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INTRODUCTION

Peroxidases (PODs) are heme-containing oxidoredu-

ctases having up to 20% w/w carbohydrates (Duarte-

Vázquez et al., 2003). The only source of commercial

POD is from horseradish roots which are cultivated

in cool climates but not in Egypt. Economic sources

of enzymes include a limited number of plants, like

soybean (Sessa & Anderson, 1981), cauliflower (Lee

et al., 1984), green peas (Halpin et al., 1989), peanut

(Hu & van Huystee, 1989), Korean radish roots (Lee

& Kim, 1994), mango (Khan & Robinson, 1994), to-

mato (Brownleader et al., 1995), strawberry (Civello

et al., 1995), turnip roots (Hamed et al., 1998; Duarte-

Vázquez et al., 2001), animals and a few species of

microorganisms (Kanayama et al., 2002). PODs are

used extensively in clinical, biochemical, biotechnolo-

gical, and industrial applications as well as in the syn-

thesis of useful compounds (Duran & Esposito, 2000;

Kim & Moon, 2005).

POD has been widely used clinically in enzymatic

and immunodiagnostic kits. More than 90% of the

immuno-assay kits utilize POD antibody conjugates.

Its commercial production has normally been by ex-

traction from horseradish roots, as horseradish is the

richest source of POD (Rashimaw, 1982). Although

other sources rich in POD are locally available in E-

gypt, turnip was chosen as starting material in this

study due to its high content of POD (Mazza et al.,
1968; Hamed et al., 1998), its availability in local mar-
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kets in low price almost throughout the year, and the

juicy nature of turnip roots compared with the fibrous

nature of radish roots. The root of the horseradish

contains a number of distinctive POD isoenzymes of

which the C isoenzyme is the most abundant. The dif-

ferent amino-acid sequences of four isoenzymes of

turnip roots from Brassica napus suggested the pres-

ence of at least four separate genes for POD (Mazza

& Welinder, 1980).

Many methods for plant POD purification have

been reported. Generally, following homogenization

of the crude material, the homogenate is filtered, con-

centrated by precipitation, centrifuged, and the en-

zyme is purified by applying different chromatogra-

phic steps depending on its intended use (Gillikin &

Graham, 1991; Paradkar & Dordick, 1993; Hamed et
al., 1998). The coupling reaction should produce a

conjugate that resembles the native protein. These

reactions include: 1) maleimide-sulfhydryl methods

using heterobifunctional coupling reagents (Hosoda

et al., 1985; Akman et al., 1998), 2) sodium periodate

oxidation method; still widely used in which periodate

attaches a carrier molecule to carbohydrate groups

(Weinryb, 1968), 3) cyanuric chloride method; used

as a coupling reagent to cross-link polyethylene glycol

to albumins (Jackson et al., 1987), 4) oligonucleotide

probes method (Ruth, 1994), 5) primary amines on

lysine peptide amines method (Dhawan, 2002a), 6)

multivalent polystyrene microparticles and lysine pe-

ptide chains method (Dhawan, 2002b), 7) glutaralde-

hyde method in which glutaraldehyde links carrier

molecules to the N-terminus of peptide (Saraiva et
al., 2007).

The coupling methods rely either on the conver-

sion of terminal sugars in the N-glycan moieties in

horseradish peroxidase (HRP) to aldehyde functions

and subsequent linking to amino groups in the second

molecule, or on exploiting the amino groups of the

enzyme molecule and appropriate reagents with suc-

cinimide ester functions. The methods are not with-

out drawbacks due to varied reasons, including possi-

bilities of over or under oxidation with sodium perio-

date (Presentini & Terrana, 1995) and inadequate

coupling efficiency due to paucity or total absence of

free amino groups in many commercial HRP (Naka-

ne & Kawaoi, 1974). The lack of free amino groups

has severely limited the choice of conjugation meth-

ods. The number of amino groups per molecule of

the commonly used HRP preparations is reported to

be six (O’Brien et al., 2003).

The aim of the present work is to study the effi-

ciency of POD from the locally available turnip roots

(Brassica rapa), for conjugation with antibodies suit-

able for immunodiagnostic kits using two different

methods of conjugation. This will be carried out by

establishing the purification procedure for the major

POD and its conjugation with the antibodies.

