
For decades, the structural and functional organiza�

tion of IgA has been the focus of interest of principle lab�

oratories worldwide as well as that of other immunoglob�

ulins. This has led to accumulation of an extensive data�

base about this object. Many features in structure and

function of IgA have become classics of biochemistry and

immunology, being cited in textbooks [1]. Now interest in

physical and chemical studies of IgA is considerably less�

er. Apparently, since 1988 the opinion of leaders in this

field includes that of a group of researchers headed by M.

Kerr, J. Woof, and J. Mestecky, who have published a

number of classical reviews [2�4].

However, in this field several fundamental problems

remain to be solved, these mainly concerning the switch�

ing of the isotypic allocation, functions of the effector

mechanisms in the secretory immunity, and a major

divergence in the idiotypic specificity of the antibodies in

different secretions of the same organism.

In the present review, we will not analyze the com�

monly acknowledged data about structure, biosynthesis,

and functions of human and animal IgA. We aimed to sys�

temize the facts that might contribute to elucidation of

new roles of IgA in immunity. We restricted data about

IgA primary structure by unifying amino acid residue

numbering and mass of fragments appearing from limited

proteolysis. The relevance of these data is substantiated

by the necessity of unifying nomenclature of the residues

when data of different authors are compared. This prob�

lem is often complicated by occurrence of a variable

region in the IgA structure that is nonstandard in length.

Ambiguous allocation of variable/constant region borders

by different authors leads to an average in the zero point

of the sequences. Besides, IgA preparations from different

natural sources are significantly heterogeneous in molec�

ular mass, apparently due to nonuniform O�glycosylation

of α� and J�chains. Variability of disulfide bond linkage is

another factor of heterogeneity. Therefore, the nomen�

clature of the sequences, the glycosylation, and the disul�

fide exchange are emphasized.

Traditionally, IgA functions have been restricted by

the primary antigen recognition in mucosal serous secre�

tions. For this reason, probable secondary effector mech�

anisms of the elimination of the recognized targets are

ignored. This is substantiated by poor transportability of

the components of these putative mechanisms to the
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outer space from the blood or tissue fluid. This point of

view does not seem to us convincing, since in human and

animal blood there is a great amount of IgA including

antibodies against many relevant antigens. Lack of elimi�

nating mechanisms for IgA�derived immune complexes

automatically makes these complexes a safe refugee for

different pathogens, which may use them as a masking

competitor against IgG, IgM, and lymphocyte receptors.

Involvement of hypothetical effector mechanisms of

IgA immune complex elimination is plausible only if free

IgA are clearly distinguishable from the IgA complexes.

Otherwise, the effector mechanisms would be nonspecif�

ic and dangerous for normal tissues of the host. This task

(as well as in IgG) may be solved by signal transduction

from Fab� to Fc�superdomain via conformational

rearrangements.

We considered the structural data about IgA interac�

tions with the known CD89 and the polymeric IgA recep�

tors as an appropriate tool for solving the above�men�

tioned tasks. We tended to take into account differences

in the studied human and animal IgA structure.

Specialized IgA�recognizing proteins from pathogenic

bacteria (IgA1 proteases and IgA�binding proteins) may

serve as another relevant tool for visualizing conforma�

Fig. 1. Amino acid sequences of the constant region of α�chains of human IgA1 and IgA2 and their covalent modifications. The main sequence

is shown for the monoclonal immunoglobulin Bur (class IgA1, SwissProt Accession Number 763134A) from Val117 until the C�terminal

residue Tyr472. For IgA2 allotypes 2m1 and 2m2, only residues different from IgA1 are shown, the gaps indicate missing residues (deletion).

Borders of the domain and functional blocks in the sequence are shown with vertical arrows. Designations: *, N�glycosylation sites; ⊗, O�gly�

cosylation sites; ≠, intrachain disulfide bonds (Cys145–Cys204, Cys196–Cys220 in CH1�domain; Cys266–Cys323 in CH2�domain;

Cys369–Cys432 in CH3�domain); ϒ, interchain disulfide bonds linking the heavy chain to other subunits: with L�chain (Cys133 in IgA1 and

Cys241 or Cys242 in IgA2m(2)), with the opposite α�chain (Cys241 and Cys299 in IgA1), with SC (Cys311 in secreted IgA), and with J�chain

(Cys471 in dimeric IgA).

Main hinge
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tional rearrangements in IgA induced by antigen binding.

Occurrence of such proteins interacting mainly with IgA

Fc�superdomains is an appropriate argument showing the

existence of IgA�dependent target elimination mecha�

nisms.

