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ABSTRACT 
The multi-epitope polypeptide TAB1 representing sequences of the gp120 HIV protein is one of the antigens 
included in the UMELISA® HIV 1+2 RECOMBINANT diagnostic kit to detect antibodies against HIV. This test is 
produced by the Immunoassay Center and it has been used in Cuba both for screening HIV infected patients 
and checking blood quality in blood Banks. Originally the protein was expressed in a vector with the trypto-
phan promoter and was purified by reverse phase HPLC, which is an expensive and low yielding process. In 
this study, the expression vector was redesigned, using new cloning and purification techniques, by including a 
gene modification that added a hexahistidine tag to TAB1, allowing for its purification with immobilized metal 
affinity chromatography. The replacement of the tryptophan promoter regulatory system by the hybrid ptrc pro-
moter offered better control and an expression level of about 20%. This new process enabled the production 
of the TAB1-His protein with the appropriate purity profile and antigenic properties for its binding to HIV an-
tibodies, while meeting the requirements for its use in the diagnostic kit UMELISA® HIV 1+2 RECOMBINANT. 
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RESUMEN     

Clonaje, expresión y purificación del polipéptido multiepitópico TAB1-His para el diagnóstico del VIH-1. 
El polipéptido multiepitópico TAB1, que representa regiones de la proteína gp120 del Virus de la Inmunodeficiencia 
Humana (VIH), forma parte de los antígenos que componen el juego diagnóstico UMELISA® HIV 1+2 RECOMBINANT 
para la detección de anticuerpos anti-VIH. Este inmunodiagnóstico producido por el Centro de Inmunoensayo (CIE), 
es el que se utiliza en Cuba, tanto para la pesquisa de pacientes infectados con el VIH como para asegurar que toda 
la sangre que reciben los bancos esté libre del virus. Originalmente la proteína se expresaba en un vector bajo el 
promotor triptófano y su purificación se realizaba por HPLC de fase reversa, lo que encarecía el proceso y se obtenían 
bajos rendimientos. En este trabajo, con el empleo de nuevas técnicas de clonaje y purificación se realizó un rediseño 
del vector de expresión, que incluyó la modificación del gen para incorporarle una cola de histidinas a la proteína 
TAB1, lo que permitió purificarla  por cromatografía de afinidad a iones metálicos inmovilizados. La modificación del 
sistema regulador del promotor triptófano por el ptrc ofreció un mejor control y niveles de expresión alrededor del 
20 %. Con este nuevo proceso productivo se obtuvo una proteína TAB1-His con un grado de pureza y propiedades 
antigénicas que permiten utilizarla para la detección de anticuerpos anti-VIH y, por tanto, cumple con los requisitos 
exigidos para su empleo en el diagnosticador UMELISA® HIV 1+2 RECOMBINANT.

Palabras clave: VIH, gp120, quelatos metálicos, proteína recombinante, polipéptido multiepitópico

Introduction
The Human Immunodeficiency Virus (HIV) epidemic 
is one of the greatest problems in public health, after it 
has produced more than 34 million deaths. The World 
Health Organization (WHO) reported that at the end 
of 2014 there were 36.9 million persons infected with 
HIV worldwide [1]. 

In HIV infected patients, the symptoms and clini-
cal signs are non-specific and they vary greatly from 
one individual to another, and most patients may even 
be completely asymptomatic. All persons infected, 
however, develop antibodies against the virus proteins. 
These antibodies circulate through the blood of patients 
and can be detected by laboratory methods that are the 
key to its diagnosis [2, 3]. Generally, they are based on 
the techniques of the enzyme-linked immunosorbent 
assay (ELISA) making it possible to process a large 
number of samples at the same time. Its high sensitivity 
ensures the safety of the blood and its derivatives [4, 5].