MATERIALS AND METHODS

Purification of peroxidase

Enzyme extraction

Unless otherwise stated, all purification procedures

were carried out at 4-7ÆC. Turnip roots were cut into

cubes and juiced. The juice was filtered through four

layers of cheesecloth; the filtrate was designated cru-

de homogenate. The filtrate was precipitated by solid

ammonium sulfate up to 75% saturation. After stay-

ing overnight, the precipitate was collected on Beck-

man C-21 cooling centrifuge at 11000 × g for 15 min

and dissolved twice in a minimal volume of 0.05 M

sodium acetate buffer (pH 5.6). The clear superna-

tants were pooled and designated as ammonium sul-

fate precipitate while the remaining precipitate was

discarded.

Chromatography on phenyl Sepharose CL-4B 

column

The enzyme sample (ammonium sulfate precipitate)

was dissolved in 0.05 M sodium phosphate buffer

containing 1 M ammonium sulfate, pH 6.8 (equili-

bration buffer, EB), and applied onto degassed pres-

wollen phenyl Sepharose CL-4B column (20 × 1.6 cm

i.d.), previously equilibrated with the same EB. The

proteins bound to the hydrophobic resin were eluted

using a stepwise decrease in ammonium sulfate con-

centration (1 M, 0.8 M of ammonium sulphate and

phosphate buffer, pH 6.8). The fractions were col-

lected in 2 ml volume at a flow rate of 30 ml h–1. Ab-

sorbance of each fraction was determined at 280 nm

for protein detection using a Shimadzu spectropho-

tometer UV-100-2. The POD activity was assayed in

each tube. Fractions containing enzyme activity were

pooled and stored at –20ÆC until use.

Chromatography on Con-A Sepharose column

Glycoproteins containing PODs were isolated ac-

cording to the method of Parkhouse et al. (1981) us-

ing Con-A Sepharose column. The bound proteins

were eluted using 0.5 M a-methyl mannoside in run-
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ning buffer. Fractions were collected in 2 ml volume

at a flow rate of 30 ml h–1. Absorbance was recorded

at 280 nm. The POD activity was assayed and frac-

tions containing activity were pooled and stored at

–20ÆC until use.

Peroxidase assay

POD activity was determined according to the me-

thod of Childs & Bardsley (1975), using ABTS as a

reducing substrate, in a reaction mixture (1 ml) con-

taining 6 mM H2O2, 0.36 mM ABTS, 100 mM sodi-

um acetate buffer (pH 6) and POD concentration

which gave linear response over a period of 3 min.

The change in absorbance at 405 nm was followed at

1 min intervals. One unit of POD activity was defined

as the amount of enzyme that oxidized 1 mmol ABTS

per min at 25ÆC under the assay conditions.

Purification of rabbit anti-mouse immunoglobulins
(IgGs)

Anti-mouse IgG antibodies (AM IgGs) were prepar-

ed by intramuscular injection of mouse IgG into rab-

bits using the protocol of Hudson & Hay (1989). The

rabbit AM IgGs were purified using the protein G-

Sepharose CL-4B column according to Hudson &

Hay (1989).

Coupling of the AM IgGs with TPOD

Glutaraldehyde method (method I)

The AM IgGs were conjugated to the turnip peroxi-

dase (TPOD) (666 units and 19.2 mg), according to

the one-step purification method of Boorsma & Kals-

beek (1975). Briefly, 1% of glutaraldehyde (0.05 ml)

was added under gentle stirring to 3 ml of 0.1 M pho-

sphate buffer, pH 6.8, containing 2.5 mg protein of

AM IgGs and the TPOD enzyme. After staying for

two hours at room temperature, the reaction mixture

was dissolved in 0.1 M PBS, pH 7.2 for 2 hrs. Next,

the solution was centrifuged at 15000 × g for 30 min

at 4ÆC and the precipitate was discarded. The conju-

gated AM IgG antibodies were purified from the un-

conjugated antibodies using a Sephadex G-200 col-

umn.

Sodium periodate method (method II)

The AM IgGs were conjugated to the TPOD accord-

ing to the method of Hudson & Hay (1989). Briefly,

200 Ìl of freshly prepared 0.1 M sodium periodate so-

lution was added while stirring for 20 min to TPOD

(427 units) until a greenish brown color was obtained.

Next, the mixture was dissolved in 0.001 M sodium

acetate buffer, pH 4.4 for 4 hrs. Then, the pH was

raised to 9 using 20 Ìl of 0.1 M sodium carbonate buf-

fer, pH 9.5. Eight mg ml–1 of AM IgGs were added to

the mixture while stirring for 2 hrs at room tempe-

rature. Subsequently, 100 Ìl of freshly prepared so-

dium borohydride (4 mg ml–1) were added to the mix-

ture and incubated for 2 hrs at 4ÆC. Finally, the mix-

ture was dissolved in a buffer containing 0.1 M Tris-

HCl and 1 M NaCl (pH 8) for 2 hrs. The conjugated

antibodies were purified from the unconjugated anti-

bodies using a Sephadex G-200 column.

