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his review sums up the available published data

concerning the approaches aimed to obtain
enzyme-antibody conjugates (including also
conjugates containing monoclonal antibodies).
The authors have analyzed the significance and role
of bioconjugation in elaboration and production
of up-to-date immunoenzyme test-systems for
diagnostics of infectious diseases, detection of
different substances etc. The review contains also
the analysis of criteria determining the quantity
of antibody-enzyme conjugates obtained and
discusses different approaches for determination
of their diagnostic value.
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INTRODUCTION

The most of up-to date immunoenzyme test-
systems are based on three detection schemas [11,
13, 16], indirect and sandwich ELISA modifica-
tions being the most widely used. Competitive ELI-
SA variants are less preferable.

Diagnostic kits based on the ELISA approach
permit to detect antibodies to different infectious
agents of viral origin (HIV, human cytomegalovi-
rus, herpes simplex viruses, rubella virus, hepatitis
B and hepatitis C viruses) as well as to Toxoplasma
gondii, Treponema pallidum, Chlamydia trachomatis,
Brucella abortus, Mycobacterium bovis etc [5, 14, 20,
21, 33-36, 40]. Such kits include antispecies conju-
gates containing monoclonal antibodies to certain
classes of human or animal immunoglobulin la-
beled by an enzyme — horseradish peroxodase.

As a rule, for the detection of some markers of
infectious diseases (HBs-antigen, p24-antigen of
the HIV) as well as for hormone detection (e.g. so-
matotrophic or thyreotropic hormone), test-sys-
tems based on the sandwich ELISA modification
are used [1, 4, 17, 29, 38, 39]. Polyclonal or mono-
clonal antibodies to antigens of interest are includ-
ed into such kits.

Such ELISA modification is also used to detect
specific antibodies (e.g. in a test-system aimed for the
detect of total anti-HIVS antibodies) [ 11, 13], the con-
jugate containing recombinant anti-HIVS antibodies
and horseradish peroxidase being here present.

Some immunoenzyme test kits are based on the
competitive ELISA approach. Such is a test detect-
ing antibodies to the Brucella abortus; specific anti-
bodies compete with a conjugate causing the decrease
of signal intensity for positive samples [31]. The hor-
mone detection (e.g. thyroxin, 3-iodine thyronine)
carries also out by modifications of competitive ELI-
SA protocols [4, 17, 22]. In this case, hormone mol-
ecules from samples to be investigated compete with
its molecules in conjugated compounds.

It is evident that all nowadays test-systems include
labeled antibodies/antigens without any dependence
on the antigens/antibodies detection principle. That
is why the obtaining of immunoenzyme conjugate be-
longs to the most important steps to be realized dur-
ing any ELISA-based test-kit elaboration.

Our aim was to sum up the available data of sci-
entific literature concerning the obtaining of con-
jugates containing enzymes and antibodies as well
as approaches permitting to understand their diag-
nostic value.

MAIN APPROACHES FOR
THE OBTAINING OF ANTIBODY-
ENZYME CONJUGATES

The current publications describe a lot of ap-
proaches for antibody-enzyme conjugation permit-
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ting to obtain conjugates of high antigen-binding
and enzyme activities.

To obtain different enzyme-containing conju-
gates, different functional groups must be used pres-
ent in antigen and enzyme molecules: amino- and
sulfhydryl groups and aldehyde ones [16, 27]. If any
molecule to be conjugated contains no active func-
tional groups it should by modified by special chem-
ical methods [24]. For example, free HS-groups in
antibody molecules may be obtained following their
disulphide bond reduction joining heavy Ig chains;
free aldehyde groups may be obtained after the oxida-
tion of carbon atoms in hydroxide groups of polysac-
charide chains contained by Igs and some enzymes.

The conjugation approaches may be divided into
two groups. The first group of approaches includes
the conjugation obtaining by the aid of covalent an-
tibody and enzyme binding. Another approach uses
non-covalent interprotein bonds of high affinity in-
cluding the binding between antigen and antibody.

