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ABSTRACT
The pokeweed antiviral protein (PAP) isolated from Phytolacca americana and Phytolacca acinosa plants, inhibits 
protein translation by catalytically removing a specific adenine residue from the large rRNA of the 60S subunit of 
eukaryotic ribosomes. In this study, the P. americana PAP-I gene was isolated and sequenced, and further compared 
to other ribosome-inactivating proteins (RIPs) genes previously reported in GenBank®. Total DNA was extracted 
from the late summer leaves of P. americana. A polymerase chain reaction (PCR) 868 bp-long DNA product was 
obtained, using gene specific primers, based on the expected gene size. The eluted product was purified and cloned 
into the pTZ57R/T vector, and mobilized into the Escherichia coli strain DH5a. After sequencing, the analysis of the 
PAP-I PCR product showed 98 to 82 % nucleotide and amino acid 94 to 26 % homologies, respectively, compared to 
previously reported RIPs. A phylogenetic analysis confirmed that the amplified PAP-I gene corresponds to the single 
chain Type-I RIP (PAP-I).
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RESUMEN 
Aislamiento y clonaje del gen de la proteína antiviral PAP-I de Phytolacca americana. La proteína antiviral 
del ginseng (PAP), aislada de plantas de Phytolacca americana y Phytolacca acinosa, inhibe la traducción proteica 
mediante la remoción catalítica de un residuo de adenina específico, en la cadena mayor de la subunidad 60S del 
ARN ribosomal eucariótico. En este estudio se aisló y secuenció el gen PAP-I de P. americana, y posteriormente se 
comparó con los genes de otras proteínas inactivadoras de ribosomas (RIP), reportadas en GenBank®. Se extrajo el 
ADN total de las hojas tardías del verano de las plantas de P. americana y el fragmento de 868 pb correspondiente 
al ADN del gen se amplificó con el uso de cebadores específicos, mediante reacción en cadena de la polimerasa 
(PCR). El producto de la PCR eluido se purificó, se clonó en el vector pTZ57R/T, y se movilizó en células de Escherichia 
coli cepa DH5a. Tras la secuenciación del producto de la PCR del gen PAP-I, la secuencia mostró una homología 
nucleotídica de 98 a 82 %  y aminoacídica de 94 a 26 %, con las RIP reportadas. El análisis filogenético confirmó 
que el gen amplificado corresponde a la RIP tipo I de simple cadena (PAP-I).

Palabras clave: proteína antiviral del ginseng, clonaje, reacción en cadena de la polimerasa,  
secuenciación de ADN, alineamiento filogenético

Introduction
Many plants produce proteins that inactivate ribo-
somes by depurinating a highly conserved stem-loop 
structure in the 28S rRNA [1-4]. Single-chain ribo-
some-inactivating proteins (RIPs) such as PAP and the 
A chains of two-chain RIPs such as ricin remove an 
adenine base by specific cleavage of the N-glycosid-
ic bond in the 28S rRNA. Ribosomes depurinated in 
this manner are unable to bind the EF-2/GTP complex 
and protein synthesis is blocked at the translocation 
step [5]. Three different kinds of RIPs, PAP-I, PAP-II, 
and PAP-S, have been previously purified from poke-
weed (Phytolacca americana) plants. These proteins 
are similar in molecular mass (29, 30, and 29.5 kDa, 
respectively), but are expressed at different develop-
mental stages and in different pokeweed tissues [6]. 

PAP protein has shown depurinating activity not 
only on pokeweed ribosomes, but also on other plants 
[7], mammalian, yeast, and bacterial ribosomes. In ad-
dition, PAP effectively inhibits infection by a number 
of different plant [8] and animal viruses, including 

the human immunodeficiency virus [9], and also in-
hibits growth of tumor cells [1, 10]. The exogenous 
application of small amounts of PAP to the surface of 
plant leaves completely prevents mechanical trans-
mission of unrelated viruses to several different host 
plants. 

