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Development of an improved virus plaque assay based on avicel

LANG Qiaoli, HUANG Nan, LI Liping, GE Liangpeng, YANG Xi

Chongqing Academy of Animal Sciences, Chongqing 402460, China

Abstract: Avicel is made of a mixture of microcrystalline cellulose (MCC) and carboxymethyl
cellulose (CMC), and used for virus plaque assay. The avicel in common use is produced by FMC
Biopolymer. Due to the relatively fixed proportion of MCC and CMC, avicel in common use is not
suitable for plaque determination experiment of all types of viruses. In this study, we evaluated the
effect of avicel made of different proportions of MCC and CMC on virus plaque assay, and developed an
improved avicel virus plaque assay featured with simple and convenient operation, good practicability
and high stability. To generate avicel overlays with different proportions of MCC and CMC, twelve
different 2xavicel solutions were prepared. Their overall viscosity and bottom viscosity were measured
to evaluate the ease of operation. The results showed that most of the 2xavicel solutions (except the
4.8% MCC+1.4% CMC and 4.8% MCC+1.0% CMC group) were easy to absorb and prepare nutrient
overlap than 2xCMC solution. In order to find the best scheme to detect the titer of porcine epidemic
diarrhea virus (PEDV), these avicel overlay solutions with different proportion of MCC and CMC were
used as a replacement in the standard plaque assay. By comparing the size, clarity, stability and titer
accuracy of virus plaque, we identified that 0.6% MCC and 0.7% CMC was the most preferable
composition of avicel overlay for PEDV plaque assay. In conclusion, we developed an improved virus
plaque assay based on avicel, which may facilitate the research of virus etiology, antiviral drugs and

vaccines.

Keywords: improved virus plaque assay; avicel; porcine epidemic diarrhea virus; microcrystalline
cellulose; carboxymethyl cellulose
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JHEME (2.5 g/L) . RPMI-1640 5555 55 DMEM 55
FRIEBE A DS H P E R R A RA R
M AT AR R LA R A A TAEY T
(Rl B ARRA R PRI F R
AR TAHRA T BaMma mEdn g
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Figure 1 Cytopathogenic effects (CPEs) observed
in Vero-E6 cells infected with PEDV (EVOS XL
Core, 20%). (A) Vero-E6 cells infected with PEDV.
(B) Normal Vero-E6 cells.
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22 2xBEBRHFENE

M E AR e 2xavicel 4 35 )2 SR EE B HI
JIRZHHE (205 BAREL 1/3). FFBEEH B
55 AR C R 1) ddH,0 XTI H
TR RS T o AR, Kitk, Aot
FEANAE FH 2% CMC 1 ddH,0 Ay % e .

MARBEMELS R B R, B CMC
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2xDMEM 4EFFEFREL 10 1 IR, 2Ok
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96 fLAR Vero-E6 4iiffl, I B G )= 1.0%
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XPHR YL s dJE, BEREaFERER 4 C,
HF 6o M AJEHIR R BN, AR E Y CMC
X2 L Y 45 f U AR S, WA R
£ CMC #il MCC iR ik EaH, BiE CMC YK
() T e, e R AR BT T 5 7E MCC+0.7% CMC
SEEy 2, phBE RO ACR LT 1.0% CMC
PHEXT B, BT 0.3%3 N8 b FH M X il
H o ARHE B MCC X4 i (45 22 e (o F
RARMIFZM, MCC MREEB S, 445 548
Jefo vk, BN 5B 0.6% MCC+
0.7% CMC LB, Ay syely . M
/NELTE T, OR300 TA% 58 05 v 14 BH X
HEZH (1.0% CMC ZH A1 0.3%3UIEHE4) (& 3).

B Bottom layer viscosity

200 ¢
= 2.0% CMC only
g 150r
g - 4.8% MCC
Z 100r = 2.4% MCC
§ -+ 1.2% MCC
:.; 50 B

0 ddH,O only

Figure 2 Comparison of the viscosity of overlay storage solutions. To analyze ease of operation of overlay
solutions, the overall viscosity (A) and bottom layer viscosity (B) of twelve different 2xavicel solutions with
different proportions of MCC and CMC were detected. The traditional overlay storage solution (2XxCMC) and
double-distilled water (ddH,O) were used as positive and negative controls, respectively. MCC:
microcrystalline cellulose; CMC: carboxymethyl cellulose; **: P<0.01.
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Figure 3 PEDV plaque overlay comparisons. Vero-E6 cells were plated in 96 well plates and infected with
PEDV. After infection, overlay solutions of various concentrations of CMC with 0.6% MCC (A), 1.2% MCC
(B), 2.4% MCC (C) and traditional overlay solutions (1.0% CMC and 0.3% agarose) (D) were applied in
order to compare their effect on virus plaque staining. Uninfected Vero-E6 cells were also performed with
1.0% CMC in the same methods as a control (E). PEDV: porcine epidemic diarrhea virus; MCC:
microcrystalline cellulose; CMC: carboxymethyl cellulose.
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Figure 4 Determination of virus titer with different overlay solutions. Vero-E6 cells were infected with
PEDV, and overlay solutions of various concentrations of CMC with 0.6% MCC (A), 1.2% MCC (B), 2.4%
MCC (C) and traditional overlay solutions (1.0% CMC and 0.3% agarose) were applied. Following virus
plaque formation and staining, plaques were counted to calculate virus titer and to compare the effect of
different overlay solutions on virus titer. MCC: microcrystalline cellulose; CMC: carboxymethyl cellulose;

*%: P<0.01.
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FHE R, avicel F CMC FUL, fREHIE A3
FEWAA, TR R S, RBAETE SR TIE
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. SCREE . BE MR R M R Y avicel
R EE TR BRI GE VSRR AR R . BUR R
W) K P T S5 A 5T I SR TR R AL T AT 1 5250
SRt

REFERENCES

[1] Cooper PD. The plaque assay of animal viruses. Adv
Virus Res, 1961, 8: 319-378.

