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Bacterial expression systems, such as the Novogen pET32a(+) vector, are frequently used 

to increase the solubility of recombinant proteins and circumvent inclusion body formation 
in Escherichia coli by expressing the desired products as fusion constructs with highly 
soluble proteins such as E .coli  thioredoxin A.  In this study we amplified emoA, from the 
plasmid pEmoA, using the polymerase chain reaction, in order to study the potential role of 
flavin oxidoreductase on solubility of EDTA monooxygenase A (emoA). PCR reactions were 
conducted using custom primers designed on the putative emoA sequence from GenBank. 
Initial reactions showed no amplification of the target even though the controls were 
amplified.  Annealing temperature, polymerase enzyme, and DNA concentration were varied, 
along with the use of bovine serum albumin and dimethylsulfoxide as PCR enhancers.  
Restriction digest analysis was performed to confirm the identity of the putative emoA gene 
in the pEmoA plasmid and Mfold analysis was performed in order to assess the potential 
secondary structure of pEmoA. The Mfold analysis revealed a significant hairpin in the 
sequence region adjacent to the reverse primer.  Amplification of the target sequence was 
finally achieved with the addition of 5% v/v dimethylsulfoxide that would have melted the 
predicted hairpin.  

 
 

Protein expression is a key step in 
characterizing many gene products, a process that 
can be inhibited by aggregation and inclusion body 
formation when exogenous proteins are expressed 
in Escherichia coli (10).  Protein expression 
systems, such as the Novagen pET32a(+) vector 
(7), have been designed to circumvent this by 
expressing the desired insoluble product as a fusion 
protein with E.coli thioredoxin A (TrxA), which 
has been shown to aid in solubilization of a number 
of proteins (7, 14).   

It has been suggested that since thioredoxin A 
facilitates the formation of disulphide bonds, and 
that the redox state of over-expressed fusion 
constructs is a factor in preventing the formation of 
insoluble aggregates (14), that another redox 
enzyme, flavin oxidoreductase (Fre), may produce 
similar effects if used to replace TrxA in the 
Novagen pET32a over-expression system (5).  
Previous studies have set out to compare the effects 
of these two thioredoxins in fusion constructs by 
attempting to express EmoA in the standard 
Novagen pET32a(+) over-expression system, but 
time constraints have not allowed for these studies 
to be completed (5, 13, 15). Currently, two 
constructs (pET32aΔtrx, and pET32a(+)Δtrx/fre+ 
(13)), have been produced to study the effects of 
flavin oxidoreductase on the solubility of EmoA, 

but previous studies’ attempts to amplify emoA by 
PCR were unsuccessful (15) .     

Several bacterial strains capable of 
ethylenediaminetetraacetate (EDTA) degradation 
have been isolated, including BNC1, which use 
EDTA monooxygenase (EmoA) to degrade EDTA 
to EDDA (8).  Bohuslavek et al. (1) were able to 
clone and sequence emoA as part of the EDTA 
degrading gene, and express it in E .coli. They 
characterized it as a reduced flavin 
mononucleotide-utilizing monooxygenase and 
created the plasmid construct, pEmoA, by inserting 
a 2.4 kb emoA-containing EcoRI fragment into 
pTrc99A (1). This study devised the conditions to 
successfully amplify emoA from pEmoA, in order 
to allow subsequent cloning of emoA into the 
previously created constructs. 

 
MATERIALS AND METHODS 

 
Strains and growth conditions. E. coli DH5α strains 

containing the plasmid pEmoA were provided by the MICB 421 
culture collection (Department of Microbiology and 
Immunology, University of British Columbia).  For overnight 
amplification in liquid media, bacteria were grown for 18 h at 
37° C with aeration and agitation at 200 rpm. Liquid Luria-
Bertani (LB) medium (pH 7.0) containing tryptone (1%, BD 
Science), yeast extract (0.5%, BD Science), and NaCl (1%) was 
used for all overnight propagations in broth. Solid LB media 
was made by adding 1.5% Agar (Sigma) to the same liquid  
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 FIG. 1:  Sequence of the 2.4 kb EcoRI fragment containing the emoA insert and the primer designs from both this 
experiment and Young (15). Bolded sequence indicates the annealing sites for the Young (15) primers while underlined 
sequence indicates the annealing sites for the primers of this study. Bold and underlined text indicates primer overlap.