STRUCTURAL ORGANIZATION OF IgA

Primary structure of IgA heavy chains. In analysis of

the structural organization of the IgA class, the occur�

rence of two isotypes (subclasses), IgA1 and IgA2 [1],

derived from alternative splicing of the common primary

transcript [2] must be taken in account. The structure of

the constant region of the heavy chain in IgA1 is invariant

for the whole human population. In contrast, IgA2

include three different allotypes: (IgA2m(1), IgA2m(2),

and IgA2(n)). The primary structures of IgA1 and IgA2 in

human and other species are uniform along the whole

sequence except the hinge region between the Cα1� and

Cα2�domains (Fig. 1) [1]. The unique region of IgA1

(18 a.a., Pro223�Ser240) involves a Pro�rich twice

repeated motif of 8 a.a. (�Thr�Pro�Pro�Thr�Pro�Ser�

Pro�Ser)2 [3]. The length of the respective region in IgA2

is 5 a.a. Taking in account the protein secondary struc�

ture, Val222�Pro244 [4] or even Val222�Ser238 [5] are

included in the IgA hinge region. Occurrence of two Cys

residues (241 and 242), which may form disulfide bonds

between the opposite α�chains, is significant. The termi�

nological ambiguity of the hinge region location is the

only reason for different Cys number count in the hinge

region [3�5]. It is noteworthy that contradictory results of

protein mapping by different methods may be explained

by random including of the neighboring regions to the

hinge as well as variability of the molecular masses of the

protein fragments caused by different extent of their gly�

cosylation. For instance, work [4] reports unique deter�

minants of the hinge region in IgA1 Bur myeloma protein

spanning 26 a.a., which substantially exceeds the length

derived from the sequence.

IgA1 amino acid sequences in human, mouse, and

rabbit coincide by ~50%. In is noteworthy that the hinge

region between IgA Cα1� and Cα2�domains in the stud�

ied mammals other than humans and hominids is much

shorter and does not contain Pro�rich motifs [6, 7].

Domain organization of human IgA heavy chains. The

IgA1 heavy chain, embracing 472 a.a., forms four globu�

lar domains named VH (variable), CHα1 (Cα1), CHα2

(Cα2), and CHα3 (Cα3) (constant) (Fig. 2) [3]. VH and

CHα1 together with λ or κ light chains form the antigen�

binding Fab�superdomain. CHα2 and CHα3 form the

constant Fc�superdomain.

First, the domains were mapped based on the amino

acid sequence alignment of many Ig�superfamily pro�

teins. However, their allocation to the discrete

autonomously stable globules in the tertiary structure was

partially confirmed by data of Proteus mirabilis metallo�

protease cleavage [8]. Therefore, the VH�domain is com�

posed by 114�120 a.a, CHα1 and CHα2 encompass 93�

100 a.a., whereas CHα3 length is ~123 a.a. As mentioned

above, the spacers between CHα1 and CHα2 correspond

to the main hinge region of IgA1 or IgA2. The spacers

between CHα2 and CHα3 are 5 a.a. long in both IgA iso�

types. Thus, the linkage between CHα1 and CHα2 is

endowed with a great flexibility, whereas the 5�a.a. spacer

between CHα2 and CHα3 domains cannot provide sub�

stantial movement [4].

Cys133 in the CHα1�domain is responsible for disul�

fide bond formation between the IgA1 α�chain and the

light chain (L�chain). In the case of IgA2 allotype m2, the

functionally analogous bond involves Cys241 or Cys242

in the CHα2�domain. In IgA2 allotype m1, there is no

disulfide bond between α� and L�chains. In contrast,

both H� and both L�chains are paired with each other. In

this case, a steady structure of the IgA monomer antibody

is fixed by noncovalent interactions. Treatment of such

antibodies with SDS results in dissociation of the

monomeric molecule IgA2m(1) to H�chains and L�chain

dimers, which can be observed with non�reducing elec�

trophoresis in polyacrylamide gel as bands with apparent

masses ~120 and ~55 kD, respectively [2, 4, 9]. Cys241,

�242, �299, and probably �301 in the CH2�domain in

human, mouse, and rabbit are responsible for covalent

binding of the opposite α�chains in IgA1 and IgA2m(1).

Cross�linking of the non�symmetric Cys residues in the

opposite α�chains of IgA2m(2) (e.g. Cys241�Cys301 and

Cys242�Cys299) is hypothesized [4].

Fig. 2. Structure of human IgA1 (from [3]).
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As assessed by PAGE, molecular mass of IgA H�

chains is ~60 kD. This value is much greater than in IgG,

which might be explained by a bulky glycosylation of IgA.