Most modern methods use ELISA plates coated 
with a combination of recombinant proteins and 
synthetic peptides that represent different immuno-
genetic regions of the main structural proteins of the 
virus [6-8]. The ELISA test used in our country for 
the epidemiological screening of the high risk popula-
tion and the control of the blood and its derivatives, is 
the UMELISA® HIV 1+2 RECOMBINANT, based 
on the SUMA® technology that was developed and 
produced by the Immunoassay Center (CIE). The 
combination of antigens used in coating the plates, 
makes it possible to detect antibodies against HIV-1 
and HIV-2 [9, 10]. This diagnostic assay has been es-
sential for the recognition made by the World Health 
Organization and the Pan American Health Organiza-
tion in June 2015, where they announced that Cuba 
had become the first country in virtually eliminating 
the mother-to-child transmission of HIV [11].
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One of the recombinant proteins forming the com-
bination of antigens of the UMELISA® HIV 1+2 
RECOMBINANT is TAB1, a multi-epitope poly-
peptide that was designed at the Center for Genetic 
Engineering and Biotechnology (CIGB). It contains 
several epitopes of the gp120 protein that includes the 
sequence of several viral isolates, thereby detecting 
the presence of antibodies against gp120 which cor-
respond to different HIV genetic variants. The chime-
ric gene coding for TAB1 is expressed in Escherichia 
coli under the regulation of the tryptophan promoter. 
Once solubilized, the recombinant protein is purified 
by reverse phase HPLC [12]. Although conventional 
purification methods cannot be ignored, the inclu-
sion of affinity tags has become the standard for the 
production of recombinant proteins since they enable 
their recovery and purification at a low cost. The most 
popular fusion is that including poly-histidine tags 
(His-tag) because they can also be used under native 
or denaturalized conditions [13]. This paper reports 
the inclusion of a histidine tag to the TAB1 protein 
and its purification under denaturalizing conditions in 
a single immobilized metal ion affinity chromatogra-
phy (IMAC) step using the Ni-NTA Agarose matrix. 

Materials and methods

Biological materials and chemical substances 
used
The restriction and modification enzymes were ob-
tained from Heber Biotec S.A. (Cuba), New England 
Biolabs (USA) and Promega (USA), and specifica-
tions from suppliers were followed for their use. The 
reagents, culture media components and materials 
employed were supplied by Merck (Germany), Ox-
oid (England), Sigma-Aldrich (USA), Biorad (USA), 
GE HealthCare (USA), and Biocen (Cuba). DNA se-
quencing was made by contracting the automatic se-
quencing service from Macrogen (Korea).

Bacterial strain and culture media
The bacterial strain Escherichia coli XL-1-Blue 
[thi rec A1 endA1 gyrA96 (Nalr) hsdR17 (rk- mk+) 
supE44 relA1Δ (lac-proAB) F’  proAB LacIq Z DM15 
Tn10] was used as host for recombinant plasmids car-
rying the TAB1-coding gene [14]. All cultures were 
made in the Luria-Bertani (LB) medium containing 5 
g/L yeast extract, 10 g/L tryptone, 10 g/L NaCl, pH 
7.5, supplemented with 100 µg/mL ampicillin (LBA). 
For the solid medium, Technical Agar No.3 was added 
at 15 g/L.

Plasmid DNA and genes
The following plasmid DNA were used: expression 
vector pIT120, containing the gene coding for TAB1 
(multi-epitope polypeptide formed by peptides from 
3 different isolations (MN, SC and WMJII) of the 
hyper-variable loop V3, formed by 15 amino acids 
each and a peptide of 11 amino acids of the conserved 
C1 region of the gp120 of the HIV-1, linked by a sta-
bilizing peptide AGGGA and its fusion with the first 
58 amino acids of the N-terminal end of the human 
interleukin 2) [12]; the pGEM-T Easy vector plasmid 
(Promega, USA) to clone the products from ampli-
fied PCR with Taq DNA Polymerase I; the expression 

vector pBadMyc His A (Invitrogen, USA) for linking 
the gene to a hexahistidine tag at the C-terminus end 
of the protein for its later purification by IMAC, and 
the pTrcHisA vector containing the ptrc promoter 
(Invitrogen, USA). The empty pTBad vector was 
used as negative control.

DNA primers for PCR amplification of the gene 
coding for the TAB1 protein
To amplify the coding region of the TAB1 pro-
tein, the following oligonucleotides were used: 
sense (25 nucleotides) 5´-ATTCCATGGC-
GCCTACTTCAAGTTC-3´; anti-sense (22 nucleo-
tides) 5´-CGTCTCGAGTACCATCGTTGCA -3´. 
The translation start codon ATG translation is high-
lighted in bold, and restriction sites NcoI (CCATGG) 
and XhoI (CTCGAG) appear underlined.

Amplification by PCR of the coding region of 
the TAB1 protein
The amplification of the coding region of the TAB1 
protein was carried out with 5 U of Taq DNA Poly-
merase I, using 5 ng of the pIT120 plasmid as tem-
plate [12] and 1 µM of each one of the oligonucleotide 
primers. The reaction was carried out in an Eppendorf 
Mastercycler Personal thermocycler, where 30 cycles 
were made comprising one minute of denaturalization 
at 94 ºC, 30 seconds of hybridization at 55 ºC, and  
40 s of extension at 72 ºC in a reaction volume of  
50 µL with dNTPs at a final concentration of 200 µM.

