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Proteins A, G and L are native or recombinant proteins of microbial origin that bind to mammalian
immunoglobulins. Preferably recombinant variants of proteins A, G, L are used in biotechnology for
affinity sorbents production. Comparative characteristics of proteins A, G, L. and affinity sorbents on the
basis of them, advantages and disadvantages of these proteins application as ligands in the affinity chro-
matography are done. Analysis of proteins A, G, L properties is presented. Binding specificities and
affinities of these proteins differ between species and antibody subclass. Protein A has high affinity to
human IgG1, IgG2, IgG4, mouse IgG2a, IgG2b, IgG3, goat and sheep IgG2, dog, cat, guinea pig, rabbit
IgG. Protein G binds strongly to human, mouse, cow, goat, sheep and rabbit IgG. Protein L has ability of
strong binding to immunoglobulin kappa-chains of human, mouse, rat and pig. Expediency of application
of affinity chromatography with usage of sorbents on the basis of immobilized proteins A, G, L are shown
for isolation and purification of antibodies different classes. Previously mentioned method is used as an
alternative to conventional methods of protein purification, such as ion-exchange, hydrophobic interac-
tions, metal affinity chromatography, ethanol precipitation due to simplicity in usage, possibility of one-
step purification process, obtaining of proteins high level purity, multiuse at maintenance of proper sto-
rage and usage conditions. Affinity sorbents on the basis of immobilized proteins A, G, L are used not only
for antibodies purification, but also for extraction of different antibodies fractions from blood serum.
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Nowadays antibodies are widely used in
the medical biotechnology and fundamental
research, purity level of antibodies has a great
importance fortheir application. Combinations
of separate methods, particularly, ethanol
precipitation and different methods of
chromatography (ion-exchange, hydrophobic
interactions and metal affinity) are used for
obtaining of great amounts of antibodies
with high level of purity [1]. But these
methods are nonspecific, application of them
leads to the particular loss of antibodies
functional activity. High productivity
way for antibodies obtaining is affinity
chromatography with application of sorbents
on the basis of immobilized immunoglobulin
binding proteins, particularly, recombinant
protein A Staphylococcus aureus, protein G
and peptostreptococcal protein L (PpL). This
method is widely used for purified antibodies
fractions obtaining from cultural and ascitic
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liquids,bloodsera;andalsoforimmunosorbtion
of autoantibodies and immune complexes from
blood plasma of ill people [2, 3].
Immobilization of protein ligands, for
example proteins A, G, L, on the chemically
activated matrices can lead to the loss of their
functional activity. That’s why creation of
new affinity sorbents with high activity is
very important and is very perspective area
of research in pharmaceutical biotechnology.
Protein A can be effective for application as
ligand in the affinity chromatography due
to the fact that each of its five domains can
specifically interact with constant domains of
antibodies; and this provides specific binding
with IgG of different animal species and human
[4]. Proteins G and L can be also successfully
used as ligands in the affinity chromatography
because protein G like protein A binds to the
Fc domain of the human IgG, protein L binds
through kappalight chain interactions without
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interfering with an antibody’s antigen-binding
site [5, 6].

In the review main advantages of proteins
A, G, L application as ligands in the affinity
chromatography are determined, those are
concerned with the possibility of one-step
high level purification of antibodies different
classes, or with different antibody fractions
from blood serum extraction. Information,
concerning affinity sorbents on the basis
of immobilized proteins A, G, L and their
application, is analyzed.

Properties
of immunoglobulin-binding proteins

SPA structure and mechanism of interac-
tion with immunoglobulins

Staphylococcus protein A (SPA)is42-kDaa
cell wall-associated protein of Staphylococcus
aureus. SPA consists of five highly homologous
domains E, D, A, B, and C (Fig. 1), all with IgG-
binding activity, and region XM by means of
which protein A is anchored to the cell wall, a
signal sequence (S) processed during secretion
of SPA (Fig. 2)[1, 7].

Each of the five domains in SPA is arranged
in an antiparallel three a-helical bundle of
approximately 58 amino acids and the three
dimensional structure is stabilized through a
hydrophobic core.

SPA possesses two distinct immunoglo-
bulin-binding activities: each domain can
bind the constant region Fc-region of IgG

Fig. 1. Structure of domain B of SPA, homologous
to domains A, C, D, E in ribbon presentation

Fig. 2. The schematic structure of SPA

and variable fragment Fab-region that is
responsible for antigen recognition. 11 amino
acid residues of helix 1 and helix 2 of SPA
interact with constant region of IgG molecule.
D and E domains of SPA interact mainly with
Fab domains of immunoglobulin and have very
low affinity to its Fc domain, while A, B, C
domains bind strongly to the immunoglobulin
Fc domain [8]. SPA interacts strongly with
human IgG1l, IgG2 and IgG4, mouse IgG2a,
IgG2b, IgG3, rabbit IgG, sheep IgG2 (Table 1).

