Preparation of Mouse Anti-human Rotavirus VP7 Monoclonal Antibody and Its Protective Effect on Rotavirus Infection
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Abstract: Objective: To prepare and identify the mouse anti-human rotavirus VP7 monoclonal antibody and explore its protective effect on rotavirus infection. Methods: The mouse anti-human rotavirus VP7 monoclonal antibody was prepared by ascites method and identified by Western blot. In vitro neutralization of mouse anti-human rotavirus VP7 monoclonal antibody was detected by MTT assay. TCID50 was calculated to obtain the antibody neutralization titer. In the meantime, a mouse RV infection model was constructed to evaluate the protective effect of mouse anti-human rotavirus VP7 monoclonal antibody on experimental animals. Results: ①Monoclonal antibodies were successfully prepared by Ascites method, purity of purified monoclonal antibodies reached 90% or more. ②Western blot showed that monoclonal antibody could specifically bind to purified Wa strain rotavirus, with a specific reaction band at about 40 kDa. ③MTT assay of monoclonal antibody in vitro neutralization results showed that the virus + monoclonal antibody group cell survival rate was 101.83%, virus + maintenance fluid group cell survival rate was 58.8%, virus + monoclonal antibody group cell survival rate was higher than virus + maintenance fluid group cell survival rate, and the cell protection rate of monoclonal antibody reached 73.6%.④ In monoclonal antibody neutralization titer detection by TCID50 method, the cytopathic effect no longer developed on the 4th day. The calculated monoclonal antibody neutralization titer was 1: 446. ⑤The mouse rotavirus infection model was successfully established. After the mice were treated with intragastric administration of different preparations, the positive rate of colloid gold RV in each group was different: 25.0% in monoclonal antibody 100μl group, 50% in monoclonal antibody 50μl group, 37.5% in the ribavirin group and 87.5% in the control group; and the positive rate of colloidal gold RV in the monoclonal antibody 100μl group was significantly lower than that in the control group (p <0.05). ⑥The protection rate of monoclonal antibody 100μl group was 71.4%, that of monoclonal antibody 50μl group was 42.9% and that of ribavirin group was 57.1%; the protection rate of monoclonal antibody 100μl group was the highest, followed by ribavirin group, while the last was monoclonal antibody 50μl group. Conclusion: Mouse anti-human rotavirus VP7 monoclonal antibody can be successfully prepared by Ascites method, such monoclonal antibody has a good neutralization effect on Wa strain human rotavirus in vitro; mouse anti-human rotavirus VP7 monoclonal antibody also provides good protection in mice. A higher dose brought better protective effect, and the protective effect of high dosage was superior to that of ribavirin.
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Rotavirus (RV) belongs to reovirus section in rotavirus category and is the most important causative agent causing viral diarrhea in infants and young children as well as many young animals worldwide. It is also the major causative agent of acute diarrhea in children under 5 years of age, which can even cause death in severe cases [1]. There is still no efficient drug for RV treatment, and use of vaccines is the only effective and economical means to prevent and control RV [2]. Rotavirus encoded structural proteins mainly include VP2, VP6, VP4 and VP7, of which VP4 and VP7 are the major neutralizing antigens. VP7, which accounts for about 30% of the total viral protein, can mediate the shedding of the virus and host invasion, and is a protein necessary for RV virus maturation. Some studies held that [3], rotavirus VP7 protein has more antigenicity and immunogenicity than VP4 protein. Therefore, in recent years, a large number of studies have taken VP7 as the main target for research of RV viral gene engineering subunit vaccine, RV nucleic acid vaccine and therapeutic monoclonal antibody [4-5]. How to obtain a large number of mouse anti-human rotavirus VP7 monoclonal antibody is the key to clinical application. Currently, in vitro culture method and animal in vivo induction method are used to prepare a large number of monoclonal antibodies. However, in the process of culturing monoclonal antibodies by in vitro culture method, the culture medium needs to be replaced several times (once a day), and the yield of monoclonal antibody obtained is not high. Proliferation of hybridoma cells in animals can overcome these weaknesses. There are currently two methods of in vivo induction for the mass production of monoclonal antibodies, by injection into the back of the mice subcutaneously and intraperitoneally, respectively. However, in the preparation of experimental antibodies, the most commonly used method is preparation by ascites [6-8]. At present, there is no data on the mass preparation of mouse anti-human rotavirus monoclonal antibody VP7 via ascites method. In this study, we investigated the feasibility of preparing mouse anti-human rotavirus VP7 monoclonal antibody by ascites method and further verified the protective effect of mouse anti-human rotavirus VP7 monoclonal antibody on rotavirus infection, so as to lay the foundation for study on screening and mechanism of action of rotavirus antiviral drugs.