Cloning the coding region of TAB1 under the 
pbad and ptrc promoters
The fragment amplified with Taq pol I, from the re-
gion of 443 bp coding for TAB1, was ligated to the 
pGEM-T Easy cloning vector for PCR fragments. The 
pGEM-T Easy/TAB1 construction was digested by the 
endonucleases NcoI/XhoI and the fragment of interest 
was subcloned under the pbad promoter, linked to the 
histidine tag and the transcriptional terminator rrnB of 
vector pBadMyc HisA, previously digested with the 
NcoI/SalI endonucleases, resulting in the pBadTAB1 
construction.

To place the gene under the ptrc promoter, the 
pBadTAB1 was digested with the NcoI/PvuI endo-
nucleases and subcloned into vector pTrcHis A which 
had been previously digested with the NcoI/PvuI 
endonucleases and dephosphorylated. The resulting 
construction was named pTBadTAB1.

Expression of the TAB1-His protein in E. coli 
XL-1-Blue cells
The E. coli XL-1-Blue cells transformed with the 
pBadTAB1 plasmid were cultured in 50 mL of LBA 
medium and grown at 37 ºC, under agitation at 250 rpm  
in an orbital shaker INFORS HT (Switzerland). The 
growth was followed by optical density at 620 nm 
(OD620 nm). Recombinant protein expression was in-
duced with arabinose at a final concentration of 0.2 % 
(w/v) when the OD620 nm ranging 0.5-0.7 and the culture 
was grown for the following 10 h. Samples of culture 
volumes equivalent to the ratio 2/OD620 nm, were col-
lected, and centrifuged at 12 000 × g for 3 min at 4 ºC.

Cultures were also established for the expression 
of TAB1-His with the pTBadTAB1 plasmid under the 
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1990;59(3):160-6.
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Clin. 2015;33(10):663-5.
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ras-Lache Y, González-Quintero A, et al. 
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filtro. Rev Biomed. 2004;15(3):149-55.
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same conditions, and protein expression was induced by 
adding IPTG (isopropyl-β-D-1-thiogalactopyranoside) 
to a final concentration of 1 mM, and the incubation 
was maintained for a further 8 h.

Fermentation of E. coli XL-1-Blue [pTBadTAB1]
The fermentation process was carried out in an IN-
FORS HT bioreactor with a capacity for 7.5 L and 
a working volume of 5 L. The following parameters 
were fixed and recorded during the culture process 
through the Iris v. 5.0 software: stirring speed 500 rpm, 
air flow 1 vvm, pH 7.2 controlled by NaOH (40 %; 
w/v) and H3PO4 (40 %; v/v), at 37 ºC. The bioreactor 
was inoculated with 50 mL of a culture that had been 
growing in Erlenmeyers with 100 mL of the LBA me-
dium for 14 h in a thermostatic orbital shaker at 37 ºC 
and 250 rpm. Induction was made with IPTG at differ-
ent concentrations: 0.25 mM, 0.5 mM and 1 mM. After 
15 h, the fermentation was stopped. The resulting bio-
mass was used for the purification process.

Purification of the TAB1-His protein by affinity 
to Ni-NTA Agarose
For cell disrupture, 15.6 g of biomass were resuspend-
ed at a proportion of 1:10 (w/v) in rupture buffer (20 
mM Tris-HCl, pH 7.9; 500 mM NaCl). It was homog-
enized with Polytron Ultra-Turrax T25 IKA® (Ger-
many) at 9500 rpm for 5 min and sonicated 6 times 
for one minute and one minute standing on ice; for ul-
trasonication we used the Vibra-cell Sonics & Materi-
als (USA) with a 6 mm diameter tip at a potency of 35 
W and a frequency of 100 Hz. The material resulting 
from cellular rupture was centrifuged at 20 000 × g for  
30 min at 4 ºC; the pellet was collected and the ex-
traction and mixing buffer (20 mM Tris-HCl; pH 7.9; 
500 mM NaCl; 5 mM imidazol; 6 M urea) was added 
at a proportion of 1:5 (w/v). It was homogenized with 
Polytron Ultra-Turrax T25 at 9500 rpm for 5 min and 
incubated for 1 h on ice. It was then centrifuged at  
20 000 × g for 30 min at 4 ºC and the supernatant 
from centrifugation was collected by decanting. The 
sample filtered at 0.2 µm was applied on a XK 26 GE 
Healthcare column (USA) with a height of 9.5 cm, 
having a 50 mL matrix of Ni-NTA (nickel-nitrilotri-
acetic acid) Agarose (QIAGEN, USA), with a bind-
ing capacity of 5 mg of protein per mL of gel at a flow 
of 10 cm/h, which was previously equilibrated with 
the binding buffer. Washing and elution were carried 
out in binding buffer with 20 and 300 mM imidazol, 
respectively.