PAP is stored in the cell wall matrix of leaf mes-
ophyll cells and can readily be obtained from water 
extracts of macerated leaf tissue. In a previous study, 
a cDNA clone for PAP was isolated and introduced 
into potato plants by transformation with Agrobac-
terium tumefaciens, providing resistance against 
both mechanically- and aphid-transmitted potato 
viruses [11]. Recently, the nucleotidic and amino 
acid sequences of PAP-I, PAP-α, PAP-II and PAP-S 
were determined. An amino acid sequence compari-
son between PAP-I and PAP-S revealed 76 % ho-
mology [12]. It has been determined by N-terminus 
protein sequencing that PAP-II is less homologous. 
There are also evidence of isozyme forms of various  
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PAP-S proteins displaying different properties, which 
would make one isoform more valuable than others for 
therapeutic applications, what motivated researchers to 
clone and sequence the cDNA of PAP-II protein [13].

In order to have a PAP-I clone able to be manipu-
lated for research purposes, in the present study we 
isolated and cloned the full length cDNA of PAP-I 
from pokeweed leafs. Its homology with other report-
ed antiviral proteins was also analyzed.

Materials and methods

Materials
P. americana and P. acinosa seeds were obtained from 
the Leibniz Institute of Plant Science and Crop Plant 
Research (IPK), Gatersleben, Germany. Seeds were 
sowed in 14 cm pots and kept in a greenhouse for ap-
proximately three weeks at 21-25 ºC until germination. 

Preparation of genomic DNA
Genomic DNA was extracted from spring leaves of  
P. americana and P. acinosa. Harvested leaves were 
frozen with liquid nitrogen and ground to a fine pow-
der in a mortar with pestle. Two hundred microliters of 
a solution containing 0.5 M Tris-HCl (pH 8), 0.25 M 
EDTA and 5 % SDS was added to 100 mg of leaf pow-
der, and the mixture was extracted with phenol satu-
rated with 45 mM sodium citrate and 0.45 M NaCl. 
The isolated aqueous phase was extracted with phe-
nol/chloroform (1:1), and then with chloroform/iso-
amyl alcohol (24:1) three times. The genomic DNA 
in aqueous phase was ethanol-precipitated with 0.3 M 
ammonium acetate, washed with 70 % ethanol, and 
dissolved in distilled water [14].

PCR amplification
Two specific sets of primers specific for full-length 
PAP-I gene were designed based on the sequences 
available in the GenBank database (http://www.
ncbi.nlm.nih.gov/genbank): A (Forward 5´-AAGAG 
AGTGGAAGGGCAGCCT-3´ and Reverse 5´-AGT 
ACCCATTGGCACGGCCT-3´) and B (Forward 
5-ATAAATACAATCACCTTCGATGTTG-3´ and Re- 
verse 5´- AGAATCCTTCAAATAGAGTCACCAA-3´). 
The reaction mixture contained 50 ng of genomic 
DNA, 2.5 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM 
MgCl2, 100 pmol of primer, 200 µM of each dNTPs, 
and 1.25 units of Taq polymerase in a total volume of 
100 µL. The reaction was performed for 35 cycles, 
and 12 µL of the mixture was analysed by 1 % agarose 
gel electrophoresis.

Cloning of PAP-I DNA 
The amplified products were analyzed on a 1 % aga-
rose gel. Products of approximately 868 bp were elut-
ed separately and reamplified. The resulting bands 
were further eluted, purified and cloned into linear-
ized pTZ57R/T Easy vector. The Escherichia coli 
strain DH5α was transformed by pTZ57R/T Easy vec-
tor bearing a PAP-DNA insert. Transformants were 
grown at 37 °C in LB broth containing ampicillin  
(100 μg/mL) to a 0.4 optical density at 600 nm. Re-
combinants were isolated by alkali minipreparation 
from a group of viable transformants and the presence 
of the insert was confirmed by restriction digestion 

with BamH I and Sac I compared to control vector, 
and PCR amplification [15].

Sequencing and homology analyses
The full length nucleotide sequences of the PAP-I 
gene were aligned with other PAP proteins available 
at GenBank® database using the BLAST algorithm  
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). Multiple align- 
ments and phylogenetic analysis of PAP-I sequenc-
ing were carried out using the program CLC sequence 
viewer v. 6.8.1 (CLC bio, Denmark) and the DNAMAN 
v. 5.2.9 software (Madison, Wisconsin, USA), respec-
tively. Homology trees were set up with the distance 
matrix using the Unweighted Pair Group Method with 
Arithmetic Mean (UPGMA) method [16].

