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Abstract

Background: Foot-and-Mouth disease (FMD) is an acute and contagious disease in domestic ruminants, which is currently the most
economical viral disease that threatens the livestock industry. The virus that causes disease belongs to the Aphthovirus genus from
the family of picornaviridae. This family contains seven serotypes and is about 30 nanometers in diameter and has no external
membrane, similar to other picornaviruses.
Objectives: In this study, we aimed to introduce the sucrose gradient procedure as a convenient method for purification of 146s
antigens.
Methods: Sucrose gradient procedure (20% - 50%) was used for purification of 146s antigen of foot-and-mouth disease virus
serotypes A. Then, preparation steps of the virus including concentration by polyethylene glycol, degreasing using trichloroethy-
lene, centrifugation (30000 g for three hours) and washing the pellet using Tris (0.05 M) were performed. Spectrophotometer and
nano-drop were used to measure the amount of the purified protein and purity evaluation, respectively. Moreover, dot blot assay
was used for the confirmation of 146s antigen.
Results: The pellet of the 146s antigen of FMD virus serotype A was developed at a concentration of sucrose 50%. Absorbance rate of
the Foot-and-Mouth Disease virus serotypes A at wavelengths of 240, 259 and 280 nm was 1.238, 1.573 and 1.157, respectively. Moreover,
the amount of 146s antigen at the same wavelengths was 163.416, 207.636 and 152.724 µg/mL, respectively. The amount of purified
protein by nanodrop (ND-1000, the United States) was 0.275 mg/mL. The 146s antigen was observed with 26, 29 and 64 KDa by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and was confirmed by the dot blot assay.
Conclusions: The results exhibited that sucrose gradient procedure is a good method for purification of virus.
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1. Background

Foot-and-Mouth disease (FMD) is an infectious and
sometimes fatal viral disease (1). This disease influences
cloven-hoofed animals, such as domestic and wild bovids
(2). The FMD has severe implications for animal farming.
since FMD is highly infectious, it can spread by polluted an-
imals, aerosols, contact with contaminated farming equip-
ment, vehicles, clothing, or feed, and through domestic
and wild predators (3).

The virus responsible for FMD is a picornavirus, a mem-
ber of the genus Aphthovirus. Seven serotypes (4) were ob-
served for this virus including A, C, O, Asia 1, SAT1, SAT2 and
SAT3 (5).

The FMD results in serious economic losses when out-
breaks of the disease occur. Like other picornaviruses, FMD
virus has a single-stranded positive RNA molecule (6), en-
capsulated in an icosahedral capsid made of 60 copies each

of four proteins: VP1, VP2, VP3 and VP4 (7). The virus exhibits
great antigenic variability extensively characterized in tis-
sue culture and in the field (8-11). Of the four structural pro-
teins, only VP1 has been shown to elicit neutralizing anti-
bodies in animals (12-15). The main antigenic site on FMD
virus has been identified around amino acid residues 140
to 160 of VP1, with the extreme carboxy terminus (residues
200 to 213) of that protein likely contributing to the anti-
genicity (16-19).

Humans are very rarely infected with FMD through
contact with polluted animals. The virus that causes FMD
cannot spread to humans via consumption of infected
meat because it is sensitive to stomach acid. The last con-
firmed human case was found in 1966 (4, 20) in the United
Kingdom. Moreover, only a few other cases have been
recorded in countries of continental Europe, Africa, and
South America. The FMD in humans has symptoms includ-
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ing malaise, fever, vomiting, red ulcerative lesions of the
oral tissues, and sometimes, vesicular lesions of the skin. It
was reported that FMD killed two children supposedly due
to infected milk in England in 1884 (20).

Since FMD is on top of the world organization for ani-
mal health (OIE) List, early detection has great importance.
Complement fixation test (CFT) was widely used for de-
tection of the FMD virus, yet was replaced by the enzyme
linked immunosorbent assay (ELISA) due to the sensitivity
and assessment of a lot of samples achieved by this new
technique. At present, real time-polymerase chain reaction
(RT-PCR) along with ELISA and cell culture is used for early
detection and determination of type of FMD virus in the
world reference laboratory (21). In this study, we aimed to
introduce the sucrose gradient procedure as a convenient
method for purification of antigens.

