
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=ljii20

Download by: [Tarbiat Modares University] Date: 14 August 2017, At: 19:59

Journal of Immunoassay and Immunochemistry

ISSN: 1532-1819 (Print) 1532-4230 (Online) Journal homepage: http://www.tandfonline.com/loi/ljii20

Scale-up production and characterization of anti-
human cardiac troponin I monoclonal antibody in
ascitic fluid of balb/c mice

Asiabanha Rezaee Majid, Rasaee Mohammad Javad, Paknejad Malihe &
Mohammadnejad Javad

To cite this article: Asiabanha Rezaee Majid, Rasaee Mohammad Javad, Paknejad Malihe &
Mohammadnejad Javad (2017) Scale-up production and characterization of anti-human cardiac
troponin I monoclonal antibody in ascitic fluid of balb/c mice, Journal of Immunoassay and
Immunochemistry, 38:4, 389-399, DOI: 10.1080/15321819.2016.1274263

To link to this article:  http://dx.doi.org/10.1080/15321819.2016.1274263

Accepted author version posted online: 27
Dec 2016.
Published online: 27 Dec 2016.

Submit your article to this journal 

Article views: 29

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=ljii20
http://www.tandfonline.com/loi/ljii20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/15321819.2016.1274263
http://dx.doi.org/10.1080/15321819.2016.1274263
http://www.tandfonline.com/action/authorSubmission?journalCode=ljii20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=ljii20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/15321819.2016.1274263
http://www.tandfonline.com/doi/mlt/10.1080/15321819.2016.1274263
http://crossmark.crossref.org/dialog/?doi=10.1080/15321819.2016.1274263&domain=pdf&date_stamp=2016-12-27
http://crossmark.crossref.org/dialog/?doi=10.1080/15321819.2016.1274263&domain=pdf&date_stamp=2016-12-27


Scale-up production and characterization of anti-human
cardiac troponin I monoclonal antibody in ascitic fluid of
balb/c mice
Asiabanha Rezaee Majida, Rasaee Mohammad Javada, Paknejad Maliheb,
and Mohammadnejad Javadc

aDepartment of Clinical Biochemistry, Faculty of Medical Sciences, Tarbiat Modares University, Tehran,
Iran; bDepartment of Biochemistry, Faculty of Medical Sciences, Tehran University of Medical Sciences,
Tehran, Iran; cDepartment of Life Science Engineering, Faculty of New Sciences and Technologies,
University of Tehran, Tehran, Iran

ABSTRACT
The Human Cardiac Troponin I (hcTnI) is a 210 amino acid protein,
23 kDa in molecular weight. This biomarker is commonly used to
diagnose myocardial infarction, micro injury, and acute coronary
syndrome (ACS) in patients referring to emergency departments.
The American Heart Association (AHA) and European Society of
Cardiology (ESC) proposed troponin I as the gold biomarker for
early detection of heart attack, especially in myocardial infarction
(MI). Therefore, developing monoclonal antibodies against this
biomarker could help in for early detection of heart attack.
Hybridoma technology is a well-known technique introduced to
producemonoclonal antibodies in specialized cells. The aim of this
study was to produce large scale of monoclonal antibody against
human cardiac troponin I using Hybridoma technology in order to
design a diagnostic kit. The monoclonal antibody was produced
using conventional Hybridoma technology in ascitic fluid ofmouse
and characterized for its ability to detect Human Cardiac Troponin I
in a rapid test system. The results indicate the successful detection
of Troponin I using the obtained monoclonal antibody. According
to the achieved results it seems that ascites production of mono-
clonal antibody is very versatile, inexpensive, and economically
useful for monoclonal antibody production.