Binding site of immunoglobulins with SPA
for most IgG subclasses is localized on the
region of heavy chain which includes CH2 and
CHS3 domains [1, 9]. This property is widely
used for antibodies purification. SPA can
be used for immunoglobulins fractionation
because it has different affinity degree for
immunoglobulins different subclasses.

SPA stability. SPA has a high conformatio-
nal stability, remarkable resistance to physico-
chemical stress and proteases action. SPA is
stable in a wide pH range (2.0-11.0) and is
able to refold after treatment with denaturing
solutions such as urea and guanidine salts. The
lack of cysteine residues allows SPA cleaning
with reducing agents [10].

Protein G. Structure and mechanism of
interaction with immunoglobulins

Protein G with molecular weight 30 000 Daltons
is a cell-surface protein from Streptococcus:
it contains in its structure multiple copies of
two different small domains (COOH-termi-
nal and NH,-terminal domains) which can
independently bind albumin and IgG. The
COOH-terminal domain is responsible for IgG
binding, whereas NH,-terminal domain of the
protein binds human serum albumin (HSA)
[11, 12]. This property of protein G is used
for extraction of albumin form blood serum.
Protein G binds all the four subclasses of
human IgG[12].

Protein G binds to the Fc fragment of
immunoglobulins [13]. Protein G has three
immunoglobulin-binding domains (C1, C2 and
C3), each of 55 amino acid residues. It has been
reported the X-ray crystallographic structure
of the C2 fragment of protein G and the Fc
domain of human IgG complex. The binding
site of protein G is located on the interface
between the CH2 and CH3 domains of the Fc
domain of IgG (Fig. 3) [5, 12].

Protein G binds stronger than protein A
to polyclonal IgGs from cow, horse, and sheep
[5]. Protein G has a higher affinity for IgG

35



BIOTECHNOLOGIA ACTA, V.7, No 2, 2014

Table 1. Binding of different antibodies to SPA

Species Subclasses Binding to SPA Species Subclasses Binding to SPA
IgG1 Strong binding 1gG Nonbinding
IgG2 Strong binding Rat IgM Nonbinding
Human I1gG3 Weak or nonbinding Rabbit IgG Strong binding
IgG4 Strong binding IgM Nonbinding
IgA Nonbinding IgG1 Nonbinding
IgM Nonbinding Sheep IgG2 Strong binding
IgG1 Weak or nonbinding IgM Nonbinding
1gG2a Strong binding I1gG1 Weak or nonbinding
Mouse 1gG2b Strong binding Goat 1gG2 Weak or nonbinding
I1gG3 Strong binding TgM Nonbinding
IgM Nonbinding

Fig. 3. X-ray crystallographic structure
of protein G C2 fragment (blue color) interacting
with human IgG Fc domain (green color)

than SPA, binding constants of SPA and G are
8,02:10% and 3,29-10* respectively. Protein
G binds with greater capacity than SPA to
several IgG subclasses such as human IgG3,
mouse IgG1 and rat IgG2a [6]. Consequently,
protein G can be effective in immunoglobulins
purification when SPA cannot be used. Both
SPA and protein G ligands are useful during
antibodies purification and fractionation by
affinity chromatography for different classes
and subclasses of antibodies isolation [13].

PpL structure and mechanism of inter-
action with immunoglobulins

PpLL is an immunoglobulin-binding
protein that was originally derived from the
bacteria Peptostreptococcus magnus, but now
it is produced as recombinant protein. The
structure of PpL is comprised of two anti-
parallel B-hairpins and one o-helix (Fig. 4).
The two hairpins have similar length [14].
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The 62-residue immunoglobulin-binding
domain of PpL consists of central o-helix
packed on four-stranded p-sheet formed by
N- and C-terminal B-hairpins. The overall
topology of the protein is quite symmetric: the
B-hairpins have similar lengths [16].

PpL has the unique property to bind to kappa
lightchainwithoutinteractionwithanantibody’s
antigen-binding site. PpL, unlike SPA and
protein G, has the ability to bind a wider range of
immunoglobulin classes and subclasses such as
humanlIgG2,IgG4, humanand mouseIgM, IgG1,
IgG3, human IgA, human IgD, mouse and rat
IgG2a, IgG2b, rat IgG2c, IgG1. In addition, PpL
binds to single chain variable fragments (scFv)
without interfering to antigen binding site. PpL
binds kappa I, IIT and IV human light chains, but
not to kappa II in human and kappa I on mouse.
PpL recognizes 50% of human and more than
75% of murine immunoglobulins [6, 17, 18].
PpL binds weakly to rabbit immunoglobulins
and does not bind to bovine, goat or sheep
immunoglobulins[19]. All these properties make
PpL an excellent one in application as ligand in
the affinity chromatography, giving possibility
of recombinant ScFv molecules purification,
human and mouse IgM, IgG1, human IgD, IgA,

Fig. 4. Three-dimensional of PpL structure, of four
B-sheets (I, II, III, IV) and one a-helix V [15]
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rat IgG1 isolation from blood serum. So, affinity
chromatography with application of sorbents on
the basis of immobilized protein L has advantage
over other ways of antibodies purification.