The data already published [16, 27, 23, 25] dem-
onstrate covalent conjugation approaches to be
more popular; in their turn, these approaches may
be classified according to the conjugating reagent
type for zero-length, homo- and heterobifunctional
conjugations. Zero-length sewing mediates the con-
jugation of two molecules due to the formation of
bonds having no additional atoms. Such conjugat-
ing reagents are peculiar mediators absent in final
reaction product; they remain free following conju-
gation. Similar reactions carry out with the partic-
ipation of carbodiimids and N,N’-carbonyldiimid-
azole. This conjugation variant may be also reached
during interactions of molecules with free aldehyde
groups and amino groups leading to the formation
of Schiff bases and their further reduction [16].

Homobifunctional agents contain two identical
reactive groups and a so-called spacer — a region of
the molecule taling no direct part in the conjugation.
Such agents group includes homobifunctional N-hy-
droxysuccinimid ethers (NHS-ethers), imidoethers,
sulfhydryl-reactive sewing, aldehydes etc [24].

Heterobifunctional agents contain two different
reacting groups separated by a spacer. There are dif-
ferent sewing types described with different active
group combinations — amino, carbonyl-, sulfhy-
dryl-, carboxylate-, arginin-reactive as well as pho-
toreactive [16, 27].

The variability of methodical approaches is due,
first of all, to wide assortment of sewing agents.
These agents are divided into two types — homobi-
functional and heterobifunctional.

Our knowledge in the field of immunoglobu-
lin and enzyme structure permits to obtain conju-
gates using different functional groups of these mol-
ecules.

To obtain immunoenzyme conjugates, the fol-
lowing enzymes are the most widely used: horse-
radish peroxidase (HRP), alkaline phosphatase, -
galactosidase and glucosooxidase [24]. The HRP
being a glycoprotein, it is usually activated by peri-
odate and sewed with immunoglobulin amino
groups in the process of reducing amination. The
enzyme [-galactosidase contains a lot of free sulf-
hydryl groups participating in conjugation with
sulfhydryl-reactive termini of heterobifunction-
al sewing agents, e.g. succineimidyl-4-(N-malein
midomethyl)cyclohexan-1-carboxylate (SMCC).
Any enzyme may be conjugated through its amino
groupsusing the glutaraldehyde or different hetero-
bifunctional reagents.

Below we shall discuss the most widely used
chemical reactions enabling to synthesize immuno-
enzyme conjugates.

NHS ether-maleimid-mediated conjugation. Dif-
ferent heterobifunctional reagents containing ami-
no-reactive N-hydroxysuccinimid (NHS) ether
and sulfhydryl-reactive maleimid group are suc-
cessfully used for conjugate synthesis. Such sewing
substances assure well-controlled multi-step con-
jugation followed by the obtaining of highly active
products of predetermined composition. The most
widely used NHS ether maleimid sewing agents are
succinimidyl-4-(N-maleimidomethyl)cyclohexan-
I-carboxylate (SMCC), m-maleimidobenzoyl-N-
hydroxysuccinimid ether (MBS), N-(y-aleimido-
butiryl-oxy) succinimid ether (GMBS) as well as
their sulphoderivatibes [24, 27].

Immediately before conjugation with antibod-
ies, the enzyme activated previously is to be purified
from side products and sewing agents having not
participated in the reaction. Such stepwise process
dynamics enables the control of reaction course and
direction as well as the prevention of molecule po-
lymerization during this process [16, 25].

The first step of the NHS ether-maleimid-me-
diated conjugation is the enzyme activation accom-
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Fig. 1. Scheme of conjugate obtaining by the aid of the SMCC.
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panied by the formation of a maleimid-activated
derivative (fig. 1). According to the G.Hermanson’s
data, it is better to use the sulfo-SMCC, this wa-
ter-soluble reagent possessing the most stabile ma-
leimide groups. The antibody conjugation with the
[-galactosidase has an important property: first the
immunoglobulin molecules become activated by
the aid of the sulfo-SMCC and then sewn with en-
zyme due to its free sulfthydryl groups.