 
Media before autoclaving. DH5α cells, were grown at 37° C, on 
solid LB for 18 h. 
Primer design, construction and storage. The template 
sequence for pEmoA was reported by Bohuslavek et al. (1). 
Forward and reverse primers were designed using the software 
program, Primer3 version 0.4.0 (National Human Genome 
Research Institute, Bethesda MD) and synthesized by Integrated 
DNA Technologies (IDT, Coralville IA). EcoRI and HindIII cut 
sites were included at the 5’ ends of the forward and reverse 
primers, respectively, in order to allow for subsequent cutting 
and ligation into the multiple cloning site of the pET-32a vector.  
Four adenine residues were also included at the 5’ ends of each 
primer to ensure enough room for the binding of EcoRI and 
HindIII. The binding sites and sequences of the forward and 
reverse primers (designated HRSM08-F and HRSM08-R, 
respectively) that were designed in this experiment, as well as 
those used by Young (15), are shown in Fig. 1. The Basic Local 
Alignment Search Tools (BLAST) sub-program, BL2seq, 
provided on the National Center for Biotechnology 
Information’s (NCBI) website, was used to ensure that the 
proposed primer sequences did not bind non-specifically to any 
other sequences on pEmoA. Upon receipt, the primers were 
reconstituted in sterile distilled water (sdH2O) to a concentration 
of 100 µM and stored at -20° C.  A 10 μM stock solution of 
primers was created and used in each PCR reaction. 
 

Plasmid isolation and DNA analysis. Plasmid DNA was 
isolated from DH5α cells using standard protocol from the 
PureLink HQ Mini Plasmid DNA Purification Kit (Invitrogen,  

 
Cat. No. K2100-01). To assess the concentration and purity of 
isolated plamid, absorbance was read at 260 nm and 280 nm, 
using a Beckman Coulter DU530 spectrophotometer.  Isolated 
DNA was reconstituted in sdH2O and stored at -20° C. 

Restriction digests.   EcoRI and PstI restriction digests 
were performed on pEmoA to support the presumed identity of  
the isolated plasmid. A predicted restriction map of pEmoA was 
made using the software program, NEBcutter version 2.0 (New  
England BioLabs, Ipswich MA), and using an assembled 
sequence for pEmoA (pTrc99a with a 2.4kb EcoRI fragment of 
BNC1 obtained from GenBank sequences M22744 and 
AF176664 (1).  EcoRI digest was performed by mixing 15 μl of 
isolated pEmoA DNA (71 ng/μl), 5 μl 10X NEBuffer EcoRI 
(New England Biolabs), 0.1 μl of EcoRI (20 Units/μl, New 
England Biolabs), and 29.9 μl sdH2O, and incubating for one 
half hour at 37o C.  Enzyme was then heat inactivated at 65o C 
for 10 minutes.  This digest was also used as a precursor to PCR 
reaction 7. A PstI restriction digest was performed (in duplicate) 
by mixing 15 μl of isolated pEmoA DNA (71 ng/μl), 5 μl 10X 
React 2 buffer (Invitrogen), 0.2 μl of PstI (10 Units/μl, 
Invitrogen), 29.8 μl sdH2O, and incubating for one half hour at 
37o C.  Enzyme was then heat inactivated at 65o C for 10 
minutes. 

Polymerase Chain Reaction (PCR) and analysis.   
Several PCR reactions and conditions were tested.  Unless 
otherwise stated, PCR buffer and Taq polymerase were 
provided by Invitrogen.   
 Reaction 1:  Each 50 µl reaction tube contained 5 µl of 10x 
Buffer (-Mg, Invitrogen), 1.5 µl of MgCl2 (50 mM, Invitrogen), 
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5 µl of dNTPs (2 mM, Invitrogen), 1 µl of each primer 
(HRSM08-F and HRSM08-R, at a concentration of 10.0 µM), 
0.4 µl of Taq Polymerase (5 Units/µl) and 34 µl of sdH2O.  
Template pEmoA (71 µg/ml) was stored at -20° C and 2 µl of 
this suspension was added to each PCR reaction. Unless stated 
otherwise, each reaction was conducted over a period of 30 
cycles in the Biometra T-gradient thermocycler with the 
following parameters: 105° C lid temperature; 95° C for 5 min 
in the first denaturation step; 95° C for 30 s in every subsequent 
denaturation step; a gradient from 50° C to 60° C for 30 s in 
each annealing step; 72° C for 2 min in every elongation step.   
A positive control containing 2 μl TOPO positive PCR control 
primers (0.1 ng/μl), and 1 μl TOPO positive control DNA (0.1 
ng/μl) and 1 μl sterile water in place of the test template and 
primers was included. 