Application of SPA in the affinity chroma-
tography

There are many papers concerning IgG
classes and subclasses isolation using method
of affinity chromatography with application
of affinity sorbent with immobilized SPA
on the Sepharose. In biotechnology affinity
chromatography with application of sorbents
on the basis of immobilized SPA is one of
the best technique for the purification of
monoclonal antibodies to homogeneity, due
to its simplicity and high degree of antibody
specificity, it is applied for immunosorption
of antibodies from blood for diabetes mellitus,
rheumatoid arthritis and other autoimmune
diseases treatment.

SPA, immobilized on the Sepharose, pro-
vides oriented immobilization of IgG (Fig. 5).

Fig. 5. Schematic drawing of immunoglobulin G,
oriented immobilization by usage of SPA,
covalently attached to Sepharose:
covalent bonds are shown as full lines

Today high performance immunoaffinity
chromatography (HPIAC) is applied. SPA is
usedasacoatingtoeithersolidorcontrolled pore
glass beads by cross linking with carbodiimide
application. This attachment helps to orient
the antigen receptors of the antibody toward
the mobile phase of the column. SPA binds to
Fc domains of immunoglobulins by means of
hydrophobic interaction [1].

Affinity sorbents on the basis of an immobi-
lized SPA
Affinity sorbents on the basis of the
immobilized SPA are available from several
commercial suppliers and vary with respect
to the source of the SPA (natural wild type or
recombinant protein), chemistry of immobili-
zation, and beads’ characteristics of a sorbent.
The two leading manufacturers of affinity

sorbents on the basis of the immobilized SPA
are General Electric (GE) Healthcare and
Millipore.

In affinity sorbent recombinant SPA is
immobilized on the Sepharose. SPA is coupled
via the C — terminal cysteine to the cyanogen
bromide (CNBr) — activated Sepharose matrix
through a single thioether linkage. Thioether
coupling allows the ligand to extend farther
into the mobile phase than would be possible
for a laterally immobilized ligand, and this
improves antibody binding [9]. In addition
effective coupling of SPA molecule to the
sorbent matrix provides absence of sorbent
leaking, obtaining of pure antibodies fractions.

By means of geneticengineering techniques
B domain of SPA was modified, and on its
basis a new ligand was created in the form of a
tetramer of four identical modified B domains.
The absence of D and E domains of SPA in the
given ligand also helps to eliminate variable
region interactions, ligand interacts only with
antibodies Fc domains. As a result antibodies
binding heterogeneity is reduced, i.e. ligand
binds only antibodies with high affinity to
it. A newly developed sorbent, MabSelect
SuRe, withstands strong alkaline conditions
allowing the repeated use of 0.1-0.5 M NaOH
for cleaning and sanitization.

The sorbent with the immobilized SPA on
porous glass (ProSep A), on coated porous poly-
styrene materials (POROS) are also produced
commercially.

Process of affinity chromatography with
application of sorbents with the immobilized
SPA provides 5- to 10-fold increase of the
product concentration [10]. Antibodies purifi-
cation with application of affinity sorbents on
the basis of the immobilized SPA is effective
due to its physicochemical stability and low
operating expenses associated with sorbent
cleaning and re-usage.

Antibodies purification procedure

A typical chromatogram of antibodies
purification procedure by the way of usage
of affinity chromatography with application
of the sorbent on the basis of the immobilized
SPA is shown in Fig. 5.

Loading/Binding. Most of the monoclonal
antibodies currently being used or investigated
for therapeutic applications are human
molecules belonging to IgG classes 1, 2, or
4, all of which bind strongly to SPA. To the
solution appointed for antibodies dilution
before applying to the chromatographic
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column packed by the sorbent with immobilized
SPA, salt may be added for encouragement
of monoclonal antibody binding to the SPA,
and ethylene diamine tetraacetate to reduce
proteolytic degradation, which leads to ligand
loss. Monoclonal antibodies purification process
runs several cycles on the above mentioned
chromatographic column to purify asinglebatch.
This reduces capital costs for such operation.

Washing  procedure. For maximum
removal of nonspecifically bound material,
pH of washing solution must be low in order
to untimely elution of antibodies does not
begin. In such way buffer solutions with
different combinations of salts and deter-
gents, salts and solvents, salts and polymers,
and high concentrations of Tris (hydroxy-
methylaminomethane) buffer can be used.

Elution. Elution pH is typically set at the
highest possible value while maintaining high
product yield. Ureais an effective hydrogen donor/
acceptor that can outcompete hydrogen bonds,
it could possibly be used at low concentrations to
facilitate protein elution and keep product stability.
Elution process on chromatographic columns
packed with the sorbent with the immobilized SPA
is conducted at low temperatures in order to avoid
proteins aggregation.