KEYWORDS
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Introduction

Hybridomas are cells that have been engineered to produce a desired monoclonal
antibody in large amounts.[1] Hybridoma technology is a well-known technique
introduced to produce monoclonal antibodies in specialized cells.[1b]

TheHumanCardiac Troponin I (hcTnI) is a 210 amino acids protein, 23 kDa in
molecular weight. As the inhibitory subunit of the troponin complex, hcTnI
inhibits actomyosin ATPase activity in the absence of Ca2+.[2] This biomarker is
commonly used to diagnose myocardial infarction, micro injury, and acute
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coronary syndrome (ACS) in patients referring to emergency departments.[3] The
American Heart Association (AHA) and European Society of Cardiology (ESC)
proposed troponin I as the gold biomarker for early detection of heart attack,
especially in myocardial infarction (MI).[4] hcTnI concentration increases drasti-
cally about 4–6 hr after chest pain occurs and remains high for 14 days.[5] The
cardiac troponin I (cTnI) shows a good sensitivity as a marker of myocardial
necrosis due to high specificity. Recently, due to tissue specific cTnI, cardiac
troponin I has been determined as one of the good biomarkers for diagnosis of
acute myocardial infarction (AMI).[6]

For mass production of the monoclonal antibody, hybridoma cells must be
grown by one of the following methods: in vivo method; injection of
requested clone into the abdominal cavity of a suitably prepared mouse or
in vitro method; and culture of the cells in tissue culture flasks.[7]

Further processing of the mouse ascitic fluid and of the tissue culture super-
natant are required to obtain mAb with the required purity and concentra-
tion. The mouse method is generally familiar, well understood, and widely
available in many laboratories. The tissue-culture methods have been expen-
sive and time consuming and often failed to produce the required amount of
antibody without considerable skilled manipulations.[8]

The aim of this study was to produce large scale of monoclonal antibody
against human cardiac troponin I in order to design of diagnostic kit.

Materials and methods

Production of monoclonal antibody in ascitic fluid of mouse

Balb/c female mice (4–6 weeks old) were provided from Pasteur institute of Iran.
0.5 mL Pristane (2, 6, 10, 14 tetra methyl pentadecane, Sigma) was injected
intraperitoneally into each mouse. Ten days after priming with Pristane, the cells
of a suitable mono clone in density of 1–2 × 106 cells/0.5 mL PBS was injected
intraperitoneally into each mouse. Having injected the hybridoma cell, the mice
were surveyed daily for production of ascitic fluid. About ten days after the
injection of cells, abdomens of the mice were completely enlarged and their
skins were extended. Using 19 gage needles, their ascitic fluids were harvested.
After 4 days, the harvesting procedure was repeated centrifuged and the related
supernatants were collected for characterization.[9]

Titration of antibody

The titer of monoclonal antibody was assessed using ELISA method. Wells of
ELISA plate (Nunc, Germany) were coated with 100 µL of human cardiac
troponin I recombinant (8 μg/mL in PBS) overnight at 4°C. The next day the
plate was washed 3 times with PBS-T containing 0.05% Tween 20 for 5 min.
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Non-specific sites of the plate were blocked with 5% skim milk and incubated
at 37ºC for 90 min. The wells were then washed 3 times as above and ascitic
fluid was added to the wells in two-fold serial dilutions starting from 1:500.
The plate was incubated at 37°C for 1.5 hr and washed again with PBS-T. At
the next step, 100 μL of 1:1000 dilution of HRP-conjugated rabbit anti-mouse
Ig (Razi institute, Iran) was added to the wells and incubation was continued
for 1.5 hr at 37°C. After washing, 100 uL of Tetramethylbenzidine (TMB)
substrate was added to each well and the plate was incubated at room
temperature in a dark place. After 20 min, the reaction was stopped by
adding 100 μL of stopping solution (0.16 M H2SO4) to each well. The
Optical Density (OD) of the reactions was measured at 450 nm by an
ELISA reader (STAT FAX 2100).[10]

Determination of mAb isotype

IsoStrip Mouse Monoclonal Antibody Isotyping Kit (Roche, Germany) was
used for determination the class and subclass of the mAbs.

First, an antibody-containing sample is pipetted into a development tube,
then the tubes were agitated so that the colored latex beads are completely re-
suspended. After that, an isotyping strip is placed in the tube. Within 1–5
min, a blue band appears in either the kappa or lambda section of the strip,
as well as in one of the class or subclass sections, indicating the class or
subclass and light-chain composition of the monoclonal antibody. These blue
bands will intensify as the sample moves up the strip. The positive control
bands on each side of the isotyping strip should also appear, indicating the
antibody-coated latex beads are functional and have traveled up the strip.
After 5 min, the results can be interpreted.[11]

Antibody purification

First the ascitic fluids were diluted with PBS two times with 40% saturated
ammonium sulfate. After several times of washing with 40% ammonium sulfate,
the fraction was centrifuged for 15 min in 5000 g. The precipitated fraction was
dialyzed against 10 mM PBS, pH 7.4 and purified using Sepharose beads con-
jugated with Protein G column affinity chromatography equilibrated with 5–10
column volumes with the same buffer.