Purification of the conjugated antibodies

The TPOD-AM IgG conjugate was purified using gel

filtration on Sephadex G-200. The conjugate product

was applied on top of a Sephadex G-200 column (90

× 1.6 cm i.d.). The column was equilibrated and elut-

ed with 0.1 M Tris-HCl (pH 8) containing 1 M NaCl

and 0.1 mM thiomersal.

Enzyme linked immunosorbent assay (ELISA)

The reactivity of the conjugates obtained as crude or

purified fractions was examined in 96-well microtiter

plates using the ELISA test described by Ricoux et al.
(2000). Briefly, each well was coated overnight with

100 Ìl of monoclonal mouse anti-albumin IgG (0.5 Ìg

protein/well) dissolved in coating buffer (50 mM so-

dium carbonate, pH 9.6). Non-specific sites were

blocked for 1 hr by the addition of 100 Ìl of the block-

ing solution (3% gelatin dissolved in coating buffer)

at 37ÆC. Each well was incubated with 100 ml of hu-

man serum albumin (1 mg/well) dissolved in washing

buffer at 37ÆC for 60 min. Serial dilutions (100 ml)

from the prepared rabbit TPOD-AM IgG conjugate

dissolved in washing buffer were added to each well

and incubated at 37ÆC for 60 min. A quantity of 100

Ìl of commercial anti-mouse IgG (whole molecule)

POD conjugate diluted (1:5000) in washing buffer

was added to each well as reference and incubated

for 60 min at 37ÆC. After each step, the wells were

thoroughly washed three times with washing buffer

(0.01 M PBS, pH 7.4 containing 0.05% Tween-20).

Finally, 100 Ìl of substrate buffer (0.33 mg OPD/ml

dissolved in citrate buffer, pH 4.5 containing 0.04%

hydrogen peroxide) were added to each well. The re-

action was stopped after 20 min by the addition of 20

Ìl of a 1:20 dilution of sulfuric acid and the absor-

bance values were determined at 490 nm with ELISA
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reader. All the values were recorded in duplicate and

the mean results were obtained. A standard curve be-

tween log conjugate dilution and log optical density

(OD) was plotted. The dilution that gives 0.5 OD at

490 nm was taken as the ELISA titer.

Protein determinations

Protein concentration was determined by the method

of Bradford (1976) using bovine serum albumin as a

standard.

SDS-PAGE

Electrophoretic analysis was performed in the Mini-

Protean II Dual-Slab Cell (BioRad, USA). Prepara-

tion of gels, samples, and electrophoresis was per-

formed according to the conditions described by La-

emmli (1970).

Effect of pH

Activity of purified TPOD and TPOD-AM IgG con-

jugate fractions was assayed at different pH values us-

ing 0.01 M citrate phosphate buffer for pH 3 to pH

5.5, and 0.01 M sodium phosphate buffer for pH 6 to

pH 7.

Thermal stability

The thermal stability of the TPOD and TPOD-AM

IgG conjugates was studied. Both TPOD and TPOD-

AM IgG conjugates were incubated for 15 min in 10

mM citrate phosphate buffer, pH 4 at different tem-

peratures ranging from 10 to 90ÆC prior to substrate

addition and the residual TPOD activity was assayed

using ABTS as substrate under standard assay condi-

tions.

RESULTS AND DISCUSSION

Purification of TPOD

TPOD was prepared from 4.5 kg of turnip roots. The

initial specific activity was 9.8 units/mg of protein

(Table 1). The ammonium sulfate precipitation of

TPOD increased the specific activity to 15.2 units/mg

of protein with 1.5 fold purification and 38.8% recov-

ery. The ammonium sulfate precipitate of TPOD was

applied on phenyl Sepharose CL-4B. Most of the

TPOD activity was bound to the matrix and eluted by

buffer lacking ammonium sulfate. The typical elution

profile is shown in Figure 1. Most of the TPOD activ-

ity was recovered in the third peak with 8667 units

and 318.6 mg of protein with specific activity of 27.2

units/mg of protein and fold purification of 2.7 from
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FIG. 1. Typical elution profile for the hydrophobic interaction chromatography of the TPOD

(ammonium sulfate precipitate) on phenyl Sepharose CL-4B column. The fractions were col-

lected in 2 ml volume at a flow rate of 30 ml hr–1. Absorbance of each fraction was measured

at 280 nm and TPOD activity was detected using ABTS. EB is the equilibration buffer (0.05 M

sodium phosphate containing 1 M ammonium sulfate, pH 6.8).