Regeneration. The ability of the sorbent with
the immobilized SPA to withstand a significant

number of its reuse cycles is an important factor
for high effective antibodies purification process
for therapeutic and laboratory application in
pharmaceutical biotechnology. Regeneration of
the sorbent with the immobilized SPA is typically
carried out with low NaOH concentrations
(typically <100 mM) usage because native or
recombinant SPA is stable in slightly alkaline
conditions[10].

Thus, antibodies purification process
with application of the sorbent on the basis
of the immobilized SPA provides ease and
simplicity of purification process development
and performance, high degree of protein
purity because of several cycles performance.
Consequently, large purification factor value
obtained from this process step helps to simplify
the entire downstream process of antibodies
purification. Such proteins purification process
is also economically beneficial because it doesn’t
need equipment for antibodies additional
purification by other types of chromatography.

Immunoadsorption on affinity sorbents
with immobilized SPA application

SPA is used for autoimmune diseases
treatment in clinical practice. Immuno-
adsorbtion (IA) with application of SPA
sorbents columnsenablestobind antibodiesand
immune complexes and causes modification

Fig. 6. A chromatogram of antibodies purification procedure by affinity chromatography
on the sorbent with immobilized SPA application
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of immune response. IA is effective for
treatment of glomerulosclerosis, idiopatic
thrombocytopenic  purpura, rheumatoid
arthritis, diabetes mellitus, and also used
in kidney transplantation. According to the
clinical studies during treatment the level of
immune complexes decreases [20—22].

Dilated cardiomyopathy is a chronic myo-
cardial disease which results in progressive
ventricular enlargement, myocardial contr-
actile dysfunction. It causes heart failure,
consequently, necessity of hearttransplantation
arises. Diabetes mellitus is a metabolic disorder
resulted in severe systemic consequences:
increased levels of IgG, IgG3, significant
cardiovascular morbidity and mortality. IA
improved myocardial inflammation in patients
and decreased antibodies level in blood. IA
was conducted applying columns with SPA,
immobilized on the agarose (Immunosorba,
Fresenius Medical Care, Bad Homburg,
Germany). Consequently, IgG level decreased
from 10.7 g/L to 1.1 g/L (by 89.7%) and IgG3
from 0.6 g/Lto0 0.2 g/L (by 66.7% ) [23, 24].

Such dangerous autoimmune disease
as systemic lupus erythematosus causes
autoantibodies production, for example,
anti-double-stranded DNA antibodies, and
circulating immune complexes. Clinical trial
in 20 systemic lupus erythematosus patients
(two groups with 10 patients in each) showed
the efficacy of two different adsorption
columns and an 80% clinical response after
1 month (Immusorba and Ig-Therasorb) [25].

Therefore, IA with SPA is very useful tool
for diseases therapy, which is concerned with
increased levels of antibodies in the blood. TA
enables an efficient isolation of antibodies and
immune complexes from patients’ blood, thus
improves their feeling, and prolongs clinical
benefits.

Protein G application in affinity chromato-
graphy

In the affinity chromatography recombi-
nant form of protein G, molecular weight 22 000
Da, is usually used. In this variant of protein G
albumin- and cell surface binding sites have been
eliminated in order to reduce nonspecific binding
during purification of immunoglobulins. This
advantage gives opportunity of recombinant
protein G application for albumin separation
from crude human immunoglobulin samples.

Immobilized protein G is most commonly
used for the purification of mammalian
monoclonal and polyclonal antibodies that do

not bind strongly to SPA. Optimal binding for
most immunoglobulins to protein G occurs at
pH 5.0, although more neutral Tris-HCI or
phosphate buffers for binding (pH 7.5) have
been used in many studies.

Affinity sorbents with an immobilized
protein G, packed into chromatographic
columns, are available commercially today.
The most popular manufacturers of sorbents
on the basis of the immobilized protein G are
Pierce and General Electric (GE) Healthcare.

Sorbents on the basis of the immobilized
protein G of Pierce manufacturing the recom-
binant form of protein G immobilized to either
6% cross-linked beaded agarose or UltraLink
Biosupport chromatographic matrix are
applied. Both types of sorbents with the
immobilized protein G are leach-resistant
and obtained matrix provides a minimal
nonspecific binding. Both affinity sorbents
can be regenerated and reused multiple times
when stored properly [17]. Such advantages of
sorbents on the basis of theimmobilized protein
G provide obtaining pure immunoglobulin
fractions without contaminant proteins, time
expenses reduction and application of such
inexpensive reagent as NaOH for the sorbent
regeneration and cleaning.

GE Healthcare produces affinity sorbent on
the basis of the recombinant protein G. Protein
G isimmobilized on the sepharose, activated by
the cyanogens bromide (CNBr). Such oriented
immobilization of protein G provides higher
exposure of mobile phase to this ligand, which
gives possibility of obtaining of high yield of
separated IgG (Table 2).