Protein assay
The concentration of proteins was carried out by the 
BCA method (bicinchoninic acid) using the Thermo 
Scientific Pierce™ BCA Protein Assay Kit (USA) and 
using bovine serum albumin (BSA) as the standard 
[15, 16]. Proteins were separated by SDS-PAGE (15 
% polyacrylamide, 2 % SDS) [17]. Samples were di-
luted in the reducing loading buffer and heated for 10 
min at 100 ºC. About 20 µg of total protein per well 
were applied, or in the case of fractions of the purifica-
tion, a constant volume of 20 µL was used. The control  
employed was 15 µg of purified TAB1. For the den-
sitometry estimation of the percentage of the expres-
sion and purity, we used the ImageJ 1.44p program 

[18] on the digitalized image of the protein gel. The 
Western Blot anti-TAB1-His was made with a pool of 
the inactivated sera of patients infected with HIV, sup-
plied by the AIDS Research Laboratory, Cuba. It was 
developed with a human polyclonal anti-IgG antibody 
obtained from sheep and conjugated with alkaline 
phosphatase. The insoluble and stained substrate used 
was Nitroblue Tetrazolium/5-Bromine-4-Chlorine-
3-indolyl Phosphate (NBT/BCIP).

To determine the sensitivity and specificity of 
UMELISA® HIV 1+2 RECOMBINANT (TecnoSu-
ma®, Cuba) we substituted the TAB1 protein by the 
purified TAB1-His, in the mixture of antigens used in 
the coating solution. First we determined the optimum 
working concentration of the protein of interest that was 
of 0.5 μg/mL and we later coated the plates using the 
mixture of antigens, and following all the recommended 
specifications for the production of the diagnostic kit.

Sensitivity evaluation used four reference serologic 
panels: Certification Panel of the Quality Assurance 
and Quality Control Department (DACCA according 
to its Spanish acronym) of the Immunoassay Center, 
Havana, Cuba; Functioning Panel Anti-HIV-1/2 Com-
bo PRZ 205, Anti-HIV 1 Panel Mixed Titer PRB 204 
and the Seroconversion Panel HIV-1 PRB 931 (Sera 
Care Life Sciences, USA - BBI Diagnostics). For spec-
ificity we used samples of negative sera from blood do-
nors of the Havana Provincial Blood Bank. All samples 
were considered positive when the ratio (Fm-B)/(P-B) 
was higher than or equal to 0.27. Where Fm, P and B 
refer to the fluorescence of the sample evaluated, the 
positive control concerning the UMELISA® HIV 1+2 
RECOMBINANT, and the blank, respectively.

The sensitivity of antibody detection was estimated 
as the percentage of samples considered to be posi-
tive with the TAB1His protein in relation to those con-
sidered to be positive with the TAB protein under the 
conditions described above. Specificity was defined as 
the percentage of negative HIV samples that were con-
sidered negative with the TAB1His protein, compared 
to those considered negative with the TAB protein in 
the UMELISA® HIV 1+2 RECOMBINANT kit.

Statistical analysis
In order to assess the effect of the IPTG concentration 
on protein productivity, a Mann-Whitney U test was 
applied to IPTG at two concentration levels, with dif-
ferences considered significant for p < 0.05. Values 
were expressed as the arithmetic mean ± standard de-
viation of three replicates. The statistical analysis was 
made through SPSS (Statistical Package for Social 
Sciences) version 15.0.

Results and discussion

Cloning the gene coding for the TAB1 recom-
binant protein in the E. coli expression vectors 
pBadMyc His A and pTrcHis
A 443-bp long fragment of the gene coding for TAB1 
was PCR-amplified from the pIT120 plasmid, with 
primers designed as reported for this chimeric gene 
[12]. The antisense oligonucleotide introduces an 
XhoI site and eliminates the stop codon, enabling the 
translational fusion to the hexahistidine tag at the C-
terminus. A His-tag N-terminal fusion could eliminate  

15. Smith PK. Measurement of protein 
using bicinchoninic acid. Anal Biochem. 
1985;150(1):76-85.

16. Wiechelman KJ, Braun RD, Fitzpatrick 
JD. Investigation of the bicinchoninic acid 
protein assay: identification of the groups 
responsible for color formation. Anal 
Biochem. 1988;175(1):231-7.

