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ENTRAPMENT

ENZYME
IMMOBILIZATION

BINDING TO SUPPORTS
e

Matrix entrapment

Encapsulation

CROSS-LINKING

Adsorption Covalent binding
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Immobilization :- The attachment or

Entrapment of a species, such as an

enzyme or cell to a support.

The attachment is a bonding interaction
and the support is either soluble or

insoluble inert or reactive .
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Immaobilization Methods

Binding to a support Cross-linking ‘ Encapsulation
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- Electrostatic ( ion - ion )
- Hydrogen bonding
- Hydrophobic interaction

- Van der waals forces
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3 ) PH, ionic strength control
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Figure 1. Modification of the surface of the solid supports, silica gel and montmorillonite-K 10, by covalent binding of amino groups. Route a: modification
with 3-aminopropyltriethoxysilane (Mont | and Sil1). Route b: modification with 3-chloropropylinethoxysilane, followed by reaction with 1.6-diaminohexane
(Mont2 and 5i12).
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Figure 2. Preparation of the y-Fe.0./Si0,-NHFeP catalyst.
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BCL-APTS-MagNP Carboxy-APTS-MagNP Glu-APTS-MaghP

el il
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BCL-Carboxy-APTS-MaghP

Scheme 1. Immobilization of B. cepacia lipase on superparamagnetic nanoparticles (A = Adsorption method; B = Carboxybenzaldehyde method;
= (lutaraldehyde method); (i) Fe™/Fe™ oxides, NaOH (0.5 mol L), 0.5 h; (ii) (3-aminopropyljtrimethoxysilane, 12 h; (iii) B, cepacia lipase (330 g

lipase/mL), 1 h: (iv) 4-carboxybenzaldehyde, 4 b; (v) NaBH . T h; (vi) I-ethyl-3-(3-dimethyl aminopropyl) carbodiimide hydrochloride, 20 min.; (vii
olutaraldehyde, 2 .
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1. Hydrophobic
adsorption

Very high ionic strength

HYDROPHOBIC ADSORPTION
NO IONIC EXCHANGE
NO ADSORPTION VIA INTERFACIAL ACTIVATION

2. Possible covalent
attachments

LIPASE
CLOSED FORM




IONIC STRENGTH HIGH ENOUGH
TO PREVENT IONIC EXCHANGE

PROTEIN ADSORPTION VIA INTERFACIAL ACTIVATION
NO IONIC EXCHANGE
NO INSPECIFIC HYDROPHOBIC ADSORPTION
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Direct immobilization

cupergit immobilized
support threonine aldolase (TA)
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PhMe, 80 °C

i. MPPA, BugNI
K,COs

THF, 60 °C
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silanization

™ Slicasphere 7% CdSeZn5 QD




Ultrasonication
CulnS2/ZnS@Si0:

Silanization

ulnSz/Zns in CulnSz/ZnS in
oil phase water phase

Cell imaging
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CNBr
—»

Hydroxyl-containing

maftrix

*NH

0-C=N Ligand-NH, \ | |
—— — (O-C-NH-Ligand

_____OH  pH 11 —— OH _
/ / pH75-85 / -

Cyanate ester

\ 0 Ligand-NH,

— C = NH-Ligand

pH 7.5-8.5 /

e
_>C=NH
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Imidocarbonate
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P NH\ (/},NH .
n Preactivation

: »
(’\)\ (glutaraldehyde)

Amino resin

n = 2 (short spacer)

n = § (long spacer)

SNH

Covalently immobilized enzyme
(imino bond formation)
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Amine Ligand
(Antibody)

Schiff Base
Aldehyde-activated Bond
Agarose Resin

Y-<
A
— -\Bead

Y 4 4

Covalently Many Antibodies
Immobilized Antibody Per Bead







A Glutaraldehyde-agarose synthesis and enzyme immobilization

H,
G f
NH |4
_C/\R* A N;/\‘H*‘ Y Gutrateyte v/ G\” @
2
‘ o/\/ NaBH, VY WYNELD

Clyoxyhagarose Amine-agarose Glutaraldehyde-agarose
(G-agarose)

