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Abstract Recurrence and persistent side effects of pres-

ent day treatment for urolithiasis restrict their use, so an

alternate, using phytotherapy is being sought. Dolichos

biflorus seeds, which are used as dietary food in India,

possess antilithiatic properties. In the present study, a novel

dimeric antilithiatic protein (98 kDa) from its seeds was

purified based on its ability to inhibit calcium oxalate

crystallization in vitro. Amino acid analysis of Dolichos

biflorus antilithiatic protein showed abundant acidic amino

acids. The mascot search engine presented sequence sim-

ilarity with a calcium binding protein, calnexin of Pisum

sativum from the m/z data obtained by MALDI TOF mass

spectrometer. Above results demonstrate the anticalcifying/

antilithiatic nature of a novel protein from the seeds of

Dolichos biflorus and thus open new vistas for using plant

proteins as therapeutic agents to treat urolithiasis.
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Abbreviations

CNX Calnexin

DAP Dolichos biflorus antilithiatic protein

CaOx Calcium oxalate

CO Calcium oxalate monohydrate

C Calcium oxalate dihydrate

FT Fourier transform infrared spectroscopy

MALDI TOF Matrix-assisted laser desorption/

ionization-time-of-flight mass

spectrometry

RP Reverse phase

HPLC High pressure liquid chromatography

TFA Trifluoroacetic acid

EG Ethylene glycol

PMSF Phenylmethane sulphonyl fluoride

1 Introduction

Urolithiasis, one of the most painful ailment of the urinary

tract, has beset humans from centuries. The formation of

such concretion encompasses several physico-chemical

events beginning with crystal nucleation, growth, aggre-

gation [26] and ending by retention on renal tubular epi-

thelial surfaces [27]. The mechanisms governing the

induction of all these processes remain speculative. Cal-

cium oxalate (CaOx) is the primary constituent of the

majority of stones formed in the urinary system of patients

with urolithiasis. Calcium oxalate monohydrate (COM),

the thermodynamically most stable form, is observed more

frequently in clinical stones than calcium oxalate dihy-

drate (COD) and it has greater affinity for renal tubular

cells, thus responsible for the formation of stones in kid-

ney [39]. In addition to CaOx, another form of calcium

deposits, calcium phosphate precipitates, are common in

individuals who are older than 35 year and are considered

as relatively benign form of renal calcification [44]. One

form of calcium phosphate stone i.e., brushite (CaHPO4)
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represents an early phase of calcium phosphate stone

formation [11]. A nidus of brushite can elicit heteroge-

neous nucleation or epitaxial growth of calcium oxalate.

Thus brushite has been implicated in the formation of both

hydroxyapatite and CaOx stones [34]. The saturation state

of body fluids with respect to stone-forming constituents

and the presence of various biomolecules (inhibitors/

stimulators) in the body fluids as well as organic matrix

are known to influence mineralization [41, 2, 3, 29].

Certain stone inhibitory biomolecules such as proteins,

lipids, glycosaminoglycans and inorganic compounds have

been reported [37]. These kidney stone inhibitory bio-

molecules may keep the crystals from aggregating or

accumulating as additional layers and thus prevent their

growth.

Developments of modern techniques have revolution-

ized surgical management of the problem. Extracorporeal

shock wave lithotripsy (ESWL) is currently the first-line

treatment for upper urinary tract calculi. This treatment is

not without side effects [42], and kidney damage during

ESWL is a clinically significant problem [24]. The

mechanisms underlying shockwave-induced renal tubular

injury are not completely understood, though shear

forces, thermal and cavitation effects, and free radical

formation have been postulated [30, 40]. Therefore, it is

worthwhile to look for an alternative for the management

of urolithiasis. Many medicinal plants have been

employed during ages to treat urinary stones though the

rationale behind their use is not well established through

systematic and pharmacological studies, except for some

composite herbal drugs and plants [5, 18]. Interestingly,

the areas having high consumption of these plant prod-

ucts, reported a very low incidence of urolithiasis and

dietary patterns have been thought to play an important

role for varied incidence of urinary calculi in the specific

regions [14].

