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Abstract Alpha-1 antitrypsin (AAT) gene is highly

polymorphic, with a large number of rare variants whose

phenotypic consequences often remain inconclusive.

Studies addressing functional characteristics of AAT vari-

ants are of significant biomedical importance since defi-

ciency and dysfunctionality of AAT are associated with

liver and lung diseases. We report the results of the func-

tional analysis of two naturally occurring AAT variants,

G320R and V321F, previously identified in patients with

lung disease. Neither of variants has been fully functionally

characterized. In order to perform their functional analysis

both variants were expressed in prokaryotic and eukaryotic

systems and their intracellular localization, activity, sta-

bility, and polymerization were determined. The results of

this study demonstrated that variants G320R and V321F

have neither impaired activity against porcine pancreatic

elastase nor propensity to form polymers. However, both

variants had altered electrophoretic mobility and reduced

thermostability when compared to M variant of the protein,

indicating a slightly impaired secondary or tertiary

structure.
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Introduction

Alpha-1 antitrypsin (AAT), the archetype member of the

serine proteinase inhibitor (SERPIN) super family, is a

major circulating and tissue inhibitor of serine proteases

[1]. AAT is predominantly synthesized by the liver and

released into the circulation where it inhibits a variety of

serine proteases. The main target of AAT is neutrophil

elastase, and control of its proteolytic activity in the lower

respiratory tract is considered to be the main function of

AAT [2].

The gene coding for AAT, SERPINA1, is mapped on the

long arm of chromosome 14 (14q32.1) and contains seven

exons and six introns [3]. Human AAT is a 52 kDa, 394

amino acids-long glycoprotein composed of nine a helices

(A-I), three b sheets and an exposed mobile reactive center

loop (RCL), which is a strand of the main b sheet located at

the top of the molecule [4]. One of the striking features of

AAT, as well as other inhibitory serpins, is that the protein’s

native state is metastable, which provides the basis for a

dramatic conformational change upon reaction with its tar-

get protease. In the native conformation the RCL of the

protein is exposed enabling binding of and proteolytic

cleavage by substrate proteases [5]. Proteolysis of the RCL is

followed by an irreversible transition to a very stable form

where cleaved RCL is completely inserted into b sheet A,

and the protease is translocated to the opposite end of the

inhibitor—a mechanism known as ‘loop sheet insertion’ [6].

While crucial for the inhibitory function, this conformational

instability at the same time entails a vulnerability to muta-

tions, with many leading to the accumulation of misfolded

protein in the endoplasmic reticulum (ER) of secretory cells

and subsequent pathological consequences [7].

To date, about a hundred different alleles of AAT gene

have been identified. According to their plasma concentration
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and activity, the AAT variants are described as normal,

deficient, dysfunctional or null [8]. The AAT variants are,

also, categorized according to their prevalence as common

and rare. The most common deficient variants are Z (K342E)

and S (E264 V), with 95 % of individuals with severe AAT

deficiency carrying the ZZ genotype [9]. Variants other than

these are classified as rare due to their low allelic frequencies

and are estimated to account for 2–4 % of all AAT-deficient

variants [10].

The phenotypic outcome of the mutation depends on the

precise site and the nature of the mutation. The AAT

variants prone to polymerization and retention in the liver

are associated with liver disease. Lung disease is attributed

to the deficiency of circulating AAT, resulting in uncon-

trolled proteolytic activity. Deficiency of AAT renders

individuals susceptible to early-onset emphysema, whereas

the inclusions of polymerized protein in the liver lead to an

increased risk of developing transient juvenile hepatitis,

cirrhosis and hepatocellular carcinoma [2, 11]. Although

the typical pulmonary manifestation of AAT deficiency is

emphysema, lung cancer has also been linked with AAT

deficiency [12, 13]. The underlying defect in Z related

AAT deficiency is protein misfolding, polymerization and

retention within the ER [14, 15]. Such retention results in

decreased circulating levels of the protein, with homozy-

gous carriers of Z AAT variant having only 15 % of nor-

mal protein levels. Two rare deficient variants, Siiyama

(S52F) and Mmalton (F52del), are also characterized by

pathological polymerization and are associated with

hepatic inclusions and severe plasma deficiency. Variant S

of AAT forms polymers at lower rate than the Z variant and

thus can be cleared by the normal disposal pathways within

the cell [16]. Homozygous carriers of S variant are esti-

mated to have approximately 60 % of normal AAT levels.