In the hinge region of IgA1, there are two putative N�gly�

cosylation and five O�glycosylation sites. In IgA2, there is

no O�glycosylation site. The O�bound sugar composition

in myeloma serum IgA1 is relatively simple (a single site

bears an N�acetylgalactosamine residue; four others har�

bor residues of galactosyl�(β1�3)�N�acetylgalactos�

amine). Glycosylation of myeloma�derived IgA may dif�

fer substantially from the functionally active antibodies of

the same class. This may be illustrated by occurrence of

sialic acid and fucose beyond N�acetylgalactosamine in

the total hydrolyzate of the O�linked sugars from milk S�

IgA. The N�linked sugars are structurally heterogenic

even within monoclonal protein preparations and they

are rather branched [3].

Like the µ�chain in IgM, the C�terminus of the α�

chains in both IgA isotypes extends an 18 a.a. “tailpiece”.

The penultimate Cys471 residue in the tailpiece of either

of two α�chains may be linked with the J�chain, which

leads to formation of the dimeric IgA form. In circulating

IgA monomers, this Cys471 is prone to be linked with the

symmetric residue of the opposite α�chain. With a lesser

probability, it may be linked with non�symmetric Cys

residues of the opposite α�chain and even with non�

immunoglobulin blood proteins such as albumin or α1�

antitrypsin. In the most stable dimeric form, all Cys

residues are involved in intramolecular disulfide bonds

[3].

The J�chain gene is located in the 4q21 chromoso�

mal region of the human genome. As derived from EST

database search, it is expressed in T� and B�lymphocytes.

The J�chain precursor protein embraces 158 a.a. (pre�

dicted mass 18 kD) from which 22 a.a. are involved in the

leader peptide removed in the course of translocation to

the endoplasmic region and lacking in the mature protein

[10, 11]. Therefore, the predicted molecular mass of the

mature peptide part of the J�chain is ~15 kD. However,

N�glycosylation at Asn71 causes a considerable increase

in J�chain mass and decrease in its migration rate in

PAGE. The respective product exhibits molecular mass

heterogeneity.

The J�chain contains eight Cys residues, six of which

are linked within three intramolecular disulfide bonds

(Cys35–Cys123, Cys94–Cys114, and Cys131–Cys156).

Two others, Cys37 and Cys91, can be involved in linkage

with the tailpiece of the IgA α�chains [12�14].

BIOSYNTHESIS AND BIODISTRIBUTION

OF IgA IN HUMANS AND ANIMALS

IgA are the major element in humoral immunity in

mucosal secretions such as saliva, colostrums and milk,

and respiratory and urogenital tracts [4, 15�17]. Although

in human blood serum there is 5�7�fold less IgA than

IgG, IgA are presumed to be the most abundantly synthe�

sized class of antibodies in humans. Daily production of

IgA reaches ~65 mg/kg, which exceeds the total produc�

tion level of all other antibody classes [3].

IgA compose a significant share of the serum anti�

bodies in humans [3]. Antibodies are found at mucosal

surfaces of different mammals, most of these belonging to

IgA, not IgG or IgM, which dominate in serum (table)

[3].

More than 80% of human serum IgA is four�chain

basic monomers (heterotetramer formula 2α,2κ/λ). In

contrast, IgA in serum of other studied animals occur

predominantly as a dimer of the basic complex [4].

Although the dimer of the basic complex is usually con�

sidered to bear a single J�chain molecule, the share of

complexes with namely this subunit number has not been

thoroughly assessed. One may hypothesize that a certain

number of the dimers is linked with two J�chains, where�

as other basic monomers are directly cross�linked via Cys

residues in the tailpiece. Complexes of these structures

can be easily obtained in vitro with a treatment of natural

IgA with mild reducing and oxidizing agents, and these

are stable under storage [3]. The IgA dimers look as a

Liquor

Serum

Colostrum

Saliva

Intestinal secretion

Colonic secretion

Bile

Nasal mucous secretion

Bronchial secretion

IgA1/IgA2

89 : 11

65 : 35

63 : 37

70 : 30

35 : 65

74 : 26

95 : 5

67 : 33

Contents of IgA and IgG in human blood serum and secretions (from [3])

Polymeric IgA, %

13

96

96

95

–

65

–

82

IgA, mg/100 ml

328

1234

30.4

27.6

82.7

10.5

25.7

–

IgG, mg/100 ml

1230

10

4.9

34

86

18.2

5.8

1.8
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paired Y�shaped structure in electron microphotographs.

