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Purification and characterization of Moschatin, a novel type I ribosome-inactivating
protein from the mature seeds of pumpkin (Cucurbita moschata), and preparation
of its immunotoxin against human melanoma cells
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ABSTRACT

A novel ribosome-inactivating protein designated Moschatin from the mature seeds of pumpkin (Cucurbita
moschata) has been successively purified to homogeneity, using ammonium sulfate precipitation, CM-cellulose 52
column chromatography, Blue Sepharose CL-6B Affinity column chromatography and FPLC size-exclusion column
chromatography. Moschatin is a type 1 RIP with a pI of 9.4 and molecular weight of ~29 kD. It is a rRNA N-
glycosidase and potently blocked the protein synthesis in the rabbit reticulocyte lysate with a IC50 of 0.26 nM. Using
the anti-human melanoma McAb Ng76, a novel immunotoxin Moschatin-Ng76 was prepared successfully and it
efficiently inhibited the growth of targeted melanoma cells M21 with a IC50 of 0.04 nM, 1500 times lower than that of
free Moschatin. The results implied that Moschatin could be used as a new potential anticancer agent.
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INTRODUCTION

Plant RIPs are the majority member of RIP
superfamily, and widely distribute in different plants and
various tissues, in some cases, even a large quantity in
the seeds[1,2]. They are shown to have diversified bio-
logical functions, such as antiviral (anti-HIV), antifungal
and insecticidal properties[3-6]. They are rRNA N-gly-
cosidase that site-specifically cleaves the N-glycosidic
bond of a specific adenosine residue (A4324) in a highly
conserved loop (the sarcin/ricin domain) of the largest
ribosomal RNA. This modification leads to the specific
adenine being removed and thus the protein synthesis is
blocked[7,8].

Plant RIPs are classified into three groups based on
their primary structures[9]:Type 1 RIPs, such as
Trichosanthin (TCS), are single-chain basic proteins with
a molecular weight of ~30 kD; Type 2 RIPs, like ricin,
are two-chain proteins that consist of an A-chain with

rRNA N-glycosidase activity through a disulfide bond
linked to a lectin-like B chain, the molecular weight of
each chain being of ~30 kD; Type 3 RIPs, like maize
RIP, require natural proteolysis processing to transform
the inactive precursors to mature RIPs.

RIPs are suitable probes to investigate the structure
and function of ribosome and the interactions between
protein and RNA. They are also used to prepare selec-
tive cell-killing agents, such as immunotoxins[10], for their
highly cytotoxic activities when transferred into
cytoplasm. Up to now, more than 80 different RIPs from
a variety of plants have been characterized, yet there
has been no report about RIPs purified from pumpkin
seeds. We report here that a novel Type 1 RIP named
Moschatin from the mature seeds of pumpkin has been
purified and characterized, and its immunotoxin has also
been prepared and successfully applied to selectively kill
human melanoma cells in vitro.

MATERIALS AND METHODS

Materials
The mature seeds of pumpkin (Cucurbita moschata) were pur-

chased from Shaoxing Seeds Co. (Shaoxing, Zhejiang, China). Crystal
TCS was purchased from Jinshan Pharmaceutical Factory (Shanghai,
China). The hybridoma cell line secreting anti-human melanoma Ng76
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(IgG2b) was provided by Dr. YJ Huang (University of Columbia,
USA). Ng76 was purified from mouse ascites that contained this
antibody by ammonium sulfate precipitation (50% saturation) and
DE-cellulose 11 column chromatography. Human melanoma cell line
M21 was provided by Dr. YJ Huang (University of Columbia, and
the HeLa cell line were obtained from the late Prof. N.O.Kaplan
(University of California at San Diego, San Diego, CA, USA). CM-
cellulose 52 was the product of Whatman Co. Sephacryl S-200, Blue
Sepharose CL-6B, FPLC system and Superose 12 HR 30/30 column
were obtained from Pharmacia Co. The cross-linking reagents N-
Succinimidyl 3-(2-pyridyldithio) propionate (SPDP) and 2-
iminothiolane (2-IT) were purchased from Sigma Co. All other re-
agents were of analytical grade.

