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Abstract        Plant ribosome-inactivating proteins (RIPs) have multiple biological functions, and have  been

widely used in the studies on biomedical and agronomic applications. Moschatin is a novel single-chain RIP

recently purified from pumpkin seeds, and it has been successfully applied to construct the immunotoxin that

can selectively kill the cultured human melanoma cells. Six stable strains of hybridomas (2H8, 4A8, 5B6,

6F8, 4H10 and 6C2) that can secrete high specific monoclonal antibodies against Moschatin have been

successfully prepared using hybridoma technique. The isotypes of these monoclonal antibodies are

IgG
1
, IgG

1
, IgG

1
, IgG

1
, IgG

2a
 and IgM. Their affinity constants were determined to be 1.42×108, 2.71×108,

8.72×107, 2.06×108, 1.36×108 and 1.51×108 M–1 in a sequent order, measured by non-competitive ELISA.

The monoclonal antibody 4A8 has been used to detect Moschatin in Western blot. An immunoaffinity gel,

which consisted of a monoclonal antibody 4H10 and Sepharose 4B, was prepared and used to purify Moschatin

from pumpkin seeds crude extract.
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Plant RIPs can irreversibly inhibit protein synthesis

by site-specifically cleaving the N-glycosidic bond of

an adenosine residue (A4324) in the rat largest ribosomal

RNA (rRNA) [1]. Most RIPs are single chain protein, such

as trichosanthin (TCS), and have rRNA N-glycosidase

activity [2]. Some RIPs contain two polypeptide chains,

like ricin, of which an A chain with rRNA N-glycosidase

activity is linked to a B chain through a disulfide bond.

The B chain is a lectin-like polypeptide and can help

A chain enter into the cytoplasm by binding to cell surface

receptors, leading to their high cytotoxicity [3]. Single chain

RIPs can also be highly cytotoxic when they are

conjugated with cell targeting molecules, such as mono-

clonal antibody [4].

Besides rRNA N-glycosidase activity, plant RIPs have

recently been shown to display a variety of other activities,

such as antifungal, antitumor, antiviral, apoptosis-inducing,

immunosuppressive and HIV-1 integrase inhibitory

activity [5–18]. They are thought to have great potential in

biomedical and agricultural applications, such as being used

to prepare selectively cell-killing reagents (immunotoxin)

and transgenic plants [19–21].

Moschatin is a novel single chain RIP that has been

recently purified from pumpkin seeds, and has strong

inhibitory activity to protein synthesis. It has been used

for the construction of an immunotoxin that can efficient-

ly and selectively kill the cultured human melanoma cells

[22]. In order to investigate Moschatin further, McAbs

against Moschatin have been successfully prepared in this

work, and their properties and applications have also been

preliminarily studied.

Materials and Methods

Materials

50% Polyethylene glycol solution (PEG, M
r
 1450)

was obtained from Sigma. The CNBr-activated Sepharose

4B was purchased from Amersham Pharmacia. Standard

Moschatin was prepared as described by Xia et al. [22],

using ammonium sulfate precipitation, CM-Cellulose 52
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column chromatography, Blue Sepharose CL-6B affinity

column chromatography and FPLC Superose 12 column

chromatography successively. The single-chain RIPs Luf-

fin A and Luffin B were prepared as described by Gao et

al. [23]. Crystal TCS was purchased from Jinshan Phar-

maceutical Factory (Shanghai, China). The two-chain RIP

Cinnamomin was a gift from Prof.  Wang-Yi LIU (SIBCB,

CAS). Mouse antibody isotyping kit (Zymed, USA) was

kindly gifted from Prof. Dian-Qing WU (Department of

Genetics and Developmental Biology, University of Con-

necticut Health Center, Farmington, USA). 6 weeks old

female Balb/c mice were purchased from Shanghai Labo-

ratory Animals Center, CAS. The EIA multiscan reader

was the product of Labsystems. All other reagents were

of analytical grade.