The second conjugation step demonstrates the
interaction between activated enzymes and anti-
body HS-residues. The immunoglobulin molecules
are known to contain no free sulfhydryl groups, the
chemical Ig molecule modifications being nec-
essary. There are publications describing two ap-
proaches enabling the free HS-residue formation
on the Ig molecules.

First, disulphide bonds between heavy immu-
noglobulin chains may be reduced, e.g. by 2-mer-
captoethanolamine, and then halves of antibodies
with free HS-residues interacts with activated en-
zyme [9, 26].

Second, the incorporation of free HS-residues
to immunoglobulin molecules is possible by the
aid of different thiolating reagents; the most wide-
ly used among them are 2-iminothiolane Ta N-suc-
cine-imidil-S-acetylthioacetate (SATA) [24].

It should be noted the thiolating reagents to
be able to interact with any e-aminogroups or free
NH,-residues of other amino acids. That is why a
certain part of conjugated antibodies looses its ac-
tivity because of screening effects or due to the
blocking of antigen-binding center by an enzyme
molecule. However, according to G.Hermanson’s
data, a part of non-active molecules contained in

W & -t

Antibody Enzy Glutar

w q

% Polymeric con;ugamrﬂ

Fig. 2. Schematic description of the glutaraldehyde conjugation ap-
proach.
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the conjugate obtained does not prevent its effective
use in ELISA. We would also like to emphasize the
use of the SATA to possess an important advantage:
the sulfhydryl groups of SATA-modifies antibodies
are stabile, so they may be conserved without inac-
tivation during long time periods.

Glutaraldehyde approach. The glutaraldehyde
belongs to the first reagents used for conjugation
and taken often for this aim nowadays. It interacts
with e-aminogroups of antibody and enzyme lysine
residues; of interest, in this case several reactions
occur at the same time leading to the formation of
a product containing more stabile chemical bonds
comparing to simple Schiff bases (fig. 2) [19].

The main problems of the glutaraldehyde ap-
proach are formation of non-wanted side products
and non-controlled polymerization of proteins to
be conjugated [16, 27].

In aqueous solutions with pH values below 7.0,
the glutaraldehyde becomes exposed to aldolic con-
densation accompanied by the formation of polymer
structures containing a, f-non-saturated aldehydes.
Another difficulty is the formation of conjugates of
high molecular mass; such compounds may even
loose their solubility. The enzymatic activity of high
molecular mass conjugates may become signifi-
cantly decreased.

All these difficulties are especially important for
the single-step method requiring the glutaraldehyde
addition to the solution containing both enzyme
and antibodies [16]. This approach difficulties may
be partly overcome during two-step conjugation; at
the first step of this process, only the enzyme prep-
aration becomes treated by the glutaraldehyde; fol-
lowing the removal of superfluous aldehyde the
immunoglobulin preparation is added to the en-
zyme already modified [23]. The conjugate synthe-
sis using the glutaraldehyde is mostly elaborated for
horseradish peroxidase, alkaline phosphatase, and
glucoamilase.

According to G.Hermanson’s data [24], the
conjugate of many commercial test-kits were ob-
tained namely by the aid of the glutaraldehyde; this
approach is so widely used due to its simplicity, first
ofall [18, 19].

Periodate method. This approach was first pro-
posed by P. Nakane [32] in 1974; from this date it
has become the most widely used to obtain anti-
body-containing conjugates with enzymes includ-
ing carbohydrate residues. This method is shown to
be of high effectiveness for the preparation of the
HRP conjugates, the mass party of carbohydrates in
this enzyme reaching 10-15 % [3].

The essence of the approach is the HRP modifica-
tion accompanied by the formation of active aldehyde
groups which then react with immunoglobulin amino
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Fig. 3. Periodate approach of conjugate obtaining.

groups and form Schiff bases (fig.3). Aldehyde groups
appear in the HRP due to oxidation of the enzyme
carbohydrate components by the sodium periodate;
the HRP amino groups must be previously blocked by
the 1-fluoro-2,4-dinitrobenzene or protonated. This
approach permits to prevent the enzyme autoconju-
gation during the reducing amination [24].

