volume of substrate)
, 3
Nax
N Das o e ®)
c'=° L. ©6)
cd
lido/ Csb @
K-m
1-C ' pcCs- ®)
N Da 1+ PCY
(



NOL« 1
(@
y» _ VmaxC's
N » 1
V'=ksaCsb s (o)
effectiveness
fector, ] (actual reaction rate
V) , (rate which would be
ootained in the alsence of mess trarsfer limitations, V)
1
Y m ax c P <Y
K m c s | + pcCs-
Amax~shb p
effectiveness factor C58 B Cs 1
cs 1 (11) effectiveness factor 1 ,
& 0 effectiveness factor 0



(Intermal Mess Transfer resistance) :
?
effectiveness factor
17 ,
?
2
3
4
o

. Input - Quippuk + Cereration = Accunultion
dG/d=0 (2 (@3 0
(second orce cifferential ecuation)

dA +7 N )+Vn:o

Ds (Effective
Diffusion of a substrate in an immonilized etrix)

(Packed bed Enzyme Reactor)

oo poedbed ) 2
( S

(eckngmeeid) ' 81 1
wall effc)



(unorm rancom pecking

(pressure o)

3
1 (cownard flow method)
2 (upward flow methoo)
3 7 (regycling method)

substrate product
Immobilized Immobilized
enzyme enzyme
@luma columa
substrate substrate
downward flow upward flow recycle

(pressure drop. Ap)



« fi
Hegerpoiseuille -
AP = (32/j.vA L)/ ° 2 (14)
D (14)
Al H
v Blake-kozeny 15
(lamrer flon)  NRP<10  8<05

Blake-kozeny (presure drop dLe

o friction)
AP=150uv' AL(1- )2/ 3pp2 (17)
(turtlent flow)

AP = 4pALV2 /. o

D v (18)

AP = 3fp(v')2AL(L- )/ 3Dp (19)



hihly et flow

(fiction fector, ) (roughesy)
' BukePumer  3f W)
NRJ > 1000 Burke-Plummer
AP = 1.75p(v')2AL(1 - )/ 3Dp (20)
Brgen NRp (Reynolcs runter)
AP: (150||V,A|.(1 y2 1 3Dp2)+(L75p(v')2AL(1' e)/S3Dp) .............. (21
T (clirrensionless group)
Ap = (pressure crop)
ps = (true cersity of immobilized enzyme)
8 = (voidl fraction of packed bed)
Vo= (lirear velocity of houid)
Vo= (velocity of liouid)
fl. = (homd visoosity)
L = (length of peckedl bed (colum length)
D = (particle dameter)
g = (ress flow rate)
NRp = Renolcs (Renolos nuntoey)
f = (friction factor)
H = (hydralic raciLe)
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