Reduced AAT levels associated with S variant result from

increased intracellular degradation of S variant [17].

Due to the low occurrence of rare AAT variants very

little is known about their clinical phenotype and epide-

miological studies are difficult to undertake. Here we report

on functional analysis of two naturally occurring AAT

variants denoted as G320R (Gly-320[GGG] - Arg-

320[AGG]), also known as P salt lake, and V321F (Val-

321[GTC] - Phe-321[TTC]), which were previously iden-

tified [18–20]. Both variants were identified in subjects

with emphysema [18, 19] and variant G320R was subse-

quently also identified in a patient with lung cancer [20].

According to the previously published results, variant

G320R does not seem to be deficient [18, 20]. However,

those data are unavailable for variant V321F. Based on the

data available, it is rather inconclusive whether these

variants could be associated with AAT deficiency. Variant

G320R has been previously shown to have reduced

inhibitory activity against trypsin when compared to

normal M variant of the protein [20]. However, neither of

these two variants has been previously studied in more

detail and their consequences on the properties of AAT are

unknown.

Materials and methods

Cell culture and DNA transfections

COS-7 cells (CRL-1651) were maintained in Dulbecco’s

minimum essential medium (DMEM) (Gibco) containing

10 % (v/v) fetal calf serum (FCS) (Gibco) and 50 lg/mL

gentamycin (PAA Laboratories GmbH) [21], whereas

HepG2 cells (HB-8065) were cultured in DMEM containing

10 % (v/v) FCS, gentamycin (50 lg/mL) and non-essential

amino acids (PAA Laboratories GmbH) [22]. All transfec-

tions were performed using Lipofectamine 2000 (Life

Technologies) according to the manufacturer’s protocol.

Construction of alpha-1 antitrypsin expression plasmids

Total RNA was isolated from HepG2 cells using RNeasy

Plus Kit (Qiagen). cDNA, synthesized by High Capacity

cDNA Reverse Transcription (Applied Biosystems), was

used to amplify coding sequence for wild type AAT variant

M1 (M AAT in further text). AAT open reading frame was

cloned into pGEM-T Easy vector using pGEM-T Easy

Vector System (Promega). Variants G320R, V321F and Z

were generated with the QuickChangeTM Multi-Site-

Directed Mutagenesis kit (Agilent Technologies) using M

AAT as the template. Primers used for amplification and

mutagenesis are given in Table 1.

AAT cDNA cloned into pGEM-T Easy vector was

subsequently cloned into pEGFP-N1 and pcDNA3 (Life

Technologies) vectors for expression in COS-7 cells and

into pQE31 (Qiagen) vector for expression in E. coli BL21-

CodonPlus-RIL (Agilent Technologies). AAT cDNA for

cloning into pcDNA3 was digested with XhoI and HindIII

enzymes (New England Biolabs), and for cloning into

pEGFP-N1 with KpnI and HindIII enzymes (New England

Biolabs). For cloning into pQE-31, AAT cDNA was

digested with BamHI and KpnI (New England Biolabs)

[23, 24]. All constructs were verified by sequencing prior

to experiments.

Purification of AAT expressed in E. coli

Purification of recombinant AAT protein was performed

under native conditions, using TALON metal affinity resin

according to the protocol provided by the manufacturer

(Clontech Laboratories Inc.) with modified buffer compo-

sitions. Recombinant AAT was isolated from 600 mL of
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bacterial culture induced for 5 h with 1 mM IPTG at 30 �C.

Cells were harvested by centrifugation and re-suspended in

50 mL lysis buffer (50 mM NaH2PO4 pH 7.0;

300 mM NaCl; 10 mM imidazole; 1 9 protease inhibitors

(Complete, EDTA free, Roche)). The cells were lysed using

sonication in the presence of 0.75 mg/ml lysozyme (Sigma).

