
The use of antiviral proteins (AVPs) from plants is

one of the promising approaches to control viral diseases.

Some well�characterized AVPs are from Phytolacca amer�

icana, Mirabilis jalapa, Dianthus caryophyllus,

Clerodendrum aculeatum, Amaranthus viridis, and

Trichosanthes kirilowii [1�6]. A definite mechanism

whereby these AVPs operate to inhibit viral infection

remains unresolved. At present, the most widely accepted

mechanism of action is a direct result of their ribosome

specific N�glycosidase activity in vitro [7]; such proteins

are therefore known as ribosome inactivating proteins

(RIPs).

In addition to deadenylation activity, RIPs/AVPs are

also known to possess DNA lyase activity [8�13]. The

ribonucleolytic cleavage of naked rRNA by some RIPs

has also been reported [14]. Celosia cristata, an ornamen�

tal plant of Amaranthaceae family is a potential candidate

for the presence of strong antiviral proteins. Two potent

growth stage dependent glycoproteins, CCP�25 and

CCP�27 have been reported to be present in the leaves of

this plant at flowering stage [15]. Here, we report the

purification of CCP�27 from leaves of Celosia cristata at

the post�flowering stage and its strong DNase and RNase

activity against supercoiled plasmid DNA and Torula

yeast rRNA, respectively.

MATERIALS AND METHODS

Virus inoculum. Sunnhemp rosette virus (SRV) was

used for testing the virus inhibitory activities of leaf

extract. The virus was maintained on its systemic host,

Crotolaria juncea. The plants were grown in small plastic

pots containing soil, FYM, sand, and vermiculite mixture

in 2 : 1 : 1 : 0.5 ratios. The pots were kept in an insect free

glass house. Virus inoculum was prepared by homogeniz�

ing the infected leaves with 20 mM sodium�potassium

phosphate buffer, pH 7.0, with a sterilized pestle and mor�

tar. The contents were squeezed through two layers of

muslin cloth and the filtrate was centrifuged at 12,000g for

10 min. The clear supernatant was used as virus inoculum

after suitable dilution with distilled water, so as to produce

countable number of lesions on the test plant leaves.

Bioassay. Cyamopsis tetragonoloba was used as local

lesion host for bioassay of the purified CCP�27. Test

plants with same height, age, and vigor were selected for

experiments. For each treatment, three plants with two�

three leaves of equal size were used. The purified 27 kD

protein from Celosia cristata leaves was applied on the test

plant leaves. For controls, test plant leaves were treated
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with only buffer and virus inoculum. After 1 h, the protein

treated leaves were washed with distilled water and gently

blotted dry. The leaves were then sprinkled very lightly

with 600 mesh carborundum powder and inoculated

gently and uniformly with virus inoculum. Just after inoc�

ulation, leaves were washed with distilled water. Plants

were observed for the development of lesions for 3�4 days.

The inhibitory activity of the proteins was calculated in

terms of percentage inhibition using the following formu�

la: % inhibition = (C − T)/C × 100%, where, C is average

number of lesions in control plants, and T is average

number of lesions in treated plants.

Purification of antiviral protein CCP�27. Antiviral

protein (CCP�27) was isolated and purified from the

leaves of Celosia cristata at the post�flowering stage. For

extraction, the dried leaves were homogenized with 4�5

volumes of 0.1 M sodium acetate buffer (pH 5.2) con�

taining 12 mM β�mercaptoethanol and 20 mg

polyvinylpolypyrrolidone. The pulp was squeezed

through two layers of muslin cloth, and filtrate was cen�

trifuged at 12,000g for 10 min. The clear supernatant was

used for purification of CCP�27.

Ammonium sulfate fractionation. The supernatant

obtained from leaf extract was subjected to ammonium

sulfate fractionation at 0�25 and 25�80% saturation, by

slow addition of calculated quantities of solid ammonium

sulfate at each step to the supernatant with constant stir�

ring using a magnetic stirrer at 4°C. After obtaining the

desired saturation of ammonium sulfate (0�25%), the

suspension was kept at 4°C for 30 min to enable protein

precipitation. The precipitated protein was pelleted by

centrifugation at 12,000g for 10 min. The pellet was sus�

pended in minimal amount of buffer A (20 mM sodium

phosphate buffer, pH 6.2, containing 10 mM NaCl). The

supernatant was used to precipitate the protein at subse�

quent higher saturation of ammonium sulfate, i.e. 25�

80%. The pellet obtained at each step was suspended in

buffer A and dialyzed against the same buffer at 4°C for

24 h. The proteins precipitated at 0�25% were not used

for further characterization as they showed very much less

antiviral activity. Therefore, the protein precipitated at

25�80% saturation showing high antiviral activity was

used for further purification.