B Thiolsuffinate-agarose synthesis and enzyme immobilization
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Thiopropionamide-enzyme
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Immobilized Lipase

POP-polymer

0.5 M phosphale
buffer pH 8.0,1 h

Site-specific modified lipase
on solid-phase

PDP-Dextran1500-NH,
POP-Dextran6000-NH
PDP-Dextran70000-NH,
PDP-PEG1500-COOH
PDP-PEG35000-COOH

1
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NaBH,; (optional)
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Covalent binding on
autoreactive cyanuric
chloride groups
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Direct immobilization

TA (J)H

H
0 AN

cupergit immobilized
support threonine aldolase (TA)
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Activation of hydroxyl-
groups by cyanogen
bromide

Forming of reactive
cyanate ester

Covalent binding of

ligands wvia amino-
groups




Polyacrylamide monomers Silica sol-gel monomers
(ii))— (iii) —
—0 o
HN HN

HN

A Free radical polymerisation

OH

o - ) NH,OH |
. A
JN« : | + 4H,0 —goE = HO—Si—OH + EtOH
— APS > 25°C OH

+ TEMED H,N '

o Hexane : C Condensation
H,0 !
) 2 . OH OH OH OH

/\N/U\ 25°C : 7 ‘ : l
H H ' HO—Si—OH + HO—Si—OH ——® HO—Si—O—Si—OH +
. I | | |

OH OH OH OH

o

H
N
H

D Funtionalised nanoparticle

_OH

Covalently linked fluorophore

Amine

Inert matrix
Azide

Reference dye

Alkyne Inactive dye

Ammonium ion ——> P Active dye

< ‘é— Analyte
Unfunctionalised silica matrix >+o

Unfunctionalised acrylamide matrix —— >+~ =




Oxidized Glycaoprotein (polyclonal antibody
treated with sodium meta-periodate)

Aldehyde
Group

Resin
Bead

+

0 0 0
NH ¥ ¥ NH
0 ﬁ/\/ ﬁ/ H, 2
8] 0
Hydrazide-activated Ultralink Resin
NH3
Aniline (::::::I,f

GlycoLink
Buffer

Resin
Bead

0 0 0
L N N N
o )el\ﬁ/\/ Y\)l\ﬁ/ \n/\/\/“\u, =
O ()

Immobilized Glycoprotein
{hydrazone bond)



Oxidation of carbohydrate residues

CH,OH
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Site-directed immobilization
through carbohydrates
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Activation-:

— O - oxidatiocon

Matrizx

Couplings:

Reduction-s
-OH -

N—I. + NaBH, — | — .
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AlkXxylamine




APTS-MagNP
(B)

i)

@ O}S " NH, 000, olm”““v"’"“wm ‘ Do W
Lipase s

0 0
BCL-APTS-MagNP Carboxy-APTS-MagNP Glu-APTS-MagNP

I-IIIII

T

=0 :
0 ':' Q|M G;EiMNWN'LIPaSE
0
Llpase

BCL-Glu-APT5-MagNP

BCL-Carboxy-APT5-MagNP

Adsorption method; B = Carboxybenzaldehyde method; (

NaOH (0.5 mol L), 0.5 by (1) (3-aminopropyltmmethoxysilane, 12 b; (in) B, cepacia lipase (350 g

Scheme 1. Immobilization of B. ce pac it lipase on superparamagnetic nanoparticles (A =

Glutaraldehyde method); (i) Fe™/Fe™ oxides, |
lipase/mL), | h: (wv) 4-carboxybenzaldehyde, 4 h; (v) NaBH , 1 h; (vi) I-ethyl-3-(3-cimethyl aminopropyl) carbodiimide hydrochloride, 20 min.; (vi

lutaraldehvde, 2 h.
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Aclive site

\
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\

(1) The substrate, sucrose, consists Glucose — 7\, . Fructose

of glucose and fructose bonded
logether.