2. Objectives

In this study, we aimed to introduce the sucrose gradi-
ent procedure as a convenient method for purification of
146s antigens of FMD virus serotype A.

3. Methods

3.1. Virus Source

Foot-and-Mouth disease virus serotype A was supplied
by the Research and Production of Foot-and-mouth disease
vaccine center of Razi institute. This virus was inactivated
by ethylene amine double method.

3.2. Purification of 146santigen of Foot-and-Mouth Disease
Virus Serotype Aby Using the Sucrose Gradient Procedure

The inactivated virus of Foot-and-Mouth disease was
frozen and thawed. The solution containing the virus was
centrifuged twice at 1100 g. The solution was poured into a
dialysis bag (Specterapor, Germany), and then the bag was
placed in a container containing polyethylene glycol in a
refrigerator. Degreasing using trichloroethylene, centrifu-
gation at 2300g for 20 minutes (VS-1000Bm, Korea) and at
6000 g for four hours (VS-30000i, the united states), re-
spectively, were performed. The pellet was washed by Tris
0.05 M and discarded, and then the pellet was resuspended
with Tris 0.1 M. First, sucrose was provided at concentra-
tions of 20%, 25%, 30%, 35%, 40%, 45% and 50%. For creation
of sucrose gradient, using a 5-mL Hamilton syringe, con-
centrations of 20%, 25%, 30%, 35%, 40%, 45% and 50% were
poured into a Beckman tube. Then, 1 mL of the prepared
virus solution, using Hamilton syringe, was poured on the
sucrose gradient. The Beckman tube was placed in an ul-
tracentrifuge at 10000 g for three hours (VS-30000i, the

united states). The pellet was washed several times by Tris
0.05 M.

3.3. Measurement of the Purified Protein

First, the spectrophotometer (Shimadzu, the united
states) was zeroed by Tris 0.05 M and then absorbance of
the solution, containing the 146s antigen at wavelengths
of 240-259 nm and 280 nm, was read. Moreover, nanodrop
was used for determination of protein concentration

3.4. Determination of Purity of the 146s Antigen

One of the significant techniques for purity evaluation
of a protein sample is SDS-PAGE electrophoresis. An elec-
tric field is applied across the gel and proteins migrate
across the gel away from the kathode and towards the an-
ode. Each protein, depending on its size, moves differ-
ently through the gel matrix. The gel is usually run for
a few hours. Then, smaller proteins travel further down
the gel while larger ones remain closer to the point of ori-
gin. For observation of the 146s antigen band on SDS-PAGE
electrophoresis, the resulting solutions of sucrose gradi-
ent were used.

3.5. Confirmation of Presence of the 146s Antigen by Using Dot
Blot

Moreover, presence of the 146s antigen was confirmed
by dot blot. Two-µL of the purified 146s antigen and 2-µL
of the Phosphate Buffered Saline (PBS) (negative control)
were spotted on a piece of nitrocellulose membrane with
a distance of 1 cm from each other. The membrane was
placed in a plastic container and sequentially incubated at
37°C for 15 minutes, followed by blocking in Bovine Serum
Albumin (BSA) 1% buffer, incubation at 37°C for 45 minutes,
rinsing with buffer (PBS containing tween 20 (5%)), incuba-
tion at 37°C for 45 minutes with specific antibody solution
against 146s (1:10 dilution), rinsing with buffer (PBS con-
taining tween 20 (5%)), adding anti-rabbit antibody (1:1000
dilution), incubation at 37°C for 45 minutes, washing with
PBS containing tween 20 (5%), placing in DAB solution and
peroxidase, respectively. Finally, detection by eye was per-
formed.

4. Results

4.1. Purification by Sucrose Gradient Procedure

The pellet of the146s antigen of serotype A was devel-
oped at a concentration of sucrose 50% (Figure 1).
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Figure 1. The Pellet of the 146s Antigen of Foot-and-Mouth Disease Virus Serotype A
at a Concentration of 50% Sucrose

4.2. Measurement and Confirmation of the 146s Antigen

The absorbance rate of Foot-and-Mouth disease virus
serotypes A at the wavelengths of 240, 259 and 280 nm was
1.238, 1.573 and 1.157, respectively. Moreover, the amount of
146s antigen at the same wavelengths was 163.416, 207.636
and 152.724 µg/mL, respectively. The amount of purified
protein by nanodrop (ND-1000, the united states) was
0.275 mg/mL.

