
616Copyright © All rights are reserved by Jingwei Xiao, Binli.

Scholarly Journal of Psychology 
and Behavioral Sciences

Research Article

DOI: 10.32474/SJPBS.2021.05.000223

ISSN: 2641-1768

Comparation Of Two Immunomagnetic Nanobeads In 
PIG-A Gene Mutation Assay In Vitro

Yi Zhang, Jiaqi Lv, Xiao Chen, Yulu Li, Haitao Yang, Qing Miao, Baolier Wuhan, Jingwei Xiao* and Binli*
National Institute of Occupational Health and Poison Control, CHINA CDC

*Corresponding author: Jingwei Xiao, Binli, National Institute of Occupational Health and Poison Control, CHINA CDC

Received:  September 06, 2021                                                                                                           Published:  September 21, 2021

Introduction
Genetic toxicology assessment is an important part of the safety 

assessment of chemicals and pesticide products, and in-vitro model 
research instead of animal experiments has become an important 
direction of toxicology development [1]. In recent years, some new 
genotoxicity tests have been developed and gradually applied to 
toxicological safety assessment. Gene mutation analysis of PIG-A is 
a new genotoxicity detection method based on somatic cell gene 
mutation. This method saves manpower and material resources, 
and is more efficient and quick [2].

PIG-A gene encodes to form GPI, which is the catalytic subunit 
of N- acetylglucosamine transferase needed for biosynthesis in 
ankyrin. It is highly conserved in structure and function among 
different species. PIG-A gene is located on X chromosome, and 
a single mutation in its fragment can affect the synthesis of GPI 
anchor and lead to the deletion of GPI anchor chain protein on the 
cell surface (i.e., GPI(-)).Therefore, the potential genotoxicity risk  

 
of the test object can be evaluated by detecting the expression 
level of the anchor chain protein (such as CD55 and CD59) on the  
cell membrane surface [3-8]. In this study [9, 10], the purification 
effects of two different immunomagnetic nanobeads on TK6 cells 
were compared, and a simple and efficient cell purification method 
was explored. The comparison results can be used as a technical 
reference for PIG-A mutation assay in vitro.

Materials and Methods
Study design

TK6 cells were cultured normally, and GPI (+)TK6 cells were 
selected by immunomagnetic nanobeads. The results of GPI (-)TK6 
cells after purification of two different kinds of immunomagnetic 
nanobeads were compared. The purified cells were poisoned 
by EMS, and the mutation of PIG-A gene was detected by flow 
cytometry.
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Main materials and instruments
Human lymphoblastoid cells Tk6 and RPMI-1640 were 

purchased from American ATCC (American Type Culture 
Collection). Fetal Bovine Serum(FBS),Penicillin-Streptomycin 
Solution and Phosphate Buffer Solution(PBS) were purchased 
from Gibco Company. Ethyl methane Sulfonate (EMS,CAS No:62-
50-0) was purchased from Sigma company. APC mouse anti-
human CD19 antibody (No.302212), PE mouse anti-human CD55 
antibody (No.311308), PE mouse anti-human CD59 antibody 
(No.304708), 7-AAD Viability Staining Solution (No.420404), 
Biotin anti-human CD55(No.311304), MojoSort™ Human anti-PE 
Nanobeads(No.480092), MojoSort™ Biotin-Streptavidin Nanobeads 
(No.480015), MojoSort™ Magnet (No.480019), MojoSort™ Buffer 
(5X) (No.480017), and Human TruStain FcX™ (No.422301) were all 
purchased from bio legend Company of the United States. 

Cell culture
TK6 cells were cultured in RPMI-1640 medium with 10% heat-

inactivated FBS and 1% penicillin-streptomycin solution. Cells 
were grown at 37℃ and 5% CO2 in a humidified incubator and were 
maintained between 0.2×106 and 1.0×106 cells/mL.