Reaction 2:  PCR set up as in Reaction 1, with the 
exception that 2 μl of 71 μg/ml template DNA was replaced 
with 1.5 μl of a 0.73 μg/ml DNA solution.  The positive control 
for this reaction was an additional PCR reaction, set up exactly 
as the rest, but in which 3 μl of sterile water were replaced by 2 
μl TOPO positive PCR control primers (0.1 ng/μl), and 1 μl 
TOPO positive control DNA (0.1 ng/μl), in order to test the 
ability of Taq to amplify the positive control in the presence of 
our isolated template DNA and primers.   

Reaction 3: Colony pick PCR.  An overnight culture of 
DH5α E. coli containing pEmoA was streaked on LB agar 
plates for isolated colonies.  Five isolated colonies were chosen 
and a stab inoculator was used to transfer cells from the top of 
each colony, to a prepared PCR reaction mix (as described 
above, but lacking Taq) in a thin-walled PCR tube.  Each tube 
was heated to 95o C in a Bio-Rad Gene-Cycler for 10 minutes to 
lyse the cells.  Taq was added then added to each tube, and the 
PCR sequence was initiated, as follows.  Denature at 95o C for 
3minutes, and then repeat the following cycle 30 times: 
denature at 95o C for 30 seconds, anneal at 55o C for 30 s, and 
then extend at 72o C for 2 minutes.   

Reaction 4:  PCR conditions were the same as in reaction 1, 
but with differing combinations of primers.  The combinations 
of primers used, and volumes used are shown in Table 1.  The 
reaction volume in each tube was made up to 50 µl with sterile 
water.  PCR cycle conditions were identical to reaction 3, 
excepting a lowered annealing temperature of 42o C.  

 
Sample no. and volume Loaded (µl) Primer Conc. 

(mM) 1 2 3 4 5 6 
HRMS08F 10 1.0 - 1.0 1.0 - - 
HRMS08R 10 1.0 - - - 1.0 1.0 
SY06(+) 25 - 0.4 0.4 - 0.4 - 
SY06(-) 25 - 0.4 - 0.4 - 0.4 

  TABLE 1: Primer concentrations and volumes added to PCR 
reactions performed to assess the compatibility of each primer 
combination. 
      

Reaction 5: An eLONGase PCR was conducted, replacing  
Taq polymerase with 1 µl eLONGase enzyme (Invitrogen). 2 µl 
of Buffer A (5x, Invitrogen) and 8 µl of Buffer B (5x, 
Invitrogen) were added in stead of 10x Buffer and MgCl2.  
Template and primer concentrations remained identical to those 
used in reaction 2 (a positive control was also included, using 
TOPO positive PCR control described in reaction 2).  The 
volume of sterile water added was adjusted to bring the final 
reaction volume up to 50 µl.  
 Reaction 6:  Identical to reaction 2 with the following 
changes:  i) the addition of 2.5 µl of Bovine Serum Albumin 
(supplied at 10 mg/µl BSA, Fermentas), to a final concentration 
of 0.5 μg/μl; ii), an extended gradient from 46o C to 54o C (table 
2); and iii), an increase in cycles from 30 to 40.  The number of 

cycles was increased from 30 to 40, and an alternate Taq 
enzyme and 10X Taq buffer (Tris + KCl), both from Fermentas, 
were utilized in these PCR reactions in place of Invitrogen Taq. 
 Reaction 7:  PCR on EcoRI digest (as described above).  2 
μl of EcoRI digested pEmoA (0.23 ng/μl) was added to a 
reaction mixture containing 5 μl of 10X Taq buffer +KCl 
(Fermentas), 1.5 μl of 50 mM MgCl2, 0.4 μl of 25 mM dNTPs 
(Fermentas), 0.4 μl Taq polymerase (Fermentas), 1 μl of each 
primer (HRMS08-F and HRMS08-R), and the final volume was 
adjusted up to 50 μl with sdH20.   PCR program was the same as 
was used in reaction 4. 

Reaction 8:  Identical to reaction 6, but with the BSA 
substituted with 2.5 μl of DMSO (Sigma) in each reaction tube, 
to a final concentration of 5% v/v.  

