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ARTICLE INFO ABSTRACT

Article history:

The antigenic P64k protein from the pathogenic bacterium Neisseria meningitidis has been used as an
immunological carrier in several conjugated vaccines. The aim of this report was to develop and validate
a sensitive sandwich enzyme-linked immunosorbent assay (ELISA) for the quantification of recombinant
p64k protein, to perform both manufacturing process and identification in different vaccine prepara-
tions. Validation studies were performed according to the guidelines of the International Conference of
Harmonization (ICH). The reference curve showed to be precise and accurate over the entire linear range
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gﬁ{;&ords" of 1.25 and 20 ng/mL with a limit of quantification validated to 1.25 ng/mL. The intra- and inter-assay
Validation coefficient of variation ranged from 0.35 to 6.65% and 4.70 to 10.63%, respectively. The ANOVA test used
p64k-r in the specificity/interference study revealed parallelism among curves (p > 0.1), which indicates the lack

of interference in the working range. Recovery obtained from the accuracy test, using three concentra-
tion levels, varied between 94 and 111%, confirming the assay’s reliability. The short-term study shown
the P64k is stable to —20°C up to 1-week. This ELISA was fully used to assess its manufacturing process
and molecular interaction issues in several vaccine preparations. Thus, this immunoassay could be an
excellent analytical choice to characterize the quality of that recombinant protein in several contexts as
manufacturing process and molecular conjugates.

Manufacturing process
Conjugated vaccine

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Protein p64k from Neisseria meningitidis, has been described as
an outer-membrane dihydrolipoamide dehydrogenase [1,2]. It has
been recognized by hyper immune rabbit serum, also by sera from
the convalescent Cuban and Norwegian patients, which indicates
that this protein is highly immunogenic [3,4].

P64k was cloned and expressed in Escherichia coli [1] with the
objective of designing a broad spectrum recombinant subunit vac-
cine. Besides, is a very attractive fusion and carrier protein due
to the high levels of expression that can be achieved [5] and its
highly immunogenic properties, proven in several vaccine prepa-
rations against viral and bacterial diseases [6-8]. In addition, the
active induction of EGF specific antibodies is an emerging conceptin
cancer therapy with encouraging results [9]. Consequently, recom-
binant p64k (p64k-r) has been also used as a novel cancer vaccine
developing a self-reactive antibody response against human Epi-
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dermal Growth Factor (EGF), in patients with histological proven
malignant carcinomas [10].

An extensive characterization of this protein has been car-
ried out e.g. the three-dimensional structure of this protein has
been elucidated [11]; several polyclonal and monoclonal antibod-
ies against this recombinant protein have been obtained, and used
to characterize this antigen [12,13].

However, the production at large scale of this protein, process
and quality control has been not reported yet. ELISAs for detection
of recombinant protein have been reported [14]. Nevertheless, a
sandwich ELISA can be difficult to develop and validate due to the
signal amplification of both specific and non-specific components.
Our current researches efforts are aimed at develop and validate a
novel sandwich ELISA for the quantification of recombinant p64k
protein, used as immunological carrier in vaccine preparation. To
this end, analytical technique used to tightly control biopharma-
ceutical manufacturing processes, play an important role for the
characterization of critical product/process attributes of final prod-
uct characteristics. In this case, enzyme-linked immunosorbent
assay (ELISA) has been considered extremely useful for the detec-
tion of recombinant protein [15], because it is simple, offers a
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suitable sensitivity, and is useful in providing quantitative results.
Also, would be a valuable tool for characterizing the final product
and monitoring the batch-to-batch consistency.

Validation of an analytical procedure confirms that the method
is suitable for the intended purpose [16], providing documental
evidence that the assay will consistently meet its pre-determined
specifications and quality control attributes [ 17,18]. For this reason,
validation and process control are important in spite of problems
that may be encountered [19].

