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.__ABSTRACT .

The immobilization of horseradish peroxidase (ERPQ)
{Mw,40,080) a glycoenzyme, on long-arm polvacryvlamidé beads -
and nvlen tubiné is described. The long-arm polvacrylamide
beaded material (5400 mesh, 10-37 um diameter, 1800 dalton
exclusion limit) used for immobilization was derivatized
(Bio=-gel P-2) having .8 ueg/gm of dry beads or .l :eg/gm

-

of dry beads of aminc croup density and .3 Leg/gm of dry
beads of hydrazide group density as determined by the
2,4,6-trinitrobenzenesulfonic acid (TNBS) method. Nvlon
tubing used for.the immobilization (1 meter long, I.D.1.0 mm
©.D.1.34 mm) had 0.66 nmeles amino groupsymkter tubing.
Immobilization was carried ocut via a/Schiff—base
(imine) intermediate.between amino croups of bead and
oxicized HRPO. The HRPO was oxidized at pE 8.0, at 25°C,
_retaining 70% of its activity. 1In the case of long-arm
polvacrylamide bea@s having high andé low amino group density,
stabilization of Schiff-base (imine)} was further carrieé out
by using different reducing acents. Sodium borohvdride was
acded aftéf the couplinc was completé in orcer to aveicd loss
of the aldehyde functions necessary for tﬁe coupling reac-
tions. By contrast, sodium cvanoborohydéride was present

throughout the coupling reaction to érive the reaction to

completion by trapping the labile Schiff-base by reduction

iv
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In order to estimate the active immobilized HRPO on

‘the beads, a sensitive chromogenic HRPO assay was developed.

ssay was based on the rate of oxidative coupling of

2-hvéroxy-2,5-dichlorobenzenesulfonic acid (EDCBS) and
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noantipyvrene (4-3AP). In the presen;g‘of hydrogen
ide (H202), HDC3S andé 4-AAP, perox;dase catalyses the
tion of a deep pink cclour which has an absorption
um at 510 nm. The assay can detect levels of immo-

ed peroxidase on the beads in the picomolar range.

t

Different methods Qere used to quantitaté peroxidase
e beads. An upper limit for the amount of bound

e could be calculated from the difference in protein
nt cf the initial ané coupling supernatants. THis
teé +to 28 nmol/g c¢f bgads, which would represent 52%
ce saturation, for small beads (25 um) having amino-
nated arms. Inactive material absorbing at 403 nm
ting to about 10% 0of the above estimate could be

¢ from the beads with lO'm¥ agueous hydrazine. How-

from direct determination o£f enzvme activity o

rt
=3
1]

it was evident that less than one percent of the

28 nmol/g was immebilized in fully active form.
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CHAPTER I
INTRCDUCTION

The specificity of enzymes and thelr abil?ty to
catalvze reactions of substrate at low concentrations are
cf great dﬁe in chemical analysis. Enzyme cata;yzed reac-
tions have been used for analvtical purposes for over a
century for the determination of substrates, activatoers
and inhibitors. However, disadvantages associated with
the use of enzymes such as instability, unavailability and
cogt have seriously limited their usefulness. These limita-
tions have made enzyvme-catalyzed react;ons unappealing for
analvtical chemists.

Attempts to circumvent (1,2) these problems led to a
‘major breakthrough when a new technigue Xnown as enzyme
immobilization was introduced in applied enzymology about
20 vears ago.- -Klibanov (3) has dgfihed immobilization of
enzymes as. the conversiéh of enzvmes from a water scluble,
mobile state to a water insoluble immébile state. Ac-
.cording to Go;dstein (4) immobilized-enzyme can be
defined as "enzvmes physically confined or localized in a
certain defined region or space with retentian of their

catalvtic activities, which-can be used repeatedly and



contiﬂﬁously."

Some remarkable successes have been reported on the
utilization of immobilized enzymes in the food, pharma-
ceutical and chemical industries (2). Interest in’ the
potential use of enzymes as catalysts in industry has
increased during the last 10—15-§ears, as a result of the
development of novel technigues for enzyme immobilization.
The available techniques enable a high degree of fle;ibility
in reactor design since'they allow enzyme immobilization on
colymeric supprorts of different geometric structures includ-
ing powders, beads, tubes, fibres, filters and membranes.
These provide the chemical engineer with hetérogenous
biocatalysts whﬁfh can be utilized continuously‘in appropri-
ate.reactors. Katachalski-Katzir (2) has mentioned that tﬁ;
expected progress in the development and design of enzvme
immobilization will provide'biotechnologists with efficient
pilot schémes_fo; carrving out desired’ bicconversion reac-
tions on an industrial scale.

The availability of enz§;;,columns, enzyme membranes
and .enzyme tubes has also facilitated more extensive use
of enzymes for analvtical purposes. Enzyvme columns and
tubes, when inserted into a suitable automatic analvsers,
pérmit the continuous assay of substrates such as glucose,
lactose, amino acids, urea and uric acid (3,4).

Tosa, et al. (5) suggested that if active and stable
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water insoluble enzymes are prepared by using immobiliza-
tion techniques most of the aforemeﬂiioned disadvantages
can be eliminated and the following advantages are

expected:

1. Enzymes can be recovered from a reaction mixture and
LS ' .

can be reused.
2. Stérage,thgrmal and operational stability of enzymes
can be improved.
3. A catalyst can be tailor-made for specific use.
4, Conéinuous operation becomes practical.
2. Reaction requires less space, mild conditions of o
Pressure and temperature.
6. Any detection technigue can be emploved using immobi-
lized enzvmes.
7. Characterization of products is possible due to ease
of separation from enzvmes.
The method used for immobilization were surveyved by Mosbach_
(6) in 1876. Aalso, a number of reviews have appeared
wnich discuss various aspects of the field (7-10). Physical
methods, adsorption (8,11) entrapment (10,12) and microen-
} capsuiation (13) were used frequently in industry due to
simplicity. These methods suffer from the disadvaﬁtaée of
pProtein loss through leaching during application in industry

and clinical analvzers.* However, intermolecular ¢rosslinking

(14) and covélent methods (15) avoid these difficulties, but
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sometimes resuf%\in a degree of conformational -distortion
< ;

which causes a sﬁbstantial loss in enzyme activity after'

attachment. Even then, in practice, the method of covalent
attachment Es better suited to the requirément of product
characteriz;tion. _‘

The general strategy emploved in enzvme immobilization

is to incorporate chemically reactive and compatible groups

into .both support and enzyme in such a way that coupling can

be accomplished in an efficient and chemically well-defineq

‘manner. . Because a variety of organic functional groups are

present iﬁhbiological molecules and a vast array of modified

supports are available, the cheﬁical modificatién of both

is rarely necessary. However, steric reguirements usually

demand that linkage to the support shogld be accomplished

through a "spaéer arm". Thus, the immobilization technigque

often consist of three steps:

1. Modification or derivatization of éuppért.

2. Enzyme modification and coupling to support.-

3. Estimation of bound and unbound enzyme activityv on the
support.

1. Modification or Derivatization of Support

Derivatization of the support is an important aspect
of the immobilization process. In practice, derivatization
of the support is undertaken to incorporate a spacer arm of

appropriate length with a distal functional group that will



)

allow its specific covalent attachment to the enzyme. .

]
w

-

Cuatrecasas (16} reported that by attaching the,sane'iigand
to the same support through a flexible bridge or arm con-
sisting of a chain of five or more atoms, a dramatic in-
cre#se in bindiné may be possible. Previous work in this
laboratory (17,18) has focused on the evaluation of the
‘structurai network o% very long hydrophilic spacer-arm

of the poly(oxvethvlene) tvpe shown in Figure 1.

Hydrophilicity was another desirable characteristic

in selecting a proper support for the immobilization. Inmén
(19) showed that this property is verv important for the
preservatiomof enzymes in a highly active state after
theiruimmobilizatioﬁ}' For this reafon, immobilization
on polysaccharide and polvacryvlamide supports have found
wide application in biochemistry (20). A few attempts to
achieve both the hydrophilicity and binding capacity of
these organic polymers involved crosslinking with poly-
ethylene imine or maleic anhydride ethvlene copolymer on
the Qurface of the nonporous beads (20). ‘52
The degree of derivatization of the support is another
important factor for better recovery of enzyme activity.
The greater thé suﬁgtitution, the greater the possibility
of multiple bond formation to the enzyme, pOssibly result-

ing in restriction of molecular orientation and a loss of

activity. Therefore,.it is required to control the sub-



Piqure 1

Schiff-base Formation Involved in the
Immobilization of Peroxidase
to Long-arm Beads

Legend

e )

HRPO was oxidized with sodium periodate and then
coupled with long-arm-derivatized polyvacrvliamide beads.



Figure 1



stitution by varyving the concentration of thé’activation

reagenfs. Previous work in this laboratory (18) was also

carried out by controlling Ebstitution arg derivatizing
beads with different functional group density. Mosbach

(6) suggested that immobilizaiion of enzvmes in such

an artificial microenvironment is an important line of study

for enzyme engineering because the well defined dimensions

and chemistry of such matrices permit the study of paia—

_meters such as:

1. The surface area available for binding and the degree
of its occupation. '

2. The effect of hvdrophilicity on the immobilized enzymes.
Such data is especially useful for making tubular
reactor or "tube-supported eﬁzyme derivatives” in
continuous flow analvzers (22).

The use of immobilized enzymes in the latter mode is
extremely attractive when applied to. automated analysis,
since the tubular immobilized enzyme reactors é;n be
readily incorporated into most standard analvtical systems,
without necessitating change in the existing ?echnology.
Nyioh +ube extruded from high molecular weight nylon
contains relatively few sites for the attachment of
protein and, therefore, in order to immobilize a reascnable
quantitv of an enzyme on the inside surface of the nylon

tube, new active centres have to be introduced (21).



Many compounds could be used as spacers such as lysine,
hexamethylene diamine and poly(oxyethvlene)-a, .~diamine.

The use of a polvamino spacer is very attractive, since

the attachment of the polyamino compound to one activated
gréap in the nylon backbone vields a large nuﬁber of

active aminc groups. The derivatizétion of nylon tubing
used in our laborator; (work of S. Boss) does not involve
cleavage of bonds, thus activating nyvlon without destroving
the integrity of the polymeric structure.