Secondary structure analysis.  The online software 
program, Mfold version 3.2 (Rensselaer Polytechnic Institute, 
Troy NY) was used in the examination of nucleic acid 
sequences for any probable secondary structural elements (9, 
17).  Mfold was used to assess both forward and reverse primers 
as well as the areas surrounding their respective template 
sequences to within 50 base pairs. Each analysis was conducted 
for a linear DNA sequence at a temperature between 50° C and 
60°C. Ionic concentrations of Na+ and Mg2+ were set to 1 mM 
(default) and 1.5 mM respectively. All other parameters 
including the values for percent suboptimality, upper bound, 
and maximum distance between base pairs were left at their 
defaults. 

 
RESULTS 

 
Plasmid isolation and characterization.  

Plasmid preparation was performed on pEmoA 
containing E. coli, and DNA was isolated at 
concentrations of 73 ng/μl.  Isolated plasmid was 
run on a 1% agarose gel, and a multiple band 
pattern was observed. The digest patterns (FIG. 2) 
following digestion with the restriction 
endonucleases EcoRI and PstI were consistent with 
the expected patterns predicted for pEmoA. 
 

 
FIG. 2: Confirmation of pEmoA plasmid isolation 
by gel electrophoresis (3) and restriction digests 
using Pst1 (1) and EcoRI (2).  Ladders and 
corresponding sizes are presented alongside for 
size estimation. 

 108



Journal of Experimental Microbiology and Immunology (JEMI)  Vol. 12:106-112 
Copyright © December 2004, M&I UBC 

 

FIG. 3:  PCR amplification from pEmoA with primer combinations from HRSM08-
F and –R, and SY06(+) and (-), alongside PCR amplification from pEmoA, using 

eLONGase polymerase.  Primer combinations are listed over their respective lanes.  
eLONGase PCR was conducted using HRSM08-F and –R. 
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FIG. 4:  Amplification of emoA from pEmoA, with HRSM08-F and 
HRSM08-R.  5% v/v DMSO was added as an enhancer. 
Lane 1 contains molecular size standards, lanes 2-7 contain PCR 
amplicons, lane 8 is the positive control, lane 9 is the negative control.   
Annealing temperatures of 46.0 oC, 46.7 oC, 48.5 oC, 50.4 oC, 52.4 oC, 53.8 

oC, 49.5 oC, and 49.5oC in lanes 2 to 9 respectively. 
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PCR Reactions.  The PCR reaction conditions 

1, 2, and 3, and the appropriate primers did not 
amplify any products from the pEmoA template 
even though the expected 750 bp band was 
amplified from the TOPO control reaction (data not 
shown). 
A 10 kb and a 7 kb amplicon were produced from 
the combination of HRSM08-F and SY06(+) in  

 
reaction 4.  Multiple bands of various sized 
amplicons were present in the HRSM08-R and 
SY06(-) primer set condition: Two major bands 
were seen at approximately 2000 bp and 600 bp, 
with an additional array of fainter bands situated in 
between them (FIG. 3).  The remainder of the 
primer combinations resulted in no visible 
amplification (FIG. 3).  Attempts made to 
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reproduce this ladder over a gradient of annealing 
temperatures failed to generate any amplification 
(data not shown). 

The use of eLONGase enzyme mix (Reaction 
5), which was intended to confer proofreading 
capability to PCR reactions and increase the 
fidelity of the obtained amplicon, failed to generate 
visible products from pEmoA and the HRSM08 
primer set, while the positive control was 
successful (FIG. 3). 

Two sets of PCR reactions that included 5 
μg/ml of BSA (Reaction 6), and either the primers 
HRSM08-F and HRSM08-R, or HRSM08-R and 
SY06(-) generated a number of sporadic bands 
with no apparent pattern (data not shown). 

A PCR was performed on 0.46 ng of EcoRI 
digested DNA (Reaction 7), in order to eliminate 
potentially inhibitory DNA-DNA interactions that 
may have been occurring over long distances 
within our plasmid, yielded no visible products 
(data not shown). 

Believing that the formation of local secondary 
structures may have been involved in the inhibition 
of amplification throughout previous attempts, a 
series of PCR reactions were carried out containing 
5% v/v DMSO, and a corresponding control set 
without DMSO was also performed (Reaction 8).  
Reactions were performed over an annealing 
temperature gradient that ranged from 46o C to 54o 

C, and utilized the HRSM08-F and HRSM08-R 
primer set.  Results in four of the six annealing 
temperatures in the DMSO condition yielded a 
single band at 1.4kb (FIG. 5), which corresponded 
to the expected size of emoA.  A parallel set of 
reactions, performed under the same conditions, 
but with no DMSO, gave no products (data not 
shown).    