In the present paper, we describe the generation of polyclonal
antibodies (PAbs) for p64k-r protein, and employment of this PAbs
in development and validation of a highly sensitive sandwich ELISA,
which has been developed and validated to quantify the p64k-r
carrier during its manufacturing process. In that sense, the dual-
antibody sandwich ELISA (DAS ELISA) is one of the most sensitive
and specific techniques for quantifying molecules in solution. This
method has not been reported elsewhere before for this protein.
We show that ELISA method is a valuable tool for characterizing
the p64k process production and provide information on variation
in the final product.

2. Material and methods
2.1. Production of recombinant p64k protein

The p64k-r protein was manufactured at the Center for Genetic
Engineering and Biotechnology of Havana. Under carefully con-
trolled multiplication conditions, the recombinant E. coli strain,
which contains the entire [pdA gene encoding for the p64Kk-r protein
under control of the tryptophan promoter [20], were passed from
shake flasks into bioreactors. Some chromatography steps before
obtaining the pure protein (>98%) were carried out.

2.2. Buffer, manufacturing process samples and vaccine
preparation

All buffers were made using injection and purified grade waters.
The following buffers were used:

Resuspended (R) and Ion-exchange chromatography (Q)
(20mM tris, 6mM EDTA, pH 7.2) (20mM tris, 6 mM EDTA,
0.3M NaCl, pH 7.2), respectively. Hydrophobic chromatography
(B)(20mM tris, 6 mM EDTA, 0.15M NacCl, pH 7.2) were supple-
mented with concentrated (NH4),SO4. Gel filtration, Sephadex
chromatography (G-25)and Active Pharmaceutical Ingredient (API)
contain the same phosphate buffer. Manufacturing process sam-
ples used in the validation study match with the above described
buffers. The four fused vaccine p64k-dengue (1-4) were provided
by Vaccine Division at the Center for Genetic Engineering and
Biotechnology of Havana, which correspond to antigenically dis-
tinct serotypes of dengue virus. Besides, two synthetic peptides
comprising aa regions in the NS4 protein (aa 1689-1735) and
the hypervariable region I (HVR I, aa 384-414) in the Hepatitis C
virus E2 protein were conjugated to the P64k protein (NS4/p64k
and HVR/p64k respectively) and provided by Hepatitis C Depart-
ment. The vaccine EGF/p64k composition has as active principle
a chemical conjugate of human recombinant Epidermic Growth
Factor (hrEGF) and recombinant protein P64k. This vaccine prepa-
ration was provided by the Center of Molecular Immunology at
Havana. The both reference material (p64k-04-0405), and the API
Lot number 9005 used as standard and control in the ELISA assay
respectively, were prepared in the Stability and reference material
Department at the Center for Genetic Engineering and Biotechnol-
ogy of Havana.

2.3. Antibodies

A polyclonal antiserum to p64k was developed in rabbit at the
Center for Genetic Engineering and Biotechnology, Sancti Spiritus.
A female adult rabbit was immunized with 2.5 g of purified p64k
in completed Freund’s adjuvant by subcutaneous injection. After 4
weeks, the rabbit received intramuscular booster injection of the
1:1 emulsion of p64k-r 2.5 pg and Freund’s incomplete adjuvant.
The final immunization was conducted by intravenous injection
of 2.5 pg of the p64k-r. After 3 days, the rabbit was checked for
the presence of the antibodies using direct ELISA and then the rab-
bit was bled. Purification of Polyclonal antibodies (PAbs) from the
serum was carried out using a protein A affinity chromatography
method described by Ey et al.[21]. The serum was loaded to the col-
umn and then it was washed with 100 mM phosphate buffer, pH
7.4 (300cmh1). After that, bound IgG was eluated with 100 mM
citrate buffer, pH 3 (100cmh~1). The eluted IgG was neutralized
with 2 M Tris-HCL buffer (pH 9) and a buffer exchange was carried
out by means of a gel filtration chromatography using Sephadex
G-25 (Amersham-Biosciences, Uppsala, Sweden), in a BP113/120
column using as equilibrium buffer 20 mM Tris/150 mM NaCl, pH
7.6.The volume of the samples ranged from 1 to 3 Land the flow rate
used was 129 cmh~!. Finally, purified antibodies were stored at
—20°C. Monoclonal antibody (Mab) CBNt.p64k was raised against
p64k protein as described by Nazabal et al. [12]. This Mab was con-
jugated to horseradish peroxidase (HRP) by the method described
by Nakane and Kawoi [22].