Sodium borhydride or sodium cyanoborhydride
are used as reagents favoring the reducing amina-
tion [16]. To block aldehyde groups which have not
participated in the reaction, a lot of reagents may be
used including lysine, glycine, ethanolamine, Tris.

Carrying out the reducing amination process it
is important to control the pH value of the medium:
at neutral pH values the formation of low molecu-
lar mass conjugates occurs; at higher (alkaline) pH
values (pH 9-10) a single Ig molecule interacts with
a lot of enzyme molecules, the conjugates obtained
being of considerable molecular mass [3, 16, 25].

The conjugate molecular mass is of great impor-
tance from the point of view of this compound use
following its synthesis, the control of this parameter
being of exclusive value. Carrying out histochem-
ical researches, conjugates of low molecular mass
are mostly used because of their ability to enter
into the cell through its membranes. Simultaneous-
ly, different ELISA modifications prefer the con-
jugates of high molecular mass conjugates to reach
perfect sensitivity values of analysis [24].

Non-covalent protocols of conjugate synthesis. All
approaches mentioned above are based on the cova-
lent bond formation between antibody and enzyme
during the synthesis of their conjugates. However,
there is an also promising conjugate-forming meth-
od based on the use of highly specific immune in-
teractions or intermolecular «protein-protein» in-
teractions.

To obtain HRP-containing conjugates, anti-
HRP antibodies may be used forming a so-called
«HRP-anti-HRP complex». A similar complex
may be also prepared for alkaline phosphatase [2,
9, 16].

There is also an approach based on the forma-
tion of immune binding — «hybride antibody meth-
od». A mixture including F(ab’) -fragments to a giv-
en antigen and to antibody molecules is to be treated
by B-mercaptoethanol. In this case the F(ab’),-frag-
ments dissociate back to Fab-ones following the re-
moval of reducing agent, and we obtain hybrid Ig
molecules specific both to the enzyme and the anti-
gen of interest. When added to enzyme, these hybrid
molecules form “antibody-enzyme” conjugate [15].

The ability of A-protein isolated from Staphy-
lococcus to form a stabile complex with Fc-frag-
ment of antibody is also used to obtain conjugates;
the enzyme must be previously sewed with A-pro-
tein by any chemical approach and bound then to
the Fc-fragment through a protein “bridge”.

A promising approach enabling the conjugate
obtaining is the use of avidin-biotin complex, its af-
finity constant being about 10" M-! [3, 28]. To re-
alize such protocol, antibody conjugates with bi-
otin and enzyme conjugates with avidin must be
previously obtained; a more complex conjugate is
formed following their mixture preparation.

All these non-covalent protocols for conjugate
synthesis are easy to obtain, the conjugates keeping
completely their enzyme and immune activities.

APPROACHES FOR EVALUATION
OF CONJUGATE DIAGNOSTIC
PROPERTIES

In ELISA-based test-systems MADbs are used as
components of immune sorbents or enzyme-con-
taining conjugate components (HPR-containing
conjugates are the most widely used). The most of
up-to-date diagnostic test-kits include MABs-based
conjugates specific to different infectious and other
antigens [5, 10, 11, 13, 14].

The immunoenzyme test-system quality de-
pends mostly from two components — immune
sorbent and immunoenzyme conjugate. Therefore,
a promising way leading to the perfection of test-kit
indices is the perfection of immunoenzyme conju-
gates. Taking this circumstance into consideration,
it should describe the criteria predetermining diag-
nostic value of conjugates.

First, the quality of any conjugate is due to its
components [3]. If conjugates include MAbs, their
quality indices depend on specificity, affinity, sta-
bility, and purity of antibodies; on the other hand,
these indices are also dependent on enzyme activi-
ty, purity, and stability.

