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Summary
Preparation of horseradish peroxidase (HRP) carbamide that is HRP linked to urea (HRP-carbamide/HRP-U) is
demonstrated and its potential application in the development of enzyme immunoassays (EIAs) for haptens is
described. In this new stratediye lysine residues of HRP were acylated and then acylated HRP was activated to
create highly reactive functional groups by periodate oxidation of its carbohydrate moiety and, subsequently
forming a peptide bond with one of the amino groups of urea. The resulting HRP-carbamide was then coupled to
carboxylic derivatives of cortisol-21-hemisuccinate (F-21-HS);@H progesterone-3-O-carboxymethyl-oxime
(17a-OHP-3-0O-CMO) and nandrolone-3-O-carboxymethyl-oxime (N-3-O-CMO) to prepare enzyme conjugates
adopting N-hydroxysuccinimide-carbodiimide method. The F-21-HS-U;HRPOHP-3-O-CMO-U-HRPand
N-3-O-CMO-U-HRP enzyme conjugates thus prepared were used for the development of an enzyme linked
immunosorbent assays (ELISAS) for the estimation of cortisob,(HMP and nandrolone. The sensitivity of
cortisol, 1a- OHP and nandrolone assays were 0.4 ng/ml, 0.05 ng/ml, and 0.12 ng/ml, respeatidetiye
analytical recovery ranged from 93.3% to 100%, 94.3% to 98.7%, and 93.5 % to 104%, respéttiely
present studythe strategy adopted for preparing HRP-carbamide and its subsequent use in preparing enzyme
conjugate has been shown to result in an increase in thermostability of enzyme conjugate, amgavgibup’
ability in enzyme for conjugation with increase in bridge length between analyte and enzyme to reduce steric
hindrance.
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I ntroduction reactivity of the available functional groups, defined in
: o . terms of their ability to undgo chemical maodification, is
The chemical cross-linking method, routinely : . .
employed in the diagnostic industilagely derived from largely determined by the sequence location and their
interactions with the side chains of neighboring amino acids

the field of peptide chemistry and chemical modification . . .

. o : .In the overall three-dimensional structure of protein
of proteins, due to their importance either as carrier
. malecule (Deshpande, 1996).
immunogens or as enzyme labels. Therefore, the basic

functional groups of proteins and concept of protein The reactive groups that are located on the protein
maodification are relevant to enzyme immunoassay surface and thereby exposed to the aqueous environment
Of the twenty amino acids with side chains ofre available for chemical modification and conjugation

different sizes, shapes, ayes and chemical reactivity thatPUrPOSes. In proteins, there are essentially eight hydrophilic
o : . side chains that are chemically activgs@en, 1985; \hg,
make up the protein molecules, reactive functional grou

are provided by those amino acids that have ionizable s%éegs)' These side chains and their functional groups are:

chains. In this regard, the alkyl side chains of th amno group of N-terminal amino acids auehmlr_lo
5oups of lysine, 2pulfhydryl groups of cysteine,

hydrophobic amino acids that are located in the interiorg . 2
. . . thioether group of methionine, 4) carboxyl group of
protein molecules are chemically inert and thus nQ

available for modification. Similarjghe aliphatic hydroxyl C-terminal amino gcid grﬂ- andy—qarboxyl groups of
groups of serine and threonine are considered as wdgpartc and glutamic acids, respectiysjyphenolic group

derivatives and, therefore, have low reactiviyrther the of tyrosine, 6) imidazole group of histidine, 7) guanidinyl
group of aginine, and 8) indolyl group of tryptophan.
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Of these, the first five groups are chemically mogtom Greiner-Bio-One, Germankll other chemicals and
reactive. They are also normally exposed on the protdinffer salts were of analytical grade.
surface and form the major ¢ts for protein cross-linking
and conjugation. Several proteins also contailQeW 7
carbohydrates that provide useful sites for chemicglécon
modifications and cross-linking of proteins.

Normal Rabbit Serum (NRS) was collected from
ealand white rabbiténti-species antiserum (as a
d antibody) was generated in goat using purified
rabbit y-globulin as an immunogen (Shrivast@004).