This confirms linkage of two monomer subunits in “tail�

to�tail” manner involving C�terminal regions of Cα3 [1].

The secreted human IgA (S�IgA) may belong to

either subclass (IgA1 or IgA2). Almost all are dimers with

sedimentation coefficient 11S and molecular mass

385 kD. The dimers are readily found in serous secretions

of the mucosa in a complex with a so�called secretory

component (SC) [1]. The SC contains 20 Cys residues.

The equilibrium constant of the purified SC versus the

dimer IgA is rather high (10–8 M–1). The SC is linked with

α�chain with one or more disulfide bonds (the most prob�

able counterparts for the linkage with SC in α�chain are

Cys299, Cys301, and Cys311 in the CHα2�domain).

Immunochemical competition tests exhibited the ability

of CHα3�domain for covalent linkage with SC independ�

ent of CHα2 [4, 18].

The completely assembled S�IgA molecules are typ�

ically composed with two IgA monomers, a single SC

(70 kD), and one J�chain (15 kD). The mechanism of the

intramolecular interaction and order of the disulfide bond

connection within S�IgA may be variable in conformity to

the conditions of the complex formation. However, most

authors acknowledge the theoretical S�IgA model delin�

eated in Fig. 3 to be the most probable [3, 4, 16, 17].

The SC is extensively glycosylated as well as the J�

chain. The latter contains 8% carbohydrates within a sin�

gle N�linked chain, whereas SC bears 22% carbohydrates

in 5�7 chains causing substantially greater molecular mass

of S�IgA than predicted from the amino acid sequence [4,

18].

Interdomain disulfide bonds of IgA molecule are

highly conserved. However, some Cys residues involved to

the bonds within certain domains may have varying loca�

tion in different animal species. Intrachain disulfide

bonds in the myeloma protein IgA1 Bur are composed

between Cys145 and Cys204, Cys196 and Cys220 in

CH1�domain, Cys266 and Cys323 in CH2�domain,

Cys369 and Cys432 in CH3�domain [4].

In contrast to J�chain, SC is an ectodomain of the

polymeric�Ig receptor (pIgR), which is synthesized in the

epithelial, not plasmatic cells that are responsible for IgA

uptake from the blood circulation and their excretion [13,

19, 20]. The dimeric IgA bearing J�chain only exhibit

affinity to pIgR, and this is prerequisite for their trans�

portation to the secretions. The monomeric IgA abun�

dant in the blood are not subjected to secretion [21�24].

IgMs bearing J�chain are also able to interact with pIgR.

The polymeric IgA interact with the ectodomain pIgR in

the course of the absorption from the blood and constant�

ly remain in the complex with it. pIgR processing leading

to ectodomain disjunction from the transmembrane

domain occurs after the complex internalization to the

cytoplasm of excretory gland epithelial cells. The

IgA–ectodomain complex is addressed to duct lumen at

the apical side of the epitheliocyte [22, 25].

Isolated Fc�fragments of IgA and IgM heavy chains

conserving polymeric structure due to junction with the

J�chain do not loose ability to interact with pIgR.

Specificity analysis of chimeric IgA/IgM molecules

obtained by expression of plasmid constructs in eukary�

otic cells with mutually exchanged C�terminal domains

of the heavy chains provided mapping of IgA regions

directly involved in pIgR binding. A chimeric IgA mole�

cule with Cα3 replaced for Cµ4 conserved the ability to

form a pentamer joined around a J�chain. On the other

hand, it formed a complex with pIgR ectodomain (SC).

In both IgA and IgM, the 18 a.a. tailpiece contains Cys

residues (Cys575 in µ�chain or Cys471 in α�chain)

essential for the disulfide bond stabilizing the polymer

[13].

As mentioned above, J�chain is essential for

IgA–pIgR complex formation. pIgR is a member of Ig

structural superfamily. It contains five Ig�like domains,

membrane�associated segment (23 a.a.), and a cytoplas�

mic domain (103 a.a.) [26]. This glycoprotein (110 kD)

binds polymeric IgA at the basolateral surface of the

epithelium cell. The receptor–IgA complex is internal�

ized and reaches the apical surface by transcytosis. Due to

a proteolytic cleavage of the receptor ectodomain at the

apical surface, the secretory IgA (S�IgA = (IgA)2 + J +

SC) is released to the lumen duct of an excretory gland.

Random degradation of the free receptor results in for�

mation of five extracellular Ig�like domains (D1�D5), so�

called free SC. The residual membrane�associated 20 kD

fragment is degraded intracellularly and does not appear

in the circulation [22].