The cell debris was removed by centrifugation and super-

natant was then incubated with a 1 mL TALON Metal

Affinity Resin (Clontech Laboratories Inc.) equilibrated

with lysis buffer. After incubation, resins were washed with

buffer containing 50 mM NaH2PO4 pH 7.0; 300 mM NaCl;

10 mM imidazol. Subsequently, the protein was eluted with

50 mM NaH2PO4 pH 7.0; 300 mM NaCl; 150 mM imid-

azole. Using Amicon Ultra 30 K centrifugal filter units

(Millipore) elution buffer was replaced with buffer con-

taining 30 mM Na-phosphate; 160 mM NaCl; pH 7.4. Pro-

tein concentration was determined using Bradford reagent

(BioRad) and efficacy of purification was analyzed by

denaturing polyacrylamide gel electrophoresis (PAGE).

Denaturing PAGE

Proteins were separated in 12 % (w/v) denaturing PAGE in

Tris–Glycine SDS running buffer at 100 V in the stacking

and 180 V in the running gel. Analysis of difference in

protein mobility was performed in the presence of 5 M urea

as an additional denaturing agent, in both gel and running

buffer. Sample volume was 30 lL. The protein bands were

visualized by Coomassie Brilliant Blue staining.

Formation of SDS-stable complexes between AAT

and elastase

Complex formation of AAT with elastase from porcine

pancreas (SERVA) was examined by monitoring the

appearance of SDS resistant inhibitor–protease complex in

SDS-PAGE [25]. AAT activity was measured as residual

porcine pancreatic elastase activity employing 1 mM

N-succinyl-(Ala)3-p-nitroanilide as a chromogenic sub-

strate. The concentration of active porcine pancreatic

elastase was determined by measuring the initial rates of

hydrolysis of 1 mM N-succinyl-(Ala)3-p-nitroanilide with

increasing concentrations of elastase. Reactions were per-

formed in a volume of 50 lL, in assay buffer containing

30 mM NaH2PO4; 160 mM NaCl; 0.1 % PEG600; 0.1 %

TritonX100; pH 7.4. Dilutions of elastase solution were

prepared in assay buffer. Samples were incubated at 37 �C

for 10 min and reactions were stopped by tenfold dilution

with the assay buffer. All readings were performed at

410 nm using Multiskan RC (Labsystems). Determined

concentration of active porcine pancreatic elastase was

afterwards used to ascertain concentration of active AAT.

For SDS analysis of AAT-elastase complexes, 3 lg of

purified AAT was incubated with the elastase in 30 lL

reactions at the following molar ratios of inhibitor to pro-

tease—1:0; 1:0.3; 1:0.6 and 1:1. The reaction products

were analyzed by 10 % SDS-PAGE and protein bands

were visualized by Coomassie Brilliant Blue staining.

Heat stability assays

The effect of the tested mutations on stability of the protein

was assessed by heat stability assays [26]. These assays were

carried out by incubation of 3 lg of E. coli expressed protein

in 20 lL of phosphate-buffered saline (PBS) containing

13.7 mM NaCl; 0.34 mM KCl; 0.18 mM H2PO4; 1 mM

Na2HPO4; pH 7.2. Incubations were performed for 1 h at

following temperatures: 4, 45, 50, 55 and 60 �C. Heat treated

samples were analyzed by non-denaturing PAGE and sam-

ples were visualized by Coomassie Brilliant Blue staining.

Simultaneously, 1 lL from each sample was taken for

assessment of remaining AAT activity against porcine

pancreatic elastase. Reactions were performed as described

above. Values were normalized to the inhibitory activity of

the corresponding protein variant incubated for 1 h at 4 �C.

