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IgA1l protease is an important protease produced by pathogenic bacteria including
Haemophilus influenzae, the pathogenic potency of which is related to the relative amounts of
the protease. This protease has aso been found to induce cytokine production, such as IL-1,
TNF-a, IL-6 and IL-8, suggesting that IgA1 protease is involved in both neutralising host
defence molecule, IgAl, and the production of cytokines which contributes to infection of
bacteria and inflammation at the sites of infection. In our previous study, we have achieved
cloning, expression and purification of the recombinant a-chain (ra-chain), the surface domain
of B-chain (srp-chain) and the whole domain of B-chain (rf-chain). Interaction between the
ra-chain and the sr3-chain showed that the assembly of the two chains enhanced the proteol ytic
activity of the ra-chain. Also, we have gained antibodies to both a- and B-chain. In order to
study how and why the B-chain of the protease enhances proteol ytic activities of the a-chain and
the role of IgAl protease in infection and inflammation, with the aid of an NSC grant
(NSC92-2311-B-110-006), we have created 6 of the 8 estimated residues from the antibody
binding sites on both domains. Mutant DNA has been expressed with six-histidine tag in E. coli,
anon-1gA1 protease production host cell, and the mutant enzyme has been purified to homology
with affinity chromatography. In vitro assembly and proteolytic assays showed that the mutants
are indeed affected the molecular assembly of the protease and thus the proteolytic activity
ranging from 10-1,000-fold.



In the second year (supported by a grant numbered NSC93-2311-B-110-005) of research, we
will go on straightforward to study cytokine production by IgA1 protease will be achieved by
the following designs: 1) the ra-chain alone, 2) complex of ra-chain and sr3-chain, 3) complex
of ra-chain and rf3-chain, 3) r3-chain aone, 4) srB-chain aone, as well as those already created
mutants.

FEIPME
Introduction

On about four hundred square meters’ surface of mucus layer in human body, the secreted
immunoglobulin A (IgA) is the predominant molecule to protect the body from foreign
substances and opportunistic microorganisms against infection. IgA carries out agglutinating
activity to form bacteria-immunoglobulin complexes that become trapped in the mucus layer,
preventing the pathogen from making physical contact with the epithelial surface in a process
called immune exclusion (1). Immune exclusion also limits the amount of time that the pathogen
has to excrete virulence factors, which would impair host defences and damage the cells lining
the mucous membranes. There are two subclasses of IgA, 1gA1 and IgA2. There is a sequence
consisting of thirteen amino acids within the hinge region of IgA1, which is absent in IgA2 (2),
which makes IgA 1 susceptible to proteolysis by afamily of enzymes called IgA 1 proteases (3).

The IgA1 proteases are constitutively expressed by pathogenic bacteria (4), which colonise
and infect a diverse range of mucosa surfaces in the human body (table 1). The bacterial 1gA1
proteases specifically target human IgAl, as they do not cleave any other classes of
immunoglobulin (3, 5). IgA1 proteases cleave human IgA1 to produce antigen-binding fragments
and Fc fragments (6). The IgA 1 proteases cleave post-proline peptide bonds within the duplicated
octapeptide sequence composed of proline, serine, and threonine residues in the hinge (2). Until
recently, human IgA1 was believed to be the only substrate of the IgAl proteases (3, 7, 8),
however several substrates have been identified including the IgA1 protease trandlation product
(autoproteolytic cleavage) (9), the LAMP1 protein (a membrane glycoprotein of lysosomes) (10,
11), outer membrane proteins of Neisseria gonorrohoeae (12) and IgA1 from chimpanzees,
gorillas and orang-utans (13). These aternative substrates also contain proline rich sequences
similar to the sequence in the IgA1 hinge region. The cleavage of proline-serine bonds by IgA1
protease has been caled Type 1 cleavage and the cleavage of proline threonine bonds Type 2
cleavage. To date, the Neisseria and Haemophilus species have been found to produce both types
of IgA1 proteases. Some of the non-typeable Haemophilus influenzae IgA 1 proteases can cleave
IgA1 to produce two Faba fragments of unequal size, which is thus caled Type 3 cleavage. The
Type 3 cleavage pattern could be the result of two active sites within the protease or the bacteria
producing two types of IgA1 protease enzymes (14, 15).