IgA FUNCTIONS AS A RECOGNIZING ELEMENT

OF THE HUMORAL IMMUNITY

Antigen binding in serous secretions is traditionally

considered as the natural IgA function. This thesis is also

acknowledged in the recent reviews 2005�2006 [4, 16,

17]. On the other hand, the anti�adhesive role of IgA in

the secretions itself does not exclude involvement of the

serum IgA in human immunity reactions intended for

Fig. 3. Presumed model of S�IgA structure (from [3]).
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containment of the activity of microorganisms after their

infiltration through the mucosa basal membrane.

Different ability of monomeric and polymeric IgA

for intermolecular interactions with other proteins may

not be ignored from the point of view of their role in the

organism protective reactions such as switching effector

mechanism of the target elimination. High contents of

the monomeric serum IgA in human is its species peculi�

arity not found in other mammals. Traditionally used lab�

oratory animals contain much less IgA than humans, and

these IgA occur mainly in polymeric form [3].

Immunohistochemical assay of lymphatic nodes and

nasal mucosa revealed tending of IgA1�producing plas�

matic cells to be allocated to the excreting glands.

Therefore, delivery of the antibodies to those sites where

the probability of their facing a specific antigen is maxi�

mal. This tendency was not applicable to IgA2 producing

cells. Such a distribution may partially substantiate the

elevated contents of IgA1 in the secretions in comparison

with IgA2 [27]. An unbalanced distribution of antibodies

of the two subclasses is logically to be concerned with dif�

ferent role of the IgA isotypes upon switching the effector

reactions eliminating the recognized targets [28�31]. In

turn, such a fact may contribute to an adaptive strategy of

pathogens producing IgA1�converting enzymes (Neisseria

meningitidis, Streptococcus pyogenes, Bacteroides sp.).

Enzymes of all these pathogens cleave IgA1 class only

including S�IgA [32�36]. In vitro data demonstrate that

the hinge cleavage blocks the protective function of S�IgA

at the stage of interaction with effectors although resulting

monovalent Fabα�fragment conserves the antigen�binding

capacity [37, 38]. Considering putative models of the IgA�

dependent effector mechanisms of target elimination, we

must emphasize their rather speculative character.

Analyzing opinions in the recent reviews [4, 16, 17], these

models can be clustered into three groups.

The first group of models is characterized by “passive

immunity”, when the antigen binding itself impairs its

functionality. This mechanism is particularly efficient if it

is directed against signal proteins such as receptors,

growth factors, or enzymes. Namely, protective signifi�

cance of blocking the bacterial adhesins by IgA is doubt�

less since this prevents bacterial adhesion to the epitheli�

um surface [39, 40]. Plausibility of efficient virus neutral�

ization by blocking envelope structures by IgA is also evi�

dent. High neutralization activity of human and murine

IgA class antibodies towards influenza B, measles,

Epstein–Barr viruses, and rotaviruses has been demon�

strated [41�45]. On the other hand, activity of murine

monoclonal IgA antibodies in a passive neutralization test

was lower than those of IgG1 and IgG2 with the same

antigenic specificity [41]. Although this particular obser�

vation abrogates the hypothesis about domination of the

passive neutralization function of IgA in application to

the considered model, the great number of other above�

mentioned examples does not allow doubt in the signifi�

cance of IgA as an anti�adhesive and neutralizing agent at

the mucosal surfaces.

The second group joins models of “IgA�depending

complement activation”. This model tends to reconstruct

a parallel with IgG action. An obvious difficulty of the

complement interaction with IgA immune complexes is

caused by a spatial isolation of S�IgA and the comple�

ment in the organism. The complement is a physically

unbound ensemble of factors; therefore, it cannot exit the

blood circulation conserving functionality. In contrast,

most of the IgA immune complexes are isolated from the

blood plasma by walls of the vessels and by the basal

membrane (lamina propria). Experimental testing the

cytotoxic action of the complement against N. meningi�

tidis opsonized by the specific IgA revealed a minor effect

towards the pathogen. However, weakness of this signal

allows a presumption that it was caused by traces of IgG

or IgM in the IgA preparation used [3, 46]. Moreover, the

hypothesis about putative IgA�dependent complement

activation is not in good agreement with physiological

data showing suppression of the pro�inflammatory effect

of IgG immune complexes by IgA, whereas IgA immune

complexes did not induce inflammation upon local appli�

cation. A synergism was seen between the specific IgA

and lysozyme in growth suppression of bacteria from the

Enterobacteriaceae family [47].