(2) The substrate binds 1o the enzyme,
forming an enzyme-subslrate

omplex (4) Products are released,
\ /" = and the enzyme is free
to bind other substrates.

(8) The binding of the
substrate and enzyme
places stress on the
glucose-fructose bond,
and the bond breaks.
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ENZYME IMMOBILIZATION

END POINT IMMOBILEZATION







Aminosilane Free acid or acid chloride

functions
CHs

|
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CHi— 0 — 51/ N N\VNH,

0
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Hydrolysis and condensation




The substrate
can bind to the
enzyme to form

Aehivealte Enzyme—Substrate KGRI AL
/ Complex substrate
1
21

Substrate

complex.

Reactlon Products

Enzymes are made
of long chains of
aminoacids. The

chains are folded
to form the active
site.

When the reaction is
complete the
products are
released and the
enzyme can be used
again.
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DO3A: R= COOH
DO3P: R= PO(OH),

Scheme 6. Schematic representation of ligand immobilisation
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1) R-NHz+ CHO-(CH;)s-CHO — R-N=CH-{CH;)s-CHO

2) R-N=CH-{CH_)s-CHO+ NH2-Enzyme .

R-N=CH-(CH2)s-CH=N-Enzyme

3) R-N=CH-(CH;)s-CH=N-Enzyme+ NaBH; ——

R-NHCH-(CH.)s-CHNH-Enzyme




GLUTARALDEHYDE
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FREE ENZYME

COPOLYMER
GLUTARALDEHYDE-ENZYME




poely(glutaraldehyde)
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Anv protein
amino group

Cross-linked —7
protein molecules




PROTEIN
AGGREGATE

precipitant
PEG
Salts, solvents wp
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glutaraldehyde




Thiol Surface Modification

IMaleimde Surface Modification

Aldehyde Surface
Modificaiton

Eposxy Surface
Modification

Michel Chelate Surface
Maodification

Steptavidine Surface
Biotin Surface




X-linking + Co-
polymerization

Precipitation




nanoparticles
Water-soluble reactive

copolymer

Hybrid hydrogel through
nanoparticle-mediated
polymer network

Silica surface
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e l Glutaraldehyde

_, One point modification

- —S

Intramolecular crosslinking

Intermolecular
crosslinking \
Support-enzyme
crosslinking




Three representations of glutaraldehyde

Protein Protein




SMALL No intersubunit

BIFUNCTIONAL . .
REAGENT crosslinking

)

Intersubunit
crosslinking

/

MULTIFUNCTIONAL
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Fig, 26, Structure of the repeating unit of agarose. Note the presence of the unusual sugar
3 6-anhydro-L-galactose.
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amine-containing
matrix
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C (CH2)n

NHS activated support

Ligand - NH>

NH - Ligand




cyanogen bromide
CNBr very reactive

+ cyanate ester ﬁ
C

MNH-

C=—=nN O

- OH Q
—h—
- OH — O

Sepharose

H-N —=enzyme
— 00

enzyme

ISourea derivative
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— OH

inert carbamate

reactive cyclic
Imido-carbamate

T HoN ——enzyme
__=C=—=NH

O
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0O C enzyme

— QOH
MN-substituted
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Activation step )
OH
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ENZYME IMMOBILIZATION
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Activation of Acrylamide Resins
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Aminoethyl-polyacrylamide

)

;
S )-c..-_ NH — NH,

Hydrazide-polyacrylomide

Carboxy-ocrymmide -




A Glutaraldehyde-agarose synthesis and enzyme immobilization
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Glyoxyl-agarose Amine-agarose Glutaraldehyde-agarose
(G-agarose)

B Thiolsulfinate-agarose synthesis and enzyme immobilization
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Epoxy-agarose Thiol-agarose Disulfide-agarose Thiolsulfinate-agarose
(TSl-agarose)




CH;CH,OH; 70 °C, 24 h ' ’ \ ,

Dispersion polymerlzatlon
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Polystyrene monodisperse microspheres
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