Chemical modification of existing functional Polyclonal antiserum for cortisol, &ZOHP, and
groups of protein is sometimes essential for several practinahdrolone were generated against F-3-O-CMO-BSA,
purposes. These include (a) activation of the inactiverg-OHP-3-CMO-BSA and N-3-O-CMO-BSA,
carbohydrates to functional groups for further chemicgéspectivelyas immunogens, in New Zealand white rabbits
reactions, (b) inter-conversion into one another either {ghrivastay2004). NRS and second antibody were used
change the specificity or to increase their reactidtyd for coating microtiter plate. The Hef was 10 mM
(c) incorporation of spacer arms to reduce steric hindranmsphate (10 mmol/L PB), pH 7.0 (X&#0O,.2H,0:
as well as to decrease the influence of local environmengos g/ and NaHPO,.2H,0: 0.39 g/L) containing 0.9%
(Kabakof, 1980; Tjssen, 1985; Wng, 1993; Basu et al.,, NaCl and 0.1% NaNThe HRP conjugate dilution bef
2006). was 10mmol/L acetate Hef (10 mmol/L AB), pH 5.6

We describe for the first time the use of urea as(&,COONa: 0.84 g/L and 1mol/L CBOOH 1.5 ml/
homo-bifunctional coupling reagent for the preparation éf containing 0.1% thimerosal, dextran T-70 and 0.3%,
HRP-carbamide and its use in the development BSA. The microtiter well b_Io_cklng and stabilizing bef
immunoassays for haptens. In this new stratagyino Was 10 mmol/L PB containing 0.9% NaC1, 0.2% BSA,
groups (-NH) of HRP were blocked by acetic acid N-0.1% gela_tln, thlme_rosal, de_zxtran T-70, ethylene diamine
hydroxysuccinimide followed by oxidation of carbohydraté®tra acetic acid: di-potassium salt (UK salt), and
moieties of HRP by sodium meta-periodate to form reactie01% gentamicin sulfate.
aldehyde group (-CHO) and, subsequerfityming a preparation of HRP—Carbamide (HRP-U/ HRP-Urea)
Schiff’s base with one of the amino groups of urea. The :
resultant HRP-carbamide was conjugated to carboxylic 10 Incorporate urea to HRP enzyme, 1 ml of water

derivatives of steroids using the N-hydroxysuccinimidéj-er: ; mg Of. HR; and 1ddS dmgh of ac_etic _acid
carbodiimide method. The potential application of HRPY-Nydroxysuccinimide were added. The reaction mixture

carbamide for the preparation of enzyme conjuga’te"l*é"’Is vortex-mixed and kept overnight at 4° C to block —

demonstrated through the development of ELISAs fordire@f}'zgrQUpl of dHITPTf;Iereaf_ter'E[he r?act(ljon m;)xtare;w?s
estimation of haptens like cortisol, d7 OHR and extensively dialyzed against watand carbonydrate
nandrolone moieties of HRP were oxidized by addition of |l0 of

0.01mol/L sodium meta-periodate to form aldehyde group
Materialsand M ethods (-CHO). Activated HRP (HRP-aldehyde) was passed
through Sephadex G-25 column. A brownish fraction of
activated HRP from G-25 column was directly collected
Cortisol, cortisol-3-O-carboxymethyl-oxime (F-3-in 3 vial containing 10 mg of urea. The reaction mixture
0O-CMO), cortisol-21-hemisuccinate (F-21-HS),at7 was kept overnight at 4°C to form SéHifise between —
OHR, 170-OHP-3-0-CMO, nandrolone, nandrolone-3-O€HO group of activated HRP and —\gtoup of urea.
carboxymethyl-oxime (N-3-O-CMO) and other steroid3he Schif-bases formed were stabilized by addition of 1
were purchased from Steraloids Inc. Ltd., @fbrook pL of 5 mol/L sodium cyanoborohydride in 1 mol/L NaOH
Street, London SW 1V 2NB, England. Horseradislnd kept for 3 hr at 4°C. After stabilization, the conjugate
peroxidase (HRP) type VI (EC 1L1.7), bovine serum was passed through Sephadex G-25 column, and the
albumin (BSA), 1-ethyl-3-(3-dimethyl-amino-propyl) brownish fractions of HRP coupled with urea were pooled.
carbodiimide-HCI (EDAC), N-hydroxysuccinimide (NHS) .
and Freundi complete adjuvant (FCA) were all purchasegerara1t|0n of F-21-HS-U-HRP170-OHP-3-CMO-U-
from Sigma Chemical Compan$t. Louis, MO, USA. HRP and N-3-0-CMO-U-HRP conjugates
TMB/H. O, substrate solution was purchased from Arista F-21-HS, 1&0OHP-3-CMO and N-3-O-CMO
Biologicals Inc., USA. Microtiter plates were procuredvere conjugated to HRP-carbamide (HRP-urea). For this
purpose, 5 mg of F-21-HS or &7OHP-3-CMO or