Preparation of McAbs against Moschatin

The mice immunization, cell fusion and HAT selection

were performed according to “Antibodies: A Laboratory

Manual” [24]. Female Balb/c mice were immunized

intraperitoneally with 50 g homogenous Moschatin

(dissolved in 0.25 ml PBS, pH 7.2) mixed with an equal

volume of Freund’s adjuvant in 1 month’s intervals.

Freund’s complete adjuvant was used for the first

injection and Freund’s incomplete adjuvant was used for

the following injections. The blood was collected from

tail-vein of each mouse 1 week after every immunization

and the serum titer was tested. After 3 times immunization,

the mouse with the highest antibody titer was boosted 

 in 0.5 ml PBS, pH 7.2. On the 4th day

after boosting, the mouse was killed and the spleen cells

were harvested and fused with murine myeloma cells (X63-

Ag8-653) at a ratio of 5:1 using PEG method. Then the

cells were suspended in HAT selective cell culture medium,

transferred into 96-we , and

cultured in an incubator with 5% CO
2
 at 37 . About

10 d later, the cultured mediums in wells with growing

hybridomas were screened for anti-Moschatin antibodies

by indirect ELISA, and the positive hybridomas were

cloned further by limiting dilution method. After 3–5

cycles of cloning, the stable hybridoma cell lines were

obtained.

In order to obtain McAbs with quantities, the pristine-

primed Balb/c mice were injected intraperitoneally with

1.0×106 hybridoma cells per mouse, and the ascites was

collected and purified by ammonium sulfate precipitation

and protein A affinity gel.

Characterization of McAbs against Moschatin

Determination of antibody isotype        The antibody

isotype was determined by Mouse antibody isotyping kit,

according to the manufacturer’s instructions.

Assay of antibody specificity        The antibody specificity

was determined by indirect ELISA. As described by

Douillard et al. [25], the ELISA plates were coated with

5.0 mg/L different antigens respectively, including

Moschatin, Luffin A, Luffin B, TCS, Cinnamomin and

bovine RNase, and blocked with 10% new-born calf

serum in PBS. Then the plates were incubated with spent

medium of different hybridomas, then further with goat

anti-mouse IgG labeled with horseradish peroxidase.

Finally the color was developed using substrate TMB and

the absorbance at 450 nm was read on EIA multiscan reader.

Measurement of ascites titer        The McAb ascites

titer was determined by indirect ELISA, according to

the method of Yan et al. [26]. Briefly, the ELISA plate

was coated with 0.5 g Moschatin per well and blocked,

then incubated with the gradually diluted ascites. The

following steps were performed as mentioned above. The

ascites titer is defined as its highest dilution folds when

the value of A
450

 reached 0.1.

Measurement of antibody affinity constant       The

antibody affinity constant was determined by non-

competitive ELISA, as described by Beatty et al. [27].

The protein A affinity gel purified monoclonal antibodies

were used in this experiment, and their concentrations were

quantified by their absorbance values at 280 nm. The ELISA

plates were coated with 5.0 mg/L coating proteins, which

contained different concentrations of Moschatin and

appropriate concentration of BSA. After being blocked,

the plate was added with McAb against Moschatin in a

series of diluted concentrations and incubated for 1 h at

37 . The following steps were performed as mentioned

above and the optical absorbance at 450 nm was measured.

The sigmoid curve was plotted to represent the relation-

ship of A versus lg(DM). DM is the dilution multiples of

antibody, and A is optical absorbance at 450 nm. A-100

and A-0 represents the largest optical density and the low-

est one respectively. A-50 is equivalent to 50% of A-100.

According to Formula (1) at A-50, the affinity constant

of antigen-antibody interaction can be estimated:

,
)]Ab[]Ab[(2

1

tt

aff

−×
−=
'n

n
K  

t
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]Ag[

]Ag[

'
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In this experimental condition, the n is equivalent to the

ratio between two different concentrations of Moschatin

in coating solutions. [Ab]
t
 and [Ab']

t
 is the total antibody

concentration at A-50 for plates coated with two different

concentrations of antigen respectively. [Ab]
t
 and [Ab']

t 
can

be determined according to the initial concentration of
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McAbs and dilution multiples at A-50.

Application of McAb for Western blot

Western blot was performed according to Yan et al. [26].