With respect to protein size, resolving of gel in SDS-
PAGE was 15%. We used a protein marker (Fermentas, Ger-
many) for determination of protein size in the sample. The
146s antigen was observed at 26, 29 and 64 KDa (Figure 2).

In the dot blot assay, brown spots represent reaction
between the 146s antigen and standard specific antibody.
Intensity of the brown stain is dependent on the amount
of the antigen.

5. Discussion

Foot-and-Mouth Disease (FMD) is the most infectious
viral disease that involves cloven-hoofed livestock species.
The FMD is an economically destructive disease of livestock
and has remarkable global socioeconomic outcomes. Even
though its vaccines were available since the early 19th cen-
tury, the eradication of FMD from parts of the world re-
mained uncertain. The disease still involves millions of an-
imals around the world and remains the main hurdle to

Figure 2. Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis

M: Marker, 1: Primary sample, 2: Negative control, 3: Purified sample.

Figure 3. Confirmation of 146s Antigen Using the Dot Blot Assay

1: 10 mg/mL of antigen, 2: Negative control, 3: 15 mg/mL of antigen.
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the commerce of animals and animal products (22). The
FMD virus relates to the Picornaviridae family and chiefly
infects cloven-hoofed animals. Its genome is a single-
stranded RNA that is surrounded by a protein coat consist-
ing of four structure proteins including; VP1, VP2, VP3 and
VP4 (23). The FMD virus is separated into seven immuno-
logically distinctive serotypes: A, O, C, Asia I, and South
African Territories (SAT1, SAT 2, and SAT3) (20). These seven
serotypes distribute no cross-immunity. This means that,
animals that have formerly been contaminated with one
serotype remain vulnerable to the six other serotypes. Oc-
curring in Europe, South America and Asia, FMDV serotype
O is the most common between the seven serotypes, world-
wide. The FMD infectivity may be mild or subclinical in re-
lated species, further complicating clinical diagnosis (24,
25). A definite diagnosis of FMD is promising only with lab-
oratory tests. The aim of this study was to purify 146s anti-
gen of FMD virus serotype A.

In the current study, the whole 146s particle was used.
VP4 is internal and the other particles are on the surface
of the capsid. The VP1, 2 and 3 particles are antigenic in-
dexes on the surface of the virus, but only VP1 is decom-
posed and can stimulate antibody neutralization. In the
present study, 20% - 50% of sucrose gradients were used for
purification of 146s antigen of FMD virus. Consistent with
our study, many researches applied sucrose gradients for
purification of FMD virus.

In the study of Booth et al., (1987), which was done
for the determination of response dose ratio of micro-
neutralization tests on foot-and-mouth disease, FMD virus
was harvested in BHK21 tissue culture. It was then inacti-
vated at 4°C for 48 hour with 0.05% acetyl ethyleneimine.
Next, the reaction was stopped by addition of excess
sodium thiosulphate. The crude fluids were concentrated
by precipitation with saturated ammonium sulfate and
pelleted in the ultracentrifuge. The resuspended pellets,
were finally purified by zonal centrifugation in 15-45% su-
crose gradients for 180 minutes at 30000 rpm (26).

In the study of Cartwright et al., (1980) the correlation
of serology and immunology between 12s and 146s parti-
cles of FMD virus was investigated. In their study, 146s par-
ticle was purified by 15% - 45 % sucrose gradients (27).

In the study of King et al., (1980) in order to assess the
mutant FMD virus, it was purified by 15% - 45% sucrose gra-
dients (28).

Francis et al., (1982) at the beginning of their study
applied 15% - 25% sucrose gradients for purification of
virus antigens. They studied the quantitative difference
between antigens of FMD virus and synthetic polypeptide
(29).

Collen et al. (1984) used 146s antigen serotype O in-
duced antibody production in mouse spleen cells. They

used 5% - 30% sucrose gradients for purification of 146s par-
ticles (30).