Materials
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N-3-O-CMO were separately added to a tube containinigutions of antibody to cortisol, ZFOHP, nandrolone
200L of dimethyl formamide and 2Qd. of dioxan. 100 and their respective enzyme conjugates were worked out
uL of distilled water containing 10 mg of by checkerboard assay

N-hydroxysuccinimide and 20 mg of 1-ethyl-3- (3- Standard preparation

dimethyl-amino-propyl) carbodiimide-HCI were added to
each steroid solution. The reaction mixtures were vortex- ~ Six cortisol standards (0, 1, 3, 10, 30 andug0
mixed and kept overnight in refrigerator to activate the0QuL), six 17a-OHP standards (0, 0.2, 0.8, 2, 10 and
steroid. Thereaftereach activated steroid was adde80rg/uL), and six nandrolone standards (0, 0.2, 0.8, 2, 10
separately to 1 ml of HRP-cabamide solution and incubatadd 50ngdL), were prepared in pooled steroid-stripped
for 24 hr in a refrigeratorThe conjugates were passederum, following the method described elsewhere
through Sephadex G-25 columns. The conjugates were kEttirivastay2004). Stripping of steroids from the serum
at —30° C in aliquots mixing with ethylene glycol (50% wvas carried out by adding charcoal at a concentration of

v) for future use. 50mg/mL to pooled serum followed by filtration through
Preparation of F-21-HS-HRP170-OHP-3-CMO-HRp  0-49HM membrane filter
and N-3-O-CMO-HRP conjugates ELISA procedure

F-21-HS, 16-OHP-3-CMO and N-3-O-CMO To the cortisol, 1d-OHP or nandrolone antibody-

were conjugated to HRPor this purpose, 5 mg of F-21-coated wells 2%iL of cortisol or 50uL of 170-OHPR, 50

HS or 171-OHP-3-CMO or N-3-O-CMO were separatelypL of nandrolone standards, controls or samples were
added to a tube containing 2a0of dimethyl formamide, added. The 10QL of appropriate dilution of respective
and 200QuL of dioxan. 10QuL of distilled water containing hapten-HRP conjugate (with or withautea bridge) was
10 mg of N-hydroxysuccinimide and 20 mg of 1-ethyl-3added to all wells and incubated for 1 hr at G7
(3-dimethyl-amino-propyl) carbodiimide-HCI were added hereafterthewells were decanted and washed in running
to each steroid solution. The reaction mixtures were vortégp water for 5-6 times by filling, decanting and flicking.
mixed and kept in refrigerator to activate the steroid. Aftdthe 10QL of substrate solution (tetramethyl benzidine/
overnight incubation, each activated steroid were addeydrogen peroxide; TMB/ID,) was added to all the wells
separately to 1mg/ ml of HRP solution and incubated fand incubated for 20 min at'32. The reaction was stopped
24 hrin a refrigeratoirhe conjugates were passed througby adding 10QiL of 0.5 (M) HSO,and the color intensity
Sephadex G-25 columns. The conjugates were kept avas measured at 450 nm iecChn-Spectra microplate
30° C in aliquots mixing with ethylene glycol (50% v/v)reader

for future use. Checking of thermo-stability of enzyme conjugates

Coating of polystyrene wells with .F-3-.O-CMO or Enzyme conjugates prepared with or without

170 -OHP-3-CMO or N-3-O-CMO antibodies acetylated amino groups were kept atG3ih working
Polystyrene wells of microtiter plate were coatedilutions and their enzymatic activity was determined using

immunochemically either with F-3-O-CMO, a70HP- ELISA procedure as described above.

3-CMO or N-3-O-CMO antibody following the methodchecking of immuno-reactivity of enzyme conjugates

of Shrivastav et al (2003). Briefl250uL of (1:1000) _ _ _
diluted NRS in water was added in each well of microtiter Enzyme conjugates, prepared with or without
plate and incubated overnight at 37°C. The plates weél getylated amino groups, were kept &t@GTn working
washed in running tap water and g5@f ARGG (1:4000) dilutions. The enzyme conjugate that has lost its enzymatic
diluted in 10mmol/L PBS was added to all the wells OEfCtIVI'[y was used as unknown and their immuno-reactivity
microtiter plate and incubated for 2 hr at 37°C. Aftepas determined using ELISA procedure described above.
washing, 200L of (1:4000) diluted F-3-O-CMO or Results