The IgA1 proteases of the different bacteria species can be split into three catagories,
according to their enzymatic properties and their gene sequences. The IgA1 proteases of
Haemophilus influenzae, Neisseria gonorrohoeae and Neisseria meningitidis are serine proteases
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(16), the streptococcal 1gA 1 proteases are metalloproteases (3) and the Prevotella species produce
cysteine proteases (17). The IgA1 protease activity requires metal ions and optimal activity is
around pH 7, although it does have activity between pH 5 and pHS8 (4).

Theiga genes exist as a single copy in the bacterial genome (18, 19) and the iga genes from
several pathogenic bacteria have been sequenced. These include H. influenzae serotype d (20), H.
influenzae serotype b (19), S pneumoniae (21), N. gonorrohoeae (9), N.meningitidis (22) and S.
sanguis (23). The iga genes coding for the serine proteases have been revealed that similar gene
structures and a high degree of sequence homology between these iga genes are present in
pathogenic bacteria (24, 18). However, the sequences contain many regions of non-homologous
sequences interspersed with regions of great homology, which gives the gene a ‘mosaic —like
organisation’ and is believed to be the result of deletions, insertions and exchange of genetic
materia within and between species (25 - 28). The streptococca iga genes also show homology
within the species (21, 28, 29), however they have no significant homology to the serine protease
genes. The gene sequence of the cysteine protease of B. melaninogenicus (30) has yet to be
cloned and sequenced.

The bacterial 1gA1 proteases cleave human IgA1 within the hinge region of the heavy chain
of the IgA1 molecule to produce antigen binding (Faba) and intact Fca fragments, thereby
destroying the normal protective functions of 1IgA1 in host primary defence mechanisms. The
Fabo fragments are still able to recognise and bind to bacterial surface antigens, however the
secondary function of the IgA1 molecule is lost with the Fc portion (31). The bacterial pathogen
coated with Faba fragments block potential antigen binding sites, which protects the bacteria
from any intact and functional immunoglobulins such as 1gG and IgA2 (32, 33).

The biological significance of IgA1 proteases is not clear, as there is only indirect evidence
to support the role of IgA1 protease as a virulence factor in bacterial infection and colonisation.
However many investigators have discovered that only the pathogenic members of a bacterial
species produce IgAl proteases (34) including Haemophilus influenzae, Sreptococcus
pneumoniae and Neisseria meningitidis, which are the three main causes of bacterial meningitis
(7, 35) and the particularly virulent clone of Haemophilus influenzae biogroup aegyptius, which
causes Brazilian Purpuric Fever (36).

On another hand, the IgA1l protease-producing pathogenic bacteria are al mucosa
pathogens and the predominant immunoglobulin in the mucosal secretions is IgA. The bacterid
pathogens may have evolved with this enzyme to carry out this specific function of destroying the
main mucosal antibody.

Thirdly, some of the IgA1l proteases have been found to be highly immunogenic and
antibodies against IgA1 proteases have been detected in vivo in disease, convalescent secretions
and in harmless colonisation (37-41). The IgA1 proteases produced by Haemophilus influenzae
clones have displayed antigenic polymorphism and more than thirty antigenic types have been
identified by neutralising antibodies (15). Frequently changing antigenic types is thought to be a
mechanism of evasion from the host’s immune system (24, 42). Re-occurring bacterial infections
could be attributed to the action of IgA1l proteases on pre-existing IgA1 antibodies from a
previous exposure to the bacteria (34). A bacterial infection may be the result of a disruption in
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the balance between the neutralising antibodies at the mucosal surfaces and the activity of the
IgA1 proteases as described in a ‘hypothetical model for the pathogenesis of invasive infections’
by Reinholdt and Kilian (43, 44).