Ion�exchange chromatography. Both anion� and

cation�exchange chromatography were performed for

further purification of the antiviral protein obtained in

ammonium sulfate fraction 25�80%.

DEAE�cellulose chromatography. After equilibrating

the column by passing several volumes of buffer A, the

active 25�80% ammonium sulfate dialyzed protein frac�

tion was loaded on top of the column. The unbound frac�

tion (having antiviral activity) was collected and subject�

ed to cation�exchange chromatography.

CM�Sepharose chromatography. The DEAE�cellu�

lose unadsorbed fraction was loaded onto the CM�

Sepharose column (35 × 1.0 cm) equilibrated with buffer

B (20 mM sodium acetate buffer, pH 5.2, containing

10 mM NaCl and 0.01% sodium azide) and washed with

three�four bed volumes of equilibration buffer. The

adsorbed protein was then eluted with a discontinuous

gradient of NaCl (50, 100, 150, and 200 mM, three bed

volumes each), which was prepared in equilibration

buffer. The eluate was collected in fractions using a

Pharmacia�LKB fraction collector system (Sweden), at a

flow rate of 30 ml/h. The eluate was simultaneously mon�

itored for absorbance at 280 nm. The protein fractions

eluting at each NaCl concentration were separately

pooled and tested for the antiviral activity.

Gel filtration chromatography. Active protein fractions

were concentrated in a lyophilizer and loaded onto a

Superose�12 column (45 × 1.0 cm) equilibrated with

buffer C (20 mM sodium acetate, pH 5.2, containing

0.01% sodium azide). Elution was done with the same

buffer at a flow rate of 15 ml/h and 30 ml fractions of

1.6 ml each were collected. The eluate was simultaneous�

ly monitored for absorbance at 280 nm. The protein frac�

tions eluting at each NaCl concentration were separately

pooled and tested for the antiviral activity.

Protein estimation. Protein concentration at each

step of purification was determined by the method of

Lowry et al. [16] with bovine serum albumin as standard.

SDS�polyacrylamide gel electrophoresis. Discon�

tinuous SDS�PAGE was carried out in 12% separating gel

with a 5% stacking gel according to Laemmli [17]. The

proteins were visualized by staining with 0.1% Coomassie

brilliant blue R�250.

DNase activity. pBlueScript SK+ plasmid DNA was

isolated by the alkaline hydrolysis mini�preparation

method of Ahn et al. [18]. An agarose (1%) gel elec�

trophoresis was done to determine the quality, quantity,

and size of the plasmid DNA. For this, 1 µg of plasmid

DNA was incubated with serially increasing amount of

purified CCP�27 in a final volume of 25 µl. The reaction

mixture was incubated at 37°C for 4 h. At the end of the

incubation period, 5 µl loading solution (30% Ficoll,

200 mM EDTA, 0.25% bromophenol blue, and 0.25%

xylene cyanole FF) was added. Electrophoresis was car�

ried out under non�denaturing condition in a 1% agarose

gel. DNA bands were visualized by staining with ethidium

bromide.

