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Abstract: (- and (-Momocharins were purified by an improved procedure using the affinity Affi-gel Blue gel and the ion echange Mono-S FPLC column. Both purified (- and (-momorcharins possessed deoxyribonucleolytic activity. Under normal digestion conditions, they cleaved the supercoiled, double-stranded SV-40 DNA to produce nicked circular and linear DNAs. Prolonged incubation did not have any further effects. On the other hand, the linear DNAs, lambda, Ad-2 and T7 were not digested by (-nor(-momorcharins. Thus, it appears that the conformation of the DNA may be the determining factor for the deoxyribonucleolytic activity of these momocharins.
(-and (-Momorcharins ((-and (-MMCs) are two proteins found in abundance in the tradition Chinese herbal medicine Kuguazi (seeds of bitter gourd Momordica charantia). Both MMCs are basic glycoproteins (~2% carbohydrate) with molecular weights around 30,000 daltons (1). Their amino acid compositions (2) as well as their secondary structures (3) are similar to each other. These two proteins also possess a number of similar biological activities which may account for some of the medicinal value of the bitter gourd. These biological activities include induction of mid-term abortion (4,5), inhibition of tumor growth and suppression of immune response (6). Recently, it was discovered that both MMCs, like trichosanthin (7), a structurally related proteins isolated from the root tubers of Trichosanthes kirilowii (8, 9), also inhibit human immunodeficiency virus-1 replication (10). Both MMCs are ribosome inactivating proteins (RIPs) and the ribosome inactivating and hence protein synthesis inhibiting effect is believed to be responsible for at least some of the observed biological effects of these proteins (11).

In the present investigation, it was shown that both (-and (-MMcs possessed deoxyribonucleolytic activity. As DNA carries the information for transcription, its degradation will lead to defective protein synthesis and eventually cell dealth. Thus, the deoxyribonucleolytic action may represent a novel mechanism of the cytotoxic action of these MMCs.

Materials and Methods

Purification of (-and(-MMcs; Ripe dried seeds of Momordica charantia were purchased from the local market. In a typical preparation, 2.5 g decorticated seeds were ground in a mortar. The powder was soaked and homogenized in 20 ml of 10 nM NaPi, pH 7.0. The resultant slurry was stirred for 3 h and then centrifuged at 30,000 g for 1 h at 4o C. After filtering through cheesecloth, the supernatant was dialyzed against 10 nM NaPi, pH 7.0 at 4 o C. The dialyzed sample was added to 5 ml Affi-gel Blue gel(Bio-Rad) equilibrated with the dialyzed buffer. The gel was washed with several changes of the same buffer(total 120 ml) until the washing was clear. The gel was then packed in a column(1x6.4 cm) and washed until all the unbound proteins were washed off. Elution was performed with 0.5 M NaCl in 10 mm NaPi,pH 7.0. The pooled fractions were concentrated by ultrafiltration using PM 10 membrane (Amicon). The concentrated extract was dialyzed against 2 nM NaPi,pH 7.5 at 4o C. After dialysis, the sample was passed through 0.2 (m filter before applying to a cation exchange Mono-S HR 5/5 FPLC column (Pharmacia). The proteins were eluted by a linear of 0-60 mM NaCl in2 mm NaPi,pH 7.5 at a flow rate of 1 ml/min. The purified samples were concentrated, dialyzed against nano-pure water and were ready for further characterization.

Electrophoretic Procedure: Sodium dodecyl sulfate (SDS) polyacrylamide gel eletrophoresis was performed according to the procedure of Laemmli and Favre (12), using a 12% resolving gel and a 5% stacking gel. The gel was stained for proteins using 0.1% Coomassie Blue for 2 h and destained with 10 % acetic acid and 25% methanol.

Cell-free protein synthesis: The biological activity of the MMCs was assayed by its abilityu to inhibit protein syntheisi in the rabbit reticulocyte lysate assay system as described by Pelham and Jackson (13).

Protein and enzyme (deoxyribonucleolytic) assay: Protein concentration was determined colorimetrically by the method of Lowry et al. (14), using bovine serum albumin (BSA) as the standard. To measure the deoxyribonucleolytic activity, supercoiled, double-stranded SV-40 DNA(200 ng, Bethesda Research Laboratories) was incubated with (-or(-MMC(200 ng) in2 mM MgCl2, 10 mM Tris-CI,pH 7.5 at 37o C. The reaction was terminated by the addition of gel loading buffer (60 mM EDTA, 0.25% bromophenol blue and 30% glycerol). Electrophoresis was carried out in 1% agarose gel under non-denaturing conditions with standard TBE buffer at a constant voltage of 60 V. The gel was stained for DNA with ethidium bromide at a final concentration of 0.2 (g/ml for 45 min and destained with water. The DNA bands were visualized on a UV transilluminator and photographed with a Polaroid MP 4 camera.

Preparation of nicked circular and linear forms of SV-40 DNA : Nicked circular SV-40 DNA was obtained by incubating supercoiled, double stranded SV-40 DNA with topoisomerase I (10 units, Bethesda Research Laboratories) in 50 mM KCI, 10 mM MgCI2, 0.1 mM EDTA, 0.5 mM DTT, 50 mM Tris-CI, pH 7.5 for 12 h at 37o C. Linear form of  SV-40 DNA was prepared by incubating the DNA with EcoR I (1 unit, New England Biolab) for 1 h at 37o C. The DNA was analyzed by electrophoresis on 1.4 % agarose gel. The linear and nicked circular forms of SV-40 DNA were recovered from the gel and purified by gene clean kit II (BIO-101).