[2] BEMIFE. BEoEfig g BLml RS mBoR. deat: BlaEh
JiAt:, 1990.

Huang ZX. Medical Virology Basis, Fundamental
Techniques & Methods. Beijing: Science Press, 1990
(in Chinese).

[3] Dulbecco R, Vogt M. Some problems of animal
virology as studied by the plaque technique. Cold
Spring Harb Symp Quant Biol, 1953, 18: 273-279.

[4] Cohen SS. The biochemistry of viruses. Annu Rev
Biochem, 1963, 32: 83-154.

[5] Hartley JW, Rowe WP. Tissue culture cytopathic and
plaque assays for mouse hepatitis viruses. Proc Soc
Exp Biol Med, 1963, 113: 403-406.

X: cjb@im.ac.cn



2002 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

Juarez D, Long KC, Aguilar P, et al. Assessment of

plaque assay methods for alphaviruses. J Virol
Methods, 2013, 187(1): 185-189.
Baer A, Kehn-Hall K. Viral concentration

determination through plaque assays: using traditional
and novel overlay systems. J Vis Exp, 2014(93):
€52065.

T, BRI, TEIE, 5. AT avicel-Z4 i 5 Y
0,25 BE A0 P AR W 2 ik e PR 1 SR T E S R R
UK Jr vk, AR TUE W) R g 2 RS, 2017,
37(1): 62-67.

Wang WL, Huang BY, Wang HJ, et al. Development of
a plaque assay based on avicel-crystal violet staining
for detection of Middle East respiratory syndrome
coronavirus infection and neutralizing antibody. Chin J
Microbiol Immunol, 2017, 37(1): 62-67 (in Chinese).
Herzog P, Drosten C, Muller MA. Plaque assay for
human coronavirus NL63 using human
carcinoma cells. Virol J, 2008, 5(1): 138.
Matrosovich M, Matrosovich T, Garten W, et al. New
low-viscosity overlay medium for viral plaque assays.
Virol J, 2006, 3: 63.

Song D, Park B. Porcine epidemic diarrhoea virus: a

colon

comprehensive review of molecular epidemiology,
diagnosis, and vaccines. Virus Genes, 2012, 44(2):
167-175.

Li ZL, Zhu L, Ma JY, et al. Molecular characterization
and phylogenetic analysis of porcine epidemic diarrhea
virus (PEDV) field strains in South China. Virus Genes,
2012, 45(1): 181-185.

Madson DM, Magstadt DR, Arruda PH,
Pathogenesis of porcine epidemic diarrhea virus isolate
(US/Towa/18984/2013) in 3-week-old weaned pigs. Vet
Microbiol, 2014, 174(1/2): 60-68.

B, XNels, WML, . MmAr e G eE SC-P
PR 2> R PR RS . b B R R, 2015, 35(9):
1397-1403.

Zhao Z, Liu HL, Gu F, et al. Part characteristics of

et al.

http://journals.im.ac.cn/cjben

[15]

[16]

[17]

[18]

[19]

[20]

(21]

porcine epidemic diarrhea virus SC-P strain. Chin J Vet
Sci, 2015, 35(9): 1397-1403 (in Chinese).

B, BRIGA, B EMS, 5. ORIEEEBRXT Vero E6
24 TR 285 R 2 €04 1) S ) B A s e Wk B 3 A v 19 oz
SREEAR, 2021, 37(6): 1394-1399.

Huang N, Lang QL, Ge LP, et al. Effects of different
fixing agents on vero E6 cell staining and application
in virus plaque assay. Chin J Virol, 2021, 37(6):
1394-1399 (in Chinese).

MERR, ARSCHE, BERK, . BOE RS R AT
BT & AL 3E. b E R, 2019, 39(9):

1829-1835.

Ye YT, Huan WB, Chen H, et al. Berberine inhibits
porcine epidemic diarrhea virus replication and
assembly. Chin J Vet Sci, 2019, 39(9): 1829-1835 (in
Chinese).

FRAE. HUAAK Caerinl. 1 R AT 1R MR T 9 2 484 5E
HIFFE[D]. BB A ARLR A, 2016,

Guo N. Inhibition effect of antimicrobial peptide
Caerinl.1 on the propagation of porcine epidemic
diarrhea virus[D]. Wuhan: Huazhong Agricultural
University, 2016 (in Chinese).

Niu X, Kong F, Hou YJ, et al. Crucial mutation in the
exoribonuclease domain of nspl4 of PEDV leads to
high genetic instability during viral replication. Cell
Biosci, 2021, 11(1): 106.

Zhang FQ, Chen YX, Ke Y, et al. Single chain
fragment variable (scFv) antibodies targeting the spike
protein of porcine epidemic diarrhea virus provide
protection against viral infection in piglets. Viruses,
2019, 11(1): E58.

Yin Y, Xu Y, Ou Z, et al. A simple and highly
repeatable viral plaque assay for enterovirus 71. J
Basic Microbiol, 2015, 55(4): 538-541.
Escobar-Herrera J, Medina-Ramirez FJ, Gutiérrez-
Escolano AL. A carboxymethyl-cellulose plaque assay
for feline calicivirus. J Virol Methods, 2007, 146(1/2):
393-396.

(A3Coe9  ABENTT)