Different Moschatin preparations were subjected to SDS-

PAGE, and transferred to a polyvinylidene fluoride (PVDF)

membrane by a semi-dry transfer cell (Bio-Rad, USA).

The transferred PVDF membrane was blocked by 10%

new-born calf serum in PBS, and incubated with purified

McAb (0.5 mg/L) against Moschatin. Then the membrane

was reacted with goat anti-mouse IgG labeled with horse-

radish peroxidase, and the protein bands were visualized

using substrate DAB.

Application of McAb for immunoaffinity chromato-
graphy

The affinity gel was prepared according to the

Pharmacia product manual. The resulted affinity gel

was loaded into a small column (1.0 cm×5.0 cm) and

equilibrated with 10.0 mM pH 7.6 phosphate buffer (PB).

The 50%–85%  ammonium sulfate precipitation fraction

of pumpkin seeds crude extract was sufficiently dialyzed

against 10.0 mM pH 7.6 PB, and applied to the column.

The column was washed with equilibrium buffer to re-

move unabsorbed proteins, and then the absorbed pro-

teins were eluted by  0.1 M NaAc/HAc, pH 4.0, contain-

ing 0.1 M NaCl. The purity and N-glycosidase activity of

purified Moschatin were analyzed.

Results

Characterization of McAbs

Using cell fusion method, we successfully screened out

six stable strains of hybridomas secreting McAbs against

sbAcM
snietorpdetaoC

nitahcsoM AniffuL BniffuL SCT nimomanniC esaNRenivoB

8H2 502.1 270.0 870.0 180.0 170.0 67.0

8A4 381.1 170.0 080.0 650.0 650.0 160.0

01H4 541.1 080.0 090.0 560.0 860.0 880.0

6B5 842.1 290.0 301.0 001.0 880.0 960.0

2C6 921.1 460.0 470.0 260.0 550.0 070.0

8F6 372.1 470.0 950.0 350.0 150.0 250.0

Table 1      The specificity analysis of McAbs by indirect ELISA (A
450

)

Moschatin. These hybridomas were named 2H8, 4A8, 5B6,

6F8, 4H10 and 6C2 respectively. The isotypes of secreted

McAb were determined to be IgG
1
, IgG

1
, IgG

1
, IgG

1
, IgG

2a

and IgM respectively, using Mouse antibody isotyping kit.

The results of antibody specificity analysis (Table 1)

showed that all these antibodies were highly specific for

Moschatin. Western blot also gave the same results (data

not shown).

The affinity constant of McAb was measured by

non-competitive ELISA as described in “Materials and

Methods”. The experimental results were shown in

Fig. 1. From these curves, the affinity constants of these

McAbs were calculated as following: 2H8, 1.42×108 M–1;

4A8, 2.71×108 M–1; 5B6, 8.72×107 M–1; 6F8, 2.06×108

M–1, 4H10, 1.36×108 M–1; 6C2, 1.51×108 M–1.

Preparation of McAbs

Three hybridoma cell lines (2H8, 4A8 and 4H10) that

secreted McAbs were used to produce ascites, 3 mice

for each hybridoma cell line. About 4.5 ml ascites was

obtained averagely from each mouse. Their ascites titers

were all higher than 1.0×106 determined by indirect-ELISA.

The homogenous McAbs (single staining band in SDS-

PAGE analysis) were obtained from ascites by 40%

ammonium sulfate precipitation and protein A-Sepharose

affinity chromatography. About 8.0 mg, 4.0 mg and

1.0 mg McAb were obtained from per ml ascites of 4H10,

2H8 and 4A8, respectively. The purified McAbs were

used in following studies.

Preliminary applications of McAbs

The McAb 4A8 was successfully used in Western blot

of Moschatin, and the results (Fig. 2) showed that only

a single specific band was revealed from different

Moschatin preparations, including the crude extract of
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pumpkin seeds, the ammonium sulfate precipitation of

crude extract, the preparations purified by conventional

methods and immunoaffinity chromatography respectively.