the crude extract (Table 1). Many PODs from differ-

ent higher plants have been characterized as glyco-

proteins having up to 20% w/w carbohydrates (Duar-

te-Vázquez et al., 2001). The carbohydrate content of

turnip POD is similar to that of Korean radish (9-

14%) (Lee & Kim, 1994) and higher than that of wheat

germ (4.1-7.9%) (Converso & Fernández, 1995). How-

ever, PODs having carbohydrate contents higher than

that of turnip are those from soybean (15%) (Schmitz

et al., 1997), peanut (22%) (Hu & van Huystee, 1989),

and isozyme C of HRP (18%) (Ohlsson et al., 1977).

Carbohydrates may modulate physicochemical

properties of the glycoproteins, mediate their biolog-

ical activity (Rademacher et al., 1988), and affect

their storage stability (Tigier et al., 1991; Nie et al.,

1999). The removal of the carbohydrate moiety nor-

mally affects POD kinetics (Tigier et al., 1991), anti-

genicity and resistance to protease attack (Hu & van

Huystee, 1989), and thermal stability (Sánchez-Ro-

mero et al., 1994). A simple reproducible procedure

for the purification of TPOD having carbohydrate

and including hydrophobic interaction chromatogra-

phy and Con-A affinity chromatography was estab-

lished. The specific activity increased to 65.2 units/mg

of protein with a 22.6% recovery (Fig. 2, Table 1).

The Con-A purified TPOD was found to be almost

pure with a molecular weight of 35 kDa (Fig. 3A).

This result is analogous to that reported by Duarte-

Vázquez et al. (2001) for POD purified from B. napus
(L.) roots, but differs from that reported by Rudrap-
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FIG. 2. Typical elution profile for the affinity chromatography of phenyl Sepharose purified

TPOD on Con-A column (20 × 1.2 cm). The fractions were collected in 2 ml volume at a flow

rate of 30 ml hr–1. Absorbance at 280 nm was recorded. The TPOD activity was detected using

ABTS.

Table 1. Summary of the purification of turnip (B. rapa) POD

Purification step
Protein Activity Specific Activity

Fold Purification
Recovery

(mg) (units)* (unit/mg protein) (%)

Crude homogenate 3400 33300 9.8 1.0 100.0

Ammonium sulfate precipitate 1450 21249 15.2 1.5 38.8

Phenyl Sepharose 318.6 8667 27.2 2.7 26.0

Con-A Sepharose 115.8 7551 65.2 6.6 22.6

* one unit of POD activity is the amount of enzyme that oxidized 1 mmol ABTS/min at 25ÆC under assay conditions



pa et al. (2007) for POD purified from red beet hairy

roots (Beta vulgaris L.) which had a molecular weight

of 45 kDa.

Purification of rabbit IgGs

Anti-immunoglobulins are needed for conjugation

with TPOD. In this investigation, anti-mouse immu-

noglobulins (AM IgGs) were prepared in rabbit using

the traditional protocol, and purified using protein G-

Sepharose column. The purified IgGs were concen-

trated by precipitation with 75% ammonium sulfate.

A quantity of 22 mg of AM IgGs was recovered from

4 ml of rabbit antiserum. The purity of AM IgGs was

examined using SDS-PAGE (Fig. 3B).

The extensive use of POD as a label in immuno-

chemical analysis justifies the improvement of the cri-

tical conjugation steps required in every case. Several

methods of coupling have been developed to meet

the needs in different fields, including immunocyto-

chemistry, immunohistochemistry, and immunoas-

says.

Conjugation of purified TPOD to AM IgG

The two most widely used methods of POD coupling,

coupling with periodate (Tijssen & Kurstak, 1984)

and coupling with glutaraldehyde in one step (Avra-

meas & Ternynck, 1969) were compared. TPOD (666

units and 19.2 mg of protein) was conjugated to 8 mg

AM IgGs using 1% glutaraldehyde (method I). The

conjugated TPOD-AM IgG was dissolved (in 10 kDa

dialysis bag) in 0.1 M Tris-HCl buffer containing 1 M

NaCl, 0.1 mM thiomersal, pH 8 (EB) for 2 hrs, with

several changes of the dissolving buffer. The conjuga-

te sample containing 390 units and 27.8 mg of protein

with specific activity of 14 units/mg of protein was ap-

plied on Sephadex G-200 column (Fig. 4, Table 2).