Results and discussion

Cloning, sequencing and sequence alignment 
of the PAP-I gene
The PAP-I gene was isolated from P. americana and 
P. acinosa leaves using specific primer sets A and B. 
The fragments of PAP-I gene from both P. americana 
and P. acinosa plants, were 1188 and 868-bp long 
using primers A and B, respectively (Figure 1). These 
results were in an agreement with those of Honjo et 
al. [14]. The isolation of the DNA fragment (868 bp) 
from genomic DNA of P. americana leaves by PCR 
used two specific primers based on the known DNA 
sequence of the PAP-I gene [17], and subsequently, 
the PCR product of the PAP-I gene was obtained by 
using the specific primer set B. 

The product of the expected size (approximately 
868 bp) was first eluted from the agarose gel, purified 
and further amplified, and verified by agarose gel elec-
trophoresis. An aliquot of the amplified product was 
cloned into the pTZ57R/T vector and mobilized into E. 
coli DH5α competent cells. White ampicillin colonies 
were selected for plasmid minipreparation using the 
plasmid minipreparation techniques. A recombinant 
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Figure 1. Agarose gel electrophoresis of the PAP-I gene isolated PCR products from Phytolacca ameri-
cana and Phytolacca acinosa plants. PCR products were analyzed in 1 % agarose gels. Amplifications 
used two sets of specific primers. A) Specific primer set A, generating a DNA fragment of approxi-
mately 1188 bp. Lane 1: PAP-I gene obtained from P. americana. Lane 2: PAP-I gene obtained from  
P. acinosa. B) Specific primer set B, generating a DNA fragment of approximately 868 bp. Lane M: 1 kb 
Ladder DNA size marker.
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plasmid bearing the correct insert of the PAP-I gene 
(868 bp) was validated using PCR and restriction anal-
ysis, followed by agarose electrophoresis. The frag-
ment was shown to be excised from the plasmid back-
bone by BamH I and Sac I restriction. Similar results 
were reported by Chen et al. [18], when constructing 
by PCR two DNA fragments coding for PAP, with or 
without signal peptide, which were cloned into the 
pKK233-2 expression vector and transformed into E. 
coli JM109 cells. Similarly, Lodge and Kaniewski [11] 
used PCR to engineer convenient restriction sites (Bgl 
II at the 5´ end and Sma I at the 3´ end) into the full-
length cDNA encoding PAP for inserting it into the 
plant transformation vectors pMON8443, carrying the 
PAP gene under the control of the enhanced 35S RNA 
promoter from the cauliflower mosaic virus (CaMV 
E35S), and pMON8442 and pMON8484 under the 35S 
RNA promoter from the figwort mosaic virus (FMV), 
respectively. Three other groups [19-21] extracted to- 
tal RNA from the leaves of pokeweed (P. americana) 
plants which had been subcultured for 8 weeks for the 
same purpose. The first strand of cDNA was synthe-
sized from the total RNA template with oligo (dT) 15 
primers using MMLV reverse transcriptase. A 0.96 kb 
cDNA fragment was obtained after 30 PCR amplifica-
tion cycles with two specific primers. The cDNA frag-
ment was sequenced from two directions after cloning 
it into the pGEM-T Easy vector. The plant expres-
sion vector with the PAP cDNA was constructed for 

transferring the PAP cDNA into tobacco and rape to 
obtain transgenic plants resistant to a broad spectrum 
of viruses. 