17. Laemmli UK. Cleavage of struc-
tural proteins during the assembly of 
the head of bacteriophage T4. Nature. 
1970;227(5259):680-5.

18. Rasband W. ImageJ. Image processing 
and analysis in Java. Bethesda: National 
Institute of Mental Health, USA; 2016 
[cited 2016 Dec 17]. Available from: http://
imagej.nih.gov/ij
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the expression enhancer effect of the human Interleu-
kin-2 fragment on TAB1.

In fact, Duarte et al. reported that the TAB1 protein 
increased the levels of expression up to 20 % when 
the coding gene was linked to the first 58 amino ac-
ids of the N-terminal end of the human Interleukin-2. 
Nevertheless, its expression was not detected when it 
was cloned directly under the same promoter in the 
absence of the IL-2 fragment. A plausible explanation 
is that the IL-2 fragment would be able to confer re-
sistance to the bacterial proteases through the rapid 
insolubilization of the protein forming inclusion bod-
ies. An additional possibility would be that the IL-2 
fragment would confer a more appropriate structure 
to the messenger RNA, improving the stability of the 
molecule and facilitating the translation process [12].

The fragment amplified with Taq pol I was inserted 
into the PCR cloning vector pGEM-T Easy. The posi-
tive clones 3, 4 and 5 were checked by sequencing and 
the presence of mutations in the coding region was 
ruled out (data not shown). Clone 3 was selected for 
subsequent steps.

Then, the pGEM-T Easy/TAB1 construction was 
digested by the endonucleases NcoI and XhoI and the 
fragment of interest was sub-cloned to the pBadMyc 
His A vector that had been previously digested with 
endonucleases NcoI and SalI. This enabled the tran-
scriptional control of the gene by the pbad promoter, 
inducible with arabinose, and its fusion to a hexahisti-
dine tag at the C-terminal end, with the aim of purify-
ing the protein by metal ion affinity chromatography.

Subsequently, E. coli XL-1-Blue cells were trans-
formed with the pBadTAB1 plasmid and cultured in a 
shaker to evaluate the expression of the protein of in-
terest. Although the maximum concentration of arabi-
nose (0.2 %; w/v) reported for this promoter was used, 
the expression levels did not surpass 8 % of the total 
proteins at 10 h after induction (Figure 1A, lane 7). 
Both the TAB1 and the TAB1-His proteins were de-
tected by Western Blot using a mixture of HIV-1 posi-
tive human sera. The presence of TAB1-His was also 
observed in the samples before the induction (lanes 2 
and 3), as the product of a basal expression of the gene 
(Figure 1B). The assay evidenced that the addition of 
the polyhistidine tag did not affect the immunological 
recognition of the multi-epitope polypeptide. Because 
of its small size (0.84 kDa) and its repetitive character, 
the hexa-peptide showed low immunogenicity, being 
therefore widely used and without interfering with 
the immune response against the protein of interest, 
including the HIV antigenic proteins used in the sero-
logical diagnosis [19-21].

In previous studies with TAB1, levels of expression 
of over 20 % were obtained [12, 22]; it was therefore 
decided that a new construction should be made under 
a stronger promoter, to try to increase the levels of 
expression and enable a better regulation of the ex-
pression of the gene in bacterial culture.

For that purpose, the pBadTAB1 construction was 
digested by the endonucleases NcoI and PvuI and the 
fragment with the gene of interest linked to the histi-
dine tag and the transcriptional terminator rrnB was 
cloned into the pTrcHis A vector previously digested 
with endonucleases NcoI/PvuI and dephosphorylated. 
The construction obtained made it possible to use the 

ptrc promoter and the untranslated 5´ region of the 
latter vector, named pTBadTAB1.

The culture of the E. coli XL-1-Blue strain trans-
formed with the pTBadTAB1 plasmid was induced 
with IPTG at a final concentration of 1 mM. The 
TAB1-His protein showed the more intense band 
among the proteins of the crude bacterial extract; at 
8 h after the induction it represented 20 %, according 
to the densitometric analysis made with the ImageJ 
1.44p program. An increase in the level of expression 
of the recombinant gene in relation to that obtained 
under the control of the pbad promoter was detected 
(Figure 2).