Finally, in choosing the most advantagecus immobiliza-
tion .technigque, efforts aie made to stabilize the immobi-.
lized enzyvme in an artificial microenvironment and to avoid
steric hindrance. Therefcre, emphasis in this work has
been placed on, (i) providing a hyvérophilic spacer-arm for
attaching enzyme without steric hindrance, (ii) selecting

the chemical reaction and conditions which tend to minimize

inactivation of enzvme.

2. EBEnzvme Modification and Coupling to Support

Enzvme selection for coupling was another important
aépéct of our immobilization studv. Horseradish peroxidase
(HRPC)} was chosen as the enzyme for immobilization because
it is readily available, stable on storage and its effect
on hydrogen peroxide oxidation can be monitored spectro-
photometrically (23). For the latter reason, peroxidase -

has been widely used for detection of micro amounts of
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hydrogen peroxide and hydrogen-peroxide generating-systems
in analytical biochemistry -(24). .

HRPO is a glycoprotein haﬁing 21% carbohydrate residues
(25)'by weight. Figure 2 shows some information-on its
covalent structure. Welinder (26) speculated on"the basis
of‘compositional siqilarity that the earbohydrate chains
of peroxidase (which have not been sequenced) may be similar
to the carbohvdrate moiety of another plant glycoprotein,
pineapple stem bromelain. The HRPO glycans contain the two
N-acetvl glucosamine, three mannose core-found in all
asparagine-linked glycans (25). These ar; further elaborated
'with one fucosvl and one xvlosyl residue per glycan. Each of
the bromelain N-glvcans would be susceptible to periodate
oxidation at sevén to nine sites. All aAsn—-x-Ser/Thr se-
guences of peroxidase,_except‘residues 286-288, hav? attached
carbohvdérate. The C-terminal half of glycoprotein carries
six of the eight carbohydrate moieties.

Hsiao et al. (27) reported that carbohydgate residues
Qf the glycoproteins have no apparent role in the catalytic
activity of enzymes. Zaborsky et al. (28), Hsiao et al. (27)
and Ggarova et al. (29) immobilized glvcoprotein:throuch
carbohvdrate residueg'oﬁ the enzvmes. Therefore, it was
considered more desirable to immobilize HRPO to polyacry-

" lamide beads.by these catalvtically non-essential carbo-

hvdrate residues. The method of enzyvme coupling consists
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FPigure 2

Structure of Horseradish Peroxidase C

Legend
Taken froﬁ'Welinder (26)

Residues are represented by linear pieces of egual
size. Bends are introduced to allow disulfide-bridged
residues (11-91, 44-49, 97-301 and 177-209), and the
proximal (residue 170) and the proposed. distal histidine
(residue 42) [6] to approach, and to give a compact struc-
ture (=——) indicates histidine, and {e#) shows site of
carbohydrate attachment. Line thickness of the polypep-
tide chain indicates its stability in apo-peroxidase to
cold tryptic digestion: - (e——) very stable, (——) stable,
and ({-4—) completely cleaved. (-—==-) Encircles domains
of apo-peroxidase, t
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‘for stable Schiff-base formation. Heath et al. (34,35) used

13
of two steps:
1. Activating HRPO via periodate oxidation.
2. Linking the modified aldehyde enzyme with amine groups
attached on beads through spacer érms.
Periodate oxidation is a well established procedure
for modifying carbahydrate residues in polysaccharides (30)
and glycoproteins (31) to form active aldehvdes which are :
available for Schiff-base formation with the amiﬁo groﬁb
of any carrier. 1In glycoproteins, the carbohydrate @oietg
can be oxidized, with periodate or galactgse oxidase with -
significant retention of activity (32). Capaldi (33)
oxidized cell-surface meQErane proteins with sédium meta-

periodate or galactose oxidase to generxate active aldehydes

NalO, oxidation to link HRPO to liposomes. Nakane et al..

(32) used-periodate oxidation to oxidize HRPQ for the 3
preparation of ;table antibody conjugates. It is impossible ‘\_Jf
to predict the efficiency with which these reactions will

couple peroxidase to polyacryvlamide beads since it depends

upon many factors incldding the concentration of reactants,

_the number of reactive groups available, pHE, and intrinsic

reactivity of the specific types of aldehydes and nitrogen

nucleophiles.
»
Schiff-base formation is the first stage in reaction of
the oxidized glycoprotein and amino groups ¢of the hydrophilic

supports. The reactants may be irreversibly linked if II
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in Pigure 1 is re&uced to an amine by NaBHéCN oxr NaBH,. *!s
a rule NaBH4 reduction must be carried out at alkaline pE
(36), while NaBH3CN-coupling is achieved at neutral pH
(37,38). Usually coupling can occur via a primary ox

secondary amine since either can form an imine.

3. Estimation of Bound and Unbound Enzyme Activity

on the Support

The ultimate goal of this research is immobilization
of HRPO on nvlon tubes for a clinical analyzer and thus
estimation of the amount of active peroxidase attached co-
valently to the support is important. Chan et al. (39)
outlined the modifications requifed in enzvme assayv tech-
nigues because of the paiticulate natufe of insoluble
enzvme derivatives. In contrast to catalysis in homogenous
solution, some means of maintaining a steady diffusion of

-

substrates and products must be found. This has been
achieved eiﬁher by continuous stirring of the mixture (6,39)
or by continuous passage of substrate solution through a
stationary column of the insoluble enzyme (6). The most used
and often the easiest way of following both approaches is to
use spectrophotometry, thereby studying changes in absorbance

caused by the consumption of substrate or generxation of

product. In the first approach, the activity of the enzyme,

" immobilized on matrices—that are not too optically dense can
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be measured in a cuvette provided that the particles are
keét in suspension by means of stirring du;ing the assay
procedure. In the second approac;‘the enzv@e-matrix is
kept- outside the light path. Reaction is carried on out-
side the photometer and the product containing solution is
passed through a flow-cuvette }or spectrophotometric analy-
sis. In choosing any technigque the following.points should
be considered:

1. The choice of assay procedure wil; beagoverned by the
nature of product formed, e.g.; carb§:\;ioxide gas.,
protons, products visible by varioﬁs kinds of spectro-
SCopYVy.

2. Properties of the-support, size éf particle, particle
size distributicon, fragility.

3. Stirring and flow rate.

4. Control measurements of free enzyme in the assay mixture.

5. Ionic strength.

study

This thesis focuses on the immobilfaation of HRPO on
loﬁg arm-derivatized, surface-limited polvacrvlamide beads
having different group density, different functional groups
and an analogously derivatized nylon tubing. In order to
develop a successful immobilizatioﬁ rrocedure, different

steps will be wvaried in terms of conditions. After the -
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selection of the best immobilization procedure tﬁe amount
of total, active and inactive ﬁRPO immobilized on beads .
will be estimated. Further, the established procedure and
methods will be used to immobilize HRPO inside nylon tubing

already loaded with amine functional groups.

@)



CHAPTER II
EXPERIMENTAL

A. MATERIALS

Peroxidase {horse;adish) [donor: hydrogen peroxide
oxidoreductase; EC 1.11.1.7] Grade I, Grade II were pur-
chased from Beehringer—Mannheim Canada, Ltd., Dorval,

Quebec.

Sodium bicarbonate, ethvlene glycol, cobalt nitrate,
Tris (hydroxymethyl) aminomethane, hy¥drogen peroxide (30%),
- methanol, sodium acetate, sodium cabenate, sodium,chloride
and standard buffer solutions (pH 4.0, pH 7.0, and |
PH 10.0) were purchased from Fisher Scientific Company,
Ltd., Don Mills, Ont.,‘Canada.

Sodium periodate was purchased from BDE Chemicals,
Toronte, Ontario.

YM—BO membranes wére purchased from Amicon Corporation
Scientific System Division, Danverg, MA.

Sodium cyanoborohyvdride and Hepes buffer were pur-—
chased from Sigma Chemical Companv, St. Louis, MO.

4-Aminoantipyrene (4-AAP) was purchased from ICN
Pharmaceuticélé, Plainview, N.Y.

2-Eydroxv-3,5-dichlorobenzenesulfonic acid, sodium

17
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salt and sodium borohydfide (NaBH4) were purchased from
Aldrich Chemical Co., Milwaukee, WI.

Polyacrylamide gel P-2 (5400 mesh) was purchased from
Blo-Rad Laboratories, Richmond, C A.

Nvlon tubing was obtained frqm Portex Ltd., Hythe-Kent,
U.X.

Agua-Sil was purchased from Pierce Chemical Companyv,

'Rockfor@, Ill.

B. EQUIPMENT . .

All automatic pipetting was done using Pipetman and
Oxford Dlnetters from Mandel Sc1ent1f1c Company Ltd.,
Rockwood, Ontario, Canada, and the FPisher Scientific
Coﬁpany Ltdl} Don Mills, Ontario, Canada, respectively.

The pH measurements were obtained on a Corning Digital
"III, general purpose pﬂ meter from Canadian Laboratory
Suéplies Limited, Toronto, Ontaric, eguipped with a pencil
combination electrode from the Fisher Scientific éompany
Ltd., bon Mills, Ontario.

For ultrafiltration, an Amicon cell (10 ml volume) with
YM-30 membrane was used for pfessure dialysis under nitro-
gen at 4 atmospheres pressure. The membraneﬁ\yere precon-
ditioned with BSA (lmg/ml) before thev were used and stored
in 10% ethanol wpen'not in use.

All spectrophotometric measurements and recordings were

- 4

o
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made on the Beckman model 35 or Acta MVI spectrophotometer,
as well as a Shimadzu 240 instrument. For'activity measure-
ments on bead suspensions, advantage was taken of Acta's

built in magnetic stirrer.