Purification of Moschatin
After the shelled pumpkin seeds were crushed and degreased by

ice-cold ether, the seed powder was obtained and extracted by 10
volumes of buffer A (20 mM phosphate buffer, pH 7.2, 0.2 M NaCl)
with gently stirring at 4oC overnight. Then the homogenate was
centrifuged (9,000 g, 4oC, 30 min), and the supernatant as the crude
extract was pooled and the proteins were precipitated gradually by
ammonium sulfate (AS). The mixture was centrifuged (9,000 g, 4oC,
30 min) when the AS saturation reached 50%. The supernatant was
collected and the AS was added continuously untill its saturation
reached 85%, then the pellet was obtained by centrifugation (9,000 g,
4oC, 30 min). The pellet was dissolved in buffer B (5 mM PB, pH 7.
0) and then extensively dialyzed against the same buffer. After cen-
trifugation to remove insoluble materials, the supernatant was ap-
plied to a CM-cellulose 52 column (15.0 cm 2.0 cm) preequilibrated
with buffer B, and then the column was eluted with a linear gradient of
0-0.6 M NaCl in buffer B. The fraction (3.0 ml/tube) containing
Moschatin was pooled and dialyzed against buffer C (15 mM Tris-
HCl, pH 7.5), then applied to a Blue Sepharose CL-6B column (8.0
cm 1.0 cm) preequilibrated with buffer C, and the absorbed proteins
were released by buffer C containing 0.3 M NaCl. The active fraction
(3.0 ml/tube) was further purified by FPLC on a Superose 12 HR 30/
30 column, using phosphate-buffered saline (PBS, pH 7.2) as the
eluent, and the resulted homogenous protein (2.0 ml/tube) was desig-
nated as Moschatin.

Determination of Molecular weight and pI of Moschatin
The molecular weight of Moschatin was determined by FPLC gel

filtration and SDS-PAGE. Its pI value was determined by
isoelectrophoresis fousing (IEF). These assays were performed ac-
cording to the method as described by Gao et al[11].

Determination of N-terminal amino acid sequence of

Moschatin
The homogenous Moschatin was subjected to SDS-PAGE, and

Western blotting was performed at 40 mA for 1 h using a
polyvinylidene fluoride (PVDF) membrane and a semi-dry transfer
cell (Bio-Rad USA). The Moschatin band used for sequencing was
cut out and air-dried. Amino acid sequencing was conducted with an
Applied Biosystems Model 491 Edman degradation unit and an HP
1000 HPLC system.

Determination of rRNA N-glycosidase activity of

Moschatin and its inhibition to protein synthesis

The rRNA N-glycosidase activity of Moschatin was determined
using rabbit liver ribosomes as substrate, according to the method of
Endo et al[12]. The inhibitory activity of Moschatin to protein syn-
thesis was determined by the method of Ying et al[13].

Preparation of immunotoxin (Moschatin-Ng76)

The preparation of Moschatin-Ng76 was carried out according to
the method as described by Gao et al[14]. SPDP modified Ng76 and
2-IT modified Moschatin/TCS were reacted at 4oC for 72 h in nitrogen
atmosphere, and then the reaction mixture was applied on a Sephacryl
S-200 column (100.0 cm 1.1 cm). The column was eluted with PBS
(pH 7.2) and the fraction containing immunotoxin (determined by
SDS-PAGE) was collected, sterilized and stored at 4oC.

Cytotoxic activity of immunotoxin (Moschatin-Ng76)

against human melanoma cells

The cytotoxic activity of immunotoxin against human melanoma
cells was performed by MTT method[15], and 5 different samples
(Ng76, TCS, Moschatin, TCS-Ng76 and Moschatin-Ng76) were
analyzed. Target cells M21 and non-target cells Hela (negative control)
were distributed into 96-well cell culture plate (5,000 cells/well) in 0.
18 ml DMEM medium containing 8% new-born calf serum, and cul-
tured in 5% CO2 at 37oC for 4 h, then samples with designed concen-
tration were added (0.02 ml per well) to the culture medium
respectively, and continuously cultured in the same condition for 60
h. The surviving cells were measured by MTT method.