Fermentation of E. coli XL-1-Blue transformed 
with the pTBadTAB1 plasmid
In the 5-L bioreactor, we studied the effect of the con-
centration of the IPTG inducer in the growth of E. coli 
XL-1-Blue cells transformed with the pTBadTAB1 
construction and the expression of the TAB1-His 
protein. Figure 3A shows that, when adding IPTG, 
a decrease in the growth of the strain that contained 
the gene coding for TAB1-His, compared to the con-
trol strain transformed with the pTBad plasmid. This 

19. Perez-Filgueira DM, Brayfield BP, Phiri 
S, Borca MV, Wood C, Morris TJ. Preserved 
antigenicity of HIV-1 p24 produced 
and purified in high yields from plants 
inoculated with a tobacco mosaic virus 
(TMV)-derived vector. J Virol Methods. 
2004;121(2):201-8.

20. Benitez J, Ferrer A, Domínguez Horta 
MC, Villareal A, Rivera JM, Rodriguez D, 
et al. One-step purification of genetically 
engineered HIV-p24 using IMAC. 2001; Int 
J Bio-Chromatogr 6(3):185-94. 

21.  Zhenbo X, Zhongyu G, Xihong Z, 
Youhong Z, Xiaowei H, Wenmei L, et al. 
Expression and purification of gp41-gp36 
fusion protein and application in serologi-
cal screening assay of HIV-1 and HIV-2. 
Afr J Microbiol Res. 2012,6(33):6295-9. 

Figure 1. Expression of the TAB1-His multiepitopic polypeptide in Escherichia 
coli  XL-1 Blue [pBadTAB1His] crude extracts after induction with arabinose at 
0.2 % (w/v). A) SDS-PAGE. B) Western Blot anti-TAB1-His. Lanes: 1, Negative 
control, samples of the culture from the strain transformed with pBadMycHisA; 
2, inoculum of 5 mL grown for 16 h; 3, samples before induction; 4-6, samples 
taken every 2 h between 2 and 6 h after the induction, 7: sample at 10 h after 
induction; 8: positive control TAB1 protein without HIS tag (5 µg). A mixture of 
egg lysozyme (14 kDa),  streptokinase (47 kDa), monoclonal antibody  (~22 kDa 
and ~55 kDa) and BSA (67 kDa) was used as molecular weight marker (MWM) 
for SDS PAGE, and the BenchMarkTM  Pre-Stained Protein Standard (Thermo 
Fisher Scientific, USA) for Western Blot.
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behavior can be attributed to the production of the 
TAB1-His protein by the bacterium. Regardless of the 
concentration of IPTG used in all fermentations, the 
stationary phase was reached at 11 h of culture.

Two hours after induction, the growing expression 
of the protein of interest became evident. The high-
est levels were reached as of 10 h after the induction 
(corresponding to 13 h of culture) (Figure 3B). Never-
theless, the expression levels of the TAB1-His protein 
in culture (bioreactor) varied on using the different 
concentrations of the inducer. The levels of TAB1-His 
protein expression reached at 0.25 mM IPTG were 50 
% less than those attained at other inducer concen-
trations. At 0.5 mM and 1.0 mM IPTG, the levels of 
expression of the TAB1-His protein were similar to 
that 20 % TAB1 expression level obtained under the 
tryptophan promoter (Figure 4) [22].

Cellular productivity was similar at the three con-
centrations of the IPTG used, but greater influence in 
protein productivity was reached at 0.25 and 0.5 mM 
IPTG (Table 1). Significant differences were found in 
this productivity parameter between both concentra-
tions at all time periods studied (Mann-Whitney U 
test; p = 0.0495). Therefore, 0.5 mM IPTG was cho-
sen as the optimal inducer concentration for the pro-
ductive process, with the aim of reducing the impact 
of IPTG high cost and toxicity. As shown in Table 1, 
there was no variation in cellular or protein productiv-
ity at 0.5 mM IPTG between 13 and 15 h of fermenta-
tion. Therefore, we decided that the cultures should be 
carried out for 10 h after the induction.

Purification of the TAB1-His protein by affinity 
to Ni-NTA Agarose
After centrifugation of the cell disrupture extract, the 
chimeric protein TAB1-His was found in the pellet 
fraction (Figure 5A, lane 2). This result agrees with 
previous reports where the TAB1 protein, under the 
control of the tryptophan promoter, was expressed as 
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inclusion bodies in the cellular cytoplasm [12, 22]. 
The addition of the hexahistidine to the TAB1 protein 
did not modified its solubility.

The low solubility of some proteins facilitates the 
design of a fast and efficient purification procedure. 