C. REAGENTS
All agueous solutions were prepared usivg deionized
distilied water. The following buffers and ‘solutions were
ﬁsed:
TNBS solution: 0.01 M
Glyvcine solution: 0.03 M
Phosphate buffer: 0.1 M, pE 7.4
Tris~HCl buffer: 0.1 4, pH 8.0
Hepes buffer: 0.1 M, pH 7.4
Sorate buffer: 0.1 M, pE 9.5 : :
Sodium carbonate buffer: 0.3 M, pH 9.5,
Sodium periodéte stock solution: 40 mM. In distilled
deionized water prepared immediately before use.
Sodium cyanoborahvdride stock solution: 0.1 M in.
. water prepared immediately before use.
Chromogen‘stodk solution: ~HDCBS and 4-AAP were dis-
solved in 0.1 M Tris-HC1 PH 8.0 to 18 mM and 4.8 mM,
respectively. The solufion was kept in the dark and’
used on the same day.
Stock hvdrogen beroxide: 10 mM stoqk solution was pre-
rared fresh in distilled deionized water immediately

before the experiment.

/u
ad
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Hydrazine solution: 10 mM Hydrazine was pre?ared in

¢.1 M-phosphate buffer at pH 7.5.

D. METEODS

1. Washing the Glassware

In order to get rid of polvacrylamide gel particles
N

—

which achered to glass surface strongly, glassware was
siliconized with Agua Sil. Also, it was observed that

the ERPQ sticks to the.surface of glassware even when
washed with strong cdetergents. Thercfore, glassware was
usually soaked in chromic acid for 24 hours and always
rinsed with 1N HCl after washing the apparatus with water.
Finally, the glasswafe was rinsed with distilled deionized

water.

2. Determination of Amino ané Semi-Carbazido Group

Density on Long-arm Polvacrvlamide Beads Using
RS

the TNBS Test

The TNBS test was performed according to Antoni et al.
(42) . One or two ml of 50% bead suspension (pre-washed
with 0.01 ﬁ'borate buffer of pH 9.4) was made up to 10 ml
with tHMe same buffer. One milliliter 0.01 ¥ TNBS was then
added. A reference sample was prepared at the same time °
ané composed of 10 ml of tetraborate, withogt the *beads,
to which 1 ml of .01 M TNBS was added. After 40 minutes

-

at 37°C with stirring, the beads were centrifuged, 1 ml of
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supernatant sample solﬁtion was diluted with 5 ml of 0.1 M
tetraborate and 0.5 ml of 6.03 M glvcine. For the blank,
0.5 ml of water was used in place of glycine. After 25 min
at 25°C 10 ml of cold methanol was added and the absorbance
of each sam?le was determined against its own blank at

lcm-l(42). However, to distinguish

b , -
340 nm using e = 12400 M
amino and semi-carbazido groups the test was sometimes deter-
mined as above but in 0.l M phosphate buffer pH 7.4; in these

cases methanol was not added.

3. Performance of HPRO Assay -

Rate méthod: The reaction was measured at 25°C in 0.1 M
Tris-HCl buffer at p¥ 8.00. The sample and blank were .
always prepared fresh to contain 2.4 mM 4-AAP, 9 mM EDCBS
and 0.3 mM H202 in 1 ml. Reaction was initiated by adding
50 ul of peroxidase solution to the sample cell and 50 ul of
0.1 M Tris-HCl buffer to the blank (reference cell).~ The
-change in absorbance at 510 nm was continuously monitored

in 1 cm pathlength cuvettes.

4. Immobilization of HRPO on the Beads

Oxidation of HRPO: A fresh solution of HRPC (2 mg/ml)
was made in .3 M NaI—ICO3 buffer pH 8.00. Usually, the initial
concentration of HRPQ soclution was calculated spectrophoto-

-1

. . . : - 4 -1
metrically using an extinction coefficient of 9.1 % 10 M cm

at 403 nm (29). Oxidation was started by adding 1 mil of

S—
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ERPO to 1 ml of 12 mM NaIo, solution. The mixture was
allowed to stir éently for one hour in a shakexr at room
temperature in the dark at 25°C. Excess of sodium periodate
was destroyed by adding 1 ml of .32 M ethylene glycol to
the above mixture. The mixture was again stirred gently
for one hour using the same shaker ‘and same speed. The
absence of periodate was verified with starch iodide
paper after one hour. Three ml of oxidized HRPO was ‘dia-
lyzed in the Amicon ultrafiltration ~cell at 0°C. The
oxidized HRPO was removed from the dialvsis cell asing
coupling buffer. gefore coupling, the concentration of
oxidized-HRPO was éhecked by spectrophotometric measurement
at 403 nm. Immobilization of oxidized-HRPO to long-arm
bedds was carried out using three different procedures:

{a) Coupling without reduction

(b} First coupling then reduction

(c} Coupling and reduction together.

{a) Coupling without reduction: One ml of a 50%

suspension (v/v) of beads was adjusted to coupling pH byv
centrifugation-resuspension with the coupling buffer three
to foug_times. For coupling, 0.5 ml of the packed beads
at PE 9.5 and 2 ml of oxidized HRPO at pH 9.5 in .1 M

Na‘2CO3 buffer were stirred gently in a shaker for two

hours at room temperature using siliconized test tubes.
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(b} Coupling followed by reduction: ‘One ml of 50%

3
was incubated with 1 ml ‘of oxidized HRPO at the same pH and in the

(v/v) suspension of beads at pH 2.5 in 0.1 M Na2CO buffer

same buffer for three hours at room temperature. After
coupling, excess of HRPO was washed from the beads by
washing beads with 10 ml of same buffer 4 times. Subse-
quently, the beads were reduced with 16 mM NaBH4 at 0°é'for

three hours in a volume of 2 ml at pH 9.5.

-
(¢} Coupling and reduction together: One ml of 50%

suspension (v/v) of beads at pH 7.4 in 0.1 M Hepes buffer
or 0.1 M phosphate buffer was incubated with 1 ml of oxi-
dized HRPO at pH 7.4 in 0.1 M Hepes buffer or 0.1 M phos-
phate buffer for two hours afrroom temperature. An
amount of NaBHS§N from 0.1 M sclution was added into the

coupling mixture to give a final concentration of 20 mM.

-

5. Estimation of Bound HRPO on the Beads

Three different methods were used:

(2) Differential determination method for the total
bound HRPO on the beads

(b} Elution methbd for the determination of
HRPQ on the beads

{c} Assay method for the determination of active

HRPO con the beads.
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{a) Differential determination method for the total

bound HRPO on the beads. 'Bound HRPO on the beads

was estimated by making a diffe;ential determination of the
amount of HRPO before and after the coupling reaction.
Washing_solution was aiso added té the unreacted HRPO after
the coupling reaction. The difference in the protein‘con-
tent due to immobilization was made by measuring heme of
HRPO spectrophotometrically at 403 nm and using

4,-1_ -1

e = 9.10 x 10°M ~em ~ (29).

(b) Elution method for the determination of

HRPQ on the beads: For samples which had not been reduced

after or during coupling, HRPO on the beadswas eluted by
treating 0.5 ml of packed beads‘at PH 7.5 in 0.1 M phosphate
buffer with 1 ml of 10 mM hydrazine prepared in 0.1 M
phosphate buffer at pH 7.5. The beads were allowed to stir
for 2 hours at room temperature. The amount of peroxidase
was estimated at 403 nm using ¢ = 9.1 x 104M ten™t (29).

1 4

(¢} Assay method for determination of active HRPO

on tgé beads: For the determination of active HRPO on the
beads a method modeled after the procedure éf_Chan et al. (39)
was used. Active HRPO immobiiﬁzed on the beads was deter:
mined by stirring 2-5 mg beads in a cuvette, with teflon-coated

stirring bead, containing 2 ml of peroxidase assay solution.

In general, 1 ml of 530% suspension was diluted ten times so
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that thé run could be initiated by addition of the beads

in a volume of 50 pul to 200 pl. A blank containing every-
thing but peroxide, was stirred at the same time with same
amount of beads. Another sémple of the same bead-dilution
was taken for dry weight determination. Beads were con-
tinuously stirred in the cuvettes with teflon-coated stirrer
for 20 min while absorbance at 510 nm was continuously moni-
tored. A rate was calculated and the amount of HRPO immo-

bilized on beads was estimated from the‘standard curve

already develcoped for soluble peroxidase assay.

6. Immobilization of HRPO on Nvlon Tubing

HRPO was immobilized on' nylon tubing using the method
(4a) mentioned earlier;.without reduction. Coupling of HRPO
to nyvlon tubing (derivatized by Kierkus) having amino groups,
was carried out at pH 7.4 in 0.1 M phoséhate buffer by fil-
ling nyvlon tubes with oxidized and ultrafiltred = HRPO at 0O°C.
Nylon tubing was filled with 0.1 M phosphate buffer at

pEH 7.4 before coupling.

7. Estimation of HRPO on Nvlon Tubing

The differential method mentioned ear%iér for beads,
procedure (5a) was used to estimate the total amount of
immobilized HRPO. The elution method already used for beads,
procedure (5b), was used to estimate inaétivé HRPQ on nflon

tubes. For the estimation of active HRPO on nvlon tubing
~

#

N
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a differgnt procedure from that used for beads was emploved.
The tuﬁing was washed'thoroughly with 0.1 M Tris-HCl buffer
antil no peroxidase activity was detected in the washes.
The nvlon éubing was then flushed with 10 ml of peroxidase
assay solution for 1 minute at a rate of 1.8 ml/min. The
assay solution was collected and absorbance was measured at
510 nmL* The amount ¢f HRPO activity on the nylon tubing.was

calculated uSing standard curve of soluble peroxidase.



CHAPTER III
RESULTS AND DISCUSSION

Determination of Protein Coupling Group Density on Long-arm

Polvacrylamide Beads

The beads used in this work had poly (oxyethvlene)
spacer arms ending either in a primary amine (identical to

those used by Kristalovich (18)) or a semi-carbazide as

. follows:
CE, | .
?ead . OCH2CHNH2 ) .r
iy
or - .
CHy 0

{
bead ... OCH,CIY CN NEH,

-

»
Nylon tubing.used here had spacer .arms ending in a primary

amine. Beads provided by Tavler (40) had amino groups like
Kristalovich beads (18) and beads provided by Tavlor and
Kierkus had semi-carbazide-groups. Nylon tubing provided
by Kierkus.had anino groués. |

In all these cases initial characterization of amino
groups and semi-carbazido groups was carried oﬁt by potéq—
tiometric titrations (41). 1In this laboratory, Chen and

- -
b
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Kristalovich (17218) haa.ﬁsed potentiometric titrations for .

the characterization of amino érou;saccording to the method
of Inman aﬁd Dintzis (41). However, the fuﬁctional group
densities desired in the present wog% {based on '
Krispélovich's results with high andklow functional group
density beads) are at the low end of the range of reliable
estimation by this method.