Shirai et al., (1989) purified 146s antigen with 10% - 40%
sucrose gradients (31).

Aggarwal and Barett (2002) purified FMD virus by 15-
30% sucrose gradients. They studied about recognition of
antigenic regions on the surface of FMD virus (32).

In the study of Xia Feng et al., (2016) a suitable method
to identify and quantify the 146s antigen of a serotype O
FMD vaccine, a Double-Antibody Sandwich (DAS) ELISA was
compared with a SDG analysis. The DAS ELISA was highly
linked with the SDG method (R2 = 0.9215, P < 0.01). In con-
trast to the SDG method, the DAS ELISA was quick, vigorous,
repeatable and very sensitive, with the lowest quantifica-
tion limit of 0.06 µg/mL (33).

As several studies showed that this method is favor-
able; however, a new method with more specificity and
more accuracy is needed.

References

1. Arzt J, Juleff N, Zhang Z, Rodriguez LL. The pathogenesis of foot-
and-mouth disease I: viral pathways in cattle. Transbound Emerg
Dis. 2011;58(4):291–304. doi: 10.1111/j.1865-1682.2011.01204.x. [PubMed:
21366894].

2. Michel A, Rutten V. Transboundary and Emerging Diseases. 60. USA:
Transboundary and Emerging Diseases; 2013.

3. Sutmoller P, Barteling SS, Olascoaga RC, Sumption KJ. Control and
eradication of foot-and-mouth disease. Virus Res. 2003;91(1):101–44.
[PubMed: 12527440].

4. Grubman MJ, Baxt B. Foot-and-mouth disease. Clin Microbiol Rev.
2004;17(2):465–93. [PubMed: 15084510].

5. Yoon SH, Park W, King DP, Kim H. Phylogenomics and molecular evo-
lution of foot-and-mouth disease virus. Mol Cells. 2011;31(5):413–21. doi:
10.1007/s10059-011-0249-6. [PubMed: 21448588].

6. Bachrach H. Foot and mouth disease virus: properties, molecular bi-
ology, and immunogenicity. Virology in Agriculture; 1977.

7. Stave J, Card J, Morgan D, Vakharia V. Neutralization sites of type 01
foot-and-mouth disease virus defined by monoclonal antibodies and
neutralization-escape virus variants. Virol. 1988;162(1):21–9.

8. Domingo E, Dávila M, Ortín J. Nucleotide sequence heterogeneity of
the RNA from a natural population of foot-and-mouth-disease virus.
Gene. 1980;11(3-4):333–46.

9. Martinez MA, Carrillo C, Plana J, Mascardla R, Bergada J, Palma EL. Ge-
netic and immunogenic variations among closely related isolates of
foot-and-mouth disease virus. Gene. 1988;62(1):75–84.

10. Sobrino F, Davila M, Ortin J, Domingo E. Multiple genetic variants
arise in the course of replication of foot-and-mouth disease virus in
cell culture. Virology. 1983;128(2):310–8. [PubMed: 6310859].

11. Sobrino F, Palma EL, Beck E, Davila M, de la Torre JC, Negro P, et al. Fixa-
tion of mutations in the viral genome during an outbreak of foot-and-
mouth disease: heterogeneity and rate variations. Gene. 1986;50(1-
3):149–59. [PubMed: 3034729].

12. Bachrach HL, Moore DM, McKercher PD, Polatnick J. Immune and an-
tibody responses to an isolated capsid protein of foot-and-mouth dis-
ease virus. J Immunol. 1975;115(6):1636–41. [PubMed: 171309].

13. Bolwell C, Clarke BE, Parry NR, Ouldridge EJ, Brown F, Rowlands DJ.
Epitope mapping of foot-and-mouth disease virus with neutraliz-
ing monoclonal antibodies. J Gen Virol. 1989;70 ( Pt 1):59–68. doi:
10.1099/0022-1317-70-1-59. [PubMed: 2471783].