Mouse IgG2 was eluted with 0.1 M sodium phosphate buffer in pH 6.0.
Confirmation of the purified fractions was monitored by SDS polyacrylamide
gel electrophoresis and western blotting. Finally, the purified fractions were
kept for conjugation with gold nanoparticles.[12]
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Confirmation of the mAb purity by SDS-PAGE

Purity of the monoclonal antibody was checked by SDS polyacrylamide gel
electrophoresis in non-reducing condition and reducing form. 10 µg of purified
mAb was mixed with 10 µL of sample buffer. The samples were boiled for 10 min
at 100°C. Electrophoresis was done in a 12.5% SDS-PAGE gel with a mini-
PROTEAN electrophoresis instrument (Bio-Rad Laboratories, Hercules, CA,
USA) 100 V for 1 hr. The gel was stained with Coomassie Brilliant Blue R-250
(Sigma).[13]

Western blotting

Western blotting was used to confirm the result of SDS-PAGE and to determine
the pattern of specificity and cross-reactivity of anti-troponin I monoclonal anti-
body (with tissue homogenate of rat cardiac, liver, muscle, and human cardiac)
was subjected to SDS-PAGE and then immune-blotting assay. Briefly, the nitro-
cellulose membrane and several thicknesses of whatman chromatography papers
were soaked in the transfer buffer (25 mMTris, 192 mM glycine, 20% V/V
methanol, pH 8.3). The wet nitrocellulose membrane was over laid on the wet
Whatman sheets by taking precaution to avoid bubbles. Then, the SDS-PAGE gel
was placed on the wet nitrocellulose membrane, where several wet Whatman
papers were placed on. Transfer of the proteins from the gel to the nitrocellulose
membranewas done in 100V for 3 hr. Then, non-specific sites were blockedwith a
2% BSA solution. After three rounds of washing, themembrane was cut into strips
and incubated for 2 hr at 37°Cwith the supernatants of suitable clones. Again, after
5 washes, the strips were incubated for two hours at 37°C with Rabbit Anti-Mouse
IgG conjugate (1/2000 dilution). The strips were washed and detected by DAB
(3,3’-Diaminobenzidine) hyperfilm after exposure for 5 min.[14]

Conjugation of monoclonal antibody with gold nanoparticle

To prepare the AuNP conjugate, anti-troponin I antibody(five monoclonal
Ab) in PBS (10 L of 1 mg/mL) was added to the mixture of 1 mL AuNP
colloid (10 or 20 nm in diameter) and 0.1 mL of borate buffer (0.1 M, pH
8.5). After incubating for 30 min at room temperature, 0.1 mL of 10 mg/mL
BSA in PBS was added to the solution to block the AuNP surface. After
incubating for 15 min at room temperature, the mixture was centrifuged at
10,000 rpm and 4◦C for 20 min. The supernatant was discarded, and 1 mL of
1 mg/mL BSA in PBS was added to the AuNP conjugate to be re-suspended.
The centrifugation and suspension process were repeated twice, and the final
suspension solution was PBS.
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Results

Monoclonal antibodies using ascitic fluid

After priming of the mouse peritoneal with pristane, about 1 million cells related
with five mono clone were suspended in 0.5mL of sterile PBS and injected to each
mouse. Approximately ten days later, 5 mL ascitic fluid was collected from each
mouse in two times (first time ascitic fluid was harvested from each mouse after
ten day and about again ascitic fluid was harvested from their peritoneum for a
second time, after 3–5 days (Table 1). Further characterization of this antibody
showed that it is an IgG2 isotope with a kappa light chain (Figure 1). The product
was precipitated by saturated ammonium sulfate and dialyzed against PBS.
Concentration of the dialyzed product in assay with UV at 280 nm was about 35
mg. Purification by Protein-G-Sepharose column affinity chromatography yielded
about 5.5 mg of monoclonal antibody.