The sorbent on the basis of the immobilized
protein G from manufacturer GE Healthcare
has such advantages: maintaining of the
IgG binding capacity and recovery after
storage in all commonly used aqueous buffers

Table 2. The dynamic IgG capacity of the sorbent
on the basis of the immobilized protein G
on sepharose for various species
(evaluation performed at GE Healthcare)

Species Total IgG capacity (mg/ml)
Human 17
Rat 7
Sheep 18
Rabbit 19
Goat 19
Guinea-pig 17
Cow 23
Mouse 6
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and denaturants such as 6 M guanidine
hydrochlorideand 8 M urea, and chaotropic salts
such as 3 M sodium isothiocyanate; binding of
IgG over a wide pH range. The affinity sorbent
may be sanitized by washing with 70% ethanol.

Some of the most important application
areas for this affinity sorbent are the isolation
and purification or the removal of IgG
from serum, the purification of monoclonal
antibodies. In cases when IgG binds more
strongly to the protein G than to the SPA
(or binds little or doesn’t bind to SPA), the
sorbent on the basis of the immobilized protein
G becomes a valuable tool to increase yield of
immunoglobulins.

Purification of IgG from serum can be
carried out effectively in a single step with
the sorbent on the basis of the immobilized
protein G. IgG from human, cow, horse,
sheep, guinea-pig, dog, rabbit, mouse, and rat
can be successfully purified. Because of its
binding characteristics, the affinity sorbent
on the basis of the immobilized protein G (GE
Healthcare) is a valuable tool for the separation
of antibodies from biological liquids, cell
cultures. In fact, affinity chromatography
with application of this sorbent is suitable for
separations from cell culture fluid, where it is
necessary to purify rapidly large volumes [26].

There are many scientific articles in the
field of pharmaceutical biotechnology that
describe application of affinity chromato-
graphy using affinity sorbents on the basis
of the immobilized protein G for antibodies
purification.

The recombinant human anti-Rhesus D
antibodies of IgGl-subtype, produced by a
Chinese Hamster Ovary cell line, were purified
using affinity sorbent on the basis of the
immobilized protein G. Yield of antibodies was
57% [27].

Recombinant human monoclonal IgGl
antibodies produced by a transfected Chinese
hamster ovary (CHO) cell line were purified by
application of affinity sorbent “Poros G” on
the basis of the immobilized protein G using
elution buffer of composition 0.1 M acetic acid
and 0.15 M sodium chloride at apH of 2.5. Yield of
antibodies was 4.64 mg/1[28—31]. Monoclonal
antibodies IgGl to progesterone, obtained
from hybridoma cell line, were purified also
using the affinity sorbent on the basis of the
immobilized protein G [32].

Affinity chromatography with application
of sorbents on the basis of the immobilized
protein G for isolation of antibodies can
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be used in medical biotechnology, e. g. for
isolation of autoantibodies to cytokines from
human serum. Autoantibodies to cytokines
can contribute to disease predisposition
or pathogenesis. To describe the role of
anti-cytokine autoantibodies in disease
pathogenesis, it is important to quantitate
accurately the levels of such autoantibodies
in different patient groups. This can be made
using enzyme-linked immunosorbent assay
(ELISA). Isolation of IgG autoantibodies to
tumor necrosis factor (TNF) from human
serum was performed by the method of
affinity chromatography with application of
sorbent with the immobilized protein G on the
Sepharose (GE Healthcare). Antibodies were
eluted applying elution buffer (0.1 M Glycine—
HCI, pH 2.5). Affinity chromatography with
application of sorbents on the basis of the
immobilized protein G enables to isolate of
all four subclasses of immunoglobulin G to
TNF and to conduct further analysis of their
content applying ELISA [33—-36].

Thus method of affinity chromatography
with immobilized protein G has great number
of advantages over other methods of proteins
purification because it enables to purify
antibodies for different purposes (e.g., in
industrial biotechnology purification of
recombinant antibodies from cell cultures,
antibodies purification for application in
medical diagnostics of diseases), high level
of antibodies can be achieved without any
particular losses.

Recently, high-performance magnetic
affinity particles with immobilized genetically
engineered fused protein A/G are applied for
antibody purification. Such manufacturers
as Thermo Scientific Pierce, BioVision etc.
are produced such particles with immobilized
Protein A/G. Protein A/G is a recombinant
fusion protein which combines four Fec-
binding domains from SPA and two domains
from protein G. It can bind antibodies of a
great variety from a wider range of animal
species and a wider range of isotypes than
either protein alone. These magnetic beads
with the immobilized protein A/G have such
advantages: low non-specific binding, sorbent
losses elimination, obtaining of clean separate
immunoglobulin fractions. They allow rapid
antibody fractions obtaining of different
classes and subclasses. Such method is very
valuable for both fundamental research and
laboratory clinical tests [37].
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PpL application in affinity chromatogra-
phy and immunoassays

PpL is very useful for purification of
monoclonal antibodies containing kappa light
chains from culture supernatant because
it doesn’t bind bovine immunoglobulins,
which are present in the media serum
supplement. Also, in contrast to proteins A
and G, PpL is very effective at binding IgM.
Although it binds to the Fab portion of the
immunoglobulin monomer, PpL does not
interfere with the antigen-binding site of the
antibody, in contrast to SPA, which binds both
Fab and Fc domains of immunoglobulin during
purification procedure. Therefore, PpL is used
in immunoprecipitation procedures and as a
ligand in the affinity chromatography [17].