Enrichment of immunomagnetic nanobeads
PE immunomagnetic nanobeads and Biotin immunomagnetic 

nanobeads were used to enrich GPI(+) TK6 cells and remove 
pre-existing GPI(-)TK6 cells. MojoSort™ buffer was diluted to 1× 
concentration using double distilled water. After the cells were 
washed with PBS, they were resuspended with 1 mLMojosort 
buffer (the buffer should be placed on ice during all operations). 
Cells were counted and adjusted to 1×108 cells/ml. 100µLcells and 
5µLHuman TruStain FcX™ were put into 5mLflow tube mixed well 
and incubated at room temperature for 10min. These paration 
procedure of the two kinds of immunomagnetic nanobeads were 
similar as follows: 5µLCD55-PE antibody or Biotin-CD55 antibody 
was added to the cell suspension, mixed well and incubated on ice 
for 15min. Add 4mL Mojo Sort™ buffer to wash cells, and centrifuge 
at 300×g for 5 min. The supernatant was discarded, and the cells 
were resuspended in 100µLMojoSort™ buffer. The magnetic 
nanobeads were vortexed for 5 times, and 5µL of Human anti-PE 
Nanobeads or Mojo Sort™ Biotin-Streptavidin Nanobeads were 
added to the cell suspension, mixed evenly, and incubated on ice for 
15min. The cells were washed by adding 4 mL Mojosort buffer and 
centrifuged at 300×g for 5 minutes. The supernatant was discarded 
and 2.5mlMojoSort™ buffer was added. The flow tube was placed 
on the magnetic track for 5min, the unlabeled parts were discarded, 
and then the labeled cells were resuspended with 2.5mlMojoSort™ 
buffer. After repeating the above track separation step twice, add 
2mL of culture medium to resuspend, and transfer to culture flask.

Ems Treatment
The purified TK6 cells were poisoned by EMS (0.5%DMSO was 

added for solubilization), and the cells were cultured in T25 culture 
flask with the density between 2×105and 5×105 cells/ml, and the 

poisoning concentrations were 50μg/mL, 100μg/mL and 200μg/
mL, for 24h. After poisoning, the cells were washed with PBS, 
and the culture mediums were changed.The cells were cultured 
normally, and the GPI(-)TK6 cells were detected on the 4th, 8th and 
12th day after exposure.

Flow Cytometry Analysis
TK6 cells were washed with PBS and adjusted the cell density to 

1×106 cells/ml, prepare a corresponding number of 2mLEP tubes, 
add 100μl cell suspension and 2.5µLHuman TruStain FcX™ into each 
tube, vortex and shake well, and incubated at room temperature 
for 10min. The CD19-APC,CD59- PE,7-AAD single staining tubes, 
and PE and APC isotype control tubes (antibody dosage: 2.5µL) 
were respectively established to adjust the fluorescence channel 
compensation of the flow cytometer. Determine the position of 
the gate and establish the detection template. Pure cells were 
used as negative control tubes. 2.5µlCD19-APC and 2.5µLCD59- PE 
antibody were added into the sample tubes of the exposed group 
and the control group, respectively. They were mixed uniformly by 
vortex oscillation, and incubated for 20 minutes on ice in the dark. 
The cells were washed with 2mlPBS, centrifuged at 350×g for 5min, 
and the supernatant was discarded (washed twice). The stained 
cells were resuspended in 0.5mLPBS, and 2.5µL7-AAD was added 
to each tube. After incubation for 5min in the dark on ice, the cells 
were detected and analyzed.

Statistical Analysis
SPSS22.0 software was used for statistical analysis; Shapiro-

Wilk was used for normality test; Bartlett test was used for 
homogeneity test of variance; the data with normal distribution 
and homogeneous variance were analyzed by one-way ANOVA; 
when one-way ANOVA was statistically significant, LSD method 
was used for pairwise comparison between groups; The data that 
did not conform to normal distribution were analyzed by Kruskal-
Wallis method. Inspection level α=0.05.

Results
The difference between two nanobeads 

The gate of the target cell population was determined by using 
the flow cytometry detection template (Figure 1 A). GPI(+) TK6cells 
were located in Q1-UR while GPI(-)TK6cells were located in Q1-LR 
due to the absence of the GPI anchored protein CD 59 in wild-type 
TK6 cells (Figure 1B).The purification and screening effects ofTK6 
cells purified by PE immunomagnetic nanobeads (Figure 1C) and 
purified by Biotin immunomagnetic nanobeads (Figure 1D) were 
analyzed respectively. The GPI(-)background value of wild-type TK6 
cells was 44.90±1.63%.After once purification, PE immunomagnetic 
nanobeads could reduce the background value to 0.27±0.12%, and 
Biotin immunomagnetic nanobeads could reduce the background 
value to 4.27±0.76%.The difference was statistically significant 
(Figure 2), which shown that PE immunomagnetic nanobeads had 
better purification effect.
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Figure 1A: Purification of TK6 cells by PE and Biontin immunomagnetic nanobeads. TK6 cells were analyzed by flow cytometry, 
and the target cells were in the P3 gate.