The third group of models can be denoted as “IgA

involvement into the cell reactions mediated by FcαR

(CD89) and pIgR”. Now all reactions mediated by serum

or secretory IgA are traditionally concerned to occur�

rence of one of two known IgA�receptors at the effector

cell surfaces (either FcαR (CD89) or pIgR) [39, 48]. As

mentioned above, the main function of pIgR is the anti�

gen�independent IgA translocation from the circulation

to the secretions. Since dimeric IgA only with J�chain are

excreted, this receptor is denoted as the polymeric

immunoglobulin receptor [22]. It is noteworthy that

regardless of the antigen independent manner of the IgA

binding and translocating activity of pIgR, work [41]

hypothesized and partially confirmed a putative pIgR

involvement in excretion and intracellular (“active”)

neutralization of measles virus. The intracellular neutral�

ization is specified as impairing the replication, encapsu�

lation, and natural transport of the virus particles within

the infected cell. These mechanisms may be involved into

human protection from the influenza virus and even HIV

infection [49, 50].

In contrast to pIgR, FcαRI (known as CD89 in

humans) was originally discovered as an element of the

IgA�dependent effector system of target elimination [51].

The mechanism of the antigen dependence of FcαRI was

first reported in detail in [52], although an earlier work [8]

had described the possibility of antigen�independent IgA

binding by FcαRI and even inducing some cell reactions

by reception of free IgA. The human FcαRI was predom�

inantly studied on neutrophils, although it occurs also on



IMMUNOGLOBULINS A 491

BIOCHEMISTRY  (Moscow)   Vol.  72   No.  5   2007

monocytes, eosinophils, and macrophages [4]. The

receptor from neutrophils has been purified to homo�

geneity and characterized in vitro [53�55]. The 3D�struc�

ture of the free receptor and its complex with IgA has

been resolved by X�ray crystallographic analysis [56].

FcαR (CD89) is homologous to receptors specific

for IgG Fc�domains (FcγRI, FcγRII, FcγRIII) and a

high�affinity IgE receptor (FcεR). All these belong to the

Ig structural superfamily and have two or three (in FcγRI)

extracellular Ig�like domains responsible for ligand bind�

ing. The ligand�binding α�chain of FcαR has two extra�

cellular Ig�like domains. Multimerization of the α�chains

is operated by a provisional γ�subunit linked by disulfide

bonds with a transmembrane domain of each from them.

This structure is a signal component of many Fc�recep�

tors. The signal motifs in the intracellular domain of the

γ�chain are presumed to be the key point in the mecha�

nisms of the signal transduction from the receptor. These

motifs (ITAM) occur in many other eukaryotic receptors

from different types and take part in different reactions.

They have a consensus sequence Tyr�Xaa�Xaa�Leu�Xaa7�

Tyr�Xaa�Xaa�Leu (Xaa being any residue). Tyr residues in

this sequence are subjected to phosphorylation by protein

kinase C, which is essential for to the cascade signal

transduction to the nucleus, translation machinery, cas�

pase system, and to other global systems of cellular activ�

ity regulation [39, 48].

By using mutant IgA heavy chains, FcαR�binding

sites were mapped (Leu257�Gly259 in CHα2�domain

and Pro440�Phe443 in CHα3�domain) [57�60]. These

sites differed from the respective FcγR�binding sites in

IgG regardless of an obvious homology between the

respective ligands and receptors. When bound, FcγRI,

FcγRII, and FcγRIII overlap a portion of the hinge and

most of the CHγ1�domain in IgG. However, the CD89

binding site in heavy chain of IgA is homologous with

FcεR binding site in IgE (in both cases it is located in the

N�terminal part of the CH3�domain). Unusual location

of Fc� versus Fab�arms in IgA1 (T�like molecule struc�

ture) not found in other Ig may result in a decreased

accessibility of Fc�fragment N�terminus and cause cer�

tain differences in the receptor�binding region in the

inner part of Fc.

Respiratory burst induction in neutrophils is usually

considered as the only physiological effect of IgA�

immune complex binding with FcαRI [55, 60�62]. This is

in a good agreement with a rather complete inability of

the neutrophils to phagocytosis and synthesis of lym�

phokines. On the other hand, IgA�reception by FcαRI

presumably induces a chemotaxis, which is another sig�

nificant mechanism of physiological activity regulation in

neutrophils besides the respiratory burst. However, the

environment of the IgA�immune complexes facing neu�

trophils remains to be studied.

It is noteworthy that a common problem of all recent

studies on IgA interaction with neutrophils and their

receptors is lack of data about conformational rearrange�

ments caused by IgA binding with the antigen. Moreover,

many reports operated with free IgA instead of the IgA

complexes in effector mechanism studies. Meanwhile,

neutrophils activation by IgA in the absence of a physio�

logically significant modulation by the antigen would

induce an oxidative burst in scale of the entire circulation

that would result in fatal consequences for viability.