Second, the conjugate quality is influenced di-
rectly by the method used for its synthesis. From this
point of view, the next “critical points” should been
taken into account. All reagents used for conjuga-
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tion must influence as minimally as possible on the
activity of enzyme molecules. It is also important to
control the presence of non-bound Ig molecules in
conjugate preparations, their activity leading inevi-
tably to decreased conjugate sensitivity. Non-bound
enzyme molecules in conjugate preparations may be
a cause of increased background signal [30, 37].

Third, an extremely important factor is the con-
jugate’s enzyme/antibody ratio. In different test-
kits conjugates of different molar enzyme/antibody
ratios are used [16, 24]. To overcome the effect of
high serum HBsAg levels during the performance of
sandwich ELISA modification it should use MAbs-
containing conjugates with polymeric HRP, an Ig
molecule having bound up to 10 HRP molecules [§].
At the same time, to obtain antispecies conjugates
aimed for the detection of antibodies against differ-
ent agents in indirect ELISA, it is useful to reach
molar enzyme/antibody ratios about 1:2 [16].

Fourth, the diagnostic value of conjugates is in-
dissolubly interconnected with their stability. Con-
jugates are the sole test-system components whose
instability leads to limited test-system shelf-life [6].
Because of such situation, multi-component stabi-
lizing substances are taken for conjugate storage in-
cluding albumin, oligosaccharides, phenol deriva-
tives, inorganic salts etc.

It is seen the quality of immunoenzyme conju-
gate is influenced by a lot of different factors. Even
the same conditions of the conjugate synthesis us-
ing different MAbs lead to different indices of prod-
ucts obtained while using them in different test-sys-
tems. That is why it is necessary to possess a wide
choice of antibodies against a given antigen: some-
times (and very often) only single or several MAbs
of the assortment available give satisfactory results
in a given test-system.

The evaluation of immunoenzyme conjugates
as components test-Kkit is usually carried out during
several steps [6].

Initial conjugate characterization is obtained us-
ing a special sera panel prepared for such aim; it is
usually an intra-manufactory sera panel of a giv-
en producer. This panel includes the sera of both
infected persons (citizens of a given country) and
healthy (non-infected) donors [12].

The results of such investigations are usual-
ly evaluated according to the test-system positivi-
ty coefficient — ratio between positive sera optical
density (OD*) and limit value, or cut off (CO). In
its turn, the CO is determined according to the for-
mula: CO = OD~ + 30, where OD~ is the value of
mean OD for negative samples, and o is the stan-
dard deviation of negative sera OD values [7].

Ky

Further characterization (evaluation of their
sensitivity and specificity indices) must be carried
out for conjugates with the best results obtained
during their control using different sera panels.

It is known the sensitivity is the index describ-
ing the test-system ability to catch maximally possi-
ble quantity of truly positive sera. This index reflects
the percent of infected persons/animals which may
be detected due to the use of a given test-kit [7].

The evaluation of test-system sensitivity is usu-
ally carried out according to the recommendation
of the WHO, CDC (USA Centers for Disease Con-
trol and Prevention), FDA (USA Food and Drug
Administration); the investigations are aimed to
determine the test-system ability to detect positive
sera in standard control panels [12].

Leading manufacturers produce two different
the most important panel sera types to verify the
test-kit quality — low titer sera and seroconversial
sera panels.

Seroconversional sera panels are sera assort-
ments taken from the same donor at different inter-
vals from the moment of infecting assumed. Such
panels enable to determine a possible term post in-
fection following which it the test-system studied
may catch antibodies to the agent of interest [7]. Us-
ing such panels it is easier to select an immunoen-
zyme conjugate assuring the shortest “seroconver-
sial window” with a test-system being elaborated.

Low titer sera panels are sera assortments con-
taining low antibody levels to a given agent [12].
The most sensitive conjugates are to be selected us-
ing such panels; the test-systems give in such cases
the least quantities of false-positive results.

Another index of a test-kit diagnostic value is its
specificity, i.e. its ability to determine exclusively
the compound for which the test-system has been
developed; this index describes the test-kit ability to
register false-positive responses; their part is mini-
mal for good tests [12].

The specificity index should be determined us-
ing a wide assortment of negative sera which had
been previously characterized in other test-systems
or with other conjugate preparations.