1 Data and methods

1.1 Preparation and identification of VP7 monoclonal antibody

1.1.1 Preparation method

(1) Intraperitoneal inoculation of liquid paraffin was performed, 0.5 ml per mouse; (2) 7 days later, hybridoma cells were diluted with serum free medium (SFM); (3) The diluted hybridoma cells were injected intraperitoneally at a dosage of 2 × 106 / 0.2ml/cell; (4) 7 days later, mice ascites was viewed daily; (5) Signs of ascites were collected: significant swelling was observed in the abdomen, skin tension can be obviously felt by hand touch.

 1.1.2 Purification method

 (1) The collected ascites was subjected to agitation and dialysis with Loading buffer. The 20 times volume of PBS dialysate was substituted every two hours for a total of 6 times during the period. (2) After dialysis, protein content was detected and diluted to 30mg or less by adding Loading buffer in case the protein content was greater than 30mg. (3) If the protein content is less than 30mg, the following two steps need to be carried out: ①Measure a volume with the measuring cylinder, uniformly add 0.25 times volume of saturated ammonium sulfate in droplets and stir, mix and put it in the refrigerator at 4 ℃, followed by centrifugation at 6000rpm for 15 minutes after 30min, then collect the supernatant; ② The volume of the supernatant was measured with a measuring cylinder, 0.6 times volume of saturated ammonium sulfate was added uniformly in droplets, mixed and placed in a refrigerator at 4 ℃ for 30 minutes, followed by centrifugation at 6000 rpm for 15 minutes, and then the precipitate was collected. (4) Add the loading buffer to the precipitate and resuspend, followed by agitation and dialysis with Loading buffer. The 20 times volume of dialysate was substituted every two hours for a total of 6 times during the period. (5) Antibody was purified by 1 ml HiTrapTM rProtein A prepacked column. The column was washed with 5 times column volume of purified water, and the flow rate was maintained at 1 ml / min. (6) Equilibrate the column with 20 times column volume of loading buffer. (7) Take samples less than 30mg, load the sample. Samples were loaded 4 times through the fluid. (8) Take 20 times column volume of loading buffer to wash the unbound protein on the column. (9) Rinse the column with Elution buffer and collect the elution peak. Immediately add 1 M Tris-HCl buffer and equilibrate to pH 7.0. (10) Wash the column with 20 times column volume of purified water. (11) The column was then washed with 20 times column volume of 20% ethanol. (12) The eluted protein was stirred and dialyzed with 20 mM phosphate buffer. The 20 times volume of dialysate was substituted every two hours for a total of 6 times during the period. (13) Collect the protein and determine the protein content using a UV-vis spectrophotometer. (14) Make a mark and store in a -20 ° C refrigerator.