RESULTS

Purification and characterization of Moschatin
The seed powder of pumpkin was fully extracted,

then the proteins were fractioned by ammonium sulfate
precipitation. The fraction that contained RIP activity was
collected and then applied to a CM-cellulose 52 column.
Fig 1A shows the chromatographic profile. The fraction
containing Moschatin was pooled and dialyzed, then sub-
jected to a Blue Sepharose CL-6B column (Fig 1B). The
first protein peak (Fig 1B) that contained Moschatin was
collected and further purified by FPLC Superose 12 col-
umn (Fig 1C). About 8.0 mg of homogenous Moschatin
was finally obtained from 100 g of seeds. The pure
Moschatin appeared as a single peak with a retention
time of 61.6 min in FPLC Superose 12 HR gel filtration ,
and its molecular weight was determined to be ~29 kD
based on the retention time of standard protein markers
(Fig 1D). As shown in Fig 2, the purified Moschatin also
showed a single band with a molecular weight of ~29 kD
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by SDS-PAGE under both reducing and non-reducing
conditions. The pI value of Moschatin was 9.4 deter-
mined by IEF (similar to TCS, data not shown). Its N-
terminal amino acid sequence is determined to be NH2-
N-V-R-F-D-L-S-G-A-T.

rRNA N-glycosidase activity of Moschatin and its

inhibition to protein biosynthesis

It has been demonstrated that all plant RIPs are
rRNA N-glycosidase and catalytically cleave the N-gly-
cosidic bond of a specific adenosine residue, A4324, in rat
liver 28S rRNA. After further treatment with acidic
aniline, the phosphodiester bond was split at depurination
site and a specific RNA fragment about 400 nucleotides,
named R-fragment, was released. As shown in Lane 4

in Fig 3, the rabbit liver ribosomes were treated by only 10
ng Moschatin and acidic aniline, a clear specific band of
about 400 nucleotides (R-fragment) was appeared in the
urea-PAGE graph. The same band was revealed by TCS
(Lane 2, Fig 3), which is a rRNA N-glycosidase and used
as positive control. As shown in Fig 4, in the cell-free
protein synthesis system, Moschatin displayed a stron-
ger inhibitory activity compared with that of TCS. Their
IC50 values are 0.26 nM and 0.55 nM respectively. These
results suggest that Moschatin can be used as a toxin
moiety for immunotoxin construction.

Preparation of Immunotoxin Moschatin-Ng76 and its

cytotoxic activity against human melanoma cells

Fig 1. Purification of Moschatin from the mature seeds of pumpkin. The detailed experimental procedures are described in Materials and
Methods. The seeds were crushed, degreased and extracted, and the proteins were fractioned by ammonium sulfate precipitation. The
fraction containing Moschatin was applied to a CM-cellulose 52 column (A). Fraction containing RIP activities was pooled and subjected to
a Blue Sepharose CL-6B column (B). The active fraction was collected and further purified by a FPLC Superose 12 HR 30/30 column (C).
(D) Determination of molecular weight of Moschatin by FPLC Superose 12 HR gel filtration. Standard protein marker: 1, 40 kD, 58.0 min;
2, 25.7 kD, 64.0 min; 3, 14.4 kD, 75.2 min. The arrow indicates the retention time of Moschatin, 61.6 min. The molecular weight of
Moschatin can be calculated based on the linear relation of log10 (MW) Vs retention time.
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In a previous report, TCS has been successfully
constructed into immunotoxin and applied to destroy hu-
man liver cancer cells[16]. In order to observe anti-mela-
noma effect of Moschatin-Ng76, an immunotoxin TCS-
Ng76 was also constructed simultaneously. After exces-

Fig 2. 12.5% SDS-PAGE analysis of Moschatin. M, molecular
weight markers; Lane 1, crude extract; Lane 2, 50%-85% ammonium
sulfate precipitation; Lane 3, CM-cellulose 52 column
chromatography; Lane 4, Blue sepharose CL-6B affinity column
chromatography, Moschatin without treatment of -merca-
ptoethanol; Lane 5, FPLC Superose 12 column chromatography,
Moschatin treated with b-mercaptoethanol.

Fig 3. The rRNA N-glycosidase activity assay of Moschatin. The
rRNA N-glycosidase activity assay was performed as described by
Endo[7]. Lane 1, 10 ng TCS without acid aniline treatment (negative
control); Lane 2, 10 ng TCS treated with acid aniline (positive
control); Lane 3, 10 ng Moschatin without acid aniline treatment;
Lane 4, 10 ng Moschatin treated with acid aniline; Lane 5, 8 ng
Moschatin treated with acid aniline.

sive amount of 2-IT modified Moschatin/control; TCS
were mixed with SPDP modified Ng76 and fully reacted,
the two reaction mixtures were respectively applied on
Sephacryl S-200 size exclusion column (100.0 cm 1.1
cm). The fraction containing immunotoxin (TCS-Ng76/
Moschatin-Ng76) which were determined by SDS-
PAGE, was collected, sterilized and kept at 4  for
analysis.