Dolichos biflorus is a leguminous pulse crop of sub-

tropics. Its immature seeds are widely consumed as food

in south Asian countries including rural areas of India. It is

also used in folklore to treat urolithiasis [31]. So far, a few

investigators have studied its efficacy on calcium miner-

alization. More recently, the seeds of D. biflorus were

tested and compared with Cystone� (commercial drug) for

their in vitro antilithiatic activity on calcium phosphate

precipitation [12]. The extract of D. biflorus showed

inhibitory activity almost equivalent to Cystone� towards

calcium phosphate precipitation. Similar in vitro study

showed the possibility of more than one biomolecules in

D. biflorus, possessing the ability to inhibit calcium

phosphate precipitation [35]. The present study aimed at

examining the efficacy of D. biflorus and identification of

the most potent biomolecule responsible for its antilithiatic

property.

2 Materials and Methods

2.1 Materials

The seeds of D. biflorus were identified and then authen-

ticated by microscopical and physiochemical data. The

seeds were dried, powdered and stored before extraction.

Other materials required were Macro Prep� 25 Q Strong

anion exchanger (Bio-Rad laboratories), Bio gel� P-100

gel (Medium 90–180 lm) Molecular sieve support (Bio-

Rad laboratories), carbonic anhydrase, alcohol dehydro-

genase, bovine serum albumin, Trypsin profile IGD kit

(Sigma, St. Lois, USA), Solvents used were of HPLC

grade. All other chemicals were of analytical grade.

2.2 Crystal Growth Inhibition

Inhibitory activity against CaOx crystal growth was mea-

sured using the seeded, solution-depletion assay described

previously [7, 32]. COM crystal seeds (from FTIR identi-

fied clinical kidney stones) were added to a solution con-

taining 1 mM calcium chloride (CaCl2) and 1 mM sodium

oxalate (Na2C2O4). The reaction of CaCl2 and Na2C2O4

with crystal seed would lead to deposition of CaOx on the

crystal surfaces, thereby decreasing free oxalate that is

detectable at k214 nm. When a protein is added into this

solution, depletion of free oxalate ions will decrease if the

protein inhibits CaOx crystal growth. Rate of reduction of

free oxalate was calculated using the baseline value and the

value after 30-s incubation with or without protein. The

relative inhibitory activity was calculated as follows: %

Relative inhibitory activity = [(C - S)/C] 9 100, where

C is the rate of reduction of free oxalate without any pro-

tein and S is the rate of reduction of free oxalate with a test

protein.

Homogenous mineralization system was used to study

the extent of in vitro mineral phase formation in the absence

of any matrix [41]. This in vitro homogeneous assay system

was modified by replacing 17.5 mM barbital buffer with

0.1 M Tris buffer (pH 7.4). The homogenous system con-

sisted of 5 mM CaCl2 and 5 mM KH2PO4. After incubating

this system at 37 �C, precipitates obtained were centrifuged

and the pellets were resuspended in 0.1 N HCl. The calcium

(Ca2?) and phosphate ions (HPO4
2-) concentration in the

precipitate represented the extent of precipitation (crystal-

lization) of these ions and the inhibitory biomolecule(s) will

minimize the extent of their precipitation. The Ca2?and

HPO4
2- ions were estimated by the methods of Trinder [43]

and Gomori [13], respectively. Percentage inhibition of

mineral phase in the presence of test protein was calculated

as: %age Inhibition = [(C - T)/C] 9 100, where T is the

concentration of Ca2?or HPO4
2- ion of the precipitate

formed in the assay system with the test protein and C is the
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concentration of Ca2?or HPO4
2- ion of the precipitate

formed in control system which had distilled water

(Millipore).

2.3 Protein Purification

Powdered D. biflorous was extracted with 50 mM Tris–Cl

buffer (pH 7.4), containing 0.25 M NaCl, 1 mM PMSF and

0.01% sodium azide for 24 h with gentle stirring at 4 �C.

The slurry was centrifuged at 10,000g for 20 min at 4 �C to

recover the supernatant. Protein in the supernatant was

precipitated with ammonium sulfate (0–75% saturation) to

recover the pellet with CaOx inhibitory activity. The pellet

was dissolved in 50 mM Tris–Cl buffer containing 50 mM

NaCl (pH 7.4) and dialyzed against the same buffer before

fractionation on strong anion exchanger Macro Prep� 25 Q

column (50 9 1.5 cm) pre-equilibrated with 20 mM Tris

buffer with 0.1 mM NaCl (pH 7.4) using Biologic LP

system (Bio-Rad). The elution was carried out with same

buffer using a linear gradient of 0.1–1.0 M NaCl at flow

rate of 1 ml/min. The fractions having anti-lithiatic activity

were pooled, dialyzed against 50 mM Tris–Cl containing

50 mM NaCl and further fractionated on a Bio gel� P-100

gel molecular sieve column (70 9 2.5 cm) equilibrated

and eluted with the 20 mM Tris buffer (pH 7.4) at a flow

rate of 25 ml/h. The active fractions were pooled and the

homogeneity was evaluated by electrophoresis and reverse

phase HPLC. The purified protein was stored at -20 �C for

further analysis.

