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Abstract 

Alpha-2-macroglobulin (A2M) is a family of protease inhibitors that are evolutionarily 
conserved. A2M contains three functional domains including a bait region, a thiol ester 
domain, a receptor binding domain, and inhibits targeted protease by entrapment mechanism. 
In Penaeus monodon, A2M plays a critical role in the blood clotting system by preventing 
fibrinolysis of clots from Vibrio harveyi proteases. In this study, we determined the in vitro 
inhibitory activity of A2M from Pacific white shrimp Litopenaeus vannamei (LvA2M) on 
bacterial proteases. LvA2M was obtained by molecular cloning as well as isolated from 
shrimp hemolymph. The nucleotide sequence of the LvA2M ORF was amplified and cloned 
into an expression vector (pVR600). The recombinant LvA2M protein (rLvA2M) with the 
predicted molecular mass and pI of 166.9 kDa and 5.77, respectively, was expressed in 
Escherichia coli system. After IPTG induction, the rLvA2M was overexpressed and purified. 
Activity assay of rLvA2M indicated that rLvA2M did not exhibit the trypsin entrapment 
activity. The native LvA2M from hemolymph of L. vannamei was isolated and tested for 
inhibitory against trypsin. The result showed that native A2M exhibited trypsin inhibitory 
activity in a dose-dependent manner. Moreover, the inhibitory activity assay against the crude 
protease from V. harveyi culture using agar diffusion method showed the significant 
inhibition of the native A2M. It exhibited the inhibitory activity against crude V. harveyi 
protease of 88, 67 and 41 % at 30, 60 and 120 µM, respectively. The native LvA2M will be 
used for further identified protease target from V. harveyi. 
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Introduction 

The shrimp farming is a significant aquaculture activity in many Asian countries especially 
Thailand. Outbreak of the disease like vibriosis, is caused by Vibrio parahaemolyticus and 
Vibrio harveyi. Outbreak results in mass mortality of the affected shrimp and consequently 
leads to extensive economical losses (Karunasagar et al., 1994). The bacterial secrete 
extracellular products (ECPs) (protease, phospholipase and hemolysin) are the dominant 
virulent factors of this pathogenic bacteria.  
Specific protease inhibitors are important components of the host defense that prevent against 
invasion of protease-secreting pathogens so as to dwindle the illness and death among the 
hosts. These protease inhibitors can be divided into two main classes; (i) active site inhibitors, 
which directly interact with the active site of the endopeptidase, and (ii) the alpha-2-
macroglobulins (A2M), which inhibit the protease activity through the mechanism of 
trapping the targeted protease inside its molecule resulting in an irreversible inhibition called 
the physical entrapment mechanism (Kanost, 1999). A2M is a protease inhibitor found in the 
plasma of vertebrates and invertebrates, acting as an important non specific humoral factor of 
innate immunity. It is well established that proteinase inhibitors exert several  important 
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immunological functions, such as the inhibition of endogenous and exogenous proteases 
(Armstrong, 2006). A2M composes of identical subunits of dimeric (invertebrate A2M) or 
tetrameric (vertebrate A2M) forms. The bait region located near the middle of the 
polypeptide chain is a unique sequence of amino acid which is susceptible to cleavage by 
most proteases. Bait region stimulate an A2M conformational change and subsequent 
entrapment of the proteases (Lin et al., 2012). The cage formed by A2M for trapping targeted 
proteases is a unique molecular structure (Marrero et al., 2012). Following the 
conformational change, an internal β-cystenyl-γ-glutamyl thiol ester bond is exposed which 
allows it to bind covalently to the entrapped proteinase or other nucleophiles (Barrera et al., 
2007). There are some receptor recognition sites on A2Ms that are also exposed following 
cleavage of bait region and recognized by receptors present on several cell types. The 
inhibitor–protease complex is afterward encapsulated by these receptor-bearing cells and 
degraded, resulting in the clearing of proteinases from circulation.  
A2Ms is significantly involved in many immune responses such as phagocytosis in the hard 
tick, Ixodes ricinus (Buresova et al., 2009) and mosquito, Anopheles gambiae (Levashina et 
al., 2001), the prophenoloxidase activating system in the crayfish, Pacifastacus leniusculus 
(Aspa´n et al., 1990), the blood clotting system in P. leniusculus (Hall et al., 1994), the 
horseshoe crab, Limulus polyphemus (Armstrong et al., 1984), and Penaeus monodon 
(Chaikeeratisak et al,. 2012). The protein expression profile of PmA2M in the major immune 
tissues P. monodon was strongly altered in hemocytes (Somboonwiwat et al., 2010) and 
lymphoid organ (Chaikeeratisak et al, 2012) following V. harveyi infection. PmA2M locates 
in the shrimp clot and functions as inhibitor of clot fibrinolysis. Secreted proteases from V. 
harveyi required for clot fibrinolysis is categorized as members of the metalloprotease and 
the serine protease families (Chaikeeratisak et al., 2012 and 2014). 
This research, therefore, aims to study inhibitory activity of LvA2M against protease secreted 
from V. harveyi and finally to identify the targeted proteases of LvA2M. The recombinant 
LvA2M protein (rLvA2M) was expressed in Escherichia coli and the native LvA2M was 
purified from shrimp hemolymph. Both rLvA2M and LvA2M were analyzed for activity 
against commercial trypsin and crude proteinase from V. harveyi. 