Fourthly, the virulence of pathogenic bacteria could be related to the quantity of IgA1
protease activity, which has been found to be higher in meningitis patient samples of
cerebrospinal fluid and blood in comparison to samples taken from asymptomatic carriers (45).

Finally, Studies of the role of IgA1 protease on cytokine production have revealed an
aternative function of IgAl proteases, and have found the recombinant IgA1l protease of
Neisseria gonorrohoeae stimulates the release of TNFa, IL1, IL6 and IL8 from peripheral blood
mononuclear cells (46). However, Beck et al. (47) have found contrasting results, which conclude
that 1gA1 protease inhibits TNFa. These results show that the IgA1 protease may have other
properties, which are yet to be discovered.

IgA1 proteases are attacked by lactoferrin, a protein found in milk, secretions and
neutrophils, by extracting the preprotein from the cell membrane, hence making the protein more
accessible to antibodies. Lactoferrin aso inhibits the Hap adhesin protein (48) and as these two
proteins are autotransporters and they are thought to be important in bacteria adhesion to
mucosal surfaces, the lactoferrin may be contributing to host defence mechanisms by inhibiting
successful colonisation of the bacteria. How the lactoferrin protein is able to extract the
preprotein from the bacterial membraneis yet to be determined (49).

The C terminus of the IgA1 protease pre-protein contains a sequence, which forms a
membrane binding pore structure referred to as the ‘helper domain’ or beta domain (50-53). The
beta domain is composed of amphipathic anti-parallel beta pleated sheets, which alows the
translocation of the pre-protein through the bacterial outer membrane (54, 55). The function of
the beta domain is thought to be to transport the protease domain into the extracellular
environment where the IgA 1 protease attains its active conformation. The N terminus of the beta
domain is composed of hydrophilic amino acids and can be highly variable in size (53), whereas
the C terminus portion contains a highly conserved, 31KDa protein sequence, which inserts into
the membrane (52). The beta domain may have other functions in addition to the function as a
transmembrane transporter protein.

Aims of the project

Therole of 1gA1 protease has been thought to relate to specific cleavage and inactivation
of IgA1, facilitating bacterial colonisation and infection. However recent data has suggested this
enzyme may be also a potent pro-inflammatory reagent inducing cellular production of cytokines
such asIL-1, TNF-a, IL-6 and IL-8. We have recently cloned, expressed and partialy purified the
o domain (containing the active site),  surface domain and complete p domain of IgA1 type 1
from Haemophilus influenzae. In addition we have generated specific antibodies to the o and 3
chains of the enzyme.

The aims of the study are to investigate in detail the assembly of the two chains in the
reaction with human IgA1 and the role of the o and 3 chains in the production of inflammatory
cytokines from bronchial epithelial cell lines and monocyte/macrophages. In addition the effect
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of both domains assembled together in vitro will be assessed spectroscopically. Moreover, the
ability of the antibodies to abrogate any effects will be studied. Finally, the individual residues
pertaining to the binding and proteolytic activities will be determined by site-directed
mutagenesis. Thiswill provide awide understanding of this enzyme in the pathogenesis of COPD
and chemical role of individual residues of the enzyme.

Materials and methods

1. Expression and purification: The gene iga for a- and B-chains from non-typable H.
influenzae were fused in pET233-2, respectively, in which Ncol and BamH1 restriction
sites had been made by PCR. Cells were grown in LB medium to transformation density
before addition of IPTG to fina concentration of 0.1mM to induce gene expression. The
a-chain recombinant protease domain was found in periplasmic space and the B-chain
stayed in cytosol with loosely attached to membrane.

2. Affinity purification of recombinant 1gALl protease: The cellular extracts (a-domain in
osmotic buffer and B-domain in PBS containing 0.2% Tween-20) were loaded onto
affinity column, respectively, to purify the recombinant protease, using the added
poly-histidine tag. SDS-PAGE was used to identify the purity of the recombinant
protease. Generally 90-95% purity could be achieved.