Statistical analysis

Data regarding relative inhibitory activity of AAT were

analysed by paired t tests using the GraphPad Prism 6.0

Table 1 Primers used for

amplification and mutagenesis
Primer sequence Application

50-CCAAGCTTATGCCGTCTTCTGTCTCGTGGGGCA-30 cloning into pEGFP-N1vector

50- CAGGTACCGCTTTTTGGGTGGG-30

50-CCAAGCTTATGCCGTCTTCTGTCTCGTGGGGCA-30 cloning into pcDNA3 vector

50-GCCTCGAGTTATTTTTGGGTGGGATTCACCACT-30

50-CCAAGCTTATGCCGTCTTCTGTCTCGTGGGGCA-30 cloning into pQE31 vector

50-GCGGTACCTTATTTTTGGGTGGGATTCACCACT-30

50-GTCTTCTTAATGATTGACCAAAATACCAAGTCTCCCC-30 Z mutagenesis

50-GCTGACCTCTCCGGGTTCACAGAGGAGG-30 V321F mutagenesis

50-GCTGACCTCTCCAGGGTCACAGAGGAGG-30 G320R mutagenesis
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software (GraphPad Software, San Diego, CA, USA). For

each protein variant four paired t-tests were performed (one

for each temperature). Results are expressed as mean ± SE

and differences were considered significant when the

p value was \ 0.05.

Non-denaturing PAGE

Non-denaturing PAGE was performed in a 7.5 % (w/v) gel

with a discontinuous buffer system with cathodic buffer

containing 53 mM Tris; 68 mM glycin; pH 8.9; and anodic

buffer containing 0.1 M Tris; pH 7.8 [27]. Sample buffer

was 1 M Tris–HCl pH 6.8; 20 % glycerol; 0.02 % (w/v)

bromophenol blue. Electrophoretic conditions were as

previously described [28].

Immunoblot analysis

COS-7 cells were transfected with AAT/pcDNA3 con-

structs, culture media were collected 24 h after transfection

and subjected to non-denaturing PAGE, followed by

transfer onto PVDF membrane (Millipore) and western

blotting as described [28]. Membranes were probed with

anti-AAT Mab 2G7 and HRP-conjugated anti-mouse

antibody (Sigma-Aldrich). Antibody complexes were

detected by enhanced chemiluminescence, using ECL Su-

perSignal West Femto Maximum Sensitivity Substrate

(Pierce Biotechnology).

Immunofluorescence and confocal microscopy

Given that intracellular retention is one of the pathological

features of mutated AAT, we tested this property for

variants G320R and V321F. Intracellular localization of

tested AAT variants, as well as well-characterized M and Z

variants was determined by immunofluorescence of tran-

siently transfected COS-7 cells. Their localization was

monitored with respect to that of the Golgi apparatus and

the ER. COS-7 cells were grown on coverslips pretreated

with rat tail collagen type I (BD Biosciences) and tran-

siently transfected with AAT/pEGFP-N1 constructs. 24 h

after transfection, cells were washed with PBS, fixed with

3 % (w/v) paraformaldehyde and permeabilised with 1 %

(v/v) TritonX100. After blocking with PBS containing 2 %

(w/v) bovine serum albumin, cells were labeled with either

mouse anti-golgin-97 antibody (Molecular Probes) or

mouse anti-PDI (Stressgen) followed by anti-mouse bio-

tinylated secondary antibody (Vector Laboratories) and

Cy3-streptavidin tertiary antibody (Jackson ImmunoRe-

search). Cells were imaged by Leica TSC SP8 confocal

microscope (Leica Microsystems) using 63/1.4 NA oil

immersion lens.

Results

Electrophoretic mobility of AAT variants

Denaturing PAGE revealed that all variants, expressed

and purified from bacterial cells, were present in satis-

factory amounts and purity for further experiments. This

analysis also revealed that both G320R and V321F vari-

ants migrated faster when compared to the M AAT.

Altered electrophoretic mobility was observed both for

proteins expressed in E. coli (Fig. 1a, left panel) as well

as for proteins expressed in COS-7 cells (Fig. 1c, left

panel).

To elucidate if changes in electrophoretic mobility were

due to alterations in charge and conformation, electro-

phoresis was performed in the presence of 5 M urea. The

differences in electrophoretic migration were abolished,

indicating that these amino acid substitutions change the

electrophoretic mobility of AAT (Fig. 1a, right panel).