Methodology 

Hemolymph collection 
Juvenile white shrimp (Litopenaeus vannamei) size of about 10-15 g body weight were 
obtained from a commercial farm (Junpa Petchaburi, Thailand) and kept in aerated seawater 
(15 ppt) until used. The hemolymph was withdrawn from the ventral sinus located at the base 
of the first abdominal region, under an equal volume of precooled anticoagulant solution 
(Galvan et al., 2003), supplemented with 1 mM PMSF. The hemocytes were immediately 
separated from plasma by centrifugation at 800 ×g for 10 min at 4 °C and immediately placed 
in liquid nitrogen before being subjected to total RNA extraction and the plasma supernatant 
was immediately used for A2M purification. 

Total RNA preparation and cDNA synthesis 
The hemocytes were homogenized in TriReagent (Molecular Research Center). Total RNA 
was isolated according to the manufacturer’s instruction. Equal amount of total RNA from 
three shrimp was pooled and treated with RQ1 RNase-free DNase (Promega) to remove any 
contaminated DNA. One microgram of total RNA was used as a template for first strand 
cDNA synthesis using the RevertAID™ First Strand cDNA Synthesis Kit (Fermentas). The 
first strand and cDNA was kept at -20 °C until used. 
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Recombinant protein expression and purification 
The nucleotide sequences of the full length LvA2M (accession no. DQ988330) have been 
reported previously (Lin et al., 2008). In order to construct expression plasmid for the 
recombinant LvA2M protein (rLvA2M) production, the full length LvA2M gene was 
amplified from cDNA using specific primers (A2M_LV_forward : 5' ACTGGGATCCACTG 
GTCGGAATCCTCCTCAG 3'  and A2M_LV_reverse : 5' TATTATAGCGGCCGCGTCGC 
ACCCTTCGACGTA 3'). PCR product (4,454 bp) was cloned in-frame into the NotI and 
BamHI recombinant clones sites of the expression vector pVR600 (pET-28b(+) derivative). 
The recombinant plasmid (pVR600-LvA2M) was then transformed into E. coli strain XL-1 
blue. The recombinant clones were then selected and sequenced to confirm the correctness of 
the sequences with an automated sequencer by a commercial service. The recombinant 
plasmid was then transform into expression host E. coli BL21-CodonPlus®(DE3)-RIL and 
500 µl of 5-ml overnight culture of A2M expression clone were inoculated into 50 ml of LB 
broth and cultured until OD600 reached 0.4. The cells were induced with 1 mM IPTG for 6 h. 
After harvesting, the cells were resuspended in 50 mM Tris-HCl buffer pH 8.0 and subjected 
to sonication. The crude protein in the inclusion bodies was dissolved by 50mM NaCl in 50 
mM Tris-HCl pH 8.0 and separated onto 10% SDS-PAGE. The band corresponding to 
rLvA2M, was cut and eluted by crushing and soaking in 50mM Tris-HCl buffer pH 8.0. The 
purified rLvA2M was concentrated and collected at -20 °C. Pior to use for further activity 
assays, it was checked for integrity by coomassie stained 10% SDS-PAGE and quantified by 
Bradford assay. 
 