Three peaks were observed by chromatography on

Sephadex G-200. The first peak eluted with the void
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FIG. 3. 12% SDS-PAGE of crude turnip juice (lane 2), phe-

nyl Sepharose purified TPOD (lane 3), Con-A purified

TPOD (lane 4), and purified AM IgG (lane 5). Lanes 1, 6:

molecular weight marker.

FIG. 4. Typical elution profile for gel filtration chromatography of the TPOD-AM IgG conju-

gate prepared by method I on Sephadex G-200 column. Fractions were collected in 2 ml vol-

ume at a flow rate of 12 ml hr–1. Absorbance of each fraction was measured at 280 and 403 nm.



volume consists of immunoglobulin (around 160 kDa)

conjugated to the TPOD (around 35 kDa) containing

26 TPOD units and 3 mg of protein with specific ac-

tivity of 8.6 units/mg of protein. The second peak

with molecular weight around 160 kDa represents the

free immunoglobulins while the third peak represents

the free POD. Also, using method II for conjugation,

TPOD (427 units and 8 mg of protein) was conjugat-

ed to 8 mg AM IgGs using 0.1 M sodium periodate.

The conjugated TPOD was dissolved in 0.1 M Tris-

HCl buffer containing 1 M NaCl, 0.1 mM thiomersal,

pH 8 for 2 hrs. The conjugate sample containing 217

units and 6.5 mg of protein with specific activity of

33.4 units/mg of protein was applied on Sephadex G-

200 column (Fig. 5). A similar chromatographic pat-

tern was observed by chromatography on Sephadex

G-200. The first peak eluted with the void volume

consists of immunoglobulin conjugated to the TPOD

containing 5.58 units and 0.46 mg of protein with spe-

cific activity of 12.1 units/mg of protein (Table 3). The

second peak represents the free immunoglobulins

while the third peak represents the free POD.

Tresca et al. (1995) compared the efficiency of the

coupling of HRP to anti-C-reactive protein (CRP)

with periodate and glutaraldehyde in one or two steps.

Periodate appeared to be more consistently effective

as a coupling agent than glutaraldehyde, and the one-

step coupling method was more efficient than the

two-steps one. This was shown in the chromatogra-

phic data, by differences in immuno-enzymatic activ-

ities and by titration curves. The low coupling yields

consistently observed with glutaraldehyde in the dif-
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FIG. 5. Typical elution profile for gel filtration chromatography of the TPOD-AM IgG conju-

gate prepared by method II on Sephadex G-200 column. Fractions were collected in 2 ml vol-

ume at a flow rate of 12 ml hr–1. Absorbance of each fraction was measured at 280 and 403 nm.

Table 2. Conjugation of the phenyl Sepharose purified TPOD to AM IgG by method I

Sample Protein Activity Specific Activity Recovery
ELISA titer

number (mg) (units) (unit/mg protein) (%)

1 19.2 666 34.7 100.0 –

2 27.8 390 14.0 58.5 1:10

3 3.0 26 8.6 3.9 1:2

4 3.4 233 68.5 35.0 0

Sample number: 1=Phenyl Sepharose purified TPOD, 2=TPOD-AM IgG conjugate, 3=Purified TPOD-AM IgG conju-

gate, 4=Unconjugated TPOD



ferent tests do not seem to be due to the inactivation

of the glutaraldehyde, which can spontaneously and

reversibly polymerize in concentrated solution (Ka-

wahara et al., 1992).

The percent recovery of the POD coupled with

antibodies by method I was 3.9% of the total initial

activity (Fig. 4, Table 2) while that of the periodate

method (method II) accounted for 1.31% (Fig. 5,

Table 3). Also, regarding the immuno-enzymatic acti-

vity of the conjugated products prepared by the dif-

ferent methods, the binding of the TPOD-AM IgG

conjugate using method II to the antigen-antibody

complex was almost two times more efficient than us-

ing method I. This may be due to the blocking of the

amino terminal of the TPODs with allyl isothiocyana-

te during extraction steps (Nakane & Kawaoi, 1974),

where the allyl isothiocyanate reacts with free amino

groups at neutral and alkaline pH to produce N-al-

lylthiocarbamoyl amino acids (Cejpek et al., 2000),

and the carbohydrate content in the TPOD which

forms an unlimited number of coupling sites (Duarte-

Vázquez et al., 2001).

The periodate coupling method for horseradish

POD in the study of Tresca et al. (1995) was much

more efficient than that of the glutaraldehyde me-

thod, as the activity of coupling products was about

100 times greater than that of the product obtained

after the conjugation of HRP with glutaraldehyde.