In 2007 Roque et al. described the applica-
tion of an affinity sorbent on the basis of an
immobilised PpL of trademark ImmunoPure
for purification of goat serum and human
serum. The percentages of human IgG and Fab
fragments obtained from this affinity sorbent
with the immobilized PpL were 756% and 70%,
respectively. 0.1M glycine-HCI buffer, pH 2.0,
was used [38].

PpL interacts mainly with region 1 (FR1)
of kappa light chain without interfering with
the antigen-binding site of the antibody.
That’s why, PpL could be used not only for
the purification of human scFvs but also as
a secondary reagent to detect antigen—scFv
complexes in immunoassays. So this is one
of the advantages of PpL that marks it out
proteins A and G [39].

Thus in 2009 Muzard et al. reported
a quick, easy, and efficient method that
involves substituting a consensus sequence
for the N-terminal sequence of the antibody
VL domain that does not react with PpL. As
this sequence mimics the antibody pattern
recognized by PpL, so such substitution allows
the detection and purification of murine label-
free scFvs, obtained from E. coli culture,
and the immunodetection of antigens using
untagged antibody fragments [40].

Proteins scFvs were purified from
periplasmic preparations extracted from
bacterial culture onto an affinity sorbent
with the immobilized PpL on the agarose
(chromatographic column volume — 0.5 ml,
Pierce Biotechnology, USA). During the
purification process scFv molecules were
eluted at pH 3.0. Preparations of purified
scFvs were homogeneous, no contaminants
were detected.

PpL is a potentially valuable tool for the
purification, immobilization, and detection of
unlabeled scFvs even when they are associated
with their antigen [41]. The work of Muzard
et al. shows that DNA sequence introduction
of a PpL-binding site to the ScFv by means of
genetic engineering methods does not alter
antibody expression as a functional molecule
in genetically modified bacteria of Escherichia
coli HB2151. The sequence grafted onto the
scFvs is an ideal affinity tag which allowed
a single-step purification of each antibody
fragment [42].

One else example of PpL application for
antibodies purification is Cossins et. al.
research. Thelastobtained recombinant PpL, at
high yield, and this protein was used to produce
the affinity sorbent with the immobilized
PpL on the sepharose. PpL was shown to be
over 95% pure after sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS—
PAGE) analysis. PpL was coupled to a solid
matrix at an efficiency of 94-98% . Typical
yields of pure antibodies (>95% purity) were
in the range of 35—65 mg/L[43, 44].

There is also one example of PpL
application in the affinity chromatography
but in fusion with protein G, particularly their
DNA sequences of single light-chain binding
domain of PpL and single Fec-binding domain
of protein G. This study shows that despite a
small size of the protein (molecular weight is
16.5 kDa) each domain behaves independently
from each other with respect to the binding
characteristics. The PpL domain was able to
bind two equivalents of kappa light chains and
the protein G domain binds to Fc domain of
IgG. LG protein was expressed in E. coli cells
with yield 75 mg/I.

In order to obtain an affinity sorbent
with an immobilized protein LG it was
immobilized onto thiopropyl-activated aga-
rose through its C-terminal Cys residue and
packed in 1 ml chromatographic column.
This chromatographic column was used in
experiments for purification of human Fc
fragments, kappa chains, human Fc fragments
combined with kappa chains, yields were
released approximately 94.1% of bound hu-
man Fc¢ fragments, 87.8% of bound kappa
chains and 96.4% of combined bound human
Fc + kappa chains. This fact confirms that the
immobilized protein LG has the ability to bind
both human Fc fragments and kappa chains
simultaneously so it can be potential stable and
multi-valent affinity ligand [45, 46]. Protein

41



BIOTECHNOLOGIA ACTA, V.7, No 2, 2014

LG ligand allows purification and isolation of
immunoglobulins with high affinity to both
protein G and PpL from blood serum, ascite
fluids, and pure fractions obtaining of ScFv
molecules due to their binding by kappa chains
to PpL.

Due to its unique properties PpL has great
advantages as affinity ligand, because protein
L allows isolation of immunoglobulins wide
row, including human and mouse IgM, IgG1,
IgG3, human IgG2, IgG4, IgA, IgD, rat IgG2c,
IgG1l, mouse and rat IgG2a, IgG2b. What’s
more, PpL doesn’t interact with antigen-
binding site of antibodies, it interacts only
with kappa light chains of immunoglobulins.
Proteins A and G have not high affinity to
human IgM, IgA, IgD, ScFv fragments, don’t
bind to mouse IgM, but PpL is successfully
used to isolate and purify these antibodies.