Purification of native A2M protein 
The purification method was modified from Gollas-Galva'n et al., 2003. Cell-free plasma (20 
ml) was filtered through 0.45µm membrane and applied to a Blue-Sepharose column pre-
equilibrated with 50 mM Tris-HCl pH 8.0. The flow through fraction was collected and 
concentrated by  Amicon ultra-15 centrifugal filter MWCO 100 kDa. The sodium chloride 
was added to the concentrated plasma to the final concentration of 3 M NaCl and then applied 
to  a 1-ml HiTrap phenyl sepharose HP column (GE Healthcare) pre-equilibrated with 50 mM 
Tris-HCl buffer pH 8.0 containing 3 M NaCl. The column was washed with 2 M NaCl in 50 
mM Tris-HCl pH 8.0 to remove unbound proteins. The bound proteins were eluted by 
decreasing the ionic strength of the buffer (the NaCl concentration of 3 to 0 M). The eluted 
fractions were analyzed by 10% SDS-PAGE. The fractions containing LvA2M were pooled 
and used for further experiments.  
 
A2M activity assay  
A2M activity was measured by incubating 50 µl (5, 10 and 20 µg respectively) of purified 
native or recombinant LvA2M with 10 µl of 1 mg/ml trypsin for 15 min at 37 °C. After 
incubation, 10 µl of 2 mg/ml soybean trypsin inhibitor (STI) were added and incubated for 10 
min at 37 °C in order to inhibit the activity of free trypsin. Finally, 100 µl of trypsin 
substrate, 1 mg/ml BAPNA (Na-benzoyl-DL-arginine-p-nitroanilide) in Tris-HCl 50 mM, pH 
8, were added and incubated 1 h at 37 °C. The activity of trapped trypsin was determined by 
measuring A415. Positive control was the reaction determining the activity of the total trypsin 
in the reaction. 
 
A2M inhibitory activity assay against Vibrio harveyi secreted protease 
The pathogenic V. harveyi strain 639 were used in this study. V. harveyi was cultured in 
marine broth (Difco) at 30 oC for 24 h in a shaking incubator of 250 rpm. The cells were 
harvested at 8,000 rpm for 15 min at 4 oC. The supernatant was collected and concentrated 
using lyophilization. The lyophilized crude protein was dialyzed with 50 mM Tris-HCl pH 
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8.0 before used. The inhibitory activity of native and recombinant LvA2M against protease 
secreted from V. harveyi was assayed using agar diffusion method. Various amount of A2M 
(5,10 and 20 µg) were mixed with 10 µl (10 µg) of crude V. harveyi protease, then the final 
volume was adjusted to 100 µl with 50 mM Tris-HCl buffer pH 8.0, and incubated for 15 min 
before loading into a well of 1% gelatin agar plate. The plate was then incubated for 4 h at 37 
oC. The crude V. harveyi protease and 50 mM Tris-HCl pH 8.0 were used as positive and 
negative controls, respectively. 
 