After this project got started the paper by Antoni

et al. (42) appeared which seemed to offer a more sensitive

spectrophotometric means of characterizing amino group den-

sities (reaction with excesg’TNBS, then back-titration of
the TNBS remaining with glvcine}. It occurred to us that

we might, with slight modification of the method-(42).,.be
able to determine and distinguish éemi-carbazido and amino
groups. The following model reactions were set up to test
this possibility. 1In control experiments following Figure

3 it was observed that reaction between .55 mM ethanolamine
and 10 mM TNBS was. completed in 1 hour.at PH 9.5 in 0.1 M
borate buffer, shown in Figﬁre.3A. In a paraliel experi-
ment, at lower pﬁ of 7.5 in Ofl M phéﬁphéte'buffer it was
also observed (shown iﬁ Figure 3B) that the reaction between
.55 mM ethanolamine and 10 mM TNBS was not completed even in
two hours. Therefore, the TNBS test for amino gfoups was
found to regquire a higher pH 9.5 in 0.1 M borate buffer.
Subsequently the detection of amino groups was carried out

at higher pH.
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Figure 3

Spéctrophotometric Scans at Two Different pE's

Legend

Figure 3A. Shown are the spectrophotometric scans of a
model reactions.at pH 9.5 in 0.1 M borate
buffer between 10 mM TNBS and .55 mM semi-
carbazide (———) or 10 mM TNBS and .55 mM
ethanclamine (------) at different intervals
of time (a) 0 min, (b) 10 min, (c) 20" min,
(d) 30 min, (3) 40 min. ’

Figure 3B. Shown are the spectrophotometric scans of the

(‘ .

.same model reactions at pH 7.5 in 0.1 M phos-

phate buffer between 10 mM TNBS and .55 mM-
semicarbazide {————), 10 mM TNBS and .55 mM
= ethanolamire (------), at different intervals
~of time, (a) 0 min, (b) 10 min, (c) 20 min,
(d) 30 min, (e) 40 min.
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In‘ahoﬁher control experiment for semi-carbazido
groups shown in Figures 3& and 3B, it was observed that
reaction between .55 mM semi—carbaiide and 10 mM TNBS was
completed in 40 minutes both at pH 9.5 in 0.1 M borate
buffer and at pH 7.4 in phosphate buffer.‘ Thereﬁore, the-
TNBS test for semi-carkazido group was carried out at pH 9.5
in 0.1 M borate buffer, ané pPE 7.4 in .1 M phosphate buffer.

The total concentration of proteih coupling'groups,
amino and semi-carbazido,expiessed as coupling groups per
gram dry weight of the beads is summarized in Table I. Group
density was.calculated spectrophotometrically.  As shown in
Tabkle I, final group density-was é‘difference of total amino
group densityv and amino group density due to native beads,
where native beads consisted of washed but underivatized
polyacrylamide beads (Bio-gel P-2). Unexpectedly, the
native @éads, despite extensive prior ﬁashing, showed sub-
staﬁtial reaction with TNBS at both pH's. Amino gﬁ?up den-
sity on big beads (average diameter 225 um) was determined
-using the same strategy (mentioned above) and procedure.

Amino group density, experiments 1 and 2, Table I,
can be determined only at a higher pH 9.5 in 0.1 M borate
buffer. Semi-carbazido group density, experiments 3 and 4,
Tabie I can be determined at pH 9.5 in 0.1 M borate buffer
and pH 7.5 in 0.1 M phosphate buffer. From these experi-'

ments, it was observed that semi-carbazido group density is

less than amino group density. Also amino group density on



32

938109 HI°'Q PU® 101 W 1'0 ‘I2les |I1M sowij (g paysesm ‘posseIop

*1ayyng

‘3Yy81urano I193BM UT PIYROS UDDY

Pey YaTuM (0081 ATWIT uorsnioxa ‘apruweikivvdiod) z-g 193-01qg porjTpOmUn JO PIISISUOD SpEAQ DATIEN,

I3

*Spoyla.ut 7 ainpasoad

SENL ©31 3uipacooe 183Jjng uum:amo:g Hi1 o ur £/ Hd 3¢ 93ToT{dnp ur INo patied sem K a:oaaumaxm

*wu Qg ET (zy)

H 00%2T1 = 3

utsn L11eora3owojoydoazsads paivinoies ses A3ytsusp dnoad Teuor3dUng .mvosuw: :ﬁlm 2anpoosoad

SENL 031 Suipaodoe 1933nq 93810Q | ['Q UT G'6 HA I¢ 93edI(dnp Ul 3INO PaTIILT BIM ¢-] mu:uEﬂnmaxm

£0°
%0*
€0

s0°*

¥

+

£°0
€0
1°0

wﬁo

TO0' F 1¢ : I (R I 4 :ovﬂnnnuwutﬂsom
20 ¥ L'¢C e 20 F YV L movwnmaumurﬂEmm
10° ¥ §°¢ 70" ¥ 7z LUy
€0° T Z2°¢ | . 0" F YT LOUTWY

wil gz
E:. Gz
ut Gzz

i g

speaq 4£1p jo wd/3odl

£318u9q dnoap

{euoIjoUNg I8N

speaq Aip jo wdfion spraq A1p jo wd /3o

speag pazi]euorjoung ,Speog 2a13eN dno1y Truoraoung

(cwetp ‘9AY)
Speaq
oyl jo 9ZTI§

»

Savad ddIMvV'IAYDOVATIOd
(4ZILVATHAA~IV-DNOT HO ALISHAU dNO¥H 'TVNOILONNI 40 NOILIVNIWMALAG

I A9V



33

big beads is less than small beads b§ approximately the

same factor as surface area per dry weight is diminished.

Peroxidase Assay

The assav was based on the oxidative coupling of HDCBS
and 4-AAP in the presence of H,0, and perodixase. This chro-
mogen system has been used extensively in this Department
fof the-determination of peroxide and péroxide—generating
éystems, but it was never used here to determine enzyme
activity until the need arose in the present work. Initial
studies showed that peroxidase is inhibited by its substrate
hydrogen-peroxide as shown in Table II: In choosing the
ffnal concentration of hydrogen peroxide, 0.3 mM was con-
sidered as a suitable excess of substrate for making a con-
tinuous.assay. Ugarova et al. (29) also used 0.3 mM H, 0,
for the oxidation of o-dianisidine in presence of peroxidase
and reported a K;pp of 40 uM for hvdrogen peroxide and K;pp
of 39 uM for the oxidized peroxidase immobilized on AH-
sepharose 4B. Using 0.3 mM of H202, 9 mM HDCBS and 2.4 mM
4-AAP the rate of the reaction was found to be directly pro-
portional to the concentration of the égroxidase. The assay
results are shown in Table III, Figure 4 and Table IV, Figure
In constructing these standard curves two diffefent methods
were used to make dilutions. It is important to mention

here, the method of making serial dilutions in different‘

glassware (or outside the cuvette) has a limitation since
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TABLE II

34

OPTIMIZATION OF HEDROGEN PEROXIDE CONCENTRATION®

[8,0,] 84 g o/min
mM

10 0.006 ¢ .001°
1 0.350 * .002
.75 0.400 + .02
.45 0.500 £,.01
230 0.66 * .01
.25 0.61 =..01
.20 0.62 + .02
.15 0.65 + .01 ’
.10 0.65 &

.01

a - .
Rate of reaction was measured in the presence of

2.4 mM 4-AAP and 9 mM HDCBS with the cuvette varying

concentrations of H20

in 0.1 M Tris-HCl buffer.

b ] ...
Results in triplicate.

» shown above’ at 25°C, pH 8.00
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TABLE III
N

" STANDARD CURﬁE DATA FOR PEROXIDASE

[HRPO] # AA510x103/minb
(pM) -
14.37 0.75 £ .50
28.37 1.20 = .2
57.5 2.0 £ .5
115 5.8 & 1.2
230 10.0 =

.8 \

aPeroxidase stock solution concentration was dete::\\\
mined using a molar extinction coefficient

. a
9.1 x 10% em 1 at 403. Runs were formulated as in -

"Standard procedure for peroxidase" in triplicates.
The amount of peroxidase was varied by making
serial dilutions of the stock solution outside the
cuvette.

bAA51O/mip was change in absorbance at 510 nm per . .
minute. Linear regression anilysis of the HRPQ

versus the 2A/min data yielded a Y-intercept -0.012

and a slope of .044, assuming 2 equivalents of H,0,

per mole of chromophore. The correlation coefficient
was 0.993. Errors shown are simply mean uncertainties.
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Figure 4

Standard Curve for Peroxidase

Legend

The assay was carried out in triplicates at pH 8.00 in
1l ml using a concentration of 4.8 mM of 4-AAP, 9 mM of
HDCBS, 0.3 mM of H,O,. Concentration of peroxidase was
varied. In this cgsé dilution was made outside the cuvette.
The line shown is the least sguare line (correlation coef-
ficient 0.993, ¥-intercept-0.012 anéd a slope 0.044). Error
bars shown are simply mean uncertainties.. AASiO is change
in absorbance per minute at 510 nam.
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TABLE IV

STANDARD CURVE DATA FOR PEROXIDASE®

[HRPO] N 8, ox10° /min
(pM) -
11.5 0.65 = .05
23 1.30 £ .10
46 2.50 £ .10 |
92 5.1 = 0.3 oL
115 ‘ 6.50 £ 0.5
186 9.80 = 0.2
230 ' 13.0 = 0.1

a- .
Runs were formulated as in the "standard procedure
for peroxidase" in triplicates. .

bThe amount of peroxidase was variga‘in the cuvetce
as shown above from the same stock: solution whose
concentratlon wgs Ealc&laced on the basis of

.03 = 9.1 x < TOM (29). Linear regression

analysis of the [HRPO] ve;gus ASIO/mm data yielded

2 Y-intercept of -0.006 and a slope of .055. The
correlation coefficient was 0.9990. FErrors shown »
are simply mean uncersainties.
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Figure 5

Standard Curve for Peroxidase

Legend

The assays were carried out in triplicate at pH 8.00
in 1 ml using a concentration of 4.8 mM of 4-AAP, 9 mM of
HDCBS and 0.3 mM of H_,O,.- Dilutions were made inside the
cuvette. The line shawﬁ is the least-sguare line (corre-
lation coefficient 0.9990, Y-intercept-0.006 and slope
0.0353}. Error bars shown are simply mean uncertainties
AASlO is change in absorbance per minute at 510 nm.