Nowadays proteins A, G, L are used in
the affinity chromatography as ligands and
are applied for purification and isolation of
immunoglobulin different classes.

SPA binds strongly to human IgG1, mouse
I1gG3, rabbitIgG, sheepIgG2. Butboth SPA and
PpL interact strongly with human IgG2 and
IgG4, mouse 1gG2a, IgG2b. SPA is effective
ligand for the affinity chromatography due to
its high conformational stability, resistance
to physicochemical stress and proteases ac-
tion, stability in the wide pH range (pH 2,0—-
11,0). In addition, affinity sorbents with the
immobilized SPA are applied in the procedure
of immunosorption for autoimmune and other
diseases therapy.

Protein G is also successfully used as
ligand in the affinity chromatography due to
presence in its structure multiple copies of two
different small domains (COOH-terminal and
NHo-terminal domains). It can independently
bind albumin and IgG, immunoglobulins Fec
fragments. Protein G binds stronger than SPA
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IIporeinu A, G, L — 1e HaTUBHI Ta peKoMOi-
HaAHTHI IIpoTeiHn OaKTepiaJbHOTO ITOXOMKEeHHS,
110 3B’s3YIOThCA 3 iMyHOrJIOOyJIiHaAMHU ccaBIliB.
VY 6GioTexHosorii aasa BUpoOHUIITBA ah)iHHUX COP-
0eHTiB BUKOPUCTOBYIOTH II€PEBAKHO PEKOMOi-
HaHTHI BapianTu nporeinis A, G ta L. HaBeneno
HOPiIBHAJBHY XapaKTEePUCTUKY IMX IIPOTEeIHiB,
adginHNX cOpOeHTiB HA iXHill OCHOBI, IIepeBaru Ta
HeJOJIIKM 3aCTOCYBAaHHS SK JIiraHAiB B a(imuiit
xpomartorpadii. Ilomano amania BIacTUBOCTE
nporeiniB A, G ta L. CnenmudiunicTts 3B’ A3yBaH-
HA U adiHHICTH IIUX HPOTEIHIB PO3PiZHAIOTHCA
3aJIe’KHO BiJ BUAY TBApWH Ta IIIAKJIACy aHTUTIJ.
IIporein A mae Bucoky adinnicTs g0 IgG1, IgG2,
1gG4 moguuau, 1gG2a, I1gG2b, IgG3 mumri, IgG2
Ko3u Ta BiBIi, IgG cobaku, KoTa, KPOJIUKa, MOP-
cbkoicBuHKU. [Iporein G minHO 3B’ A3yeThbea 3 IgG
JIOIWHU, MUII, KOPOBYU, KO3H, BiBI[i Ta KPOJIUKA.
IIporein L mae 3maTHiCTH 40 MiIlHOTO 3B’sI3yBaH-
HA 3 JIETKUMHU Kallla-JaHI[JoraMu iMyHOTJI00Y-
JiHiB JIOAWHU, MUIII, IITypa Ta cBuHi. [lokazaHo
JIOIiJbHiICTE 3acTOocyBaHHA adiHHOI XpomMaTorpa-
(ii 3 BUKOpuUCTaHHAM COPOEHTIB Ha OCHOBi iMMoO-
6inmisoBanmx mpoteiHiB A, G i L gna Bumimenusa
Ta OUMINEHHS AHTHUTLJI PisHuMX KJjaciB. Bumiesa-
3HAUYEHUI METO]] 3aCTOCOBYIOTH AK aJIbTePHATHU-
BY TPAAUI[IAHUM MeTOJaM OUYUIIeHHS NPOTeiHiB,
TaKUM AK 10HOOOMiHHA, TiAPOMOOHUX B3aEMOilt,
MeTaso-adpiHHA XpomaTorpadisa, ocamKeHHA eTa-
HOJIOM, 3aBAAKY ITPOCTOTi, MOYKJIMBOCTI OJTHOCTA-
IiIAHOTO IIPOIleCY OUUIIeHHs, OfePKaHHsa IPOoTei-
HIiB 3 BUCOKHUM PiBHEM YHCTOTH, 0araTopasoBOTrO
BUKOPUCTAHHA 32 JOTPUMAHHA IPABUJILHUX YMOB
30epirannsa Ta ekcrayararii. AdinHi copbeHTU Ha
ocHOBi iMMo6isnizoBanux mporeiuniB A, G ta L 3a-
CTOCOBYIOTH He JINIIIE [IJIA OUNIIeHHA aHTUTLI, aje
¥ IJis BUOiIeHHA pisHUX iXHIX ()pakKIliit i3 cupo-
BaTKHU KPOBI.