An isolated Fc�fragment obtained by cleavage of the

serum monomeric IgA1 with a protease from N. meningi�

tidis retained an ability to cause respiratory burst in the

neutrophils [8]. These data suggest that Fc�fragment

completely preserved its biological function after cleavage

from Fab — undamaged serum IgA1 and Fc�fragment

possess the same activity on stimulation of cytotoxic

response of the neutrophils. At the same time, cleavage

modifies the effectiveness of S�IgA1 — in intact form they

stimulate neutrophils like serum IgA1, whereas their

(Fc)2�SC�fragments obtained after cleavage by IgA1 pro�

tease from N. meningitidis loose this ability.

These data presume a hypothesis that loss of ability

to stimulate the neutrophils in (Fc)2�SC in contrast to the

free Fc form is caused by conformational changes

induced by removal of the Fab superdomain. Cleavage of

S�IgA1 predominantly occurring at the mucosa surface

results in loss of their effector functions as activators of

specific cytotoxic cell receptors. This enables the

pathogen to avoid an attack of the nonspecific cellular

immunity and to be easily disseminated over the entire

host organism.

Discussing the protection caused by passive immuni�

ty mechanisms, a structural peculiarity of the antigen�

binding centers of IgA should be taken in consideration.

Both IgA isotypes have the disulfide bonds between the

heavy chains located near the N�terminal residue of CH2�

domain. But in contrast to IgG, there are no linkages of

this type in CH1. Therefore, the enhanced mobility of the

main hinge region of IgA allows them easy changing of the

angles between the antigen�binding centers in Fc�super�

domain (so�called Y� or T�conformations) [63]. In con�

trast, in IgG there are two disulfide bonds between the

heavy chains located in N� and C�terminal parts of the

main hinge region. Mutual fixation of the heavy chains in

the exit point of the hinge peptide from the globular part

CHγ1�domain makes the antigen�binding “fork” more

rigid. This model is in conformity with data of low�resolu�

tion X�ray scattering (the distance between the apexes of

Fab�fragments in IgA is 23 nm, which is much more than

in IgG – 13�16 nm). High mutual mobility of Fab�super�

domains in monomeric IgA1 facilitates simultaneous

binding of two antigen molecules by the same IgA, in

comparison with other Ig (e.g. IgG). This peculiarity may

be physiologically relevant to the anti�adhesive Ig func�

tion towards bacterial and viral pathogens [63].

Cleavage by the protease from P. mirabilis between

the CHα2� and CHα3�domains resulted in loss of ability
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of the serum monomeric IgA1 to interact with FcαR,

which confirms the established localization of the IgA

binding site with the receptor [8]. This result confirms the

relevance of the CH3�domain for IgA1–FcαR complex

formation besides the primary binding site in CH2.

Overlapping of the linkage between CHα2� and CHα3�

domains by a streptococcal protein M resulted in

impaired IgA1–FcαR (CD89) binding and prevented

respiratory burst in neutrophils. Hence, a former model

where SC masked both Fc fragments preventing its pro�

teolysis should be revised (complete ability of S�IgA1 to

bind FcαR must be taken in consideration).

SPECIFIC FACTORS OF PATHOGENS AS A TOOL

FOR NOVEL IgA FUNCTION INVESTIGATION

The relevance of IgA in development of the protec�

tive immune response is confirmed by occurrence of the

specialized systems of IgA blockage in pathogens. These

systems include specific IgA�proteases (such as specific

IgA1�proteases unable to cleave substrates other than

human IgA1) as well as the IgA�binding proteins.

Most proteases converting human IgA1 are highly

specific bacterial enzymes acting toward certain peptide

bonds in the main hinge region. IgA1�protease production

is found in common human bacterial pathogens such as N.