Figure 1B: Purification of TK6 cells by PE and Biontin immunomagnetic nanobeads. TK6 cells without purification,GPI(+) in 
theQ1-UR as well as GPI(-) in theQ1-LR. 

Figure 1C: Purification of TK6 cells by PE and Biontin immunomagnetic nanobeads. The fourth quadrant Q1-LR was the 
frequency of GPI(-) cells after purification of TK6 cells by PE immunomagnetic nanobeads. 
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Figure 1D: Purification of TK6 cells by PE and Biontin immunomagnetic nanobeads. he fourth quadrant Q1-LRwas the 
frequency of GPI(-) cells after purification of TK6 cells by Biotin immunomagnetic nanobeads.

Figure 2: Comparison of GPI(-) cells purified by two kinds of immunomagnetic nanobeads. (* Compared with PE 
immunomagnetic nanobeads, the purification effect was P<0.05)

Results of PIG-A gene mutation assay

Figure 3: GPI(-) cell rate in different dose groups after EMS exposure.
(* P<0.05 compared with control group, ^ p < 0.05 compared with 50μg/mL group, and#p < 0.05 compared with 100μg/mL 
group)
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As shown in Figure 3,compared with the control group, the 
mutation frequency of PIG-Agene increased significantly at 50μg/
mL group on the 12th day (P<0.05). Compared with the control 
group and 50μg/mL group, the mutation frequency of PIG-A gene 
increased significantly at 100μg/mL group on the 4th, 8th and 12th 
day (P<0.05). Compared with the other three dose groups, the 
mutation frequency of PIG-A gene increased significantly at 200μg/
mL group on the 4th, 8th and 12th day (P<0.05).

Discussion
In this study, human lymphoblastic TK6 cells were selected, 

which originated from human hematopoietic system.TK6 were 
suspended cells with complete p53 gene function, and had high 
sensitivity and specificity in genotoxicity test. Selecting the human 
cell line was helpful for risk assessment and extrapolation the 
results from in vitro test to human body [11]. There were GPI(-)
pre-existing in TK6cells, in order to improve the sensitivity of 
detection test, it was necessary to remove GPI(-)from TK6 cells 
[12]. Immunomagnetic nanobeads are promising enrichment 
agents which has been widely used to separate and concentrate 
specific cells, microorganisms, protein and other substances 
[13-17]. The main principle is that the specific antibody on the 
surface and then combined with the corresponding antigen 
in the liquid state by the action of hydrodynamics. The target 
antigens are separated from other impurities through multiple 
magnetic separations, so as to obtain highly concentrated antigen 
[18,19]. In this study, CD55 was selected as the binding site of 
immunomagnetic nanobeads for cell screening, and the separation 
effects of anti-fluorescein immunomagnetic nanobeads andbiotin-
streptavidin immunomagnetic nanobeads were compared. The 
comparison results showed that the purification effect of PE 
immunomagnetic nanobeads was better. Itmight be related to the 
different combination , but the specific mechanism needed to be 
studied. PE immunomagnetic nanobeads have the characteristics 
of high sorting efficiency and good specificity. It provides the 
necessary technical support for the study of PIG-A gene mutation 
assay in vitro. In this study, EMS was used as a typical positive 
substance to verify the mutation of PIG-A gene in TK6 cells purified 
by PE immunomagnetic nanobeads. Three time points and three 
exposure dose groups were selected to analyze the dose-time effect. 
It was found that the mutation frequency increased significantly at 
100μg/mL and 200μg/mL groups on the 4th day after exposure, The 
shortest detection period stipulated in OECD490 TK gene mutation 
test of mammalian cells in vitro is at least 12-14 days [20], which 
shows that the PIG-A gene mutation assay based on flow cytometry 
with purified TK6 cells has high sensitivity. Compared with the 
existing gene mutation detection method, PIG-A gene mutation 
assay in vitro is simple in operation, fast in sample preparation, 
short in test period, and high-throughput detection by using flow 
cytometry. On the other hand, it can be used as a supplementary 
test of PIG-A gene mutation assay in vivo and an additional test of 
positive results of other mutagenic tests. It has the potential to be 
applied to screening and evaluating the genotoxicity of chemicals 
and pesticides.
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