Fig. 1 Analysis of migration, inhibitory properties and polymeriza-

tion of AAT variants G320R and V321F. a SDS–PAGE of M, G320R

and V321F AAT expressed in E. coli without urea (left panel) and

with 5 M urea (right panel). b SDS-PAGE analysis of SDS-stable

complexes formed between M, G320R and V321F AAT expressed in

E. coli and porcine pancreatic elastase at indicated molar ratios of

elastase over AAT. c SDS–PAGE (left panel) and non-denaturing

PAGE (right panel) followed by immunoblot analysis of culture

media from COS-7 cells transiently transfected with M, G320R,

V321F, Z and pcDNA3; square bracket: AAT polymers; arrowhead:

AAT monomers. All experiments were performed at least three times

and representative images were presented
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Inhibitory activity of AAT variants

In order to test if the activity of AAT was impaired due to

the presence of the tested mutations, inhibitory activities of

AAT variants G320R and V321F were assessed by

observing the formation of a covalently bound inhibitory

complex with a target protease—porcine pancreatic elas-

tase. Increasing amounts of elastase were added to a con-

stant, empirically determined amount of AAT and

formation of stable complexes with elastase was moni-

tored. In both tested variants the proportions of cleaved

AAT and AAT in complex with elastase were comparable

to that of the M variant (Fig. 1b). In reactions where the

molar ratio of AAT to elastase was 1:1 there was no native

AAT detected, indicating that all protein reacted with

protease. These results show that both tested variants form

SDS-stable complexes with elastase as well as M AAT, and

imply unimpaired inhibitory activity.

Thermal stability and polymerization of AAT variants

The ability of G320R and V321F variants to form polymers

was tested with both E. coli and COS-7 expressed proteins.

Polymerization of AAT variants expressed in E. coli was

induced by thermal denaturation for 1 h and their thermal

stability was assessed in two ways—by non-denaturing

PAGE and monitoring the change in inhibitory activity.

Same as M AAT, variants G320R and V321F did not show

a change in thermal stability until heated to non-physio-

logical temperatures. However, these variants were slightly

more unstable under thermal denaturation. While M AAT

was stable until 55 �C, loss of stability for variants G320R

and V321F was observed at 50 �C (Fig. 2a). Relative

inhibitory activity of heat treated protein against porcine

pancreatic elastase compared to the protein incubated at

4 �C followed the same pattern—significant decrease in

inhibitory activity for variants G320R and V321F started at

50 �C and for M variant at 55 �C (Fig. 2b). Although

polymers could not be detected using this approach, our

results show that variants G320R and V321F are present in

monomeric and functionally active form at physiological

temperatures.

In order to confirm that these variants are not prone to

polymerization, culture media from transiently transfected

COS-7 cells expressing variants G320R and V321F were

tested by non-denaturing PAGE and immunoblot analysis.

AAT variants M and Z were analyzed as controls. At 24 h

after transfection the Z variant formed detectable polymers.

On the other hand, variants G320R and V321F, as well as

M AAT, were detected as monomers, clearly confirming

that these variants are secreted in the monomeric form

(Fig. 1c, right panel).

Intracellular localization of AAT variants

At 24 h after transfection variants G320R and V321F were,

same as M AAT, predominantly localized in the Golgi

apparatus and also present in a region that corresponds to

the ER (Fig. 3). At the same time, poorly secreted Z variant

was predominantly found in a region that corresponds to

the ER and was located in the Golgi apparatus to a lesser

extent (Fig. 3). High concentration of AAT variants G320R

and V321F in the Golgi apparatus indicates their unim-

paired secretion and shows that these variants behave in a

similar manner to the M variant.

Discussion

Human AAT is a very polymorphic gene with a large number

of rare variants whose effects on protein function and clinical

phenotype are poorly understood. Elucidating the mecha-

nism by which mutation affects the protein is of importance

in providing information on its structural and functional

consequences, as well as in estimating the risk for disease

development. Naturally occurring AAT variants G320R and

V321F were previously identified and in order to determine

whether they could be classified as ‘at risk’ for disease

development, we analyzed their intracellular localization,

activity, stability and polymerization propensity.