Results

Purifications of (-and(-momorcharins : (-and (-MMCs were separated from the majority of proteins in the crude extract of the seeds by affinity chromatography on Affi-gel Blue gel (Fig. 1). The Affi-gel Blue eluted was resolved into several peaks on an ion echange Mono-S FPLC column (Fig. 2). Based on the retention times, peaks III and INTRAVEOUSLY were identified as (-and (-MMC respectively. Their identities were confirmed by the Ouchterlony double immunodiffusion: the purified (-and (-MMCs reacted respectively with antisera against (-and (-MMC standards purified by the conventional procedure (1). The precipitation line fused smoothly with that of the corresponding standard (data not shown). Both of them showed virtually a single protein band with molecular weight approximately 29,000 upon SDS-polyacrylamide gel eletrophoresis (Fig. 3). A single band with pI about 9 was also observed for both of them upon isoelectric focusing (data not shown) Inhibition of cell-free protein synthesis by the purified proteins was examined by using the rabbit reticulocyte lysate system. The ID50 of (-and (-MMCs were 0.18 and 0.15 nM respectively, similar to those reported previously (11). Using the present procedure, 3.5 mg (-MMC and 1.8 mg (-MMC can be obtained from 2.5 g decorticated seeds in two days.

Deoxyribonucleolytic activity of (-and (-MMCs : Preincubation of the supercoiled, double-stranded SV-40 DNA with (-(Fig. 4A) or (-MMC(Fig. 4B) changed the DNA pattern upon agarose gel electrophoresis. The supercoiled, double-stranded DNA was transformed into two bands. In order to make sure that the band shift was not due to the binding of MMc onto SV-40 DNA, attempts were made to separate the two species before electrophoresis. The MMC was digested by the addition of protease K after incubating with the DNA. The DNA was then extracted by phenol/chloroform (1:1) and precipitated with ethanol. Subsequent electrophoresis analysis indicated the same change in DNA pattern (data not shown). The two bands were identified as nicked circular and linear forms of SV-40 DNA, as they had the same migration as the topoisomerase I-treated and EcoR I-treated SV-40 DNAs respectively (Fig. 5). Even after prolonged incubation (18 h), the nicked circular and linear DNAs were not further digested (Fig. 5). Purified nicked circular and linear SV-40 DNAs also resisted further degradation by the MMCs (data not shown). Other linear DNAs, for example, lambda, Ad-2 and T7 were also insensitive to the action of (-and (-MMcs (data not shown).

Discussion

Research on RIPs are related toxins has been an intriguing topic during the last decade. One of the obstacles in these studies is the availability of the proteins. The conventional procedure for the purification of most of these proteins involves lengthy procedure. For example, the purification of (-and (-MMCs involves acetone precipitation, separation of the two proteins by CM-Sepharose CL-6B ion exchange chromatography, and then for each of them, molecular exclusion chromatography using Sephadex G-100 (1). The whole process takes at least two weeks.

In the present investigation, an improved procedure using the affinity Affi-gel Blue gel and ion exchange Mono-S FPLC column was developed. Affi-gel Blue has been successfully employed as the final step of purification for a number of RIPs, including those of plant, bacterial and fungal origin (15-18). As an affinity chromatography gel, Affi-gel Blue has the potential of being used in the first step of the purification process. In the purification (-and(-MMCs more than 90% of the non-MMC proteins was removed by this single step(Fig. 1&3), which enable subsequent final purification to be carried out by the efficient FPLC system using the Mono-S  column. The final products were pure with respect to SDS-polyacrylamide gel electrophoresis and isoelectric focusing. They were also identical to the (-and(-MMCs purified by the conventional methods with respect to their inhibition on protein synthesis and immunodiffusion properties. They yield of (-and(-MMC from the present two-stepped procedure was about 3 times higher than that by the conventional method. Such a procedure may find wide applications in the preparation of other RIPs.

The biological activities of RIPs are believed to involve enzymatic reactions. An N-glycosidase activity has been detected in most, if not all, plant and bacterial RIPs, while ribonuclease activity has been demonstrated in fungal RIPs. These enzymatic activities modify the ribosomal RNA, thus inactivating the ribosome and resulta in inhibition of protein synthesis. Some related protein toxins, fro example, diptheria toxin possesses ADP-ribosyl transferase activity which explains their inhibition on protein synthesis (reviewed in (19)). On the other hand,some protein toxins also exhibit deoxyribonucleolytic activity which may also be responsible for their toxicity. Include in this category are (-sarcin (20), diptheria toxin (21), pyocin S2 (22) and trichosanthin (23, 24).

Two other RIPs, (-and (-MMCs also possessed such deoxyribonucleolytic activity. Both of them acted on the supercoiled, double- stranded DNAs SV-40(Fig. 4) and M13 mp18 (data not shown) to produce nicked circular and linear forms of the DNA. On the contrary, they failed to act on the linear form of the DNA. Other linear DNAs examined also resisted digestion by these MMCs, it appears that the conformation of the substrate may be the determining factor for the deoxyribonucleolytic activity. Such a substrate specificity has also been observed on the deoxyribonucleolytic activity may represent a novel mechanism for the biological effects of (-and (-MMCs, in addition to the well-established ribosome inactivation activity which presumably is due to the N-glycosidase activity of MMCs.

Experiments to characterized the deoxyribonucleolytic activity of (-and (-MMCs are in progress. To determine there are any specific cleavage site, the supercoiled SV40 DNA was first treated with MMcs then with a known specific endonuclease. Preliminary data on these joint digestion experiments (using EcoR I and BamH I) failed to detect any specific cleavage site DNA (data not shown). It is obvious that further experiments are needed to understand the mechanism of the deoxyribonucleolytic activity of the MMCs.
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