(1:32000) diluted 1a-OHP-3-CMO or (1:4000) diluted Sensitivity

N-3-O-CMO antibody was added to the wells of microtiter

plates and incubated for 2 hr at 379®e blocking and The lowest detection limit of the cortisolp1@HP
stabilizing bufer was added (250L) to all wells and and nandrolone assays (concentration equivalenj-+o B
incubated for 1 hr at 37°C. The plates were dried and k&$D) using enzyme conjugate with urea bridge were 0.4
under desiccation at 4°C for further use. The optimgg/ml, 0.05ng/ml, and 0.12 ng/ml of serum, respectjvely
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after thirty-fold determination of fbinding, whereas using recovery ranged from 85.8% to 98.7% and 83.4% to
enzyme conjugate without urea bridge were 2.8 ng/ml, 0.090.6% in cortisol and T-OHP assays, respectively using
ng/ml, and 7.31ng/ml, respectively enzyme conjugate without urea bridgables 1-3 represent
Specificity of antibody the recovery profile for cortisol, &fiZOHP and nandrolone,

. _ respectively
Cortisol, 1a- OHP and nandrolone antibody had

less than 0.1% cross-reaction with naturally occurripg C Thermostability study

C21’ C1_9 and qg steroids. I_—|0weverthe ?TO.SS-reaCtion Of. Direcﬂy prepared enzyme Conjugates were less
prednisolone (a synthetic glucocorticoid) was 25% igable then the enzyme conjugates prepared using acylated
cortisol assay2.1% of progesterone in ¢©OHP assays enzyme. There is complete loss of enzyme activity after
and 100 % cross-reaction of testosterone in nandrologe hr of incubation with directly prepared enzyme
assay using enzyme conjugate without urea bridge. Whghjugates at 3T. On the other hand, enzyme conjugates
enzyme conjugates with urea bridge were used in respectiy@pared using acylated enzyme retained more than 85%
assays, the percent cross- reaction of cross reacting stergfdsnzyme activity after 96 hr of incubation at 87 The

was further reduced to 0.01% of prednisolone (a synthefffermostability study of enzyme conjugates revealed that
glucocorticoid) in cortisol assay.8% of progesterone in the enzyme conjugates prepared using enzyme where amino
170-OHP assay and, 10 % of testosterone in nandrologgoups are acylated with angamic acid has more
assay thermostability than directly prepared enzyme conjugates.

Analytical recoveries Immunoreactivity

The ability of the respective assays to accurately The enzyme conjugates which had lost enzyme
quantify cortisol, 1@-OHP and nandrolone in serumactivity after 96 hr of incubation at 3C were tested for
samples was tested. Lomwedium and high concentrationsthe retention of immunoreactivity by utilizing them as
(1.0-20ng/ml) of cortisol, 1a-OHP and nandrolone were unknown. The immunoreactivity study revealed that though
added exogenously to three fractions of pooled serum. Aftee enzyme conjugates have lost their enzyme activity
addition, the concentration of cortisol,d-DHP and retained the immunoreactivity
nandrolone were determined and the recovery Wase ssion
calculated for each fraction of serum. The recovery ranged
from 93.3% to 100.0%, 94.3% to 98.7%, and 93.5 % to We demonstrate for the first time the use of urea

104 % using enzyme conjugate with urea bridge, whereda homo-bifunctional coupling reagent for the preparation
of HRP-carbamide and its use in the development of ELISA

Table 1: Recovery of cortisol from exogenously spiked serum pools using
F-21-HS-HRP and F-21-HS-Urea-HRP

Serum Spiked

pool cortisol F-21-HS-HRP F-21-HS-Urea - HRP
no. (g / dL)
Observed | Expected 0 Observed | Expected 0
%0 %0
value value Recove value value Recovery
(Hg/dL) | (ug/dL) Y (uordl) | (ug/du)

A - 8.9 - - 10.4 - -

B 5 13.6 13.9 97.8 154 154 100.0
C 10 17.7 18.9 93.6 20.3 20.4 99.5
D 15 21.0 23.9 87.8 23.7 25.4 93.5
E 20 24.8 28.9 85.8 28.0 30.4 93.3
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Table 2: Recovery of 17 QH - P from exogenously spiked serum pools using 170
OH-P- HRP and 170 H - P - Urea - HRP

Serum Spiked
pool cortisol F-21-HS-HRP F-21-HS-Urea - HRP
no. (g / dL)
Observed | Expected o Observed | Expected 0
%0 %0
value value Recove value value Recovery
(o/dL) | (ug/dL) Y (g/dL) | (ug/dL)
A - 4.43 - - 2.40 - -
B 2.5 6.61 6.64 99.5 4.71 4.97 94.7
C 5.0 8.30 7.50 110.6 7.38 7.47 98.7
D 15.0 15.98 19.14 83.4 16.49 17.47 94.3

Table 3: Recovery of nandrolone from exogenously spiked serum pools using
nandrolone-3-CMO-Urea-HRP