Monoclonal antibody characterization

The result of purification was confirmed with non-reducing SDS-PAGE. In
non-reducing SDS-PAGE, only one 150 KD band was appeared that demon-
strator of purified antibody (Figure 2).

The titer ofmonoclonal antibody in ascitic fluidwas assessed by ELISAmethod.
The mean absorbance of non-immune mouse serum, Immunemouse serum, and
ascitic fluid was compared in Table 1 at 450 nm. The results showed that its 1/
32000 dilution has high absorbance with Human Cardiac troponin I antigen
(Table 2).

Result of western blotting for two monoclonal antibodies showed that
these antibodies did not demonstrate any cross-reactivity with liver and
muscle tissue as negative control and high specificity with cardiac and rat
and mice tissue as positive control (Figure 3).

The purified monoclonal antibody was conjugated with gold nanoparticles
and used for assay design for diagnostic application. To examine the specific
attachment of purified mAb with cardiac troponin I antigen, monoclonal
antibodies were attached to gold nanoparticle (Figure 4).

Table 1. Purification of monoclonal antibody from ascites.

No. Clone name
Ascetic

volume (ml)
After ammonium
sulfate (mg)

After
protein G column (mg)

1 P1D2E3 10 ml 14.5 3.75
2 P2E4D3 5 ml 5.59 2.08
3 P1H1D7 4 ml 8.49 1.86
4 P3A2F4 5 ml 9.86 2.58
5 P1B5D7 5 ml 8.79 2.28
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Discussion

Monoclonal antibodies are now critical biological devices for biomedical research.
These molecules are also very important for designing of diagnostic kits.
Nowadays, various applications have been introduced for monoclonal

Figure 1. SDS-PAGE analysis of fraction from Protein-G affinity purification. Non-reducing SDS-
PAGE of produced monoclonal antibody in non-reducing SDS-PAGE condition, only one band
was seen in about 150 kDa.

Figure 2. Western blotting of monoclonal antibodies: A(P1D2E3) clone; line 1: mice cardiac
tissue; line 2:rat liver tissue (negative control); line 3: human cardiac tissue; line 4: rat cardiac
tissue; line 5: recombinant troponin I.B (P2E4D3) clone; line 1: protein marker, line 2: recombi-
nant troponin I,line3:rat cardiac tissue,line4:rat muscle tissue(negative control); line 5: human
cardiac tissue.
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antibodies.[15] Koehler and Milstein developed the basic methods of producing
monoclonal antibodies in hybridoma cells of the mouse in 1975 which has
changed slightly to date.[16]

One of the best methods for mass production of monoclonal antibodies uses
ascitic fluid. The production of monoclonal antibody in the ascitic fluid is com-
mercially useful for mass production. In this study, five clones of monoclonal
antibody against human cardiac troponin I was selected for mass production of
monoclonal antibody.

At first, ascitic fluids were collected from the peritoneal cavity and the titer of
monoclonal antibody was assessed by indirect ELISAmethod. The results showed
that 1/32000 dilution has high absorbance with human cardiac troponin I antigen.
The suitable method for antibody purification depends on the intended applica-
tions of the antibodies, isotyping of antibodies, and the available resources.[17]

The subclass of monoclonal antibody was IgG2 and its light chain was “kappa”
type. The affinity chromatography method seems to be an easy, inexpensive,

Table 2. Titration of purified monoclonal antibodies from ascites with ELISA.
Clones 1:500 1:1000 1:2000 1:4000 1:8000 1:16000 1:32000

P1D2E3 3.1 2.6 2.1 1.6 1.2 0.85 0.70
P2E4D3 3.3 2.8 2.4 2 1.6 1 0.8
P1H1D7 3.2 2.5 2.2 1.6 1.4 1 0.6
P3A2F4 3.2 2.6 2.2 1.7 1.2 0.8 0.4
P1B5D7 3.3 2.8 2.2 1.7 1.2 0.7 0.5

Figure 3. Characterization of antibody (P3A2F4) with Isostrip kit.

Figure 4. Gold conjugation of three monoclonal antibodies. Five monoclonal Ab conjugated with
nanogold as detection Ab and as capture Ab concentration of troponin I is 1 ng/mL.