2.4 Electrophoresis

SDS/PAGE was carried out using 10% polyacrylamide gels

[22]. Native PAGE was carried out using 10% gels without

using SDS or 2-mercaptoethanol. The molarity of the

electrophoresis buffer used for native gels was 50 mM

Tris–Cl and 284 mM glycine. The gels were over-run for

15 min for native PAGE and stained with Coomassie

Brilliant Blue R-250.

2.5 Homogeneity and Molecular Mass of Purified

Protein by HPLC

Homogeneity was ascertained by RP-HPLC, using a

Waters Spherisorb� C18 (5l, 4.6 9 250 mm) column with

solvent A (0.1% TFA in water) and solvent B (100%

acetonitrile containing 0.1% TFA). Protein was injected at

a flow rate of 0.7 ml/min. The column was washed with

solvent A for 5 min and brought to 50% acetonitrile in

7 min. The bound protein was eluted with a linear gradient

of acetonitrile (50–70%) over a period of 60 min. The

detection was monitored at 280 nm using Waters 2996

photodiode array detector.

The molecular mass of purified inhibitor protein was

determined by gel filtration on HPLC using a Protein Pak

125 (300 9 7.8 mm) column, equilibrated with 20 mM

sodium phosphate buffer (pH 7.2). The elution was carried

out at a flow rate of 0.7 ml/min. The protein was detected

at 280 nm using Waters 2996 photodiode array detector.

The column was calibrated using standard proteins (car-

bonic anhydrase 29 kDa; Bovine serum albumin 68 kDa;

alcohol dehydrogenase 150 kDa).

2.6 Amino Acid Analysis

Total amino acid content in the protein was estimated after

acid hydrolyses of purified protein sample by the method of

Elkin and Wasynczuk [10]. Derivatization of free amino

acids after hydrolysis was performed by phenylisothiocy-

anate (PITC) and loaded on silica based column Pico Tag

(Waters; 3.9 9 15 cm). Elution was done under high

pressure using a gradient of sodium acetate trihydrate in

6% acetonitrile and 60% acetonitrile. The detection was

done at a wavelength of 254 nm.

2.7 Isoelectric Point Determination

Isoelectric point was determined by the method of Yang

and Langer [46]. Fully hydrated (20% v/v ethanol) Macro

Prep� 25 Q Strong cation exchanger supports were utilized

for determination of isoelectric point. After washing of

matrix, it was equilibrated with 40 mM phosphate buffer of

varying pH values. The purified protein, buffered with

varying pH values corresponding to those of previously

prepared resins were mixed and incubated (room temp, for

10 min) with the corresponding matrix. The supernatant

was removed by centrifugation at 2,500g for 5 min and

assayed at 280 nm for the presence of protein at all pH

range. A graph was plotted between pH versus absorbance

and isoelectric point was calculated using following

equation. pI = 1/m[{(YH ? YL)/2} - b], where YH and YL

are the absorbance values of higher and lower plateau of

the Absorbance-pH plot respectively; m and b are constant

and computed by straight line equation (Y = mX ? b).

2.8 Peptide Mass Fingerprinting

The protein band was excised and subjected to in-gel

tryptic digestion as using Trypsin profile IGD kit (Sigma).

The resulting peptide mixtures were, eluted on the sample

plate with the matrix solution (10 mg/ml of a-cyano-

carboxycinnamic acid in 50% acetonitrile/0.1% trifluoro-

acetic acid) and then analyzed on Bruker Ultraflex

MALDI–TOF/TOF mass spectrometer. Peptide matching

was performed using the MASCOT search engine (http://

www.matrixscience.com) assuming that peptides were
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monoisotopic, carbamidomethylated at cysteine residues,

and oxidized at methionine residues. A mass tolerance was

1.2 Da, and only 1 maximal cleavage was allowed for

peptide matching.

3 Results

The maximum inhibitory activity was recovered in the

fraction precipitating at 75% ammonium sulfate saturation.

The pellet obtained after 75% ammonium sulfate precipi-

tation was desalted by dialysis and loaded on to anion

exchanger. All fractions were collected and their protein

content was determined [28]. The fractions which were

obtained between conductivity 48.42 and 57.07 mS/cm

(Fig. 1a), showed maximum inhibitory activity (81%).