4 Int J Infect. 2017; 4(1):e41322.

http://dx.doi.org/10.1111/j.1865-1682.2011.01204.x
http://www.ncbi.nlm.nih.gov/pubmed/21366894
http://www.ncbi.nlm.nih.gov/pubmed/12527440
http://www.ncbi.nlm.nih.gov/pubmed/15084510
http://dx.doi.org/10.1007/s10059-011-0249-6
http://www.ncbi.nlm.nih.gov/pubmed/21448588
http://www.ncbi.nlm.nih.gov/pubmed/6310859
http://www.ncbi.nlm.nih.gov/pubmed/3034729
http://www.ncbi.nlm.nih.gov/pubmed/171309
http://dx.doi.org/10.1099/0022-1317-70-1-59
http://www.ncbi.nlm.nih.gov/pubmed/2471783
http://intjinfection.com/


Shojaee M and Zibaei S

14. Kleid DG, Yansura D, Small B, Dowbenko D, Moore DM, Grubman MJ,
et al. Cloned viral protein vaccine for foot-and-mouth disease: re-
sponses in cattle and swine. Science. 1981;214(4525):1125–9. [PubMed:
6272395].

15. Laporte J, Grosclaude J, Wantyghem J, Bernard S, Rouze P. Neutralisa-
tion en culture cellulaire du pouvoir infectieux du virus de la fièvre
aphteuse par des sérums provenant de porcs immunisés a l’aide
d’une protéine virale purifiée. CR Acad Sci Paris. 1973;276(3399):3.

16. Bittle JL, Houghten RA, Alexander H, Shinnick TM, Sutcliffe JG, Lerner
RA, et al. Protection against foot-and-mouth disease by immunization
with a chemically synthesized peptide predicted from the viral nu-
cleotide sequence. Nature. 1982;298(5869):30–3. [PubMed: 7045684].

17. DiMarchi R, Brooke G, Gale C, Cracknell V, Doel T, Mowat N. Protection
of cattle against foot-and-mouth disease by a synthetic peptide. Sci-
ence. 1986;232(4750):639–41. [PubMed: 3008333].

18. Robertson B, Morgan D, Moore D. Location of neutralizing epitopes
defined by monoclonal antibodies generated against the outer cap-
sid polypeptide, VP1, of foot-and-mouth disease virus A12. Virus Res.
1984;1(6):489–500. doi: 10.1016/0168-1702(84)90006-6.

19. Strohmaier K, Franze R, Adam KH. Location and characterization of
the antigenic portion of the FMDV immunizing protein. J Gen Vi-
rol. 1982;59(Pt 2):295–306. doi: 10.1099/0022-1317-59-2-295. [PubMed:
6176678].

20. Bachrach HL. Foot-and-mouth disease. Annu Rev Microbiol.
1968;22:201–44. doi: 10.1146/annurev.mi.22.100168.001221. [PubMed:
4301615].

21. Reid SM, Hutchings GH, Ferris NP, De Clercq K. Diagnosis of foot-
and-mouth disease by RT-PCR: evaluation of primers for serotypic
characterisation of viral RNA in clinical samples. J Virol Methods.
1999;83(1):113–23.

22. Depa P, Dimri U, Sharma M, Tiwari R. Update on epidemiology and
control of Foot and Mouth Disease-A menace to international trade
and global animal enterprise. Veterinary World. 2012;5(11):694–704.

23. Garland A, Donaldson A. Foot-and-mouth disease. Surveillance.
1990;17(4):6–8.

24. Davies G. The foot and mouth disease (FMD) epidemic in the United
Kingdom 2001. Compar Immunol Microbiol Infect Dis. 2002;25(5):331–

43. doi: 10.1016/S0147-9571(02)00030-9.
25. Geering W. Foot-and-mouth disease in sheep. Australian Veterinary J.

1967;43(11):485–9. doi: 10.1111/j.1751-0813.1967.tb04774.x.
26. Booth JC, Rweyemamu MM, Pay TW. Dose-response relationships in

a microneutralization test for foot-and-mouth disease viruses. J Hyg
(Lond). 1978;80(1):31–42. [PubMed: 202650].

27. Cartwright B, Chapman WG, Brown F. Serological and immunological
relations between the 146S and 12S particles of foot-and-mouth dis-
ease virus. J Gen Virol. 1980;50(2):369–75. doi: 10.1099/0022-1317-50-2-
369. [PubMed: 6257825].