2.4. Enzyme-linked immunosorbent assay (ELISA)

The ELISA was performed as follows: Polystyrene 96 well
microtiter plates (Nunc-Immunoplate Maxisorp, Nunc, Denmark)
were coated 20 min at 50°C with 100 p.L/well of a specific p64K.2
polyclonal antibody (10 wg/mL) in carbonate/bicarbonate buffer,
pH 9.6. Plates were washed in phosphate buffer containing 0.05%
Tween 20 (PBS-T). One hundred microliter of standard, control and
samples were added in duplicate to the appropriate wells, and
the plates were incubated during 30 min at 50°C. Subsequently,
wells were washed five times and incubated with other anti-p64k
Mab (Nt.p64k-HRP) conjugate in 1:20,000 dilutions for 1 h at 37 °C.
Finally, after another washing, 100 L of enzyme substrate solu-
tion (o-phenylnediamine, 0.015% H, O, in citrate buffer, pH 5.0) was
added to each well and the plates were incubated for 10-20 min in
the dark at 23 °C. The reaction was stopped by addition of 50 pL
of 2M H,S04 and immediately read at 492 nm using a microELISA
reader (Labsystem, Helsinki, Finland).

2.5. Linearity and working range

The linearity of the method was established by analyzing stan-
dard concentration in a wide range from 0.2 to 400 ng/mL. The
least-squared method was applied for obtaining a function describ-
ing a linear model. Regression coefficient (r?), y-intercept and slope
were analyzed. Working range was established between the high-
est and lowest concentration values with satisfactory accuracy and
precision (coefficient of variation (CV)<10%).

2.6. Quantification and detection limit

The quantification limit (QL) was defined as the smallest con-
centration of p64k-r protein with an intra-and interday imprecision
<20% [23]. We accepted the lowest value. The detection limit (DL)
of the assay was calculated as follows:

DL = 3.3 SD [mean of zero standard]/Slope
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2.7. Precision and accuracy

The intra- and inter-assay precision was determined by a
repetitive analysis of the production samples (n=6 for intra-
plate and n=9 for interplate analysis). For both precision
assays the acceptance criteria were coefficient of variation [CV
(%)=S.D/mean x 100%] lower than 10 and 20% respectively. Spik-
ing recovery was determined by adding 10, 5 and 2.5ng/mL to
each of the diluted manufacturing process samples. Recovery was
expressed as the bias of the percentage of error between the
observed value and the true value.

2.8. Specificity

To investigate effects of the matrix in each manufacturing pro-
cess sample on the p64k-r protein, a statistical comparison to
slope and intercept using a variance analysis (ANOVA) between
the reference curve and other curve spiked with each buffer of
manufacturing process and protein impurities was performed.
Additionally, the quantification of positive control calculated by
was compared by using the CV <20% in each curve.

2.9. Determination of total protein concentrations to
manufacturing process samples

Protein concentration was determined according to Bradford’s
method with slight modifications [24]. Briefly, 96-well microplate
was applied as the reaction well and absorbance was measured
by microplate reader at 620/450 nm (Labsystem, Helsinki, Finland).
The amount of protein was calibrated against bovine serum albu-
min used as reference standard in the range between 5 and
40 pg/mL. Several manufacturing process samples of p64k-r were
measured in the same microplate and results were reliable (the
determination coefficient of the calibration curve was above 0.99).