Serum Nandrolone Observed Expected
pOOI added value value % Recovery
no. (ng/mL) (Hg/mL) (Mg /mL)
Pool A - 0.93 - -
Pool B 2.0 3.05 2.93 104.0
Pool C 5.0 5.82 5.93 98.1
Pool D 10.0 10.22 10.93 93.5

for direct estimation of haptens like cortisol, 0dDHP  retention of activity during extensive biotinylation. Ugarova
and nandrolone in serum. The assays thus developedeatral. (1978a, b, ¢, 1979) investigated th&edf of
sensitive, accurate and specific. In the present stbdy derivatizing the amine groups of HRP-C in more detail.
strategy adopted for preparing HRP-carbamide and Ashydrides of mono- and dicarboxylic acids were capable
subsequent use in preparing enzyme conjugate may resiiicylating four lysine residues at 0° C and pH 8.0, while
in improvement in EIA like i.e., a) increase inmore bulky trinitrobenzenesulphonic acid (TNBS) modified
thermostability of enzyme conjugate, b) increasettiree lysine residues. Increasing temperature facilitated
availability of amino groups in enzyme for conjugationfurther derivatization. For example, TNBS modified four
and c) increase in bridge length between analyte and enzygrneups at 22 C and pH 9.5, and all six-lysine residues at
to reduce steric hindrance. 40’ C and pH 8.5.

In the present stugdgcylation of the lysine residues Enzyme activity was remarkably stable to lysine
of HRP with N-hydroxysuccinimide resulted in armodification; no loss in activity was detected under any
increased thermostability as compared to native enzynoae of conditions described above. An introduction of extra
Rennke and ¥nkatachalam (1979) showed that theegative chayes by succinylation caused a broadening of
derivaization of HRP with succinic anhydride yielded ¢he pH-dependence around the same optimum (5.5-6.0),
polycarboxylated molecule (pKa < 4) which had nand additionally showed greater resistance to thermal
detectable ééct on the pH optimum or enzyme activity ininactivation than native HRP (Ugarova et al., 1978a). The
a colorimetric assayuedon et al. (1979) observed similasuccinylated derivative of HRP showed a 90-fold increase
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in stability at 56C over the native enzyme, which wagreparation of enzyme conjugate to monitor antigen-
attributed to a reduction in mobility around the heme grouantibody interaction. Hence, there is an increase or decrease
Similarly Ryan et al. (1994) observed substantiadf labeled steroid recognition by antibody thdeefs
stabilization at 75 C when HRP was derivatized withsensitivity of the assayhe incorporation of urea between
bis-succinimide esters; these were able to derivatize figeeroid derivatives and enzyme might have increased the
lysine residues at room temperature, and no cross linkidigtance between steroids and enzyme. As a result, there
were observed under the condition used. may be an easy access for native steroid to antibody binding
sites, resulting in better displacement of enzyme conjugate

The direct coupling of carboxylic derivative of ding o' g i q "
steroid to an amino group of enzyme is well-established met gaoing to Increased sensi |V|ty_an speci 'C“.'Ve reason
T getting sensitive and specific assaysaftisol, 14-

in the steroid enzyme immunoassay for preparing enzyl‘?\ ) :
conjugate (Dent and Aslam, 1998a). In the present, $i&ly O%P and nandrolone usmgcortlsol,_ 16-OHP "’.‘”d
acylation is followed by oxidation of carbohydrate moietie@andmIon?COUpled through urea brldge t_han_ dlrgctly
of HRP by sodium meta-periodate to form reactive z:lldehyﬁgu'meo.| W'th. enzyme may b? due to‘eilé_ntlal kinetic
group (-CHO) and subsequently forming a peptide bond WHNer_actlon with respective antibody and this can be further
one of the amino groups of urea. studied.

In conclusion, for the first time HR@arbamide
%vas preparedind while doing so we acylated amino group
Iﬁat resulted in the thermostability of enzyme carbamide
omplex. The HRP-carbamide reagent may also be used

HRP is a widely used enzyme in EIA, containin
six lysine residues in sequence; howewepractice, only
one or two of these are generally available for reactié

(Dent and Aslam, 1998b). This variation in amino grou %coupling to nucleic acid for nucleic acid hybridization

contentis caused by changes in extraction conditions u . : )
for the isolation of HRP from roots of horseradish plarﬁssay and to protein for preparing enzyme conjugates for

(Ornstein, 1966; Dent and Aslam, 1998c). The low yiellanmunoassay and immunochemistry
of HRP coupled to IgG by the use of bifunctional reagentcknowledgments
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