The differences in efficiency can be ascribed to the

fact that periodate induced more coupling sites than

glutaraldehyde. Periodate is therefore a better cou-

pling agent for preparing conjugates to be used in

ELISA, in which conjugate size does not hinder ac-

cessibility to the antigen. On the other hand, if the

size of the conjugate is a major disadvantage, which

may be the case in immunohistochemistry and immu-

nocytochemistry techniques (Boorsma & Streefkerk,

1976), glutaraldehyde coupling can be used with the

reservation that the yield will be low.

Km value

The Km values of TPOD and TPOD-AM IgG conju-

gate exhibited typical Michaelis-Menten behavior with

respect to ABTS as substrate. Km values (ABTS)

were 1.2 and 0.86 mM at pH 4, and 0.52 and 0.6 mM

at pH 6, respectively (Table 4), which are comparable

to that reported for TPOD at pH 6 (0.7 mM and 0.47

mM, Duarte-Vázquez et al., 2000, 2001). Recently,

the Km value for ABTS at pH 6 of 0.56 mM has been
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Table 3. Conjugation of the Con-A Sepharose purified TPOD to AM IgG by method II

Sample Protein Activity Specific Activity Recovery
ELISA titer

number (mg) (units) (unit/mg protein) (%)

1 8.0 427 53.4 100.0 –

2 6.5 217 33.4 50.8 1:1.5

3 0.46 5.58 12.1 1.31 1:3

4 2.8 90 32.0 21.0 0

Sample number: 1=Con-A Sepharose purified TPOD, 2=TPOD-AM IgG conjugate, 3=Purified TPOD-AM IgG conju-

gate, 4=Unconjugated TPOD

Table 4. Km and Vmax for purified TPOD and TPOD-AM IgG conjugate with ABTS or H2O2 as a substrate at different pH
values

pH value Substrate Purified TPOD TPOD-AM IgG conjugate

Km Vmax Km Vmax

(mM) (Ìmmol/min/mg protein) (mM) (mmol/min/mg protein)

4 ABTS 1.2 260 0.86 10.0

6 ABTS 0.52 9 0.6 0.71

4 H2O2 2.0 104 1.25 1.4

6 H2O2 0.35 1300 1.2 0.66



reported for TPOD by Quintanilla-Guerrero et al.
(2008). However, these values are lower than that of

acidic HRP but higher than that of basic HRP (Hin-

er et al., 1996). Purified TPOD and TPOD-AM IgG

conjugate exhibited distinct Michaelis-Menten con-

stants with respect to H2O2 as substrate. Km values

(H2O2) were 2 and 1.25 mM at pH 4 and 0.3 and 1.2

mM at pH 6, respectively (Table 4). These values dif-

fered from that reported for red beet (0.113 mM) at

pH 6 (Rudrappa et al., 2007) and Siam weed (0.123

mM) (Rani & Abraham, 2006). However, recently a

Km value as low as 0.018 mM was reported by Quin-

tanilla-Guerrero et al. (2008).

pH optimum

The optimum pH was found to be 3.5 for both puri-

fied TPOD and TPOD-AM IgG conjugate prepared

by method I (Fig. 6). Optimum pH value for TPOD

and TPOD-AM IgG conjugate differs from that re-

ported by Rudrappa et al. (2007) for red beet (B. vul-
garis L.) POD which has an optimum pH of 5.5, as

well as from that reported by Duarte-Vázquez et al.
(2001) for TPOD. PODs are specific for H2O2 as sub-

strate but can use a number of H donors such as

ABTS and guaiacol. Optimum pH values for HRPC

activity using ABTS and guaiacol as H donors were

4.5 and 5.5, respectively (Vojinovic et al., 2004). The

pH of optimum activity for TPOD was 5.5, very simi-

lar to that of tomato (5.3-5.5) (Heidrich et al., 1983)

and soybean (5.5) (Sessa & Anderson, 1981) PODs.

Effect of temperature

The effect of temperature on ABTS conjugation re-

action with H2O2 catalyzed by TPOD-AM IgGs con-

jugate and TPOD purified from turnip (B. rapa) roots

was examined under the standard assay conditions.

The reaction was carried out at a temperature range

of 10 to 70ÆC and the residual activity of the enzyme

was measured. The enzymatic activity of purified

TPOD increased with increasing temperature up to

45ÆC. After that, the activity remained almost at the

same level, up to 70oC (Fig. 7). On the contrary, the

activity of TPOD-AM IgG conjugate increased with

increasing temperature up to 40ÆC and after that the

activity decreased with increasing temperature up to

65ÆC (Fig. 7).