N
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peroxidase SthkS to the glassware. As shown in TaBle ITI
and Figure 4 -when serial dilutions were made outs;de the
cuvette, larée deviatiogs were observed, resulting in a
poor correlation coefficient. On the other hand, the me-

(Ithod of making ailﬁtioﬁ of peroxidase in the cuvette was
found.to be quite accurate and precise with a satisfactory
corJQ;ation coefficient, Table IV and éigure 5. In fact,
this assay procedure was adapted for tﬁe measurement of
picomolar amount of'insqlubiliied ERPO on the beads in the
cuvette aq*despribed in the following discussion.
| During these investigations,, it was also found that
the relationship between perdxidase coﬁcentration.and
ébsorbance was linear eveﬁ in the ngnomolar range, Tablé?v
and Figure 6. In fact, this was alsoc required to measute
perodixase activity on immobilized teadé.fglling in the
nancmolar rande. Iﬁ conclusion, axkinetit method has peen
developed to measure peroxidasesactivity in a wide range.
Also, this procedure has the advantage 6ver é two point

procedure since formation of a product is coptinuously or

‘alntermlttentlv measured at the start of the perow;dase

reaction.

Estimation of HRPO Activityv on the beads

For estimating active peroxidase immobilized on’ poly-

S

acrvlamlde beads the method of- Wellkv5§_ al. (43) was 'used

S

in which derlvatlzed beads were stirred in neroxldase»assav
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TABLE V

STANDARD CURVE DATA FOR PEROXIDASE® ~

[ziso] . 244, o/min |
0.83 N 0.04 '+ <005
1.67 _ . 0.072 £ .006
3.35 | | 0.163 £ .007
6.7 - 0.29 + .018 b
13 - 0.56 * .036
26 - i 1.11 = .045
53 1 2,05 % .015

%Runs were formulated as to the "standard procedure
for peroxidase" in triplicates.

bThe amount of peroxidase was varied in the cuvette
shown above from the same stock solution whose con-
centration wzs_ianglated on the basis of )
€ =09.1 x10™ "em “(29) at 403 nm. Linear regres-
sion analysis of [HRPO] versus 4A.,./min data vielded
‘2 Y-intercept of =0.021 and a sldpe of 0.038. .The
correlation coefficient was 0.9985.
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Figure 6

Standard Curve. for Peroxidase

Legend .

The assays were carried out in triplicate at pH
8.00 in1 ml using a concentration of 4.8 mM of 4-aap,
S mM of HDCBS, 0.3 mM of H40,. Dilutions were made
inside the cuvette. The llné shown is the least square
line (correlation coefficient 0.9985, Y-intercept 0.035
and slope 0.039. Error bars shown are simply mean un-

certainties. AASlO is change in absorbance per minute
at 510 nm.
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to zero, indicating that all the enzyme activity was asso-

solution in cuvettes under constant spectrophotometric
mOnitoring., According to Mosbéch and Mattiasson (44)

the activity of enzyme immobilized on ﬁaﬁrices that are
not too optically dense can be measured in such a way pro-
vided the particles are képt in uniform suspension by
means of stirring during the assay procedure. Chan et al.
(39) had earlier demonstrated the feasibility of this
appfoach. As shown in Figures 7a,.and 7o a continuous
linear reaction rate was observed as long as stirring was
continued. When stlrrlng ceased, the reaction rate dropped
ciated with the matrix, which had sedimented, leaving no
soluble enzyﬁe in the supernatant. As observed resumption
of stirring led to a linear increase in absorbance at thé
same rate as that obsexrved during the previousg period of

/
stirring. It is apparent from the noise on the recorder

“trace that small paﬁE;cIés in the cuvette cause small per-

_ turbations while these disturbancés in the registered signal

are more pronounced for bigger particles as shown in Figure

7b.

The slopes of recordings such as those shown in Figure
7 were used with standard curve (Figures 4-5) for soluble
peroxidase activity to calculate enzyme activity onrthe
beads. As shown in Table VI the method used was guite

sensitive, as HERPO activity on 1.25'mg of beads can be
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Figure 7 +

Spectrophotometric Scans. for the Estimation
of Active Immobilized HRPO on Beads

Legend

Figure 7a: Runs were formulated for small beads (25 um
average diameter) in triplicate as mentioned
in procedureegg "Assay method for determina-
tion of active‘'HRPO on the beads."

Figure 7b: Runs were formulated for large beads (225 um)

average diameter) as mentioned above in dupli-
cate.
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TABLE VI

DETERMINATION OF HRPO ACTIVITY ON BEADS

Beads used? Weight of Beads AASIO/min Activity on Beads
in Cuvette ' - -
(ml) (mg) ) pM ug/gm of dry beads
0.100 ) 1.23 .002 45 . 2.88
0.200 ) 2.50 004 90 - 2.88
0.250 3.12 .005 113 2.88
0.500 6.25 010 225 2.88
d -

10 A 140 044 1.25 2.87

20ne ml of a 50Z suspension of beads were diluted to 10 ml and this dilute
suspension was shaken well before withdrawiqg the volumes shown.

'bWeight of beads were determined according to dry weight determination (17)
carried out on duplicate 0.5 m] sample of the dilute suspension.

cActivity on beads was estimated from the standard curve (Figure 5) formu-
lated for soluble peroxidase.

One 41 0fa 50X suspension of beads was diluted to 9 ml with 0.1 M Tris-HCl

buffer. One ml of concentrated chromogen mixture was added to the diluted
beads to achieve final H,0,, HDCBS and 4-AAP concentrations of 0.3, 9.00 and
2.4 oM, respectively. ThHe“beads were shaken well for 10 minutes in a shaker.

After 10 minutes the absorbance of 1 ml was measured at 510 nom.
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detected. In séite 6f the noise of the recoréer, the slope
of the line was measured satisfactorily. In this method
only up to 6.2 mg of small beads having 25. um average dia-
meter can be detected. In the case of bigger beads (225 um
averace diameter}. the noise was more pronounced and there-
fore only up to 1.25 mg of beads could 5e used.

In conclusion this method for the estimation of peroxi-
dase in the cuvette was found to be guite accurate. Its
accuracy can be measured from the fact, that the total
activity on one preparation (140 mg of dry beads) was a big’
~additive number which is the sum of different numbers mea-

sured in a cuvette using different weights of beads.

Immobilization Procedure

. Our initial immobilization procedure was based on the
the method Nakane et al. used for formimg HRPO-antibody
cbnjugates (32) . These workers attempted to limit self-
coupling via amino group of HRPQO (which were considered
to be necessary for catalysis and substrate binding) by
chemically blocking the amino groups of the enzyme with
fluorodinitrobenzene (FDNB). However, self-coupling was
not a limitation in the immobilization procedure according
to our investigation as shown in Table VII, experiments
3 and 4. In fact, oxidized and FDNB-blocked ERPO was
vellow which posed a number of pfoblems in spectrophoto-

metric determinations of HRPQ concentration at 403 nm. .
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TABLE VII

IMMOBILIZATION PROCEDURE

Experiment FDNB Ultrafiltration ug of/a&g;;lty/gm
No. used af diy beads
1 - B | 0.23 & .02
2 C - . + 0.19 + .01
3 - - 1 0.Q4 = .01 |
& - - 0.06 + .01
5 + .+ . 0.23 % .02 .
g
6 + + 0.19 = .02 \{::

. %In all these experiments 20 mM of NaIOQ for 30 min at pH 8.00 in
0.3 M NaHCO3 was used for oxidation at 25°C. Oxidation was

terminated by addition of 0.32 M ethylene glycol. Ultrafiltra-
tion was done at 0°C in all experiments except 3 and 4 to remove
small reagents and products. After cocupling for three hours at
pH 9.5 in 0.1 M carbonate buffer NaBH, was added to 20 mM and
incubation was continued for 3 hours at 0°C.
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Ultrafiltration of oxidized-HRPO to remove products
of reagents already present in the oxidation mixture was
checked with a control experiment. As shown in Table VII
experiments 3 and'4, the amount of active HRPO on the beads
was iow, -04 ug/gm  of dry beads. Also, the filtrate from
the ultrafiltration cell was checked spectrophotometrically
for the loss of HRPO during ultrafiltration. The amount of
HRPO lost due to ultrafiltration was less than 1% of the
total oxidized HRPO. From these observations ultrafiltra-
tion of oxidized HRPO before coupling was considered an
important step in the immobilization procedure. The immo-
bilization was carried out according to a two-step procedure
(procedure 4 with or without reduction) in which Schiff-base
formation occurred first at pE 9.5 followed by NaBH4 reduc-
tion at the same pH.'

A number of control experiments were perfbrmed to -
analyze differ®nt steps in the investigated methods. ‘For
example, in one control experiment, unoxidized HRPO was
incubated with long-arm polvacrylamide beads, having high
amino group density (0.8 ueg/gm of. dry beaés) according
to the procedure mentioned in Methods (without reduction) .
After incubation, the beads were washed 14 times with 0.1 M -
phosphate buffer pE 7.4 and 0.1 M Tris-ECL buffer pH 8.00.
HRPO activity,vchecked with the peroxidase assay wés

s o \
detected in first four washes, the remaining washes and

£
-t v v »
- -
N
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_ the beads themselves showed no activity. From this con-
trol experiment, it was clear that HERPO was not absorbed
strongly on the carrier, perhaps due to hydrophobic or electro-
static attraction. The above obﬁervatién suggests an area‘
for future research into the use of organib hydrophilic :
supports which cannot absorb HRPO. This is mentioned be-
cause during this research it was observed that HRPO absorbedA
strongly on inorganic hyvdrophilic support like glass.