The resulting full length nucleotide sequence of 
the PAP-I DNA isolated from P. americana was sub-
mitted to GenBank® under the JX445170.1 accession 
number. Multiple alignment of PAP-I gene under 
study with seven sequences from GenBank® using 
the BLAST algorithm showed a 98 % homology with 
alpha-PAP (Accession No. D10600.1) [22], followed 
by 83 % with sequence X98079.1, while the lowest 
identity was 82 % for sequences with Accession Nos. 
AY572976.1, X55383.1, JX446580.1, AY547315.1 
and AB071855.1 (Table 1). High homology (94-26 %) 
was shown in amino acid sequences to other RIPs. Mul- 
tiple alignment of the PAP-I sequence obtained with 
antiviral proteins PAP-I, PAP-II, PAP-S and MAP, 
and statistical analysis of the DNA fragment PAP-I 
showed that PAP-I differ from other RIPs in base 
composition (A: 282, C:172, G:177 and T: 237), and 
nucleotides frequency (A: 0.325, C: 0.198, G: 0.204 
and T: 0.273). The PAP-I gene contains on one open 
reading frame from nucleotide 57 to 812, coding for 
a 289 amino acids protein with an 33.761 kDa molec-
ular weight and theoretical isoelectric point of 10.15. 
The amino acid composition data of PAP-I showed 
different compositions and frequencies of amino ac-
ids between isolates (Tables 2 and 3). Twenty amino 
acids were detected on PAP-I starting with Alanine 
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Table 1. Sequence alignments of PAP-I gene of Phytolacca americana using BLAST analysis 

Accession No. Maximum 
identity (%)GenBank® description 

D10600.1
X98079.1

AY572976.1
X55383.1

JX446580.1
AY547315.1
AB071855.1

Phytolacca americana gene for alpha-PAP (pokeweed antiviral protein), complete cds
P. americana mRNA for pokeweed antiviral protein
Phytolacca americana antiviral protein (PAP) mRNA, complete cds
P. americana PAP gene for anti-viral protein 
Phytolacca americana antiviral protein gene, complete cds 
Phytolacca americana antiviral protein gene, complete cds 
Phytolacca americana paps2 gene for PAP-S2, partial cds 

98
83
82
82
82
82
82

Table 2. Amino acids counts of PAP-I sequence JX445170.1 and other four antiviral proteins

No. Amino acid 
and symbol

JX445170.1 
(PAP-I)  

under study

X87628.1 
(PAP-II)

D10600.1 
(PAP-I)

AY603362.1 
(PAP-S)

D10569.1 
(MAP)

1 9 23 9 13 22Alanine (A)
2 8 9 8 3 3Cysteine (C)
3 4 18 4 9 13Aspartic Acid (D)
4 9 21 10 13 15Glutamic Acid (E)
5 5 18 4 9 20Phenylalanine (F)
6 6 24 7 12 12Glycine (G)
7 5 2 4 2 3Histidine (H)
8 20 25 21 16 28Isoleucine (I)
9 17 42 15 19 25Lysine (K)
10 35 36 37 20 30Leucine (L)
11 19 12 18 5 6Methionine (M)
12 6 20 7 24 20Asparagine (N)
13 17 14 16 11 9Proline (P)
14 12 11 10 8 9Glutamine (Q)
15 19 11 18 10 8Arginine (R)
16 30 31 30 18 30Serine (S)
17 14 28 16 18 37Threonine (T)
18 15 24 16 16 20Valine (V)
19 9 3 8 2 4Tryptophan (W)
20 9 20 8 9 17Tyrosine (Y)
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(A) and ending with Tyrosine (Y). Leucine (L) was 
found to be the major amino acid in PAP-I (35) for a 
0.121 frequency, followed by Serine (S) (30; 0.104). 
Aspartic acid (D) was the less frequent aminoacid (4; 
0.014). These results were comparable to those of 
Honjo et al. [14], who found that PAP genomic DNA 
sequence amplified from P. americana encoded a pro-
tein of 262 amino acids with a c-terminal 29 amino 
acids extrapeptide. 

The phylogenetic analysis carried out for the nucle-
otide and amino acid sequences of PAP-I, and other 
RIPs available at the GenBank® database, by using 
the DNAMAN V 5.2.9 package (Madison, Wiscon-
sin, USA) with the UPGMA method is presented in  
Figures 2 and 3. A close relationship was found be-
tween our PAP-I isolate and D10600.1 (bootstrap 
value 98 % in nucleotide sequence and 94 % in amino 
acid homology) (Figures 2 and 3). Poyet and Hoeveler 
[12] isolated and sequenced the PAP-I gene from P. 
americana, and characterized for the first time a com-
plete cDNA encoding a pokeweed antiviral protein ex-
pressed in seeds. The PAP-S cDNA consisted of 1249 
bp and codes for a mature protein of 262 amino acids. 
Its predicted amino acid sequence was more similar to 
PAP-I (76 %) than to PAP-II (31 %). 