PODs of many plants have an optimum tempera-

ture around 25ÆC (Castillo Leon et al., 2002). The op-

timum temperature of free purified phenyl Sepharose

TPOD showed its maximum activity at 55ÆC (Fig. 7)

which is different from that recorded for vanilla bean

POD. The latter, showed its maximum activity at

16ÆC and retained 78% of its activity at 5ÆC (Már-

quez et al., 2008) which makes it suitable to be con-

sidered as a cold-active POD (Iyo & Forsberg, 1999).

The optimum temperature for TPOD-AM IgG con-

jugate was 50ÆC (Fig. 7).

Arrhenius plot of the data from 10 to 70ÆC gave a

straight line with both purified TPOD and TPOD-

AM IgG conjugates (Fig. 8). The relation between

the rate of enzymatic reaction and activation energy
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FIG. 6. pH optima of phenyl Sepharose purified TPOD (A) and TPOD-AM IgG conjugate (prepared by method I) after

Sephadex G-200 column (B). The buffers used were 0.01 M citrate phosphate buffer (pH 3-5.5) and 0.01 M sodium phos-

phate buffer (pH 6-7).



(Ea) is given by the empirical equation of Arrhenius:

Ea =
2.3026 R log V2/V1 T1 T2

T2 – T1

where: V1= first enzyme activity

V2= second enzyme activity

T1 = first absolute temperature

T2 = second absolute temperature

R = the gas constant (8.314472 J K–1 mol–1)

The Ea (the difference in the free energy of the

substrates in the ground state and the transition state

for the reaction) can be determined from the slope of

the Arrhenius plot (the dependence of log activity on

1/T) multiplied by 2.3026 R. The activation energy

(Ea) was calculated to be 16.3 and 17.5 kJ mol–1 for

phenyl Sepharose purified POD and TPOD-AM IgG

conjugate, respectively.

The activation energy ranges from 11.4 kJ mol–1

for green chilli purée POD (Ahmed et al., 2000) to

557 kJ mol–1 for tomato POD (Anthon et al., 2002).

Recently, the activation energy for TPOD was re-

ported to be 113.9 kJ mol-1 by Quintanilla-Guerrero

et al. (2008). Usually, the loss of activity of cold-active

enzymes is severe at temperatures near 50ÆC, which

could be due to the unfolding of the enzyme or to an

alteration in the interaction between the enzyme and

the substrate, without a significant or irreversible mo-

dification of the three-dimensional structure of the

enzyme (Gerday et al., 1997).

Thermal stability

The effect of temperature on the stability of TPOD

and TPOD-AM IgG conjugate was examined (Fig.

9). The thermal stability studies showed that both pu-

rified phenyl Sepharose TPOD and TPOD-AM IgG

conjugates were thermolabile above 50ÆC (Fig. 9)

where 95% of the enzyme activity was lost upon incu-

bation for 15 min at 60ÆC at pH 6. The enzymatic ac-

tivity was completely lost at 90ÆC, which is different

from vanilla POD which retained the highest activity

at 70ÆC at pH 7 (47% residual activity) while at pH 9,

it retained only 12% activity and the activity was com-

pletely lost at pH 11 (Márquez et al., 2008). PODs

have been reported to be the most heat-stable en-
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FIG. 7. Temperature optima on phenyl Sepharose purified

TPOD and TPOD-AM IgG conjugate (prepared by method

I) after Sephadex G-200 column.

FIG. 8. Arrhenius plot of log activity versus 1/temperature for phenyl Sepharose purified TPOD (A) and TPOD-AM IgG

conjugate (prepared by method I) after Sephadex G-200 column (B).



zymes in plants; for example, a treatment at 121oC for

6 min is needed to inactivate green peas POD (Va-

mos-Vigyazo, 1981). However, temperature enzyme

activity resistance depends on the source of the en-

zyme, purity of the enzyme as well as on the assay

conditions, especially pH and the nature of the sub-

strate employed.

The stability studies of the two conjugated prod-

ucts showed that the conjugated product prepared by

method I is stable for at least six months at –20ÆC

with less than 20% loss of activity, while the stability

of the same product prepared by method II decreas-

ed after one month under the same conditions (Fig.

10).
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FIG. 9. Thermal stability of phenyl Sepharose purified TPOD and TPOD-AM IgG conjugate

(prepared by method I).

FIG. 10. Activity (%) of the TPOD-AM IgG conjugate prepared by method I and method II

after different times of storage.