RNase activity. To determine if CCP�27 could

degrade RNA, a method for substrate�based RNase activ�

ity assay was adapted [19] using Torula yeast RNA. CCP�

27 samples were prepared in 50 mM Tris�HCl, pH 6.8,

containing 0.1% SDS and 0.01% bromophenol blue with�

out the addition of reducing agents. As a positive control

for RNase activity, 2 µg RNase A was prepared in the

same buffer. The sample and control were separated using

12% SDS�PAGE with 2 mg/ml Torula yeast RNA

(Sigma, USA) in the resolving gel. Following elec�

trophoresis, the gel was washed with 25% isopropanol in

10 mM Tris�HCl, pH 7.0, to remove SDS. The iso�



propanol was removed by further washing in 10 mM Tris�

HCl, pH 7.0, 2 µM ZnCl2. Protein in the gel was rena�

tured by incubation in 100 mM Tris�HCl, pH 7.0, at 50°C

for 1 h. The gel was stained with 0.2% Toluidine blue O in

10 mM Tris�HCl, pH 7.0, for 10 min and destained in

distilled water until transparent bands appeared. Lanes

containing protein markers and CCP�27 were cut from

the gel and stained with Coomassie blue to indicate the

location of CCP�27.

RESULTS AND DISCUSSION

Purification of antiviral protein. CCP�27 was purified

to homogeneity using conventional biochemical tech�

niques. The leaf material was extracted with sodium

acetate buffer, pH 5.2, and subjected to ammonium sul�

fate fractionation at 0�25 and 25�80% saturation, respec�

tively. The majority of antiviral activity was recovered

from 25�80% (NH4)2SO4 saturated fraction. This fraction

was subjected to anion�exchange chromatography on

DEAE�cellulose column for further purification. The

column was eluted with 20 mM sodium phosphate buffer

(pH 6.2) containing 10 mM NaCl. Most of the antiviral

activity was extracted in unadsorbed fraction indicating

the basic nature of the protein. The active unadsorbed

fractions were pooled and subjected to cation�exchange

chromatography on CM�Sepharose column and ad�

sorbed proteins were eluted with a discontinuous NaCl

gradient (50, 100, 150, and 200 mM, three bed volumes

each) in sodium acetate buffer, pH 5.2. At 50 mM NaCl

concentration, a single peak was obtained which was des�

ignated as peak I whereas 100 mM NaCl gave two peaks

designated as peak II and peak III. Elution with still high�

er salt concentrations resulted in separation of a very neg�

ligible amount of protein and therefore not used for

bioassay and protein quantification. Of these, peak I frac�

tion exhibited maximum antiviral activity, as confirmed

through bioassays (table). The CM�Sepharose unad�

sorbed fraction did not show any antiviral activity. These

results are in line with those of antiviral proteins from

Phytolacca americana, Mirabilis jalapa, and Bougainvillea

xbuttiana [20�22]. On the contrary, a report on

Chenopodium amarantricolor has shown that the inhibitor

was adsorbed on the DEAE�Sephadex matrix but not on

CM�Sephadex [23]. This might be due to non�basic

nature of the particular protein. The fractions correspon�

ding to peak I were concentrated in a lyophilizer and sub�

jected to gel�filtration chromatography using Superose�
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Purification of antiviral protein from leaf extract of Celosia cristata

Protein fraction

Crude extract

Ammonium sulfate (25�80%) fraction

DEAE�cellulose chromatography:

Unadsorbed fraction

CM�Sepharose chromatography:

0.05 M NaCl

Peak I

0.1 M NaCl

Peak II

Peak III

Total protein*, mg

28.70

21.52

12.30

3.68

3.25

4.10

Test sample concentration, µg/ml

28

133

195

145

140

182

Inhibition**, % 

81.5

93.0

92.8

98.1

8.5

2.3

* From 40 g of C. cristata dried leaves.

** Three to four well�developed leaves of four test plants of Cyamopsis tetragonoloba, each for all sets, were tested with 1 ml of test sample. After

1 h, leaves were washed with distilled water and blotted dry. The leaves were dusted with carborundum and inoculated with SRV.

Fig. 1. SDS�PAGE of purified CCP�27. CCP�27 was purified

from the dry leaves of the post�flowering stage of Celosia cristata

by ion�exchange and gel�filtration chromatography; 10 µg of

purified sample was run on 12% SDS�polyacrylamide gel. Lanes:

1) purified CCP�27; M) molecular weight marker.

M 1

35 kD →→

25 kD →→
27 kD→→



12 resin. No further fractionation or purification was

achieved as the fraction again separated into a single peak

designated as peak IV.

Analysis of this peak on 12% SDS�PAGE showed its

correspondence to 27 kD. This Celosia antiviral protein

has been designated as CCP�27 (Fig. 1). CCP�27 exhib�

ited ~98% inhibition against SRV in its test host

Cyamopsis tetragonoloba at a concentration as low as

145 µg/ml (table and Fig. 2, see color insert, p. 3).