In another set of control experiménts, Table VIII,
oxidized-HRPO was incubaﬁed with native beads following
the procedure mentioned in Methods (without reduction).
Active HRPO was found on naéive beads even after 14 washes
with 0.1 M phosphate bﬁffer and 0.1 M Tris-HCl buffer.
However, all wash solutions as showﬁ in Table VIII showed
a continuous leakage of HRPO activity £rom these beads.
After washing these beads with buffer 500, mM NaCl solu-
tion was used to check retention of activity on the native
beads. It was found that after this treatment, there was
a complete loss of HRPO activity on the.beads. In addition,
the activity was found in the supernatant. The facts that
unoxidized enzyme_does not strongly associate with deri-
vatized beadé while oxidized enzvme does adhere strongly
to native ééads except in the presence of high salt con-
centrations suggests that the presence of amino groups

on the beads might lead to electrostatic repulsion of
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TABLE VIIL

ADSORPTION OF.HRPO ON NATIVE BEADS
(UNDERIVATIZED BEADS)2

No. of Washes eg of Activity/gm
) . of dry beads
14 . : &
10 ) 1.14
10 0.6
10 0.1
10° No activity

®Native beads consisted of undervatized (Bio gel-P-2
polyacrylamide beads exclusiton limit 1800). These
beads were soaked in water overnight and, degasséd,
washed 20 times in water, 0.1 M XCl and 0.1M borate
buffer before immobilization. Then 10 nanomoles of
already oxidized HRPQ (at pH 8.1 in0.3 M Na#CO, at

25°C with 20 =M NaIOa) was added at pE 7.5 M 0.1 M

phosphate buffer for three hours. After three hours
beads were separated from the added HRPO and washed

thoroughly. For each wash, 10 ml of buffer sclution
(0.1 M phosphate buffer) was taken in the test tube

and .beads were shaken for 10 minutes vigorously.

bBefore these washes the beads were washed with 500 mM
of Qgg} solution.

|
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the enzyme at neutral PH.

However, in contrast long-arm pélyaprylamide beads

“having amino groups for immobilization, mentioned in

later discussion, never showed leakage of activity after
six or seven washes and also a complete loss of activity
after treatment with 500 mM NaCl solution. Thus it was
concluded for permanent retention of enzyme éctivity on

beads, there must be amino group density on the beads.

Variations in Oxidation Conditions

- Initial studies on the oxidation of HRPO was done
according to Makane et al. (32) in which 20 mM NaIO4

yas'used as oxidizing agent at.pH 8.l‘in 0.3 M NaHCO ,
buffer. Table IX shows that as the NeiIo4 concentration
was increased there was a loss in HRPO absorbance at -
403 nm and a loss iR _activity. These results were

similar to the work of Nakane'et al. (32).

The periodate reaction was chosen:because of absence
of side reactions, its high vield of aldehyde groups, and
the fact that it can be carried out in acueous solution
at or near neutral PH. Nakane et al. (32) mentioned that
other oxidizing agents such as leagd tetraacetate which
requires acidic media were to be avoided since such media

can destroy HRPO activity. Tijssen and Kurstak (45)

mentioned that the oxidation sensitivity of the carbo-

o
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’ TABLE IX
: EFFECT OF OXIDATION OF HRPO ON
: ¢, HEME ABSORBANCE :
[NaIOA) No. of moles of HRPO after> % of original
- . treatment with NaIOA - number of moles,
20 S 20 95
40 - 15 _ ~ 71 -
80 _ ¢ 14 | , © 66
160 _ 12 } 57
320 ' ~ 13 & 62

-

®Concentration of HRPO was calculated by using € = 9,10 X IOAM-:lcm-l 6
at 403 nm (29). 1In all these experiments 21 nmoles of HRPO were gxi—
dized with different concentration of NaIQ, shown above at pH 8.1 in
0.3 M NaBHCO buffe; at room temperature in the dark for 30 minutes.
Nalg,, at the concentration noted, plus peroxidase were st\irred for.

-half an hour.. ‘

¢
R
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hydrate moiety is a;central éroblem. In their o?iqion,
HRPO is sensitive to impurities in water such as bacteria,
bacteriostatjc agents, polystyrene, etc. Yamasaki et al.
(46) menﬁioned another gossible side:gffect of sodium
periodate +treatment. According to %heir work, even
moderate concentrations of NaIOi leads to the oxfdation
of amino acid residues which may alter the confofmation
‘of protein molecules. in spite of the above mentioned \_)\\\
problem, as mentioned earlier, NaIO4 has been ﬁsed fre-

quently for the oxidation of carbohydrate_residues of
'éroteins'(33,34,35).

~Due tothé foregoing uncertainties,-é number of experi-

ments were carried oﬁé at differené NaIO4 concentrations
-ranging from 2.5 mM to 20 mM for 30-120 minutes. The

resu;t of these experiments, shown in Tables X and XI

sﬁggested that & lower NaIO4 concentration for a ionger

period of time resulted in better imﬁobilization, both ,"
for beads hé;ing amino groups (Table X) and‘hemi—carbéw

zido groups (Table XI) available for coupling. The
conditions selected, 6 mM for 90 minutes provided an
efficient conjugation and brevented overoxidat;on; Al- :
most- the same observation and conclusion was mentioned

’ by Tijssen and Kurstak (45}). They suggested that too

little oxidation prevents effective conjugation, whereas

-strong oxidation may result in the formation of carboxyl
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TABLE X
EFFECT ‘OF PERIODATE OXIDATION ON IHMDBILIZATION
- YIELDS USIKG AMINO BEADS
. . e 8
Time for Oxidation Naloa Activity on 1 gm of dry beads
(amn) (oM - (vgm/gm of dry beads) .
30 2.5 . 2.2+ .05
30 5 2.5 2> .O? .
90 6 9.2 £ .02
80 8 2.2 + .01
60 ' 10 ‘ 5.2 = .05
30 20 3.2 £ .04
%oxidation was carrieé out in 0.3 M NaHCO3 buffer pEH 8.1 at 25°C in
the dark for different periods of time. In all these experiments
ultrafiltration was done before coupllng Coupling and

reduction were performed together in the presence of 20 mM NaBH3CN
in0.1 M Hepescbuffer pH-7.5 for two hours. Uncertainties due
to duplicate Mmobilization are given.
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EFFECTS OF PERIODATE OXIDATION-ON IMMOBILIZATION
YIELDS USING SEMI-CARBAZIDO BEADS2

Time foF Oxidation NaIOa Activity on 1 gm of dry beadsb
(min) oM (ugm/gm of dry beads)
120 2.5 ) 0.32 = .02
90 5.0 0.58 = .03
60 ’ 10.0 0.97 = .01
30 20.0 1.00 = .01

3oxidation was carried out in 0.3 M NaHCO3 buff

the dark for different periods of time. In al
ultrafiltration was done before coupling. Cou
were performed together in the absence of NaBy
buffer pH 7.5 for two hours.

bUncertaintie§ due to duplicate immobilization

er pH 8.1 at 25°C in

1 these experiments
pling and reduction
3CN in 0.1 M phosphate

are given.
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groups instead of aldehyde groups.
Galactose oxidase, which'is another mild oxidizing
agent, was cgnsidered as ap alternative possibility for

HRPC oxidation as mentioneq earlier. From previous work,

in this laboratory (33), gallactose oxidase appeared to

generate aldehyde from the presence of 4-AAP and

HDCBS. After oxidatiogj téa\fij

was measured at 510 nm to allow a rough estimate of the

ltant coloured mixture

number of aldehvdes formed ber uvg of HRPO.

However, this method of oxidation as shown in-Table
XIT did not lead to an efficient conjugation possibly
because little oxidation 6f HRPO took place. This is

not unreasonable in view of the fact that the carbohy-

drate composition reported by Welinder (26) for peroxidase

»
C showed no galactose or N-acetvlgalactosamine content,

although earlier reports (47) had indicated the presence

of these sugar residues.

Influence of Reducing Agent on Immobilization
The immobilization reactlon proceeds via Schiff-base
intermediates formed by the interaction of an aldehvde

group of ‘oxidized gﬁPO and an amino group of long arm

beads as shown %ﬂ:Eigure 1. The.Schiff-bases are con-

verted to

derivatives by reduction with either

NaBH, of Na CN (32).

4

[T%)
i

R



TABLE XII

EFFECT OF GALACTOSE OXIDASE CATALYZED OXIDATION ON
IMMOBILIZATION YIELDS USING AMINO BEADS®

‘Experiment Coupling pH . ugrams of

No. . Activity/gm of beads -
1°° 4.00 . 1.136

2P 4.00 0.71

3° 4.00 . 0.80

A 755 0.51

5¢ 7.5 i 0.12

6% 7.5 : 0.16

*In all these experiments 20 nmoles of HRPO were oxidized with
10 units of GAO in phosphate buffer pH 7.5 for one hour at room
temperature. Coupling was carried out according to method 4a
(Without Reduction). :

bOxidation was performed in presence of 4-3AP and HDCBRS.
“oxidation was performed without.4-AAP and HDCBS.

deidation was performed in a test tube containing beads, dia-
zable compounds were not removed. :

60
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agents ' (procedure 4a) {without reduction). Peroxidase
activity on thg beads, shown in Table XIII, experiments

l and 2 suggésted that a Schiff-base is formed betweeﬂ
oxidized HRPO and amino groups of the beads. However,
the activity on these béads was not stable but, rather,
diminished after contiﬁuous washing. Usually, the wash
buffer showed a continuous leakage of HRPO éqtivity.

From these experiments, it was con®luded tha+ the Schiff-
base is not stable. .

In'order to stabilize the Schiff base, some experi-
ments were carried out according to Nakane et- al*\efgsg-
dure~(32) which was an adaotatlon of the Means and Feeney
(36) procedure involving Schiff-base redaction by NaBH4
(procedure 4b with reduction). These experiments, 3 and
4, Table XIII, showed that 10-20 mM NaBH4 at 0°C for three
hours was indeed capable of reducing the Schiff-base to
give a stable immobilized Preparation with no leakage of
aetivity. The immobilized preparation was found to be
stable for three months. After three months there was a

dramatic loss of activity. In addition, wash superna-

Ll -

tants never showed peroxidase activity. However, there

are certain disadvantages inherent in the use of NaBF4

reduction (37). The major drawback was its ability to
reduce aldehvde groups directly thereby eliminating a
possible coupling reaction. Furthermore, NaBH

43.5
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63i
unstable at neutral pH, and is also capablé of reducing
disulfiaes (37) which are probably associated with
étéblizing,the actiéity of this enzyme.