gonorrhoeae, N. meningitidis, Haemophilus influenzae (ser�

ine protease), Streptococcus pneumoniae, S. sanguis (metal�

loproteases), Bacteroides (thiol protease), and some others

[32, 33]. Occurrence of the enzymes completely unrelated

in structure and enzymatic mechanism but almost identi�

cal in ability to cleave the hinge region of the human IgA1

(not IgA2) in taxonomically remote groups of pathogens

elucidates an important adaptive role of such a cleavage for

the pathogen survival in the host organism. It is notewor�

thy that the anti�adhesive function of IgA1 remains almost

unaffected by the IgA1�protease treatment since the anti�

gen binding ability (including the adhesin blocking one) of

the resulting Fab fragments negligibly differs from that of

the antigen binding ability of the intact IgA1. Moreover,

mutant meningococci depleted in the IgA1�protease are

not able to induce infection in experimental animals even

if administrated intraperitoneally, when their anti�adhesive

capacity is irrelevant [32]. Hence, one can speculate that

IgA1 cleavage by the proteases of the pathogens is pivotal

in the inner medium of the organism in contact with cells

and humoral mechanisms of immunity. In this case break�

ing the linkage between Fab� and Fc�superdomains of

IgA1 by the IgA1�proteases may cause the blockage of the

signal transduction about the antigen binding between the

domains and further to the unknown mechanism of the

target elimination.

High species specificity of the studied IgA1�proteas�

es of meningococci and related bacteria raises a question

of appearance of this tool in evolution. Evidently, human

pathogen strains distinguish the human IgA1 from other

mammalian IgA by the unique structure of the hinge

region. However, principal differences in the action

mechanisms of the human and animal secretory immuni�

ty are doubtful. Therefore, occurrence of proteases adapt�

ed to the respective IgA structure is expected in animal

pathogen strains. Haemophilus influenzae and

Streptococcus dysgalactiae strains causing mastitis in pigs

and cattle are the most promising models from this point

of view. However, these tasks have not been experimental�

ly solved, and thus they are not surveyed in this review.

Potential effector functions of IgA may be blocked by

the IgA1�proteases as well as by the IgA�binding proteins

found in dangerous human pathogenic strains (staphylo�

cocci and streptococci group A (S. pyogenes) and B) [61,

64]. These proteins are structural homologs of broadly

known IgG binding proteins A and G (from S. aureus and

S. sanguis, respectively). The site of recognition of these

proteins with IgA was determined in experiments with

hybrid IgA/IgG molecules. The key role of Leu257,

Pro440, and Phe443 in the CHα2� and CHα3�domains

in the interaction with the streptococcal protein was

demonstrated. Therefore, recognition by these proteins of

the same site in IgA as by FcαR is established (Fig. 4).

The competition between the streptococcal proteins

and FcαR for the binding IgA was demonstrated. The

mechanism of the cytotoxic reaction can be represented

with the following scheme. An antibody molecule of IgA

class specific to a certain antigen at streptococcus surface

is bound with the target. The streptococcal IgA�binding

protein immobilized on the cell wall surface forms a com�

plex with the Fc�superdomain of the antibody, conserving

the contact with the bacterial cell. Thus, the IgA is exclud�

ed for the interaction with FcαR that prevents elimination

of the pathogenic bacterium by the immune system cells

(e.g. neutrophils) [64]. The major advantage of this mech�

anism in comparison with the protein M secretion to the

extracellular space is little IgA�capturer requirement. This

is possible due to a precise addressing of the protein M to

specific antibodies against superficial self�antigens of the

bacterium, whereas nonspecific Ig are ignored.

The described mechanism employing the immobi�

lized protein M provides blocking of the protective func�

tion of the antibodies of the specialized IgA�dependent

Fig. 4. Streptococcal Ig�binding protein and FcαR recognition

sites in the human IgA1 molecule have similar localization (from

[64]).

Streptococcus sp.
IgA�binding protein FcαR
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effector subsystem but seems to be useless from the point

of view of “passive immunity”. Thus, the mentioned fea�

tures of the IgA binding mechanisms by the pathogens

convincingly prove existence of the specialized IgA�

depending effector systems (e.g. starting the respiratory

burst in the neutrophils).

Considerably higher ability of the IgA2 immune

complexes to induce the respiratory burst in the neu�

trophils in comparison with the immune complexes of

IgG1, IgG2, and particularly IgG3 has been demonstrat�

ed in experiments with murine and human monoclonal

antibodies against the hapten 5�iodo�4�hydroxy�3�nitro�

phenylacetyl (NIP) [65]. This parameter for the IgA2

immune complexes was at the same level with the activi�

ty of IgE immune complexes. The established model of

obtaining the immune complexes of IgA with NIP conju�

gates was used to prove that the streptococcal protein

Sir22 binds the Fc�superdomain within the immune com�

plexes of IgA1 much better than within free IgA1 [66].

This observation allows considering Sir22 as a specific

tool of the bacterium, providing blockage of the signal

transduction about the antigen binding from the Fc�

superdomain of IgA1 to the unknown receptor. Thus,

Sir22 may serve as a useful tool for investigation of the

conformational rearrangements in the Fc�superdomain

of IgA caused by the antigen binding.
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