Result 
 
Cloning, expression and purification of rLvA2M protein  
The open reading frame encoding the LvA2M gene (4,454 bp) was amplified from cDNA of 
shimp hemocytes (Fig. 1A) and cloned into an expression vector pVR600 (pET-28b(+) 
derivative) vector. The recombinant plasmid was confirmed for the presence of insert by 
restriction enzyme digestion (Fig. 1B). The recombinant clone was cultured and induced for 
rLvA2M expression using IPTG at various time points. The predicted molecular mass of 
rLvA2M  (1,489 amino acid) is 166.9 kDa and pI is 5.77. The expression of the rLVA2M was 
highest at 4 h post-IPTG  induction. After IPTG induction, the rLvA2M with the expected 
size was overexpressed and the band corresponding to rLvA2M was purified from SDS-
PAGE. The purified rLvA2M was used for A2M activity and the protease inhibitory activity 
assays. 

             (A)                                                          (B) 

                     

                    

 

 

 

 

Figure 1: Cloning of alpha-2-macroglobulin gene from Litopenaeus vannamei (LvA2M)    
(A) The open reading frame (ORF) of LvA2M gene was amplified from cDNA of white 
shrimp hemocyte using specific primer and separated on 1% agarose gel electrophoresis (B) 
The LvA2M ORF was cloned into expression vector pVR600 (pET-28b(+) derivative). The 
pVR600_LvA2M plasmid was confirmed for LvA2M insertion by BamHI and NotI digeston. 

Purification of native A2M  
Shrimp A2M was partially purified from the plasma of L. vannamei. The hemocyte-free 
plasma was applied to the Blue-Sepharose column where hemocyanin, the major hemolymph 
protein, was trapped. Therefore, The flow through fraction was collected and subjected to 
ultrafiltration on a 100 kDa cutoff membrane to exchange the buffer to 50 mM Tris-HCl pH 
8.0 3 M NaCl and concentrate the protein before further purification through a Phenyl-
Sepharose column. LvA2M interacted strongly with the matrix. It was eluted at 0 M NaCl as 
a unique protein band of around 170 kDa observed in SDS-PAGE (Fig. 2) The LvA2M 
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fractions were pooled and concentrated for A2M activity and V. harveyi protease inhibitory 
activity assays. 

 
 

Figure 2: Coomassie blue-stained SDS-PAGE analyses of alpha-2-macroglobulin, Lane M ; 
PageRuler prestained protein marker, Lane 1 ; Native alpha-2-macroglobulin purified from 
plasma of L. vannamei, and Lane 2 ; The purified recombinant LvA2M  
 
A2M activity assay 
As stated before A2M performs its activity against protease by entrapment mechanism. The 
Therefore, the A2M activity can be determined by measuring the protease activity of the 
trapped trypsin. Herein, the positive control was the activity of total trypsin added to the 
reaction. The amount of trypsin trapped by A2M was measured after inhibition of free trypsin 
by STI, then the trypsin substrate BAPNA (Na-benzoyl-DL-arginine-p-nitroanilide) was 
added and measured the product at the absorbance of 415 nm. The A2M activity was 
subsequently calculated. The amount of trypsin trapped by native LvA2M increased as a 
function of the A2M concentration. Native LvA2M at 20, 60 and 120 µM could trap 60.5, 
39.6 and 24.8% of trypsin, respectively. The recombinant A2M displayed significantly low 
activity where it could trapped 6.9, 4.6 and 2.3 % of trypsin, respectively. The result 
indicated that the activity of native LvA2M was higher than rLvA2M. 
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Figure 3: Activity of native and recombinant LvA2M, Line 1: Positive control 
(Trypsin+BAPNA), Line 2: 120 µM of native A2M (20 µg), Line 3: 60 µM of native A2M 
(10 µg), Line 4: 30 µM of native A2M (5 µg), Line 5: 120 µM of rA2M (20 µg), Line 6: 60 
µM of rA2M (10 µg), Line 7: 30 µM of rA2M (5 µg), Line 8: Negative control 
(Trypsin+STI+BAPNA). 
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A2M inhibitory activity assay against Vibrio harveyi secreted protease.  
The inhibitory activity of rLvA2M and native LvA2M against protease secreted by V. harveyi 
were assayed by agar diffusion method. The percentage of inhibition zone of native A2M was 
83, 66.7 and 41.6 % at 30, 60 and 120 µM, respectively. In the presence of native LvA2M not 
the rLvA2M, the size of the clear zone was significantly reduced when compared to the 
control (crude V. harveyi proteases (CVPs) only. The inhibitory activity of native A2M 
(60%) were much higher than that of the rLvA2M (10%) at 120 µM A2M (Fig. 4B). Our 
results ensured that white shrimp A2M can inhibit V. harveyi secreted proteases in vitro.  
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Figure 4: A2M inhibitory activity assay against Vibrio harveyi secreted protease by agar 
diffusion method. (A) The recombinant and native LvA2M protein at various concentrations 
incubated with the crude V. harveyi proteases (CVPs) on the gelatin agar plates. The 
reduction of clear zone indicated the protease inhibitory activity of native LvA2M. (B) The 
percentage of remaining activity of CVPs was plotted against various concentration of A2M. 
 