MWMkDa

55
47

22

14

1 3 5 72 4 6

Figure 2. Expression of the TAB1-His multiepito-
pic polypeptide in Escherichia coli  XL-1 Blue 
[pTBadTAB1His] crude extracts after induction 
with 1 mM IPTG. Lanes: 1, Negative control, 
samples from the culture of the strain transfor-
med with pTBad; 2, samples before induction; 
3-6, samples taken every 2 h between 2 and 
8 h after induction; 7, positive control TAB1 
protein without His tag (5 µg). A mixture of 
egg lysozyme (14 kDa), streptokinase (47 kDa), 
monoclonal antibody (~22 kDa and ~55 kDa) 
and BSA (67 kDa) was used as molecular weight 
marker (MWM).

pTBad

pTBadTAB1 0.50 mM
pTBadTAB1 0.25 mM

pTBadTAB1 1.00 mM

1 3 5 72 4 6 8MWM

55
47

22

14

Figure 3. Expression kinetics of the TAB1-His protein in culture. A) Growth curves 
of the E. coli XL-1-Blue strain transformed with the pTBadTAB1 plasmid using 
IPTG in the induction at different concentrations. B) SDS-PAGE crude extracts 
of the recombinant clone in the culture induced with IPTG at 0.5 mM. Lanes: 1, 
negative control, samples of the culture of the strain transformed with pTBad; 
2: samples at 2 h of culture induction; 3-7, samples taken every hour between 
8 and 12 h after induction; 8, positive control,  TAB1 (5 µg). A mixture of egg 
lysozyme (14 kDa), streptokinase (47 kDa), monoclonal antibody (~22 kDa and 
~55 kDa) and BSA (67 kDa) was used as molecular weight marker (MWM).

kDa

13 h 13 h 13 h14 h 14 h 14 hC+
1.0 mM 0.5 mM 0.25 mM

Figure 4. Expression of the TAB1-His multiepito-
pic polypeptide in Escherichia coli  XL-1 Blue 
[pTBadTAB1His] crude extracts. Expression was 
induced at different concentrations of IPTG (1.0 
mM, 0.5 mM, 0.25 mM) after 13 and 14 h of 
culture. C+: Positive control, TAB1 (5 µg).

A B

IPTG 
(mM)

Cellular yield  
(g/L)

Protein of interest  
(mg/L) *

Cellular productivity 
(g/L/h)

Protein productivity 
(g/L/h)¶

13 h 13 h 13 h 13 h14 h 14 h 14 h 14 h

0.25 4.4 78.5 0.055 06.0 a4.4 69.3 0.053 05.3 a4.4 68.7 0.053 05.3 a

15 h 15 h 15 h 15 h

0.50 4.3 134.4 0.052 10.3 b4.2 132.0 0.051 10.2 b4.2 131.1 0.050 10.1 b
1.00 4.3 131.0 0.052 10.14.2 132.3 0.051 10.24.1 129.6 0.050 10.0

Table 1. Productivity parameters of the stationary phase of E. coli XL-1 Blue cells fermen-
tations producing the TAB1-His protein, induced with different concentrations of IPTG 
between 13 and 15 h of culture

* The total protein mass was estimated assuming that the weight of total proteins of the E. coli cells (1.55 
× 10-13g) is 16.3 % of the wet weight of the cell (9.5 × 10-13 g) [23].
¶ Protein productivity values represent the arithmetic mean of three replicates, with a standard deviation 
ranging 0.006-0.01 mg/L · h. Different letters denote significant differences between protein productivity 
values at 0.25 and 0.50 mM IPTG, tested during the same hour (U de Mann-Whitney test, p ≤ 0.05).
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The formation of inclusion bodies composed basically 
by the protein of interest, can be used as a purification 
step through a single centrifugation of the insoluble 
material of the crude extracts and the re-suspension 
of the protein in urea or guanidium chloride [24]. Af-
ter the washing steps, the solubilization of TAB1 was 
made with the use of detergents and 8 M urea [12] 
or with 8 M guanidium hydrochloride [22]. The ex-
traction of TAB1-His with 6 M urea, directly from the 
cell disruption pellet, enabled the recovery of 84 % of 
the protein (Table 2), with about 35 % purity (Figure 
5A, lane 4), while preventing the solubilization of the 
TAB1 aggregated forms and host contaminant pro-
teins (Figure 5A, lane 5).

Under these denaturing conditions, the TAB1-His 
protein was purified in only one step of metal ion af-
finity chromatography, with final recovery of 77 %. 
Through this purification process, we obtained a final 
sample of TAB1-His protein with more than 85 % 
purity (Figure 5B, lane 3), which represents a 4.7-
fold  increase in the purification degree of the initial 
sample applied to the column. The TAB1 protein was 
obtained with 95 % purity when it was purified by 
RP-HPLC for its use as a vaccine antigen [12] and 
this procedure was followed by Narciandi et al. for 
obtaining TAB1 for diagnostic purposes [22]. Nev-
ertheless, the production of recombinant proteins by 
this method involves high cost and lower through-
put, representing a disadvantage in relation to puri-
fication by IMAC; furthermore, the purity obtained 
here does not produce any variation in the sensitiv-
ity and specificity of the diagnostic kit as explained  
below.