The McAb 4H10 has been used in affinity purification

of Moschatin. As described in Methods, an immuno-

affinity gel, in which about 1.5 mg McAb 4H10 was

conjugated to 1.0 ml of CNBr-activated Sepharose 4B,

was prepared. The capacity of the affinity gel was

Fig. 1        Measurement of antibody affinity constant by non-competitive ELISA

(A) McAb 2H8; (B) McAb 4A8; (C) McAb 5B6; (D) McAb 6F8; (E) McAb 4H10; (F) McAb 6C2. A
450

, the optical density at 450 nm; DM, the dilution multiples of

McAb. The total coating protein concentration was 5.0 mg/L, containing Moschatin alone or mixed with appropriate amount of BSA. In Curve a, the coating Moschatin

concentration was 5.0 mg/L; while in Curve b, the coating proteins containing 2.5 mg/L Moschatin and 2.5 mg/L BSA. The affinity constant can be calculated as

described in Methods.

Fig. 2      SDS-PAGE and Western blot analysis of Moschatin

(A) SDS-PAGE. (B) Western blot. M, standard protein molecular weight marker;

1, crude extract of pumpkin seeds; 2, 50%–85% ammonium sulfate precipitation

of the crude extract; 3, standard Moschatin; 4, immunoaffinity purified Moschatin.

measured to be about 0.36 mg Moschatin per ml gel. The

gel was used to purify crude ammonium sulfate precipita-

tion of Moschatin. As shown in Fig. 2, just as the standard

Moschatin did, the Moschatin purified by one-step

affinity chromatography showed a single band with a same

molecular weight of about 29 kD in the SDS-PAGE graph.

The yield is higher than that of conventional method, about

26.0 mg homogenous Moschatin was obtained from

100.0 g pumpkin seeds by affinity chromatography, but

only 8.0 mg Moschatin can be obtained from the same

amount of seeds by conventional method [22].

The result of N-glycosidase activity analysis of affinity

purified Moschatin is shown in Fig. 3. Plant RIPs can

hydrolyze the N-C glycosidic bond of the adenosine

residue A4324 of rat liver ribosome 28S rRNA. After the

rRNA is further treated with acidic aniline, the phospho-

ribose chain is split and a specific RNA fragment of 400

nucleotides (named -fragment) is released. As shown

in Lane 6 of Fig. 3, such a tiny amount of affinity purified

Moschatin (only 10 ng) was sufficient to yield the clear

specific α -fragment, which was also revealed by

the standard Moschatin and the N-glycosidase activity

positive control (TCS).
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Discussion

Plant RIPs have multiple biological functions and their

potentials in biomedical and agronomic applications have

been widely investigated [28,29]. Moschatin is a novel single

chain RIP recently purified from pumpkin seeds, and has

been successfully applied to construct the immunotoxin

that can selectively kill the cultured human melanoma cells,

indicating its great potential as a new anticancer agent.

Moschatin has stronger inhibitory activity on protein

synthesis compared with that of TCS [22]. TCS is a

well-known strong single chain RIP and possesses multi-

plex biological functions, especially the anti-HIV and

anti-tumor activities [2]. In order to explore the properties,

functions and applications of Moschatin further, it is

helpful to prepare McAbs against Moschatin.

In present paper, we have screened out six strains

of hybridomas secreting highly specific McAbs against

Moschatin. The McAb 4A8 with higher affinity constant

has been successfully used in Western blot of Moschatin,

and may also be applied to investigate the intracellular

localization of Moschatin. The McAb 4H10 was success-

fully applied in immunoaffinity chromatography

of Moschatin. Because of lower affinity constant of it, the

mild eluant (0.1 M NaAc/HAc, pH 4.0, containing 0.1 M

NaCl) can be chosen to elute the Moschatin absorbed on

the column, which is favorable for maintenance of the

native activity of Moschatin. The results indicated that

one-step affinity chromatography is efficient, timesaving

and easy to handle, requiring no costly equipments.

The successful preparations of McAbs against Moschatin

and their primary applications will greatly benefit the

further research on Moschatin, such as the relationship

between its structure and function, its gene cloning and

expression, and preparation of its recombinant immuno-

toxin, etc.
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