 Discussion 
 
The A2M protein is a fairly non-specific protease inhibitor that exists in many kinds of 
animals, including both vertebrates and invertebrates. The indicator mechanism of A2M 
differs from other protease inhibitors. The inhibition of A2M is achieved by a physical 
entrapment of the proteases in its ‘‘Venus flytrap’’ like structure, resulting from a 
conformational change triggered by a cleavage within the bait region (Sottrup-Jensen et al., 
1989). The entrapment in the A2M cage prevents the entrapped enzyme from accessing 
external proteins as substrates for proteolytic attack and protects the entrapped enzyme 
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molecule from inactivation by macromolecular active site protease inhibitors (Armstrong, 
2010). 
In the present study, the recombinant LvA2M could be produced in E. coli system but was 
unable to be purified by Ni-NTA purification system. The activity of rLvA2M was not 
significantly observed when compared with the native A2M from shrimp plasma. Although 
the rLvA2M can be successfully purified, it did not exhibit protease inhibitory activity. The 
LvA2M is a large homodimeric glycoprotein and consists of 9 N-linked glycosylation and 11 
disulfide bonds (Lin et al., 2008) While, 8 N-linked glycosylation sites were observed in the 
A2M sequence of P. monodon (Lin et al., 2007) and M. japonicus (Rattanachai et al., 2004). 
Considering LvA2M that contained glycosylation sites and is a high molecular weight 
protein, thus, the loss of rLvA2M protease inhibitory activity could result from protein 
misfolding as well as lacking of glycosylation in E. coli system. Also, the activity of A2M 
depends on the presence of a reactive internal β-cystenyl-γ-glutamyl thiol ester. This thiol 
ester bond in rLvA2M would be difficult to produce causing impair of A2M activity.  
In shrimp, PmA2M has been reported to exhibit the inhibitory activity against V. harveyi 
proteases preventing fibrinolysis of the blood clot and V. harveyi released proteases required 
for substantial fibrinolysis that were catergorized in the metalloprotease and the serine 
protease families (Chaikeeratisak et al., 2012, 2014). Herein, the inhibitory activity against 
crude V. harveyi proteases of native LvA2M was firstly reported. In order to understand the 
immune mechanism of A2M on prevention of clot fibrinolysis in shrimp, further 
investigations are needed to identify LvA2M target proteases. This will fulfill and extend 
knowledge of the shrimp immune defense, especially the blood coagulation system, and 
defense against pathogenic V. harveyi infections.  
 
Conclusion 
 
A recombinant protein of LvA2M was produced in the E. coli system. The expected size of 
rLvA2M protein (1,489 amino acid) is 169.9 kDa. It was overexpressed and separated on 
SDS-PAGE. The native LvA2M protein from hemolymph of white shrimp was purified by 
liquid chromatography. The size of native LvA2M protein is about 170 kDa according to the 
observation on SDS-PAGE. The A2M activity and inhibitory activity against V. harveyi 
proteases of native LvA2M was firstly characterized and is higher than that of rLvA2M. To 
further study the immune mechanism of A2M on prevention of clot fibrinolysis in shrimp, the 
target protease of native LvA2M will be further identified. 
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