1.1.3 Identification method    

   VP7 monoclonal antibody was identified by Western blot. (1) Take RV virus, after SDS-PAGE electrophoresis, prepare sufficient transfer buffer to fill the transfer tank. Prepare another 200 ml for balancing the gel and membrane as well as the wet filter paper. Remove the gel from the glass plate and remove all concentrated gel; The gel was intruded into the transfer buffer for 15 minutes; the filter paper was soaked in the transfer buffer for at least 30 s. (2) Membrane preparation: PVDF membrane was wetted in methanol for 15s to ensure that the PVDF membrane became subtransparent from opaque state; soak the PVDF membrane in double distilled water for 2min; balance the membrane in the transfer buffer for at least 5min; be careful in the whole process. (3) Open the clip and keep the dark side horizontal. Put a sponge pad on top, roll it back and forth a few times with a glass rod to remove the inner bubble (Note: during the rolling, roll with one hand, and press the sponge pad with the other hand so that the sponge pad does not move). The three layers of stacked filter paper were put on the sponge pad. Press the filter paper with one hand and roll with the other hand. (4) Pry off both ends of the glass plate, and the glass plate looseness would be gradually felt. Pry off the glass plate then. (Note: because the glass plate is very easy to crack, be careful when prying the glass plate.) Gently scrape the gel after the glass plate was pried off and make a mark. Place the peeled separation gel on the filter paper, align it with the filter paper and continue with rolling. (5) Cover the entire separation gel with PVDF membrane, and roll it to remove the bubble. Cover the PVDF membrane with three pieces of filter paper, and roll to remove the bubble. (6) Cover it with another sponge pad, roll a few times with a glass rod and clamp it with a clip. The transfer device was put in ice water, 30mA. (7) Let it stay overnight or at 200mA for 2h. (8) Heat will be produced in electrotransfer, put a piece of ice on one side of the tank to cool it down. The transfer device was placed in ice water. Turn on the power at 30mA for overnight. Mark the membrane after the transfer was done to distinguish the positive and negative side. (9) Wash it with TBS in a shaker at 4 ° C for 5 min × 5 times. (10) Block it with 10ml blocking solution, place it in a shaker for 2h at room temperature or let it stay overnight at room temperature. (11) The primary antibody (mouse anti-human rotavirus Wa strain VP7 monoclonal antibody) was added after  1: 1000 dilution with blocking solution, and shaken overnight at 4 ° C. (12) Wash it with TTBS for 3 times, 5min each time. (13) Secondary antibody working solution was prepared with the same method as above (HRP-labeled goat anti-mouse IgG was diluted to 1: 8000), added with secondary antibody and shaken at 4 ℃ for1h. (14) Secondary antibody was recovered, and the membrane was washed with TTBS for 3 times, 5min each time. (15) TMB coloration. (16) Take pictures and record the results.

1.2 Experimental method

1.2.1 VP7 monoclonal antibody in vitro protective effect

1.2.1.1 VP7 monoclonal antibody in vitro detection of neutralization

(1) Take MA-104 cells to be digested with 0.25% trypsin, centrifuged at 2000rpm for 3min. The supernatant was discarded and the precipitate was resuspended with 1ml serum-free EMEM. Count and adjust the cell concentration to 2.5 × 10 5 cells /ml. Planking at 200μL/hole, and culture it in 5% CO2 incubator at 37 ° C. (2) On the next day, RV virus solution was diluted 10 times, mouse-anti VP7 monoclonal antibody was added to the diluted RV virus solution at a ratio of 1:10. A negative control (maintenance solution: RV 1: 10) was set at the same time. After mixing, incubate at 37 ℃ for 60min. Discard the supernatant with 96-well plate of MA-104, and wash repeatedly with serum-free EMEM for 3 times. Add 200μL / well of the experimental group and the negative control group into a 96 well plate. Normal control without virus was set at the same time. Each group had 6 parallel holes. The side hole was added with PBS, to be incubated in 5% CO2 incubator for 2h at 37 ℃. The supernatant was discarded. Each was added with 200μL maintenance solution, followed by 3 days’ cultivation. (3) After 3 days’ cultivation, discard the supernatant. Each well was added with 100 μL of serum-free EMEM and 20 μL of MTT, followed by 4 h further cultivation. Carefully remove the culture supernatant in the wells, add 150 μL of DMSO to each well, mix well so that the purple precipitate is completely dissolved. (4) Detect OD value of each well at 578nm. (5) Cell survival rate (%) = (OD value of test wells / OD value of control wells) × 100%.

1.2.1.2 Detection of Neutralization Titer of Mouse Anti-human Rotavirus Wa Strain VP7 Antibody

(1) MA-104 cells were taken and digested with 0.25% trypsin, centrifuged at 2000 rpm for 3 min. The precipitate was resuspended in 1 ml of serum-free EMEM and counted. The cell concentration was adjusted to 2.5 × 10 5 cells / ml. Planking at 200μL/hole, and culture it in 5% CO2 incubator at 37 ° C. (2) On the next day, RV virus was diluted 10 times, and added with mouse anti-VP7 monoclonal antibody at a ratio of 1:10,1: 20,1: 40,1: 80,1: 160,1: 320,1: 640,1 : 1280. A negative control (maintenance solution: RV 1: 10) was set at the same time. After mixing, incubate at 37 ℃ for 60min. Discard the supernatant with 96-well plate of MA-104, and wash repeatedly with serum-free EMEM for 3 times. Add 200μL / well of the experimental group and the negative control group into the hole. Normal control of maintenance solution without virus and antibody was set at the same time. Each group had 6 parallel holes. The side hole was added with PBS, to be incubated in 5% CO2 incubator for 3 days at 37 ℃. (3) Observe the cytopathic effect daily, record the number of lesion holes, and calculate the antibody neutralization titer according to the Reed-Muench formula.