Nevertheless, the reductive amination method of
coupling did :esult in stable conjugates, suggesting
little alterﬁation in physié-chemical properties of im-
mobilized HRPO. EHowever, the amount of immobilized HRPO
was much less than could be calculated for surface satura-
tion (17). The low activity of HRPO could be due;to self-
coupling or hvdrolysis of ﬁéBH4 at coupling pH; To over-
conme the first problem a.few experiments were carried out
by blocking amino groups of HRPO with FDNB. As already
discussed; Table VIII (immeobilization proceduré)rthere
was no significagt difference in the amount of HRPO immo-’
bilized compared to the first set of experiments.

The second éroblem was addressed by using a differ-
ent reducing agent, sodium cvanoborohydride, which is a
selecﬁive reagent for Schiff-bases at neutral pE. Borch,.

. Bernstein and Durst (48) characterized its extra stability
in aaidic conditions and selectivity of action. Dottavio-
Martin et 35._(49) suggested NaBH3CN treatment is also
less denaturing to proteins than NaBH, treatment because
disulfide bonds are not réduced. Moreover, since
NaBH3CN is a weaker reducing agent, it does not feduce

_ialdehyde groups of neutral pH. Robyt (50) reported that

™
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.

NaBH3CN reduces aldehydes at negligible rates under con-
ditions where it reduces Schiff-bases fapidly. Therefore,
it can be present throughout the immobilization to drive
immobiliZzation to'completion by-traép;pg labile Schiff-
bases by reduction.

Although NaBHgCN ﬁas recentiy become widely used in
coupling formaldehyde, carbohydrates and other aldehyde
‘ containing compounds to proteins there are only a few
reports of its use in covalent immobilization of proteins.
This may be due to side reactions of protein with cyanide.
For example, Jentoft and Dearborn (51) found that in the
reductive methylation of proteins, the NaBH3CH ﬁsed either
contained cyanide or generated it during reduction, result-
ing in the loss of formaldehyde due to cyanohydrin forma-
tion, thereby resulting in a lower degree of protein
derivatization. They minimized cyanohydrin formation by
using a low NaBHBCN (20 mM recrystallizegd) concentrg%ion or by
adding divalent ions such as C02+, Ni2+ or Zn2+ to complex
the cyanide (51).

Initial éxperiments.of this work were conducted
according to conditions reported by Jentoft and Dearborn
(procedure 4C) fwith reduction). Immobilization was
carried out at neutral pE 7.5 usiné 20 mM NaBH,CN for two

hours at room temperature. It was found that there was a

considerable increase in the amount of immobilized ERPO
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.on tﬁe beads as shown by experiments 5 and 6, Tablg XIIT,
The effect of'NaBHBCN on HRPO was checked before doing
theée experiments. It was found that native and oxidized
HRPO reacted differently with 20 mM of NaBH3CN. With
native HRPO, 20 mM NaBH3CN showed a change in the absor-
bance at 403 nm, which <could be yeversed back using 6.66
mM cobalt nitrate. Also, oxidized HRPO does not lose
activity on addition of 20 mM NaBH,CN which ¢ould not be
reversed with addition of cobalt nitrate. Instead, addi-
tion of 6 mM of cobalt nitrate reduced Hégo activity.
Therefore, it was concluded that further experiments will
be carried out using the same procedure - which is an °
adaptation of Dearborn and Jentoft pProcedure (37) and
cobalt nitrate would not be added in the immobilization
procedure. _,

In the next set of experiments coupling conditions
were varied. As shown in Tables XIV and XV variation in
coupling time during immobilization, resulted in almost
the same amount of active ﬁRPO on beads. However, longer
incubation time was harmful for HRPO. activity as NaBH3CN
was present in the coupling reaction mixture. In the
next set of experiments; Table XVI, NaBHBCN concentration

was varied. From these results it seems that less than

20 oM of NaBHBCN leads to decreased coupling vields.



TABLE XIV

EFFECT OF VARIATION IN COUPLING TIME ON IDMMOBILIZATION
IO BEADS HAVING AMINO GROUPS2

Experiments Coupling time ugm HRPO/gm of
HoPr dry beads
1 2 2.15 .
2 4 2.88
3 6 2.07
4 8 2.17 -~
5P 18 2.07

v

a . . v . - . .
In all these fxperiments oxidation was carried our by using 6 mM

NalQ, for two hours at pH 8.00, 0.3 M NaHCO3 buffer at room

temperature in dark. Oxidized-HRPO was ultrafiltered before,
coupling. Coupling was carried out at PE 7.4 in 0.1 M phosphate
~ buffer in presence of 20 mM NaBH.CN for different periods of -
time at room temperature.

chupling was carried out as above but at 0°C.
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TABLE XV

EFFECT OF VARIATION IN COUPLING TIME ON DMMOBILIZATION  ~.

TO BEADS HAVING SEMI-CARBAZIDO QBOUPSa

-

67

Experiment Coupling Time - pgm of Aetivity/gm

No. Hour of beads

1 . 0.5 . 0.16

2 1 0.29

3 2 1.25 °

4 4 1.26

5 8 0.89

& 24 0.34

7 48 0.20

I § . ' . . - -
=~"In all of these experiments oxidatioun was carried out by using

6 mM NaIOQ

for two hours at pH 8.00, 0.3 M NaHC03 buffer at room

temperature in dark. Oxidized HRPO was ultrafiltered before

coupling.

Coupling was carried out at pd 7.4 in Q.1 M phosphate

buffer in the absence of NaBHBCN for different periods of time.

~
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TABLE XVI
EFFECT OF VARIATION IN SODIUM CYANO-BOROHYDRIDE
CONCENTRATION ON IMMOBILIZATION YIELDZ
Experiment NaBH. CN pgram HRPO on

No. mM 1 gm of dry beads

8 ' 3.22

2 12 . " 3.12

3 : 20 5.3

*In all these experiments oxidation was carried out by using 6 mM
NaIOa.for two hours at pH 8.00, 0.3 M NaHCO3 buffer at room

temperature in the dark. Oxidized-HRPO was ultrafiltered before
coupling. Coupling was carried out in 0.1 M phosphiate buffer at
pH 7.5 for two hours using different concentration of NaBH3CN.

W e em s e et



Coupling Yields and Surface ptilization
. The work presented so_far has focused‘on the enzyme
; eeeivity immobiiized and.method§=for its maximization.
Bowever, if a material balance is attempted—for a typical
coupling experiment it was observed tﬁat tﬂe amount of
-peipkidase lost‘é;ring the coupling procedure is far
greater than ;ﬁe active enzyme founa on beads. in the _
coupllng step, as shown in Table XVIX theﬁéawas a constant
loss of 22-28 nanomoles/gm of beads (.8—1.12 mg/gm of
beads) of ﬁﬁPO from EPe coupling solution according to
spectrophotometric- determinations. However, it was found,
Table XVII; the amount of ective HRPO on éhese same,beeds-
was in the range of .15-.18 nanomoles/am of beads
\\\H;/ (6-7 ug/ gm of beadsJ The lost peroxidase was a majox:

point of lnvestlgatlon.

In order to estimate the amount of lost peroxidase

- from the immobilized beads,,enzyme coupled to beads with-
out reduction was subjected to.exchange with another nucleo-

phile, hydrazine at 10 mMﬂ(proeedure 5b in ﬁethods). Two
* » . * i -
' experiments, Table XVIII, showed that some of the lost

=

"HRPO was on the beads and was elfted upon treatment with

o hydrazine. Eluted peroxidase was measured spectophoto-

metrically at 403 nm and the concentration was calculated,

using e = 9.1 X 104 ten™t.

, L After hydrazine treatment, the activity on beads was
“ . ‘ By .
- Y - '
[») -.._\ o
A

———— e -

s'”\‘

PP WIT T bt
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TABLE XVII —
INDIRECT ESTIMATION OF TOTAL HRPO IMMOBILIZED ON BEADS A \
- Amt. of Peroxidase Amt. of Peroxidase Loss of HRPO Active HRPO
Taken for Coupling in Coupling Super— During During .
‘ natant. . Coupling Coupling

Amount of Peroxidase/gm of Dry Beads

69.5 nanomoles 43 %n no 25.6 nanomoles .15 nanomoles
g.78 mg ) . 1.75 m 1.03 mg 6 ug

70 nanomoles 40 nanomoles 30 nanomoles .18 nanomoles
2.8 mg 1.6 .mg ., 1.2 mg 7.2 ug

67.45 nanomoles 39.05 nancmoles 28.4 nanomoles .17 nanomoles
2.6 mg 1.56 mg 1.13 mg ) 6.8 ug

HRPO concentration was determined spectrophotometrically at 403 nm and

using € = 9,1-x IOQM_ -1 . Coupling was dome with 20 mM WaBH3CN in

.1 M phosphate buffer at pH 7.4 for two hours at room temperature.
For coupling 0.5 ml of packed beads which is 50% (v/v) suspension of
1 ml of beads (ca 140 mg of beads as determined by dry wt. determina-
tion (17) was used.