2.10. SDS-PAGE electrophoresis

Samples were separated in a SDS-PAGE gel (12.5%) as described
by Laemmli [25]. Ten microgram of protein were applied in each
well.

2.11. Statistical analysis

All statistical analysis was performed using Microsoft® Office
Excel (2007) and the STATGRAPHICS Centurion XV.II professional
version 5.0 programs (1994-2000).

3. Results and discussion
3.1. Assay development and optimization

The assay was based on the capture of the p64k protein by
specific PAbs anti-p64k.2 and, subsequently formation of immune
complex by the reaction of the MAb CBNt.p64k-HRP. Assay opti-
mization involved the study of several parameters, including the
concentration of antibodies, sample dilution, incubation time and
choice of primary and secondary antibodies and working buffer.
The optimal concentration for capture, primary antibodies binding
and conjugate addition were 10 wg/mL and 1:20,000, respectively.
It was established that when compared to the other working
buffers, the phosphate buffer/0.1% Tween 20 gave the highest
0D492 nm ratio between positive and negative samples. Finally,
during microplate coating, temperature and incubation time (1 h at
37°C,16h at 4°C, or 20 min at 50 °C) showed similar results (Data
not shown). This allowed to use one condition or another indistinc-
tively. Standardization of this ELISA revealed that the combination

Table 1
Acceptance criteria and mean characteristics of sandwich ELISA anti-p64k-r.

Assay parameter Results Acceptance criteria
Repeatability 0.35-6.65% %CV<10
Intermediate precision %CV <20
Analysts
1 0.85-6.65%
2 0.46-3.22%
3 0.35-1.89%
Inter analysts 4.70-10.63%
Accuracy 93.2-104.5% 80-120%
Limit of quantification 1.25 ng/mL
Limit of detection 0.45ng/mL

Linearity Working range:
20-1.25ng/mL
2>0.98

p-value<0.01

of the PAbs anti-p64k.2 and the Mab Nt-CB.p64k as the capture
and detection antibodies, respectively, resulted in the best signal-
to-noise ratio. In comparison with other antibodies tested (data
not shown), this combination gives a minimal background, highest
specificity and accurate in the quantification of p64k-r protein.

3.2. Assay validation

3.2.1. Linearity and working range

Nowadays, validation method is a process demonstrating that
an analytical procedure will successfully meet or exceed the min-
imum standard recommended by FDA [17] and ICH guidance
[15,18] for accuracy, precision, selectivity, sensitivity, and linearity
(Table 1).

Linear regression curves were determined by plotting the con-
centration of reference material of the p64k-r protein versus the
absorbance on the linear scale. Variance analysis test demon-
strated that the calculated F Snedecor associated probability was
less than 0.01, indicating a relatively strong relationship between
the variables in this range, and the variance analysis of Lack-of-fit
shown a p-value of 0.4456 confirming that the model appears to
be adequate for the observed data at the 95.0% confidence level.
The determination coefficient was >0.99 in all cases; which indi-
cates that the model as fitted explains 99.80% of the variability
between both variables. In this assay, the quantification limit was
1.25 ng/mL determined with precision and accuracy; CV=5.6% and
98% recovery, respectively. Detection limits (DL) of this method
were calculated by the interpolation on the standard curve, as
the analyte concentrations corresponding to the mean signal of
blank three times its standard deviation. The ELISA assay has a DL
of 0.45ng/mL. This value is at least 60-fold more sensitive than
the reported for Tetanic Toxoid immunological carrier [26]. Under
fixed working conditions, the assay was linear between 1.25 and
20 ng/mL, demonstrating the higher sensitivity of this assay in
respect to other reported ELISA [27], while the mean recovery was
99%, which is in agreement with FDA recommendations for bio-
analytical methods [17]. Regression equation from seven different
standard curves was defined as:

y=0.05432+0.04758 x x

3.2.2. Matrix interference and assay sensitivity

Matrix effect defined as “the sum of the effects of the entire
component with the exception of the analyte” [28] was deter-
mined in the specificity test. In our case, the dilution buffer was
sufficient to avoid none specific signal in the immunoassay test.
The comparison of these spiked curves did not show significant
differences (pintercepts =0.5189; Psiope =0.1517, @ =0.05) indicating
the lack of interference in the working range. The positive con-
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Table 2
Results of accuracy assessment.