28. King AM, Newman JW. Temperature-sensitive mutants of foot-and-
mouth disease virus with altered structural polypeptides. I. Iden-
tification by electrofocusing. J Virol. 1980;34(1):59–66. [PubMed:
6246262].

29. Francis MJ, Fry CM, Rowlands DJ, Brown F. Qualitative and quanti-
tative differences in the immune response to foot-and-mouth dis-
ease virus antigens and synthetic peptides. J Gen Virol. 1988;69 ( Pt
10):2483–91. doi: 10.1099/0022-1317-69-10-2483. [PubMed: 2844964].

30. Collen T, McCullough KC, Doel TR. Induction of antibody to foot-and-
mouth disease virus in presensitized mouse spleen cell cultures. J Vi-
rol. 1984;52(2):650–5. [PubMed: 6092687].

31. Atsushi Shirai C, Chatchawanchonteera A, Sinsuwongwat W,
Makarasen P, Chongming S. Estimation of 140S particles in foot-
and-mouth disease virus (FMDV) vaccine by using the computer
analyzing system. Japanese J Veterinary Sci. 1990;52(3):621–30. doi:
10.1292/jvms1939.52.621.

32. Aggarwal N, Barnett PV. Antigenic sites of foot-and-mouth disease
virus (FMDV): an analysis of the specificities of anti-FMDV antibod-
ies after vaccination of naturally susceptible host species. J Gen Vi-
rol. 2002;83(Pt 4):775–82. doi: 10.1099/0022-1317-83-4-775. [PubMed:
11907326].

33. Feng X, Ma JW, Sun SQ, Guo HC, Yang YM, Jin Y, et al. Quantitative
Detection of the Foot-And-Mouth Disease Virus Serotype O 146S Anti-
gen for Vaccine Production Using a Double-Antibody Sandwich ELISA
and Nonlinear Standard Curves. PLoS One. 2016;11(3):0149569. doi:
10.1371/journal.pone.0149569. [PubMed: 26930597].

Int J Infect. 2017; 4(1):e41322. 5

http://www.ncbi.nlm.nih.gov/pubmed/6272395
http://www.ncbi.nlm.nih.gov/pubmed/7045684
http://www.ncbi.nlm.nih.gov/pubmed/3008333
http://dx.doi.org/10.1016/0168-1702(84)90006-6
http://dx.doi.org/10.1099/0022-1317-59-2-295
http://www.ncbi.nlm.nih.gov/pubmed/6176678
http://dx.doi.org/10.1146/annurev.mi.22.100168.001221
http://www.ncbi.nlm.nih.gov/pubmed/4301615
http://dx.doi.org/10.1016/S0147-9571(02)00030-9
http://dx.doi.org/10.1111/j.1751-0813.1967.tb04774.x
http://www.ncbi.nlm.nih.gov/pubmed/202650
http://dx.doi.org/10.1099/0022-1317-50-2-369
http://dx.doi.org/10.1099/0022-1317-50-2-369
http://www.ncbi.nlm.nih.gov/pubmed/6257825
http://www.ncbi.nlm.nih.gov/pubmed/6246262
http://dx.doi.org/10.1099/0022-1317-69-10-2483
http://www.ncbi.nlm.nih.gov/pubmed/2844964
http://www.ncbi.nlm.nih.gov/pubmed/6092687
http://dx.doi.org/10.1292/jvms1939.52.621
http://dx.doi.org/10.1099/0022-1317-83-4-775
http://www.ncbi.nlm.nih.gov/pubmed/11907326
http://dx.doi.org/10.1371/journal.pone.0149569
http://www.ncbi.nlm.nih.gov/pubmed/26930597
http://intjinfection.com/

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Virus Source
	3.2. Purification of 146santigen of Foot-and-Mouth Disease Virus Serotype Aby Using the Sucrose Gradient Procedure
	3.3. Measurement of the Purified Protein
	3.4. Determination of Purity of the 146s Antigen
	3.5. Confirmation of Presence of the 146s Antigen by Using Dot Blot

	4. Results
	4.1. Purification by Sucrose Gradient Procedure
	Figure 1

	4.2. Measurement and Confirmation of the 146s Antigen
	Figure 2
	Figure 3


	5. Discussion
	References