Fig. 2 Thermal stability of AAT variants G320R and V321F. a Non-

denaturing PAGE analysis of M, G320R and V321F AAT expressed

in E. coli and incubated for 1 h at indicated temperatures. b Relative

inhibitory activity of heat treated AAT variants M, G320R and V321F

against porcine pancreatic elastase. Proteins were pretreated at

indicated temperatures for 1 h, their inhibitory activities were

measured and values were represented as percentage of the activity

of the protein incubated at 4 �C. Data are the mean ± SD of results

from at least three experiments (*P \ 0.05)

Mol Biol Rep (2014) 41:6133–6141 6137

123



AAT amino acids G320 and V321 are located in a loop

between the a helix I (aI) and strand 5 of b sheet A (s5A)

[29]. According to the secondary structure available from

Uniprot (uniprot.org/uniprot/P01009) they contribute to the

small turn region composed of three amino acids—S319,

G320 and V321. In the case of variant G320R, small,

flexible and neutral glycine is replaced with bulkier and

positively charged arginine, which could affect the region’s

flexibility. In the case of variant V321F both amino acids

are hydrophobic but differ in size, with the mutant residue

being larger than the wild type residue. Both mutations are

predicted to be damaging by SIFT algorithm [30], and

G320R substitution is predicted to be probably damaging

and V321F possibly damaging by PolyPhen 2 [31]. The

serpin sequence alignment available from SMART (smar-

t.embl.de) [32, 33] shows that over 60 % of compared

sequences contain a small amino acid (G, S, A) conserved

at position G320 and aliphatic amino acid (I, L, V) con-

served at position V321.

When analyzed in denaturing PAGE both G320R and

V321F showed altered electrophoretic mobility compared to

M AAT. SDS-PAGE is a standard in determining protein’s

molecular weight since the SDS coating equalizes the charge

to mass ratio for all proteins and their relative mobilities are

proportional to the molecular weight. However, in some

cases membrane proteins load twofold greater amounts of

SDS than globular polypeptides [34, 35] and protein tertiary

structure may affect both detergent-loading levels and SDS-

PAGE migration rate [36]. Electrophoretic analysis of dif-

ferent CFTR fragments showed that hydrophobic mutants

bind more SDS molecules and have reduced electrophoretic

mobility [36]. Electrophoresis of G320R and V321F variants

in the presence of 5 M urea abolished the differences in

migration between wild type and mutant proteins. This result

could indicate that these mutants are less hydrophobic than

the M AAT and that they bind less SDS molecules, causing

increased electrophoretic mobility. Further studies are nee-

ded to test this hypothesis.

Plasma AAT is normally fully glycosylated at three

asparagine residues (46, 83 and 247) [37]. Alterations of

the normal glycosylation pattern impair protein secretion

and increase its degradation [38]. In case of variants

G320R and V321F, a change in electrophoretic mobility

was observed in variants expressed in both prokaryotic and

eukaryotic systems, clearly suggesting that this alteration

was rather due to the properties of these single amino acid

substitutions than to the post-translational modifications

such as glycosylation.

As for other inhibitory serpins, the inhibition pathway of

AAT is a branched one and can be described as a ‘suicide’

Fig. 3 Intracellular localization of AAT variants G320R and V321F.

Confocal microscopy images of intracellular localization of AAT in

COS-7 cells transiently transfected with AAT/pEGFP-N1 con-

structs—M, G320R, V321F and Z. a, b Cells were fixed 24 h after

transfection and stained against either Golgi apparatus resident

protein golgin 97 or endoplasmic reticulum marker protein disulfide

isomerase (PDI) respectively. Three independent experiments were

performed and representative images were presented. Scale bar 5 lm
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substrate mechanism [39]. Upon antiprotease binding to the