It is known from literature that PAP-S is more ac-
tive in inhibiting protein synthesis than other members 
of the PAP family. For example, Zeng et al. [23] found 
that sequence similarities among these PAP-S, α-PAP 
and PAP-I with known three-dimensional structures 
are about 75-80 %. Wang et al. [24] isolated a 30 kDa 
PAP-II protein from leaves of P. americana, which in-
hibits translation by catalytically removing a specific 
adenine residue from the large rRNA of the 60S sub-
unit of eukaryotic ribosomes. The protein sequence of 
PAP-II shows only 41 % identity to PAP and PAP-S, 
two other antiviral proteins isolated from pokeweed. 
Their isolated cDNA corresponding to PAP-II were 
introduced into tobacco plants, and transgenic tobacco 
plants correctly processed PAP II to its mature form 

Table 3. Amino acids frequencies of PAP-I with those of the other antiviral proteins

No. Amino acid 
and symbol

JX445170.1 
(PAP-I)  

under study

X87628.1 
(PAP-II)

D10600.1 
(PAP-I)

AY603362.1 
(PAP-S)

D10569.1 
(MAP)

1 Alanine (A)
2 Cysteine (C)
3 Aspartic Acid (D)
4 Glutamic Acid (E)
5 Phenylalanine (F)
6 Glycine (G)
7 Histidine (H)
8 Isoleucine (I)
9 Lysine (K)
10 Leucine (L)
11 Methionine (M)
12 Asparagine (N)
13 Proline (P)
14 Glutamine (Q)
15 Arginine (R)
16 Serine (S)
17 Threonine (T)
18 Valine (V)
19 Tryptophan (W)
20

0.031
0.028
0.014
0.031
0.017
0.021
0.017
0.069
0.059
0.121
0.066
0.021
0.059
0.042
0.066
0.104
0.048
0.052
0.031
0.031

0.058
0.023
0.046
0.053
0.046
0.061
0.005
0.063
0.106
0.091
0.03
0.051
0.035
0.028
0.028
0.078
0.071
0.061
0.008
0.051

0.031
0.028
0.014
0.035
0.014
0.024
0.014
0.073
0.052
0.128
0.062
0.024
0.055
0.035
0.062
0.104
0.055
0.055
0.028
0.028

0.055
0.013
0.038
0.055
0.038
0.051
0.008
0.068
0.08

0.084
0.021
0.101
0.046
0.034
0.042
0.076
0.076
0.068
0.008
0.038

0.065
0.009
0.038
0.044
0.059
0.036
0.009
0.083
0.074
0.089
0.018
0.059
0.027
0.027
0.024
0.089
0.109
0.059
0.012
0.05Tyrosine (Y)

AY603352.1

D10569.1

47 %

59 %
98 %

80 %

X78628.1

D10600.1

JX445170.1

100 90 80 70 60 50 40 (%)

Figure 2. Consensus phylogenetic tree of nucleotide cons-
tructed from the multiple alignment of 868 bp PAP-I gene 
under study of Phytolacca americana plant and other antiviral 
proteins in GenBank®.

JX445170.1

D10569.1
42 %

49 % 33 %

94 %

X78628.1

AY603352.1

D10600.1

100 90 80 70 60 50 40 30 (%)

Figure 3. Consensus phylogenetic tree of amino acids construc-
ted from the multiple aligment of 289 aa. PAP-I of Phytolacca 
americana plant and other antiviral proteins in GenBank®. 
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as in pokeweed, and accumulated it to at least 10-fold 
higher levels than the wild-type PAP. 

Conclusions
Many plants contain proteins that are capable of inac-
tivating ribosomes and accordingly are called RIPs. 
These typical plant proteins currently receive a lot 
of attention in biological and biomedical research 
because of their unique biological activities toward 

plant, animal and human cells. In addition, evidence 
is accumulating that some RIPs play a role in plant de-
fense and hence can be exploited in plant protection. 
The present study provided a characterized clone of 
the PAP gene sequence to be expressed for antiviral 
applications. Further research on the isolation of PAP 
full length DNA will be useful in constructing plant 
transformation vectors, to obtain transgenic plants re-
sistant to relevant viral diseases.
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