1.2.2 VP7 monoclonal antibody in vivo protective effect

1.2.2.1 Counteract toxic in young mice with Rotavirus 

Counteract toxic with rotavirus TCID50 = 10-6.59. The young mice were divided into 3 groups, 6 in each group. The young mice in the two experimental groups were subjected to intragastric administration with rotavirus original solution and rotavirus original solution diluted 10 times respectively. The control group was administered with normal saline, 500μl dosage for each. Changes in body weight of young mice were recorded daily after counteracting toxic as a basis for establishing a model of young mouse rotavirus infection.

1.2.2.2 Establish model of RV infection in young mice
(1) Grouping: The 32 eligible 7-day-old Kunming young mice at body weight of 6 ± 1g were selected, randomly divided into 4 groups with 8 for each group (2 as experimental groups, 1 as positive control group and 1 as negative control group) and numbered, as shown in Table 1.
Table 1 mouse-anti RV antibody protection experiment grouping
	Group
	Experimental number

	Negative control group
	S001～ S008

	Positive control group
	S009～ S016

	High dose monoclonal antibody group
	S017～ S024

	Low dose monoclonal antibody group
	S025～ S032


(2) Model of RV infection in young mice

Intragastric administration at TCID50=10-6.59 was conducted with 200μl RV virus solution for each mouse, 2 times a day with one day’s interval.
(3) Observation index: Mice mental state, body weight, colloidal gold detection of rotavirus antigen in mouse feces.

1.2.2.3 Different preparation treatment
(1) After the establishment of model of RV infection in young mice (6 days after the last attack), the four groups were given with different treatments 3 times a day for a period of 6 days, as shown in Table 2. (2) Negative control group was given with normal saline, 100μl / mouse; Positive control group was given with Ribavirin, 60μg /mouse; Monoclonal antibody group was given with 100μl / mouse and 50μl / mouse respectively.
Table 2 Dosage for different preparation-treated groups

	Group
	Preparation and dose

	Negative control group
	Normal saline，100μl / mouse

	Positive control group
	Ribavirin，60μg /mouse

	High dose monoclonal antibody group
	Mouse anti RV -VP7 monoclonal antibody，100μl / mouse 

	Low dose monoclonal antibody group
	Mouse anti RV -VP7 monoclonal antibody，50μl / mouse 


1.2.2.4 Protective effect detection

On the 6th day after the treatment, the young mice were dissected and the caecum feces of young mice were used to detect RV as immune colloid gold. Finally, the results of immune colloid gold RV detection of each group were statistically analyzed, and the protective effect of mouse-anti VP7 monoclonal antibody on RV infection was obtained. (1) Positive rate of colloidal gold RV detection (%) = mice with positive colloidal gold RV detection in each group/ number of surviving mice in each group × 100%. (2) Protection rate (%) =(Positive rate of colloidal gold RV detection in control group -  Positive rate of colloidal gold RV detection in treatment group) / Positive rate of colloidal gold RV detection in control group × 100%.
1.3 Statistical method

SPSS 21.0 statistical software was used for statistical analysis. The sample size was less than 40 in this study, so count data was analyzed by Fisher exact probability. P <0.05 means the difference is statistically significant.