Table 3
Precision for intra- and inter-assay CVs in different assays.

Assays Concentration True amount
applied p64K recovery
(ng/mL) (ng/mL)/%

1 10 9.8/98

2 10 10.5/105

3 10 11.1/111

Mean - 10.5/-

SD - 0.4

CV% - 1.03

1 5 4.9/98

2 5 4.7/94

3 5 5.2/104

Mean - 4.9/-

SD - 0.9

CV% - 2.15

1 2.5 2.6/104

2 25 2.5/100

3 25 2.5/100

Mean - 2.5/-

SD - 1.3

CV% - 4.31

trol quantification showed a coefficient of variation lower than
10% between compared curves (data not shown). Specificity assays
demonstrated that the ELISA detected only recombinant p64k pro-
tein without buffer interferences in the working range used and
under the working condition fixed.

3.2.3. Accuracy

The most useful method to calculate accuracy is the recovery
test. Moreover, the ICH guideline recommends the demonstration
of accuracy over the whole working range. Spiked production pro-
cess samples (final theoretical spiking concentrations of 2.5, 5 and
10ng/mL) had overall recoveries varying from 94 to 111%, with
a mean recovery of 100.8% (Table 2), which is in agreement with
FDA recommendations for bioanalytical methods [17]. The statisti-
cal analysis of the hypothesis test concerning the mean value of a
normal distribution did not reject the null hypothesis at 95% confi-
dence level (p-values =0.1668). Therefore, there are no meaningful
differences between the expected and the real recovery values.

3.2.4. Precision

Precisionis the agreement within a series of individual measure-
ments of an analyte when the analytical procedure is repeatedly
applied to multiple aliquots of a single homogeneous volume of a
biological matrix [23]. For our experimental conditions the repeata-
bility and intermediate precision percent ranged 0.35-6.65% and
4.70-10.63%, respectively indicating a low intra- and inter-assay
variation and sample stability (Table 3). Therefore, this method
fulfills with the specifications reported for analytical procedures
validation [15,18].

3.3. Study of short-term stability with manufacturing process
samples

A short-term stability study to the API was carried out. The sta-
bility of this sample was assayed up to 7 days post-production by

Precision CV %

Samples Intra-assay Inter-assay Inter-analyst
Analyst 1
R 2.3 23 6.5
Q 4.2 4.2 4.7
B 3.2 3.2 8.1
G 1.3 13 5.2
Analyst 2
R 0.2 0.2
Q 24 24
B 0.9 0.9
G 13 13
Analyst 3
R 2.3 23
Q 0.9 0.9
B 0.4 0.4
G 3.4 34

R, resuspended material; Q, ion exchange chromatography; B, hydrophobic chro-
matography; G, Gel filtration, Sephadex chromatography (G-25).
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Fig. 1. Effect of incubation temperature on API p64k-r sample. Values correspond
to the media of tree independent determinations.

incubating the preparation at —20°C, 4°C, room temperature (RT)
and 37°C. Significant differences between —20°C and the rest of
incubation temperatures was observed (>20%) variation between
days from initial values (Fig. 1). This indicates that p64k-r protein
is stable at least for 24 and 72h at room temperature and 4°C,
respectability and for 1-week at —20 °C. This incubation time is suf-
ficient to carry out the different vaccine preparation that contains
the p64k immunological carrier.