Knarwuwosi cnoea: apinma xpomatorpadis,
cradiJIOKOKOBUI IPOTeiH A, MENTOCTPENTOKOKO-
Buii mpoTein L, mporeiu G.

HNCIIOJIb3SOBAHHUE
HMMYHOI'JIOBY IUHCBASBIBAIOIIINX
IIPOTENHOB A, G, L BA®GOPHHHON
XPOMATOI'PA®NU
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'HanuonanbHBIH aBUATIMOHHEIN YHUBEDPCHUTET,
Kues, Yxpauna
ZI/IHCTI/ITYT TeHeTHUUYeCKON 1 pereHepaTuBHOM
menunuuasl HAMH Ykpaunsl, Kues

E-mail: svyatenko@hotmail.com

ITporennnr A, G, L — 5T0o HaTUBHBIE U PEKOM-
OMHaAHTHBIE MPOTEUHBI OAKTEPUATHLHOTO ITPOUC-
XOMKAEHUA, KOTOPHIE CBA3HIBAIOTCS C MMMYHOTJIO-
OyJIMHAMUM MJIEKOIIUTAIONNX. B O0MOTEeXHOJIOrUU
Iia mpousBonacTBa ad@UHHBIX COPOEHTOB HC-
MOJB3YIOT MPEMMYIIECTBEHHO PEeKOMOMHAHTHBIE
BapuauThbl mpoTenHoB A, G u L. IIpuBenena cpas-
HUTeJbHAd XapaKTEepUCTUKA JBTUX IIPOTEWHOB,
apPUHHBIX COPOEHTOB HA MX OCHOBE, IIPEUMY-
IIeCTBa W HENOCTATKU MKCIIOJb30BAHUSA B Kaue-
cTBe JuraHaoB B ad@uHHON xpomaTorpaduu.
IIpencraBiern aHanms CBOMCTB mpoTenHOB A, G
u L. CoeniuuuHoCTb cBsA3bIBAHUS U apPUHHOCTH
JaHHBIX TPOTEMHOB PA3JINUYAIOTCSA B 3aBUCUMOCTU
OT BUJa "KUBOTHBIX U ITOAKJacca anTuTea. [Ipore-
uH A uMeeT BbICOKYIO adduuHOCTS K IgG1, IgG2,
1gG4 yenoseka, IgG2a, IgG2b, IgG3 mbrmu, IgG2
KO03bI 1 0BIIbI, IgG cobaku, KoTa, KPOJIUKa, MOP-
cKoli cBUHKH. IIporern G IpPOYHO CBA3BIBAETCS
¢ IgG uesoBeka, MBIIIU, KOPOBBI, KO3bI, OBI[BI
u Kposmka. [Iporeus L o61amaer criocOOHOCTHIO K
IIPOYHOMY CBA3BIBAHUIO C JIETKUMY Kallla-enaMu
VUMMYHOTJIOOYJIMHOB UeJIOBEKa, MBIIHN, KPBICHI U
cBuHbU. IlokasaHa I1e1eco00pPa3HOCTL IIPHMeEHe-
Husa ad@uHHON XpoMmMaTorpauu C MCIIOJIb30Ba-
HIEeM COpPOEHTOB Ha OCHOBE MMMOOMIMB0BAHHBIX
mporenHoB A, G u L 1y BbIfie/IeHNSA WM OUNCTKU
AHTUTEJ PA3HBIX KJACCOB. BhINIeyKa3aHHBIN Me-
TOJ WCIIOJIB3YyeTCA KaK aJbTePHATWBA TPATUIU-
OHHBIM METOJAaM OYKUCTKU IIPOTEUMHOB, TAKUM KaK
noHooOMeHHasA, ruApo(OOHBIX B3aMMOJEMCTBUI,
MeTa/Io-a)(puHHAA XpoMaTorpadgusd, ocarKaeHue
9TAaHOJIOM, 0Jarojaps IIPOCTOTE, BO3MOYKHOCTHU
OQHOCTAAUIHOTO IIPOIlecCa OUWCTKU, IIOJYyUEHU
ITPOTENHOB C BLICOKUM YPOBHEM YUCTOTHI, MHOTO-
KPaTHOTO TIPMMEHEeHUs IIPU COOJIIOJeHuU IIpa-
BUJIBHBIX YCJOBUM XPaHEHUA U SDKCILUIyaTalluu.
Addunubie copbeHTHI HA OCHOBE UMMOOUIN30BAH-
HBIX IPoTenHOB A, G u L ucmoss3yoT He TOJBKO
UL OUMCTKY aHTUTEJ, HO U IJI BBIJEJIEHUS pas-
JUYHBIX UX (PPaAKIINil 13 CBIBOPOTKY KPOBMU.

Kntwouesvle cnosa: apdpuunasa xpomarorpadus,

cTa@UIOKOKKOBBINI TpPOTENMH A, IMENTOCTPENTO-
KOKKOBBIY ITpoTenH L, npotens G.
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