2 Results

2.1 Purification of VP7 monoclonal antibody

The collected ascites was purified by saturated ammonium sulfate, dialysis, affinity chromatography and the like, and then antibody purity was detected by SDS-PAGE electrophoresis. The result is shown in Fig. 1, and the protein purity analyzed by BandScan5.0 software was over 90%.
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M: Protein Marker, 1: mouse anti-human rotavirus IgG (purity> 90%)

Figure 1 VP7 monoclonal antibody electrophoresis after purification
2.2 VP7 monoclonal antibody identification

The results of Westemblot analysis showed that the VP7monoclonal antibody could specifically bind to the purified human rotavirus Wa strain and form a specific reaction band at a molecular weight of about 40KD (Figure 2).
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M: Protein Marker, 1: MA104 total cellular protein (negative control), 2: RV virus (positive control) 3: Lab-amplified RV virus

Figure 2 Western blot identification of human rotavirus Wa strain VP7 protein

2.3 Mouse anti-human rotavirus VP7 monoclonal antibody in vitro neutralization test results

The in vitro neutralization effect of mouse anti-human rotavirus VP7 monoclonal antibody was detected by MTT method. The cell survival rate of virus plus monoclonal antibody group was: 1.725/1.69×100%=102.1%. The cell survival rate of virus plus maintenance fluid group was: 0.994/1.69×100%=58.8%. Thus, the mouse anti-human rotavirus VP7 monoclonal antibody secreted by the hybridoma cells showed neutralizing activity. The cell survival rate of virus plus monoclonal antibody group is higher than that of virus plus maintenance liquid group and is close to that of the normal cell group (see Figure 3). Further calculations showed that the cell protection rate of monoclonal antibody reached 73.6%.
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Fig.3 Neutralization test result of mouse anti-human rotavirus Wa strain VP7 antibody
2.4 VP7 monoclonal antibody neutralization titer test results
The MA-104 cell line was infected with mouse anti-human rotavirus VP7 monoclonal antibody after gradient dilution and its action with human rotavirus. A control group (maintenance liquid + human rotavirus) was set up. At the same time, the maintenance fluid without virus and antibody was used as a normal control. Observe and record the number of lesions per day. The lesion no longer developed after 4 days. Record the results then. TCID50 was calculated according to the Reed-Muench formula. TCID50 / 200 μL =logarithm of virus dilution with lesion rate above 50%+ logarithm of the dilution coefficient ×(lesion percentage above 50% -50%) /(lesion percentage above 50% - percentage below 50%). The antibody neutralization titer of 1: 446 was obtained, that is, 1: 446 antibody can protect 50% of the cells against lesions, as shown in Table 3.
Table3 Neutralizing titer test result of mouse anti-human rotavirus Wa strain VP7 antibody

	Antibody dilution ratio
	Antibody + virus group
	Virus + maintenance fluid group

	
	Number of lesions
	Number of non lesion
	Number of lesions
	Number of non lesion

	1:10
	0
	8
	8
	0

	1:20
	0
	8
	8
	0

	1:40
	0
	8
	8
	0

	1:80
	0
	8
	8
	0

	1:160
	0
	8
	8
	0

	1:320
	2
	6
	8
	0

	1:640
	6
	2
	8
	0

	1:1280
	8
	0
	8
	0


2.5 After rotavirus infection in young mice, rotavirus immune colloidal gold detection result of mouse feces six days after intragastric administration of different preparations

2.5.1 Rotavirus immune colloidal gold detection results of negative control mice feces 

In the control group, 8 mice infected with rotavirus were given with sterile normal saline, of which 7 mice showed positive immune colloidal gold detection results in feces, with a positive rate of 87.5%. The results are shown in Table 4, Figure 4.
Table 4 control group feces RV test results
	编号
	S001
	S002
	S003
	S004
	S005
	S006
	S007
	S008

	+/-
	+
	+
	+
	+
	+
	-
	+
	+
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Figure 4 control group mice feces RV test 6 days after the treatment (S001 ~ S008)

2.5.2 Rotavirus immune colloidal gold test results of ribavirin mice feces
Of the 8 mice given with ribavirin, 3 mice were infected with rotavirus by colloidal gold assay, with a positive rate of 37.5%. The results are shown in Table 5, Figure 5.