According to the recommendations of the WHO
experts, the sensitivity and specificity indices of
preparations must meet the minimal requirement
and not be lower than 99 % and 95 %, respective-
ly [12].

Therefore, to evaluate the suitability of anti-
body-enzyme conjugates for ELISA test-systems,
the researches should be carried out determining
the sensitivity and specificity indices as well as in-
vestigations permitting to ascertain the conjugate
stability during prolonged storage.
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CONCLUSIONS

1. This review sums up the available data of sci-

entific literature on the current methods of obtain-
ing antibody-enzyme conjugates.

2. The authors discuss different approaches per-

mitting to describe diagnostic value of antibody-en-
zZyme containing conjugates.
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0.10.Tanxin. Ilioxodu do cunmesy imynogep-
MEHMHUX KOH 102amieé ma ouiHKu ix 6UKOPUCMAH-
HA 024 diazHocmuKu iHdexuilinux 3axeoproéans.
Kuis, Yxpaina.

Knouoei cnosa: anmumina, pepmenmu, 3uiu-
BANLHI peazenmu, IMYHODepMenmHi Kon 10zamu, imy-
HOpEePMEHMHi mecm-CUcmemu, Cmanoapmi nameui cu-
POBAMOK, cneyuiunicms ma wymaugicms anaisy.

B ozns0i nimepamypu y3azaivneno aimepamypii
dami w00 nidxodie 0o odepicanis Kom'1ozamis anmi-
min (Y momy Yucui i MOHOKIOHAILHUX ) 3 hepmenmamu.
IIpoananizosano micue i pov mexuixu 6ioxon 102auii
6 po3pobui ma GUPOOHUUME] CYUAcHUX iMyHODep-
MEHMHUX mecm-cucmem 0ist 0laznoCmuKy ingexuii-
HUX 3AX60PI0BAHD, BUSHAUEHNS peuosun mouo. 1Ipo-
ananizosano Kpumepii, 6i0 SKUX 3aieHCUMDb AKICMb
00epPICYBANUX  IMYHODEPMEHMHUX  KOH H02amie, ma
posznsnymo nioxoou 00 ouinku ix Odiaznocmuunoi
SAKOCMI.

A.JO.Tanxun. Iooxodvt k cunmesy ummymo-
depmenmuvix KOHBI02AMOE U OUEHKU UX UCHOJIb-
308anus 0N OUAZHOCMUKU UHDEKUUOHHBLX 3a60-
neeanuii. Kues, Yxpauna.

Knoueesvte cnoea: anmumena, gpepmenmot, cuili-
BANUWUE PEAZeHMbL, UMMYHOPEPMEHMHbIE KOHBIOZA-
mol, UMMYHODEPMEHMHBIE MECM-CUCTEMbL, CMAH-
dapmuvle namenu CblBOPOMOK, CREUUDUUHOCTID U
UYECMBUMEILHOCTb AHAUSA.

B ob3ope numepamypur 0600wenvl sumepamyp-
Hole danmvle 0 NO0X00ax K NOIYUCHUI) KOHBHZATNOG
anmumen (8 mom wucie u MOHOKJIOHATLHBIX) C pep-
menmamu. IIpoananusuposanvt mecmo u poiv mex-
HUKU OUOKOHBIOZAUUU 8 PA3PAOOMKE U NPoU3Bodcmae
COBPEMEHHDIX  UMMYHODEPMEHMHBIX  MeCm-CUCTEM
01t OUAZHOCTNUKY UHDEKUUOHHBIX 3a001€6aNHUIl, ON-
pedenenus eewecms u m.0. Ilpoananusuposanvl kpu-
mepuu, 0m KOmopbLx 3A6UCUN KAYECME0 NOYUACMBIX
UMMYHODEPMEHMHBIX KOHBI02ANOB, U PACCMOMPEHDL
1n00x00bL K oueHKe ux QUazHOCmMuYecKk0z0 Kauecmasa.

Haoiiuna do pedaxuii 12.10.2010 p.
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