The target cells M21 and non-target cells Hela were
treated with different concentrations of each sample
(Ng76, TCS, Moschatin, TCS-Ng76 and Moschatin-
Ng76). It is quite evident that Moschatin-Ng76 showed
potent inhibition against target melanoma cells M21 (Fig
5A) with a IC50 of 0.04 nM, 1500 times lower than that
of free Moschatin (IC50: 59.0 nM), and was more toxic
than that of TCS-Ng76 (IC50: 0.24 nM). Yet free McAb
Ng76 had very low inhibitory effect even at the level of
1000 nM. Like TCS-Ng76, Moschatin-Ng76 also showed
low cytotoxic activity on non-target Hela cells. Above
results indicated that immunotoxin Moschatin-Ng76 was
an effective and specific reagent against human mela-
noma cells.

DISCUSSION

Plant RIPs have been shown to have multiple functions,
such as antiviral, antifungal and insecticidal properties.
Therefore, they may play important roles in plant de-
fense system, and may have great potential in medicinal
or agronomic applications, such as anticancer drugs or

Fig 4. The protein synthesis inhibitory activities of Moschatin. This
assay was performed as described by Ying et al[13], using a rabbit
reticulocyte lysate system. Each point was the mean value of three
parallel experiments with the deviation less than 10%.

Moschatin and its IT against human melanoma cells
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Fig 5. The Cytotoxic activities analysis of immunotoxin Moschatin-
Ng76. Targeted human melanoma cells M21 (A) and non-targeted
Hela cells (B) were treated with designed concentration of samples
respectively, and the surviving cells were measured by MTT method.
In above figures each point was the mean value of three parallel
experiments with the deviation less than 10%.

antiviral transgenic tobacco, etc[17-19]. Many research-
ers are excited to make vigorous efforts for their
purification, characterization and investigation of their
possible uses[20-22]. In present work, a novel RIP des-
ignated as Moschatin has been isolated and character-
ized from the mature seeds of pumpkin. Similar to other
Type 1 RIP, it is a basic single-chain protein with a pI of
9.4 and a molecular weight of 29 kD. It appeared as a
single band in SDS-PAGE under both reducing and non-
reducing conditions. It showed potent rRNA N-glycosi-
dase activity and stronger inhibitory activity to protein
synthesis than that of TCS. Up to now, there has no

report about RIP purified from the seeds of pumpkin
(Cucurbita moschata). The N-terminal amino acid se-
quence of Moschatin is determined to be NVRFDLSG-
AT. By searching GenBank we find that there is no other
RIPs which has similar N-terminal amino acid sequence
to that of Moschatin, except a 26 kD RIP from sarcocarp
of Cucurbita pepo. All these results suggest that
Moschatin is a novel Type 1 RIP.

TCS, as a strong single chain RIP, has been con-
structed into immunotoxin and successfully applied to kill
human liver cancer cells. In the present study, two anti-
melanoma immunotoxins were constructed in parallel by
using TCS and Moschatin as the toxin moiety respectively.
It was found that Moschatin-Ng76 had stronger toxicity
against M21 cells than that of TCS-Ng76 (Fig 5). This
result may suggest the alternative clinical use of the
immunotoxins, so as to reduce immunologic rejection
against its toxin moiety. Some RIPs exist abundantly in
plant seeds and may play roles as storage proteins[23]
for their development, and some of them showed anti-
fungal activities. The possible antifungal activity of
Moschatin was also investigated, using eight species of
harmful agricultural fungi that were often used in anti-
fungal test (Pellicularia sasakii Ito, Alternaria alter-
nate (Fries) Keissler, Phytophthora boehneriae,
Fusarium graminearum Schw, Fusarium moniliforme,
Verticillum dahliae, Pellicularia sasakoo Ito,
Fusarium oxysporum of Cucumis melo L.). The results
showed that Moschatin had no inhibitory activity against
the growth of above funguses even at concentration of
1.0 mg/ml (10 ml per test, data not shown) which is usu-
ally the maximum concentration for most antifungal pro-
teins to achieve their strongest activities[24,25]. The real
biological role of Moschatin is still an intriguing issue which
needs further efforts to resolve it. The yield of Moschatin
purified from mature pumpkin seeds was relatively low.
Therefore, it would be helpful to clone, express and modify
its gene in order to explore its structure-function rela-
tionship and its real biological functions.
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