Table 5 RV test results of ribavirin group

	编号
	S009
	S010
	S011
	S012
	S013
	S014
	S015
	S016

	+/-
	-
	-
	-
	-
	+
	+
	+
	-
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Figure 5 feces RV test results of ribavirin group (S009 ~ S016)

2.5.3 Mice feces rotavirus immune colloidal gold test results of mouse-anti RV VP7 monoclonal antibody 100μl group 

Of the 8 mice given with 100 μl of monoclonal antibody, 2 mice were infected with rotavirus by colloidal gold assay, with a positive rate of 25%. The results are shown in Table 6, Figure 6.
Table 6 Feces RV test results of mouse-anti RV antibody 100μl group 

	编号
	S017
	S018
	S019
	S020
	S021
	S022
	S023
	S024

	+/-
	-
	+
	-
	-
	-
	+
	-
	-
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Figure 6 Feces RV test results of mouse-anti RV antibody 100μl group (S017 ~ S024)

2.5.4 Mice feces rotavirus immune colloidal gold test results of mouse-anti RV VP7 monoclonal antibody 50μl group 

Of the 8 mice given with 50 μl of monoclonal antibody, 4 mice were infected with rotavirus by colloidal gold assay, with a positive rate of 50%. The results are shown in Table 7, Figure 7.

Table 7 Feces RV test of mouse-anti RV antibody 50 μl / group 

	编号
	S025
	S026
	S027
	S028
	S029
	S030
	S031
	S032

	+/-
	-
	-
	+
	+
	+
	-
	-
	+
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Figure 7 Feces RV test of mouse-anti RV antibody 50 μl / group (S025 ~ S032)
2.5.5 Protective effect of different preparations on rotavirus infection in mice 

After intragastric administration of different preparations to mice, the positive rate of colloidal gold RV detection in each group was respectively: 25.0% for the monoclonal antibody 100μl group, 50% for the monoclonal antibody 50μl group, 37.5% for the positive control ribavirin group, and 87.5% for the negative control group. The detection results of the mouse rotavirus antigens after intragastric administration of different preparations are shown in Table 8.

In further statistical analysis, RV infection in different preparations-treated mice groups was compared with that in control group, finding that the positive rate of colloidal gold RV detection in the group treated with 100μl of monoclonal antibody was lower than that of the control group, with statistical significance (p <0.05). Comparison between the rest groups and the control group was not statistically significant (p> 0.05).
According to the formula: protection rate = (positive rate of control group colloidal gold RV test - positive rate of experiment group colloidal gold RV test) / positive rate of control group colloidal gold RV test × 100%), protection rate after rotavirus-infected mice took different preparations was calculated: 57.1% for ribavirin group, 71.4% for the monoclonal antibody 100μl group and 42.9% for the monoclonal antibody 50μl group (Figure 8).

Table 8 mice rotavirus antigen test results after intragastric administration of different preparations
	Group
	positive（mouse）
	negative（mouse）

	Monoclonal antibody (100 μl) group*
	2
	6

	Monoclonal antibody (50 μl) group
	4
	4

	Ribavirin group
	3
	5

	Negative control group
	7
	1


Note:*Compared with the control group, P <0.05
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Figure 8 Protective effects of different preparations on rotavirus-infected mice
3 Discussion

In this study, a large number of monoclonal antibodies were prepared by ascites in mice. When using ascites to prepare monoclonal antibodies in large quantities, the first step was to inoculate liquid paraffin into the abdominal cavity. Its main function is immunosuppression to reduce immune rejection reaction and accelerate tumor growth. It can also induce mice to concentrate monocytes and lymphocytes in the peritoneal cavity, which avoids solid tumors and increases the production of ascites in mice [9-10]. Number of injected hybridoma cells may also affect the preparation of monoclonal antibody ascites, easily leading to cell death if it is excessive and impossibility of ascites production if it is too small. Generally 105 ~ 106 is appropriate. Moreover, less injection of hybridoma cells causes higher tolerance and survival probability of mice, delayed pathological changes and pain relief [11-12]. By inoculating 2×106/0.2ml cells in peritoneal cavity of mice, a large number of mice ascites were successfully harvested. 

