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Implication of post-translational modifications in suppressor
activity and stability of the Cucumber mosaic virus 2b protein
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Abstract: To gain insights into the function of potential post-translational modifications on the activity of the Cucumber mosaic
virus (CMV)-encoded silencing suppressor protein 2b, one predicted phosphorylation site (S40) and two predicted
ubiquitination/sumoylation sites (K22 and K39) in CMV-Q2b protein were individually or simultaneously mutated by site-directed
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mutagenesis methods. These Q2b mutants were inserted into plant expression vectors, expressed in plant leaves, and then analyzed

for their silencing suppressor activities. The results showed that S40A mutation greatly impaired both the local and systemic silencing

suppressor activity, and the K22R mutation has no significant effect on the suppressor activity, while the K22R/K39R double

mutation reduced the systemic silencing suppressor activity. To test if the decrease of suppressor activity were due to protein

accumulation changes, western blot were performed to moniter the protein level of Q2b mutants. The results indicated that mutations

of both K22 and K39 to R or S40 to A all significantly reduced the accumulation of the Q2b protein in plants, while the single

mutation of K22 to R did not alter the accumulation of Q2b protein, suggesting that two potential post-translational modification

sites, K39 and S40, contribute to the suppressor activity and stability of 2b protein in plant cells.
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Fig. 1
activity of Q2b. (A) GFP fluorescence co-expressed with
Q2b%*"* is weaker than that co-expressed with Q2b. (B)
Accumulation level of GFP co-expressed with Q2b or Q2b5***
in Nicotiana benthamiana leaves.
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Fig. 2 S40 is essential for Q2b suppression of systemic
silencing. (A) S40A mutation reduces the Q2b’s ability to
suppress systemic silencing. (B) Q2b S40A mutant can not
suppress systemic silencing of GFP.
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Fig. 3 Influence of K22R and K39R mutation on the local

silencing suppressor activity of Q2b. Q2b, Q2b***"
Q2LKRKIR

and
all differentially increased the accumulation levels
of the co-expressed GFP proteins.
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Fig. 4 K39 is essential for Q2b suppression of systemic
silencing. (A) K39R mutation reduces the Q2b’s ability to
suppress systemic silencing of GFP. (B) K22R and K22R/K39R
mutants of Q2b exhibit reduced ability to suppress systemic
silencing.
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Fig. 5 K39 and S40 residues are essential for stable expression
of the Q2b protein in plants. Accumulation level of Q2b,
Q2b5*R Q2b*RKIR and Q2b%*** in Nicotiana benthamiana
leaves.
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A IRME, 2K 2b B Y SRR S 24K BE
o AR TAEST R RO BIRE B, ERn
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B, Al 26 2 RS R RS A 8O R TR
R, BATIIRE A J5 BB TEX Iy 0 BT o, AT
BR BIR G BV EE 2b THAEIE L4 FALEL,

REFERENCES

[1] Peden KWC, Symons RH. Cucumber mosaic virus
contains a functionally divided genome. Virology, 1973,
53(2): 487-492.

[2] Lot H, Marchoux G, Marrow J. Evidence for three
functional RNA species in several strains of cucumber
mosaic virus. J Gen Virol, 1974, 22(1): 81-93.

[3] Ding SW, Anderson BJ, Haase HR, et al. New overlapping
gene encoded by the cucumber mosaic virus genome.
Virology, 1994, 198(1): 593—601.

[4] Brigneti G, Voinnet O, Li WX, et al. Viral pathogenicity
determinants are suppressors of transgene silencing in
Nicotiana benthamiana. EMBO J, 1998, 17(22):

6739-6746.

Journals.im.ac.cn



218

ISSN1000-3061 CN11-1998/Q

Chin J Biotech

February 25, 2011 Vol.27 No.2

(5]

(7]

(8]

[9]

[10]

[11]

Ding SW, Li WX, Symons RH. A novel naturally
occurring hybrid gene encoded by a plant RNA virus
facilitates long distance virus movement. EMBO J, 1995,
14(23): 5762-5772.

Shi BJ, Miller J, Symons RH, et al. The 2b protein of
cucumoviruses has a role in promoting the cell-to-cell
movement of pseudorecombinant viruses. Mol Plant
Microbe Interact, 2003, 16(3): 261-267.

Ji LH, Ding SW. The suppressor of transgene RNA
silencing encoded by cucumber mosaic virus interferes
with salicylic acid-mediated virus resistance. Mol Plant
Microbe Interact, 2001, 14(6): 715-724.

Guo HS, Ding SW. A viral protein inhibits the long range
signaling activity of the gene silencing signal. EMBO J,
2002, 21(3): 398—407.

Zhang XR, Yuan YR, Pei Y, et al. Cucumber mosaic
virus-encoded 2b  suppressor inhibits Arabidopsis
Argonautel cleavage activity to counter plant defense.
Genes Dev, 2006, 20(23): 3255-3268.

Li F, Ding SW. Virus counterdefense: diverse strategies
for evading the RNA-silencing immunity. Annu Rev
Microbiol, 2006, 60: 503—531.

Goto K, Kobori T, Kosaka Y, et al. Characterization of

silencing suppressor 2b of cucumber mosaic virus based

Journals.im.ac.cn

[12]

[13]

[14]

[15]

[16]

[17]

on examination of its small RNA-binding abilities. Plant
Cell Physiol, 2007, 48(7): 1050—60.

Gonzalez I, Martine L, Rakitina DV, et al. Cucumber
subcellular and
RNA
suppressor activity. Mol Plant Microbe Interact, 2010,
23(3): 294-303.

Lucy AP, Guo HS, Li WX, et al

mosaic virus 2b protein targets

interactions: their significance to silencing

Suppression of
post-transcriptional gene silencing by a plant viral protein
localized in the nucleus. EMBO J, 2000, 19(7):
1672—-1680.

Ye J, Qu J, Zhang J, et al. A critical domain of the
Cucumber mosaic virus 2b protein for RNA silencing
suppressor activity. FEBS Lett, 2009, 583(1): 101-106.
Wang Y, Tzfira T, Gaba V, et al. Functional analysis of
the Cucumber mosaic virus 2b protein: pathogenicity and
nuclear localization. J Gen Virol, 2004, 85(10):
3135-3147.

Hamilton A, Voinnet O, Chappell L, et al. Two classes of
short interfering RNA in RNA silencing. EMBO J, 2002,
21(17): 4671-4679.

Ding B, Li QB, Nguyen L, et al. Cucumber mosaic virus
3a protein potentiates cell-to-cell trafficking of CMV

RNA in tobacco plants. Virology, 1995, 207(2): 345-353.