DNase activity. CCP�27 exhibited strong DNase

activity. When pBlueScript SK+ DNA having all the three

forms, i.e. supercoiled, nicked, and linear (Fig. 3a), was

incubated with various amounts of CCP�27, it was found

that the extent of supercoiling was obviously altered. The

supercoiled form of the pBlueScript SK+ DNA when

incubated with 2 and 4 µg of CCP�27, first nicked to give

a nicked circular form, which moved significantly slower

than the supercoiled DNA through the agarose gel. When

the CCP�27 concentration was increased to 6 µg, the lin�

ear form of DNA emerged which migrated faster than the

nicked circular form but slower than the supercoiled

DNA. From this finding, it can be suggested that

AVP/RIP�associated DNase activity was conformation

specific, i.e. RIPs only cleave supercoiled DNA in a two�

step process, first nicking a single strand before lineariz�

ing the DNA by second strand cleavage. The results are in

line with the earlier findings [8�13]. In order to make sure

that band shift was not due to the binding of CCP�27 onto

pBlueScript SK+ DNA, attempts were made to separate

the two species before electrophoresis. This was achieved

by digestion with proteinase K, after incubation of DNA

with CCP�27. The DNA was then extracted with phe�

nol–chloroform (1 : 1) and precipitated with ethanol.

Subsequent electrophoretic analysis confirmed the same

changes in banding patterns (Fig. 3b).

RNase activity. For RNase activity test, as the gel was

stained with Toluidine blue, which interacts with RNA to

give blue color, the unstained portion indicated the posi�

tion of RNase activity. Figure 4 (lane 1) shows a single

unstained band that was found to co�migrate with puri�

fied CCP�27 (2 µg), indicating that CCP�27 does possess

a strong RNase activity. The presence of only one band

with RNase activity corresponding to the position of

CCP�27 suggests that there was no other contaminating

nuclease with the purified CCP�27 preparation. Lane 2

(Fig. 4) shows the position of positive control (2 µg

RNase A). The ribonucleolytic activity on naked rRNA

was also reported in case of α� and β�momorcharin [14].

Masayuki et al. [24] observed 50% inhibition of local

lesion formation in cowpea leaves when treated with a

23 kD RNase like glycoprotein (figaren) from Cucumis

figarei, 24 h before to 1 h after incubation with cucumber

mosaic virus. Figaren also digested double stranded

RNase extracted from cucumber mosaic virus infected

tobacco tissues. Thus, there may be a positive correlation

between antiviral activity and RNase activity.

In conclusion, the present study suggests that CCP�

27, the antiviral protein purified from leaves of the post�

flowering stage of Celosia cristata, is multifunctional as it

possesses both DNase and RNase activity and these activ�

ities may have a positive correlation with the inhibition of

viral infection.
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Fig. 3. a) DNase activity test. When incubated with 2 or 4 µg of

CCP�27, pBlueScript SK+ DNA supercoiled form (S) first gives

rise to nicked form (N) (lanes 4 and 5) and with 6 µg of CCP�27

gives rise to linear form (L) (lane 6). Lanes: 1) plasmid; 2) control

(pBlueScript SK+ DNA was incubated without CCP�27); 3) plas�

mid  restricted with EcoRI. b) DNase activity test after proteinase

K treatment. Same changes in banding patterns indicate that band

shifting was not due to binding of the protein with plasmid DNA.

Fig. 4. RNase activity test. CCP�27 was separated using 12%

SDS�PAGE with Torula yeast RNA. Following electrophoresis,

the gel was stained with Toluidine blue O to show the bands with

RNase activity. The unstained portions indicate the presence of

RNase activity. Lanes containing the protein marker M and

CCP�27 were cut from the gel and stained with Coomassie blue

to indicate location on the protein. Lanes: 1) 4 µg CCP�27; 2)

2 µg RNase A (positive control).

1   2  3   4 5  6 1   2  3   4 5  6

N →→
L →→
S →→

N 
L 
S 

a b

→→
→→
→→

M CCP�27 1 2
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