Antibodies prepared by ascites method are mixed with a large number of impurity proteins, including lipid proteins, transferrin, macroglobulin, albumin, serum, etc., which do not meet our needs for structural and functional studies. Therefore, antibody purification is needed. Possibility of antibody purification is based on the fact that the antibody is different from impurity protein in terms of charge characteristics, hydrophobicity, chelation with metal ions, specificity, affinity, solubility and molecular size [13-14]. There are many methods of purification for us to choose according to the purpose. If you plan antibody structure identification, sequencing research, separation method with high separation degree such as high performance liquid chromatography should be chosen, so as to obtain antibodies with very high purity. If you plan biological function studies, then separation method with high recovery can be used, such as ion exchange, hydrophobic chromatography, ammonium sulfate precipitation, etc. We chose ammonium sulfate precipitation method (AS). Its principle is that due to the different hydrophobicity of different proteins, hydrophobicity can be increased by increasing the salt concentration to cause protein precipitation. The antibody can precipitate in ammonium sulfate with a concentration range of 30%～50%, which is impossible in other impurity proteins [15-16]. This purification method can stabilize the antibody, cause less loss of antibody activity, remove most of impurity protein, concentrate the sample, but it also has the disadvantage that antibody activity is lost after precipitation or co-precipitation with other impurity proteins occurs, affecting the antibody purity. Therefore, after purification, antibody purity must be determined. The antibody purity was determined by reduction SDS-PAGE electrophoresis and analyzed by BandScan5.0 gel image analysis software, which was accurately judged to be over 90%. Thus, the experimental requirements could be met. After that, further detection of antibody specificity by Western blot analysis found that the monoclonal antibody showed a specific reaction band at about 40 kDa, indicating that it can bind to purified human rotavirus Wa strain.
MTT colorimetric method is used to detect the activity and growth state of cells. Its basic principle is that living cells have characteristics that dead cells do not have, that is, succinate dehydrogenase (SDH) in living cells mitochondria can reduce ectogenic MTT to water-insoluble blue-violet crystal formazan to be deposited in the cells and then dissolved in dimethyl sulfoxide solution. OD value was measured by enzyme-linked meter at 578nm to reflect the number of survival cells. The number of crystal formazan is generally proportional to that of cells within a certain number of cells. MTT assay is applied in detection of bioactive factors, screening of anti-tumor drugs, cytotoxicity experiments. The specificity, sensitivity and accuracy of this method are relatively high compared with those of electron microscopy observation. Therefore, the cell activity was determined by MTT method [17-18]. The results of MTT assay showed that mouse anti-human rotavirus VP7 monoclonal antibody had good neutralization activity, and the cell protection rate was 73.6%. The neutralization titer was 1: 446.

In this study, a model of rotavirus infection in young mice was established. The mice were treated with ribavirin, 100μl monoclonal antibody and 50μl monoclonal antibody. Meanwhile, a negative control group was established. The results showed that the positive rate of colloidal gold RV detection in mice treated with 100μl monoclonal antibody was significantly lower than that in the negative control group, with statistical significance (p <0.05). However, the positive rate of colloidal gold RV detection in ribavirin-treated group was not statistically lower than that of the negative control group, which is inconsistent with the previous report on ribavirin resistance to rotavirus treatment. It has been reported [19-20] that ribavirin as a broad-spectrum antiviral agent will immediately cause phosphorylation when it enters virus- infected cells. The product can inhibit viral synthetases, mRNA guanosine transferase and inosine monophosphate dehydrogenase, so that guanosine triphosphate in cells is decreased continuously, which affects synthesis of viral proteins and formation of viral RNA, thereby inhibiting virus replication and proliferation, effectively treating rotavirus-induced intestinal inflammation, and alleviating clinical symptoms. In this study, the sample size was small, the selected outcome indicator only included feces rotavirus antigen test, and no mouse clinical symptoms such as stool frequency was compared, but mitigation of clinical symptoms carried clinical significance. Further validation can be carried out by increasing the sample size and observation indicators. The protective effect of different preparations was evaluated by further calculation. The protection rate of intragastric administration of 100μl monoclonal antibody reached 71.4%, which confirmed that the mouse anti-human rotavirus VP7 monoclonal antibody prepared in our study could neutralize the virus in mice, thus preventing virus proliferation and protecting the mice. The protection rate of monoclonal antibody on mice was compared with that of ribavirin, finding that the protection rate of high dose group of 100μl monoclonal antibody was 14.3% higher than that of ribavirin.
In summary, mouse anti-human rotavirus VP7 monoclonal antibody can be successfully prepared by Ascites method, such monoclonal antibody has a good neutralization effect on Wa strain human rotavirus in vitro; mouse anti-human rotavirus VP7 monoclonal antibody also provides good protection in mice. A higher dose brought better protective effect, and the protective effect of high dosage was superior to that of ribavirin.
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