Mfold Analysis.  Mfold analysis (9, 17) on the 
primer binding regions of pEmoA.  A potential 
hair-pin turn was predicted, (FIG. 5) involving 
template bases at the  3’-end of our reverse primer 
(HRSM08-R) binding site.  
 
 

DISCUSSION 
  
   The results of the dilution tests, the colony PCR, 
and the addition of BSA suggest that the primary 
cause of the initial lack of a PCR product was not 
due to sample contamination by nucleotides, salt, 
ethanol, protein, or other debris.  This belief was 
confirmed by the ready amplification of the TOPO 
control mixed with the template DNA.  The 
banding pattern resulting from digesting the 
plasmid with EcoRI and PstI was consistent with 
the pattern expected from the pEmoA plasmid, so  

 
  FIG.  5:  Mfold analysis of the HRSM08-R primer binding 
region of pEmoA to investigate inhibitory secondary structure 
formation shows a hairpin with a Tm of 67.5 oC.  HRSM08-R 
binds the sequence 5’-GACCAAGCGAAAATCATGGT-3’ 
(position 19-38 above). 
 
the template was probably correct.  In addition the 
problem in amplification did not arise from the 
enzyme because it occurred with Taq polymerase 
from Fermentas, and Invitrogen, as well as the 
ELONGase.   

Running the PCR with varying concentrations 
of template DNA, at an annealing temperature of 
42° C, which is well below the Tm of the 
HRSM08-F and HRSM06-R primers of 60° C and 
58.7° C respectively, appeared to result in non-
specific amplification and yielded a product that 
produced a thick band in the 200 bp size range 
(FIG 3). These results showed that some 
productive interaction between the primers and 
template DNA was possible.  
     In the same experiment, we also set up PCR 
using the primers designed by Young (15). These 
reactions did not yield any amplification product, 
indicating that there were differences in activity 
and binding conditions between the two primer sets.  
    In a subsequent experiment, PCR were run on a 
gradient of annealing temperatures from 46-54° C 
after the addition of 0.5 μg/μl BSA.  Excessive, 
non-specific amplification was seen in the tube 
which was subjected to an annealing temperature 
of 46.7° C, and low levels of non-specific 
amplification were seen in the 46° C tube although 
there was no apparent amplification at higher 
annealing temperatures (data not shown).  One 
possible explanation was that there is a very 
narrow range at which the temperature is low 
enough to allow our primers to bind non-
specifically but high enough to prevent the plasmid 
from adopting inhibitory secondary structure.  
However, another possible explanation for these 
results is foreign DNA contamination.  
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      A set of PCR were run using various 
combinations of our primers and Young’s primers 
(15). The reaction containing both HRSM08-R and 
SY06(-) yielded numerous bands (FIG. 3).  Many 
possible explanations for these results were 
suggested including errors in primer labeling, non-
specific vector amplification, PCR artifacts and 
contamination. However, further investigation is 
required to confirm or refute any of these 
hypotheses. 
      DNA sequences with considerable secondary 
structure may result in little or no yield of the 
expected PCR product as the secondary structure 
could occlude the primer binding.  Since our results 
suggested that contamination affecting polymerase 
activities and incorrect template sequences were 
not responsible for the lack of amplification of the 
emoA gene, secondary structure within the DNA 
template was investigated. To test whether 
secondary structures played a role in the lack of 
amplification of the desired product, pEmoA was 
digested with EcoRI and then diluted accordingly. 
It was speculated that if the inhibition of 
amplification was a result of vector DNA base 
pairing and interfering with regions within the 2.4 
kb EcoRΙ fragment, then excising the EcoRΙ 
fragment from the vector and diluting the DNA 
would in turn decrease the chances of vector-target 
sequence interactions inhibiting amplification. 
Digestion with EcoRΙ and dilution of DNA used 
for PCR, however, did not amplify the EmoA 
fragment. This suggested that interactions 
occurring between vector DNA and the 2.4 EcoRI 
fragment were not responsible for the lack of 
amplification of the emoA fragment. This did not, 
however, rule out the possibility of secondary 
structure playing a role in the absence of emoA 
amplification as it was entirely possible that 
secondary structures within the 2.4 kb EcoRI 
region were inhibiting primer binding.  
      In order to test if secondary structures within 
the template EcoRI fragment were hindering 
successful amplification, dimethylsulfoxide 
(DMSO) was incorporated as a PCR enhancing 
agent. This is a widely used additive in PCR 
reactions as it enhances PCR by hydrogen bonding 
to the major and minor grooves of template DNA 
resulting in the destabilization of potential hairpin 
structures thus allowing for more effective primer 
binding (12). Bands of the desired size were 
obtained (FIG. 4) indicating that the addition of 
DMSO allowed for the effective amplification of 
the 1.4 kb emoA fragment, suggesting that the 
alleviation of template secondary structure may 
have resulted in successful amplification of the 
desired emoA coding region, as one dominant band 