TABLE XVIII

‘ESTIMATION OF INACTIVE HRPO ON BEADS USING HYDRAZINE® : e

HRPO Lost in Coupling HRPO Released by Active HRPO Found
During Immobilization Treating with on Beads
Bydrazince :

Amount of Peroxidase -gm of Dry Beads

20 nanomoles 2.65 nanomoles .125 nanomoles
852 pg _ 106 ug S ug

28 nancmoles _ 3.46 nanomoles .15 nanomoles

K 1136 ug 137 ug 5 ug

%one ml of 10 mM hydrazine at pE 7.5 in 0.1 M phosphate buffer

was added to 0.5 ml of immobilized packed beads on which ERPO
had been immobilized without reduction at pE 7.5 in 0.1 M-
phosphate buffer. The beads were allowed to stir for 1=-2
hours at room temperature. The amount of peroxidase rteleased
was measured spectrophogometrically at 403 ng. The amount of
peroxidase was estimated using £ = 9.10 X 104 Milex~l. Beads
were washed with 0.1 M phosphate buffer pH 7.5 10-12 times
before hydrazine treatment.
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checked with the peroxidase assay method (procedure 5Sc

in methods). There was a complete'ioss of HRPO gctivity
after this treatment. Unfortunately;factivity in the
hydrazine elute coﬁlﬁ not be checked since 10 mM hydrazine
abolishes enzyme activity. Further re-immobilization of
HRPO on these beads achieved the previous activity of about
.125 nanomoles/gm of beads (53 nwo/gm of beads). The

cyclic process was repeated on beads six times. Each time,
lost HRPO and eluted HRPO was similar to the above men-
tioned values. The_amount of peroxidase obtained in the
supernatant after treatment of immobilized beads with
ﬂydrazine is only 10% of lést HRPQ, but is about 20 times
the amount of actiwve HRPO found on beads. According to -
Trevan et al. (52) the enzyme lost during coupling could
be due to covalent immobilization. They ﬁentione@ that
covalent bonding of an enzyme to the surface of ; solid
matrix could result in a multiple fixation of the enzyme
on that surface. Durihg coupling procedure this pheno-
menon leads to inactivatiOnT\ In addition, they mentiocned
‘that uheven distribution of cross-linking "arms" on the
surface could lead to heterogeﬁity in the preparation
because some enzyme molecules will be attached to tH@’
matrix surface by only one arm, other§ by two, etc.

Moreover, uneven distribution of specific reactive groups

on the enzyme surface could also lead to hetegeneity in

-
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the preparatioh eveﬁ when the cross-;inking arms are evenly
distributed. ‘ N .

For_the“alternative studies of immobilizationvpf'HRPo
on long-arm polyacrylamide beads having amino functional
groups énd an average diameter Qf 25 ym (l10-37 um range,
according to the manufacturer), two variations n this arrange-
ment were investigated, variation in bead surface and variaf
tion in the tvpes of Schiff-base forming nitrogen function
at the end of the arm. Brief mention has been made of these
variaticns earlier without much detail (data iﬁ Tables I,
XI, XV). |

From the results in Table XIX it may be geen that
smaller diameter beads have more HRPO activity per unit e
weight than larger diameter beads of the same porosity
(inclusion limit 1800 daltons). Thus, it may be concluded
that coupling yield is surface areg}dependent. ~Sherrington
et al (53) found similar results in their study with glass
beads and using a cévalent nethod of immobilization. It is
also observed from Table XIX that a ;5;fold increase iﬁ#acti-
vity was related to an.apprOximate lO;fold decrease in dia-
meter. Similarly Table I shows an B-fold activity difference
accompanving the same 1l0-fold difference in’surface area.
Given the large size ranges of the beads and lack of know-
ledge of the distribution &;/' these ranges,.these two
factors agree well with expect‘ ion for a surface area

*

related phenomenon.
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TABLE XIX

EFFECT OF VARIATION IN sunractaanﬁa ON
DMMOBILIZATION TO BEADS

Functional Group Particle Diameter ug HRPO/gm of beads
Hm

Amino 225 0.595

Amino 225 0.560
Amine £ 25 " 5.0

Amino 25 6.0
Semicarbazido® 225 : 0.052
Semicarbazido® 225 0.056
Semicarbazido? 25 0.246
Semicarbazidob 25 0.257

3particle diameters given are the averages of the respective ranges
claimed by the manufacturer. Thus, 25 um and 225 um are the 10-37

um (=500 mesh) and 150-300 um (50-100 mesh), respectively. 1In all
these experiments immobilization was done according to procedure

#4 (with or without reduction) mentioned in methods. 21 nmeol of

HRPO was oxidized with 6 mM NalO, for 90 min in 0.3 M NaHCO. buffer
pH 8.00 ar 25°C in the dark. Ultrafiltration was done befofe
coupling.. Oxidized-HRPO was coupled with beads in 0.1 M phosphate —
buffer at pH 7.4 for two hours in the presence of NaBHBCN except

as noted.

o

b . . . .
NaBH3CN was not added in the.coupling mixture.

c . . iy . ]
Active 1mmob:ilized HRPO was determined according to procedure 5¢
mentioned in methods.
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The second variation in bead construction represented
in Table XIX concerns a different Schiff-base forming
functional group which, it is assumed, resulted from a two-

step treatment of the usuwal amino beads as follows:

\

0 —_— NH,NH
_ carbonyl . B N 2772
bead-NH, zroorzondes [bead-N &-xn< 1] ——

H
be;d-g—g-E—NHZ

However, the two methods .used so far to characterise the

transformation, potentiometric titration and TNBS reaction

as a function of pH, have not beeﬂ entirely satisfactory.

Nevertheless, dﬁe to the availability of such provisionally-

characterized Beads from others in this laboratory, their

evaluation in the immobilization method developed here was

of interest. ' o o .
According to Rande et al. (54). semi-carbazide functional

groups are better for making stable Schif?—bases. From Table

XIX it is evident that the finé& activity on bheads was less

than that on beads having amino functional grsup. However,

tﬁe activity was apparently related to surface area as in

éhe amino series. The lower activity on semi~carbazido beads

is also evident in Tables I, XI and XV presented earlier.

r

a )
Immopilization of HRPO on Nylon Tubing

The total amount of HRPO immobilized on nylon tubing was
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calculated by difference spectropho#ﬁ*itrically at 403 nm;
Table XX, to be 0.15 nmoles/metre (0.5 ug/metre). This
upper limit estimate should be compared with that estimated
from peroxidase assay activity measurement, which showed
0.02 = 0.01 nmol of active enzyme per metre of tubing.
Fur;hermore, the hydrazine elution method for the replacement
of Schiff-bases showed 0.1l nmoles HRPO/metre. The amount.
of active enzyme estimated should be taken as a lower limit
‘because the tubing was washed exhaustively with a toncentrated
0.1 M Tris-HCl bufﬁer, a procedure which could result in ex- -
change of Schiff-bases. Nevertheless, it i§ evident from the
results that the aﬁount of HRPO immobilized on nylon tubes

N
were almost the saﬁe as that replaced in tpgwbydrazine ex-
changé experiment. In additioh; the"émoﬁht df active peroxi-
dase immobilized in nylon tubing was a much higher fraction
compared to that in bead immobilization experiments. Also
there was not any continuous leakage of peroxidase in the
wash solution even though coupling had been carried out with-
out any reducing agent. The activity on nvlon tubes remained
constant even after two weeks withlstorage in 0.1 M phosphate

buffer at 0°C. i?
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CHAPTER IV

et

SUMMARY

~

The major aim of our studies was to maximize immo-
bilization of HRPO on long-arm derivatized polyacryvlamide
beads carrying distal amino or semi-carbazido functional
group. Consideration of available surface area on these
beads suggested an upper limit of 53 n.moles. or 2.1 mg of

peroxidase per dry gram of beads. BAlso, our work was an

-™

attempt £o produce an analytical assay using the immobi-

lized enzyme on beads; so that immobilized HRPO can be

re-used continuously without iosing its activity. There- ;;\”
fore, major emphasis in this work was giyen to: K

quantitation of functional group density on the beads;

guantitation of active inactive and total HRPO on
beads;

optimization studies to increase the amount of
HRPO on beads

As mentioned earlier a TNBS test (42) was used in this
~work to gquantitate amino and semi-carbazido group density
on beads. This method was comparatively better than the
titration method used earlier in this lab (17,18) although
there is a fairly large background reaction of TNBS with

un-derivatized beads for which correction must be made.

78
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This method with iittle modificafién'was used to distin-
guish amino functional groups froﬁ semi-carbazido groups
‘and to determine E;nctional group. density as a function
of bead size. In the future this method should be useful
for estimating fuéctional group density on different sup-
porps.

A spectrophotometric peroxidase assay, sensitive “in
the picomolar range, was developed and used to estimate
the amount of activg HRPO on beads and thus was the main
criterion used in evaiﬁaging variations in coupling con-
ditions. .

Immobilization of pericdate-treated peroxidasg‘via
Schiff-base formation with amino terminated spacer arms
en the suppoygfwas-optimized with respect to conditions
of periodate oxidation (reagent concentration, time of
exposure and influence of excess reagents and prqducts)
agd'the cénditions of coupling (coupliné time, presence
of reducing agent, ﬁype and concentration of reducing
agent). Optimization of semi—éérbazidp group terminated
arms on polyacrylamide was less systematically carried
out in order to discern trends with respect to thé anino-
terminafed arms. Brief examination was made of immobili-
zation on analogo&sl& derivatized nylon ﬁubing in the

absence of reducing agent.

In the quantitative characterization of those con-
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jugates it was apbérent.that the amount of enzyme which
disappeared from the couplinq solution was a substantial
fraction of that predicted for surface saturation but .
enzyme activity expressed on these surfaces was far below

»

that expected fop~the corresponding amount of soluble en-
zyme. Elution of unreduced conjugates with hydrazine showed
amounts of heme,protein release accounting for .7% and

12.5% of the discrepancies between amount coﬁ?led and

fully active enzyme on the surfac;, for pblygbrylamide
and nylon conjugates, respeRtively. The les‘ than guan-
titative elution by hyvdrazine' cannot be exélained at
bresent but the fact that the elution. furnished substan;

tial amounts of heme protein suggests that the immobiliza-

/,,/”/’\\‘ tion occurs with a large decrease in specific activity of

the enzyme.
Despite the above unce:éaintieé and apparent loss in

specific activity it must be emphasized in closing that

'the s0lid phase.enzymes péoduced in the present work still

have a degree of activity ?nd stability to be very useful

analytically: To this end the nylon tubing versionlof

peroxidase has already been successfuily.incorporéted into

utoénaiyzer procedures for peroxide and glucose (work of sS.

ﬁ§§§§22§). It can readily be imagined that, should the chemi-

cal problems in' the present approach be solvéd in the future,

expression of full enzyme activity in such. tubular reactors
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would provide analytical systems of exqﬁisite Sensitivity

and specificity.

el
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