Evaluation of the sensitivity and specificity of 
the recombinant protein
A set of HIV positive samples from different refer-
ence panels and negative HIV samples from blood 
donors were used to test the specific recognition and 
sensitivity of the diagnostic kit UMELISA® HIV 1+2 
RECOMBINANT. It was used the TAB1-His purified 
protein as a part of the antigen mixture in the coat-
ing solution and a reference mixture containing the 
TAB1 protein. The sensitivity of UMELISA with the 
TAB1-His protein was 100 % in 20 samples of the HIV 
positive serum and the specificity was of 100 % in the 
serum samples from the 40 healthy donors. With the 
DACCA panel, where several samples are found to be 
in the grey or positivity threshold zone, there was also 
an agreement of 100 % (Table 3). These results show 
that the hexahistidine added to the TAB1 protein does 
not affect its biological activity.

Conclusions
A new genetic construction was established, which 
enabled 20 % expression of the TAB1 protein in an 
insoluble form in E. coli through genetic regulation 
via the ptrc promoter. The addition of a poly-histi-
dine tag made it possible to carry out the purifica-
tion of the protein under denaturing conditions by 
IMAC. The recovery and purity levels obtained in a 
single chromatographic step shows that it is possible 
to substitute the reverse phase purification method 
used previously, without affecting its recognition 
by the antibodies present in the sera of HIV infected  

Figure 5. Extraction of the TAB1-His protein from E. coli crude extracts. A) SDS-
PAGE of samples solubilized in 6 M urea. Lanes: 1, positive control TAB1 (5 µg).  
2, rupture precipitate; 3, rupture supernatant; 4: extraction supernatant; 5, 
extraction precipitate. B) Purification by metal ion affinity. Lanes: 1, fraction 
unbound to the matrix; 2, washing with 20 mM Imidazol; 3: eluate with  
300 mM Imidazol. A mixture of egg lysozyme (14 kDa), streptokinase (47 kDa), 
monoclonal antibody (~22 kDa and ~55 kDa) and BSA (67 kDa) was used as 
molecular weight marker (MWM)

1 32 MWM1 3 52 4

patients. The cloning, expression and purification 
strategy used here may be applied to other proteins 
for diagnostic purposes, which ultimately result in a 
more efficient manufacturing process of the diagnos-
tic kit components.
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14

kDa

Purification 
stages

Total proteins 
(mg)

TAB1-His 
(mg)a

TAB1-His/
Total proteins (mg/mg)

Rupture 2550.0 b 459.0 0.18
Extraction 1105.0 386.7 0.35

IMAC 416.7 354.0 0.85

Table 2. Immobilized metal ion affinity chromatography (IMAC)

a TAB1-His protein (mg): percentage of TAB1-His within total protein content as calculated by densitometry.
b The total protein mass was estimated by assuming that the E. coli total cell protein weight (1.55 × 
10-13 g) was 16.3 % of the wet cell weight (9.5 × 10-13 g) [23]. 

Purification 
factor

Recovery
(%)

459.0 100.0
386.7 84.0
354.0 70.0

A B

HIV serum sample 
serological status Relative  

fluorescence*
Relative  

fluorescencePositivity criteria Positivity criteria

Negative control

1.1

Threshold of positivity

2.3

0.06 0.05

0.56 0.54

0.32 0.34

0.23 0.20

– –

+ +

+ +

– –

False negative

1.3

Positive, low titer

3.1

4.1

0.13 0.13

0.21 0.20

0.52 0.54

0.67 0.63

0.58 0.57

– –

– –

+ +

+ +

+ +

Grey zone

2.1

Positive, high titer

3.3

4.3

0.28 0.27

0.65 0.59

0.72 0.67

0.23 0.23

0.21 0.19

+ +

+ +

+ +

– –

– –

Table 3. Comparison of serum diagnostic results obtained with the TAB1 and TAB1-His 
proteins, showing the coating of UMELISA® HIV 1+2 RECOMBINANT and the certified 
seroconversion panel DACCA

* Relative fluorescence values were calculated as the (Fm-B)/(P-B) ratio, where Fm, P and B stand for  the 
fluorescence of the samples, the positive control of the UMELISA® HIV 1+2 RECOMBINANT assay, and 
the blank, respectively. The presented values stand for the mean values of two replicates per serum tested. 
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