Conclusions

In conclusion, the results of the two methods were

comparable regarding the immunological activity of

the conjugated products. The ELISA titer of the con-

jugate prepared by periodate (method II) was almost

double that of glutaraldehyde (method I). The oppo-

site is true with respect to the amount of product. Sta-

bility studies of the two conjugated products clearly

indicated that the conjugated product prepared by

method I is more stable than that prepared by me-

thod II. Economically, the conjugated product of me-

thod I was preferable, as it requires one purification

step, has higher recovery, and is immunologically

comparable, beside its higher stability, compared with

the conjugate prepared by method II.
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Whitaker JR, 2000. Purification and partial characte-

rization of three turnip (Brassica napus L. var. escu-

lenta D.C.) peroxidases. Journal of agricultural and
food chemistry, 48: 1574-1579.

Duarte-Vázquez MA, García-Almendárez BE, Regalado
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vas F, Acosta M, 1996. A comparative study of the

purity, enzyme activity, and inactivation by hydrogen

peroxide of commercially available horseradish pero-

xidase isoenzymes A and C. Biotechnology and bio-
engineering, 50: 655-662.

Hosoda H, Takasaki W, Aihara S, Nambara T, 1985. En-

zyme labeling of steroids by the N-succinimidyl ester

method. Preparation of alkaline phosphatase-labeled

antigen for use in enzyme immunoassay. Chemical
and pharmaceutical bulletin, 33: 5393-5398.

Hu CF, van Huystee RB, 1989. Role of carbohydrate moie-

ties in peanut (Arachis hypogaea) peroxidases. Bio-
chemical journal, 236: 129-135.

Hudson L, Hay FC, 1989. Practical immunology. Third edi-

tion. Blackwell Scientific, Philadelphia.

Iyo AH, Forsberg CW, 1999. A cold-active glucanase from

the ruminal bacterium Fibrobacter succinogenes S85.

Applied and environmental microbiology, 65: 995-998.

Jackson C-JC, Charlton JL, Kuzminski K, Lang GM, Sehon

AH, 1987. Synthesis, isolation, and characterization

of conjugates of ovalbumin with monomethoxypoly-

ethylene glycol using cyanuric chloride as the cou-

pling agent. Analytical biochemistry, 165: 114-127.

Kanayama N, Suzuki T, Kawai K, 2002. Purification and

characterization of an alkaline manganese peroxida-

se from Aspergillus terreus LD-1. Journal of bioscience
and bioengineering, 93: 405-410.

Kawahara J-I, Ohmori T, Ohkubo T, Hattori S, Kawamura

M, 1992. The structure of glutaraldehyde in aqueous

solution determined by ultraviolet absorption and

light scattering. Analytical biochemistry, 201: 94-98.

Khan AA, Robinson DS, 1994. Hydrogen donor specificity

of mango isoperoxidases. Food chemistry, 49: 407-410.

Kim G-Y, Moon S-H, 2005. Degradation of pentachloro-

phenol by an electroenzymatic method using immo-

bilized peroxidase enzyme. Korean journal of chemi-
cal engineering, 22: 52-60.

Laemmli UK, 1970. Cleavage of structural proteins during

the assembly of the head of bacteriophage T4. Na-
ture, 227: 680-685.

Lee CY, Pennesi AP, Dickson MH, 1984. Characterization

of the cauliflower peroxidase isoenzyme. Journal of
agricultural and food chemistry, 32: 18-21.

Lee MY, Kim SS, 1994. Characteristics of six isoperoxi-

dases from Korean radish root. Phytochemistry, 35:

287-290.

Márquez O, Waliszewski KN, Oliart RM, Pardio VT, 2008.

Purification and characterization of cell-wall bound

peroxidase from vanilla bean. LWT - food science and
technology, 41: 1372-1379.

Mazza G, Welinder KG, 1980. Covalent structure of turnip

peroxidase 7: cyanogen bromide fragments, complete

structure and comparison to horseradish peroxidase

C. European journal of biochemistry, 108: 481-489.

Mazza G, Charles C, Bouchet M, Ricard J, Raynaud J,

1968. Isolation, purification and physico-chemical

properties of turnip peroxidases. Biochimica et bio-
physica acta, 167: 89-98.

Nakane PK, Kawaoi A, 1974. Peroxidase-labeled antibody.

A new method of conjugation. Journal of histochemi-
stry and cytochemistry, 22: 1084-1091.

Nie G, Reading SN, Aust SD, 1999. Relative stability of re-

combinant versus native peroxidases from Phanero-
chaete chrysosporium. Archives of biochemistry and
biophysics, 365: 328-334.
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