protease, reaction partitions between formation of stable

protease-antiprotease complex and cleavage of antiprotease

[40, 41]. The outcome of the reaction is dependent on the

affinity of the antiprotease for the protease and can be

affected by mutations. Most of the mutations affecting

inhibitory activity reside either near the RCL or at the loop

insertion site on beta sheet A [41]. Mutations in the hinge

region of the molecule, which provides mobility essential for

the conformational transition, often convert inhibitory ser-

pins into substrates [42]. The inhibitory activity of variants

G320R and V321F was monitored according to their ability

to form SDS-stable complexes with pancreatic elastase and

showed no difference when compared to M AAT. Increase in

the amount of elastase added to the constant amount of AAT

led to the decrease in the detection of native protein in both

variants implying that they readily react with elastase. In all

reactions a certain amount of cleaved AAT was present,

which can be explained by lower reactivity of AAT with

pancreatic elastase than with its primary target, neutrophil

elastase [43]. This result is also consistent with the previous

studies which have demonstrated that complex formation

was favored in reactions with human neutrophil elastase and

AAT cleavage is more apparent in reaction with pancreatic

elastase [25, 44, 45]. However, the inhibitory activity of the

variant G320R differs from the previously published result

which revealed that this variant was associated with reduced

inhibitory activity against trypsin when compared to M

variant [20]. This discrepancy could be explained by the

difference in initial material that was used for analysis—

while there were no differences in inhibitory activity when

recombinant protein was analyzed, G320R AAT from serum

showed impaired activity. This could imply that presence of

other factors present in serum could affect and interfere with

the activity of AAT against trypsin and use of recombinant

protein excluded presence and influence of other risk factors.

On the other hand, this also emphasizes the importance of

other inherited or acquired factors that could affect protein’s

activity in vivo.

Native conformation of AAT and other inhibitory

serpins is not thermodynamically the most stable con-

formation, which is essential for their inhibitory function.

Stabilization of the protein is achieved upon inter- or

intra-molecular insertion of RCL into b sheet A and can

be induced under denaturing conditions, i.e. temperatures

above the physiological one [14, 46, 47]. The loop-sheet

polymerization hypothesis provides a structural basis of

in vivo aggregation and accounts for retention of AAT in

the ER and subsequent deficiency of the protein. Incu-

bation of recombinant AAT at physiological temperatures

has been shown to lead to spontaneous polymerization of

Z variant but not of M variant [14, 48]. In vitro and

in vivo analysis of polymerization of G320R and V321F

variants showed that they do not form polymers under

physiological conditions. Unlike the Z variant, G320R

and V321F variants formed no detectable polymers when

expressed in COS-7 cells. Although thermostability of

G320R and V321F variants expressed in E. coli was

mildly reduced when compared to M AAT, both variants

were stable at physiological temperatures. Relative

inhibitory activity of heat treated protein compared to

protein incubated at 4 �C was consistent with the

observed decrease in thermostability, reflecting the

amount of native and functional protein. Intracellular

localization of examined variants was also comparable to

that of the M variant with relatively high concentrations

of the protein in the Golgi apparatus. This result shows

that under normal physiological conditions the tested

AAT variants remain in their monomeric form and are

steadily secreted.

This study combined analysis of AAT expressed in

prokaryotic and eukaryotic cells in order to assess its

structural and biochemical properties. The approach used

here could be also applied for the analysis of other

uncharacterized AAT variants. We have demonstrated

that G320R and V321F variants have altered electro-

phoretic mobility and slightly reduced thermostability in

comparison to M AAT. Their reduced thermostability

could be associated with changes known to account for

altered electrophoretic mobility and detailed structural

studies are needed to investigate this hypothesis. In

conclusion, the results of this study indicate that inhibi-

tory activity, polymerization and intracellular distribution

were unaltered in naturally occurring AAT variants

G320R and V321F. Considering that mainly changes in

these properties are relevant for pathological effect of

AAT mutations it is most likely that presence of variants

G320R and V321F does not increase the risk for the

disease. Although these two variants show no clear dis-

ease association it should be taken into account that the

clinical phenotype in AAT deficiency could be affected

by modifier effects of other genetic or environmental

factors, and therefore their deleterious effects cannot be

completely excluded. It would also be useful to deter-

mine their frequency in general population as well as in

larger patient population.
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