is present at the predicted size, with no other 
visible products. The absence of this band in lane 2 
and 4 of figure 6 was likely due to some error in 
sample preparation, as, there was no apparent trend 
in band intensity across the temperature gradients 
used. Positive and negative control lanes further 
imply that these are the desired emoA amplicons 
and not the result of contaminating DNA. These 
results suggest that secondary structures within the 
2.4 EcoRI were inhibiting primer binding, thus 
resulting in the absence of emoA amplification. 
     The hypothesis that the secondary structure 
within the EcoRI fragment was obstructing the 
annealing of primers to the template and thus 
inhibiting amplification was further supported by 
the Mfold analysis (9, 17) performed on the EcoRI 
fragment (FIG. 5).  These results indicated the 
presence of a hairpin loop with a Tm of 64ºC in the 
reverse primer binding site of the template DNA. 
According to these data, the melting temperature of 
the hairpin structure is higher than the annealing 
temperatures used during the PCR. This suggests 
that the reverse primer may not have been able to 
bind effectively to the DNA template during the 
annealing step, thus resulting in the inhibition of 
the amplification of the DNA. If Mfold data was 
accurate, these results further suggest that DMSO, 
which destabilizes secondary DNA structures, was 
able to melt the hairpin loop present on the 
template DNA which in turn allowed effective 
primer binding and amplification of the EmoA 
fragment.  
     It should be noted, however, that the reliability 
of Mfold data is questionable. The software works 
by interpreting the Mfold algorithms which are 
used to predict the suboptimal folding as well as an 
energy dot plots (a dot plot showing all possible 
base pairs) that can participate within a specified 
increment of the predicted minimum folding 
energy. There are inherent contradictions between 
energy methods and since Mfold algorithms are 
based on predictions (17), it cannot be assumed 
that results generated from this database are 
accurate.  This software, does give insightful 
information of the possibility of the presence of 
secondary structure within DNA and thus can be 
used to study template DNA if accurate PCR 
amplification cannot be obtained (16, 18).  
      Although Mfold data must be interpreted with 
care, these results are consistent with the 
hypothesis that secondary structure was inhibiting 
binding of primers to the target DNA sequence and 
the addition of DMSO may have minimized these 
unwanted structures, thus allowing the specific 
binding of primers to the emoA segment. When 
taken together, the results of the Mfold analysis, 
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combined with the successful amplification of our 
target sequence by the addition of DMSO, imply 
that previous attempts to amplify our target where 
likely inhibited by some secondary structural 
features of our template DNA. 
 

FUTURE EXPERIMENTS 
 

The specific amplification of a 1.5 kb segment, 
obtained by using HRSM08-F and HRSM08-R 
primers supports the notion that we have amplified 
the desired emoA insert. Such results should be 
verified, however, and sequencing the 1.5kb 
amplicon is recommended before further progress 
is attempted.   

Once successful amplification of emoA has 
been confirmed, it can then be ligated into the 
previously created constructs (pET32aΔtrx, 
pET32a, and pET32aΔtrx/fre+) (13).  After 
screening, the expression of both fusion proteins, 
as well as the un-fused EmoA protein, under the 
control of the same promoter, will allow for the 
comparison of the effects of thioredoxin and flavin 
oxidoreductase on the solubility of EmoA.  This 
can be accomplished using both qualitative and 
quantitative techniques (4, 11).  Performing SDS-
PAGE on soluble and in-soluble fractions of each 
over-expressed protein will allow for a simple 
visual evaluation of solubility (4).  A quantitative 
analysis can be conducted on the sample through 
the employment of a Bradford Assay. This method 
can be used to estimate the total concentration of 
soluble protein in a given sample (11). 
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