3.4. Application of the developed ELISA to quantify recombinant
p64k from both manufacturing process and conjugated vaccine
samples

During large-scale production of recombinant proteins, its con-
centration is perhaps an essential monitoring parameter. Therefore,
the primary application of this sandwich ELISA is to assess the man-
ufacturing process consistency and provide information regarding

Table 4
Recovery of purification process step.
Process step Volume (mL) Protein (mg/mL) ELISA (pg/mL) p64k (g) Recovery (%) Purity (%)
R 25,000 0.376 137.59 3.40 100 72.68
Q 4000 0.777 544.16 2.18 22 89.45
B 3500 0.490 462.97 1.62 74 97.75
G 5200 0.285 281.94 1.46 90 98.54

R, resuspended material; Q, ion exchange chromatography; B, hydrophobic chromatography; G, Gel filtration, Sephadex chromatography (G-25).
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Fig. 2. The purity of p64k-r at different process stages was observed by SDS-PAGE.
Ten microgram of each sample were loaded for analysis. Lane 1, Molecular weight
marker; lane 2, resuspension sample; lane 3,ion exchange sample; lane 4, hydropho-
bic chromatography sample; lane 5, G-25; lane 6, API.

to batch-to-batch variation. In that sense, a validated assay is
required by the current good manufacturing practice (cGMP) and
for the assessment of the product during the manufacturing process
[29]. The purification protocol and the process recovery are sum-
marized in Table 4. An analysis of p64k-r of various purification
steps is documented in Fig. 2 and the purity of the final p64k-r API
sample was determined as >99% when analyzed by SDS-PAGE. The
results showed that while each purification step was completed,
an increasing of p64k-r protein recovery and purity was observed,
which demonstrates the assay reliability and process consistency.

On the other hand, several vaccine preparations containing
this carrier protein were evaluated. Firstly, different prepara-
tions with this protein, fused to envelope protein of dengue
virus were detected in the ELISA assay. Surprisingly, the pres-
ence of this immunological carrier protein in EGF/p64k conjugated
vaccine was not detected (Table 5). The true reasons for this
unprecedented phenomenon are still unknown. However, this
suggests that a chemical modification could take place in the
carrier molecule during conjugation process and significantly
affect recognizing sites of the antibodies and its corresponding
epitopes. Similarly, the autologous molecule should be conju-
gated to these recognizing sites and totally or partially block
such target places. Nevertheless, we believe that the imple-
mentation of this ELISA assay to evaluate the conjugating
process would be a valuable approach as analytical control sys-
tem.

Finally, statistical quality control for repeated assay runs
during the quantification of p64k production process was
performed using the control chart of the positive control.
Fig. 3 shows a little variation (9.92%) between 25 individ-
ual runs where the common X-bar chart assumes variance

Table 5
Detection of p64k-r in different vaccine preparations.

Type vaccine Nomenclature Protein (mg/mL) ELISA (wg/mL) % detected

Fused p64k-Dengue 1 1.60 542.98 34
vac- p64k-Dengue 2 0.75 176.09 23
cine p64k-Dengue 3 1.00 182.90 18

p64k-Dengue 4 1.40 110.29 8
Conjugated  NS4/p64k 1.90 286.25 15
vac- HVR/p64k 0.66 198.56 30
cine EGF/p64k 1.00 0.060 0

Control chart ELISA p64k

(X 1000.0)
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Fig. 3. Control chart of the positive control tested in the assay. Limits were estab-
lished with 25 different values. Assays were carried out in a period of 3 months.

homogeneity and normal distribution for replicated mea-
sures per run, demonstrating the stability samples and assay
consistency.

4. Conclusion

Summarizing, the new and sensitive ELISA developed in this
paper could be used for the quantification of recombinant p64k. The
validation results shown that this immunoassay is specific, accurate
and precise in a concentration range between 1.25 and 20 ng/mL.
Moreover, this ELISA can be successfully performed for both mon-
itoring the recombinant p64k through manufacturing process and
to characterize conjugated vaccines with this molecular carrier.
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