3. Assembly and proteolytic activity assays. WT and mutant protease assembled on the
surface of isolated prokaryotic membrane fragments according to 1:1 ratio of o- and
B-chains as determined by spectroscopy. Control assembly was also carried out in the
absence of membrane fragments. Human IgA1 was then added and incubated at 37°C
with various of time scale (25 min to 14 hr) to trace the kinetic changes in proteolytic
digest of human IgA 1. The digested fragments were separated on SDS-PAGE to examine
the activity of assembled protease.

4. Ste-directed mutagenesis. The residues in the antibody recognition site in a-domain
(D272, E276 and D281) have been replaced with vaine residue. The
antibody-recognition residues in the putative surface region of p-domain (A71, K72,
K77) which recognized by antibody have also been changed to the same valine residue
respectively. Expression and purification of the mutants were carried out as described
above.

Results and discussion

The successful expression enables us to carry on the experiments as designed and
purification shows that the recombinant o- and -chain can be purified to homology in affinity
column (Fig. 1 and Fig. 2). Results showed that the expression and purification have met all the
requirement for our proposed research scheme of in vitro assembly with mutants (first year) and
induction of human cytokines (second year).
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Figure 1. Purification of recombinant -chain of IgA1 protease in affinity chromatography. The
putative B-chain is 74 kDa and the single band in the SDS-PAGE is located the putative range of
74 kDa, suggesting that the 3-chain has been purified to homology.

Figure 2. Purification of recombinant a-chain of IgA1 protease in affinity chromatography. The
putative molecular weight of a-chain is 110 kDa and the single band after affinity purification is
located in the putative range on SDS-PAGE, suggesting that the recombinant protease a-chain
has been purified to homology. The five lanes are from five different fraction collected from
affinity chromatography.

The purified recombinant contains highly proteolytic activity in digestion of human IgA1
immunoglobulin (Fig 3). The results clearly suggest that the H. influenzae IgA1l protease
recognizes one specific sequence in human IgA1 immunoglobulin, so that the heavy chain is
cleaved into two different fragments. This is different from Type | which cleaves human IgA1l
into two equal sized fragments, so that only a single band can be observed on SDS-PAGE, nor
from Type Il which cleaves human IgA1 resulting one 45 kDa and the other 5 kDa (normally it
was run off the 8% SDS-PAGE asfront line) (Fig 3, lane 3).
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Figure 3. Western blot from SDS-PAGE of human IgA1 digested with H. influnzae IgA1 protease.
Each lane contains 1ug human IgA1 and 5ng of recombinant IgA 1 protease and incubates for 4
hr before inactivating the enzyme in SDS-PAGE loading buffer.

The in vitro assembly (Table 1) arises surprised results, not only the enzymatic proteolytic
activity changes dramatically, but the cleavage sites seem not exactly the same as the WT.

Table 1: Assembly design and the relative assay |oading in figure 4.

Mutants [-chain mutants
o-chain BA7TLV K72V
mutants aD272Vv aD272V/IBATLV (lane 3) aD272V/BK72V (lane 7)
aE276V aE276V/BATLV (lane 4) aE276V/BK72V (lane 6)
aD281V aD281V/BATLV (lane 5) Not enough protein

Figure 4 clearly shows that the cleavage specificity locates at the antibody binding site,
presumably related to active site residues, namely the « -E276 residues. This is a good progress
in IgA1 protease studies since not a single report across the world about active site residues
pertaining to the proteolytic activities of the enzyme.

Membrane attached assembly was also carried out. The results (data not shown due to the
membrane proteins affect the identification of hydrolytic human IgA1) also show that membrane
assembly enhances the proteolytic activities of the enzyme.



Figure 4. SDS-PAGE of human IgAl fragments cleaved by recombinant mutant IgAl
protease. The ge contains incubation of human IgA1l with aD272V/BA71V (lane 3),
oE276V/BATIV (lane 4), aD281V/BA71V (lane 5), oE276V/BK72V (lane 6), and
aD272VIBK72V (lane 7) respectively. Lanes 1 and 2 are protein marker human IgA1 alone,
respectively.
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