JOURNAL OF IMMUNOASSAY AND IMMUNOCHEMISTRY 395

D
ow

nl
oa

de
d 

by
 [

T
ar

bi
at

 M
od

ar
es

 U
ni

ve
rs

ity
] 

at
 1

9:
59

 1
4 

A
ug

us
t 2

01
7 



one-step, and affordable method in comparison with the other chromatography
methods such as ion-exchange chromatography. Accordingly, this method was
used for purification of produced mAb.

Evaluation of antibody purification was done with SDS-PAGE. Therefore,
purity was evaluated by SDS-PAGE in non-reducing condition. Suitability of the
purified antibody was confirmed by the results of SDS PAGE analysis.

The purified monoclonal antibody was conjugated with gold nanoparticles.
Specific binding of purified mAb with human cardiac troponin I antigen was
monitored using gold nanoparticle techniques. The results have clearly showed
that our antibodies strongly react with human cardiac troponin I antigen
(Figure 4). Five monoclonal antibodies conjugated with gold nanoparticles were
used for designing and evaluation of their affinity and suitability to be employed as
capture and detection antibodies. To achieve this goal, each of the five antibodies
was used as capture and detection antibody. Our results showed that one of the
antibody pairs has the best properties for a diagnostic human cardiac troponin I
test design.

Nowadays, two methods for mass production of the antibody are available:
the mouse ascites method and the tissue-culture method which could be
performed in vivo and in vitro.[18]

Cell-culture method requires experience, specific media, and can be expensive
and time-consuming. In vitromethods ofmAb production generally requires FBS,
which is a concern from the animal-welfare perspective and some hybridomas do
not grow well in culture or are lost in culture

Generally, in vivo production method requires, at first, pristane or Freund’s
incomplete adjuvant injection to suppress the immune systems and then the
multiplied hybridoma cells form antibody-rich ascitic fluid in the peritoneal cavity.
The ascites technique has some advantages, specially, high levels of antibody
production up to 20 mg/mL. In addition, this technique is not expensive and
does not need cell culture methods for antibody production.[7] Briefly, ascitic fluid
production enriched with mAb in mice is a rapid and economic method.

One of the most important factors in the ascitic fluid production is the amount
of the injected pristane and the interval of priming with hybridoma cells. In
addition, side effects of tumor growth can be more severe due to incorrect i.p.
injection of hybridoma cells as a result of insemination of hybridoma cells in
abdominal organs, such as urinary bladder or intestines. The number of the
injected cells to the peritoneum of mouse is of great significance, due to its
importance in production of ascitic fluid.[19]

After the priming of monoclonal antibody cell, animals should be watch out
daily at least for the first week to monitor the amount of abdominal swelling and
signs of illness.[19] In the Peterson et al. study, no significant evidence of distress
was obtained in the animals evaluating the effect of pristine injection and ascites
production.[20]
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In all these studies, the ascites methods were preferred for production of
monoclonal antibody due to its economical and efficient nature for production
of mAbs in high concentrations.

Then monoclonal antibodies were purified by affinity chromatography on
protein G Sepharose.[21] Based on documented evidence, analysis of mAb pro-
duced in tissue culture reveals that a desired antibody function is diminished or
lost. Furthermore, tissue culture might be maintained for long periods, and some
mAbs were denatured during concentration or purification processes. However,
formany reasons in vivomethods have been underestimated. Themost important
reasons are as follow: significant pain and distress in mice; high-quality in vitro
production systems such as fermenter systems; and contamination of produced
mAbs with infectious agents, such as viruses and other microorganisms.[22]

In vivo and in vitro methods for production of monoclonal antibodies have
their own pros and cons. In ascites production some disadvantages include daily
observation of mice, contamination of produced antibody with the undesired
proteins (whichmakes the purification necessary) and significant pain and distress
in mouse. The disadvantages of in vitro production includes: use of FBS in
monoclonal product, that limits utilization of some monoclonal antibodies;
mAb concentration tends to be low in the supernatant; generally more expensive
than the ascites method for small-scale or medium-scale production of mAb.
Nevertheless, the mouse ascites method usually produces very high mAb concen-
trations that often do not require further concentration procedures specially avoid
the effects of contaminants in in vitro batch-culture fluid; avoids the need to teach
the antibody producer tissue-culture methods.[23]

According to the above discussion it seems that ascites production of
monoclonal antibody is very versatile, inexpensive, and economically useful.
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