These fractions were pooled and further fractionated by

molecular sieve chromatography on Bio gel (P-100 gel)

column. Finally, a fraction (shaded in Fig. 1b) which eluted

in a time span of 480–602 ml showing maximum inhibi-

tory activity (92%) towards CaOx crystal growth was

pooled and stored. The percentage yield and inhibitory

activity of isolated fraction after each step is shown in

Table 1.

3.1 Molecular Mass and Isoelectric Point

Determination

SDS–PAGE analysis of the purified protein revealed two

bands of molecular mass 58 and 34 kDa (Fig. 2a). Native

PAGE showed single band (Fig. 2b) and homogeneity of

the fraction was confirmed on RP-HPLC which revealed a

single peak with a retention time of 21.4 min (Fig. 2c). The

exact molecular mass of purified protein was determined

by size exclusion HPLC. The molecular mass of purified

protein was determined to be 98 kDa (Fig. 3a) on a stan-

dard curve plotted using protein markers in the range of

molecular mass 29–150 kDa. The isolectric point of the

purified protein was evaluated from the Fig. 3b. The slope

(m) and Y-intercept (b) of straight line was calculated to be

0.5366 and -2.219 respectively, taking the values of

higher and lower plateau from Fig. 3b, isoelectric point of

protein was found to be 4.79.

3.2 Characterization of Inhibitory Activity of Purified

Protein

Figure 4 shows the inhibitory activity of D. biflorus anti-

lithiatic protein (DAP) at 50, 100 and 200 lg/ml. The data

in Fig. 4a demonstrate the significant inhibition of crystal

growth from 5 min of incubation to 1 h, till the end of the

assay and there were significant differences among the

three different concentrations of protein. It is evident from

the Fig. 4 that with increase in concentration of protein its

Fig. 1 Purification of active protein from Dolichos biflorus. a Elution

profile of 96 mg of protein sample loaded on anion exchange

chromatography column [Macro Prep� 25 Q column (50 9 1.5 cm)]

after ammonium sulfate precipitation. The eluting proteins were

detected at 280 nm. Shaded portion indicate elution of active fraction.

b Elution profile of 16.5 mg protein loaded on molecular sieve

column [Bio gel� P-100 gel (70 9 2.5 cm)] after anion exchange

chromatography. The eluting proteins were detected at 280 nm.

Shaded portion indicate elution of active fraction

Table 1 Summary of purification of inhibitory protein from the seeds of Dolichos biflorus

Purification steps Total

protein (mg)

Yield (%) % Inhibition of CaOx by

1,000 lg/ml of protein sample

Tris buffer extract 137 100 65 ± 2.72

75% (NH4)SO4 Precipitate 96 70 73 ± 5.28

Anion exchange Chromatography 16.5 12 81 ± 3.11

Molecular Sieve chromatography 1.5 0.01 92 ± 3.73

% Age inhibition of CaOx represents results as mean ± SD (n = 6). Data refer to the protein obtained during various stages of purification from

30 g of powdered Dolichos biflorus seeds
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inhibitory activity also increased. On evaluating inhibitory

potency of isolated protein on calcium phosphate crystal-

lization, using similar concentrations of protein, again an

increasing percentage inhibition of both calcium and

phosphate crystallization was observed as shown in

Fig. 4b.

3.3 Peptide Mass Fingerprinting of DAP and Amino

Acid Analysis

MALDI TOF analysis spectrum of DAP is shown in Fig. 5.

Using m/z ratio of all peptides obtained from mass

Fig. 2 a SDS–PAGE (10%) of DAP showing two bands of molecular

mass 58 and 34 kDa. b Native PAGE profile of DAP showing a single
band. c RP-HPLC of DAP for homogeneity, showing a single peak at

21.4 min [Waters Spherisorb� C18 (5l, 4.6 9 250 mm) maintained

at room temperature]

Fig. 4 a The kinetics of the CaOx crystal growth inhibitory activity

by DAP at concentrations 50, 100 and 200 lg/ml as compared to

control having Millipore water instead of DAP. The inhibitory

activity was performed for a longer duration (60 min) to simulate the

long term effects of interaction between crystals and DAP (n = 6). b
Percentage inhibition of calcium and phosphate ions following

calcium phosphate crystallization by DAP at concentration 50, 100

and 200 lg/ml (n = 6)

Fig. 3 a Determination of

molecular mass of protein from

Dolichos biflorus having CaOx

inhibitory activity. Size

exclusion HPLC of DAP and

molecular-mass markers in the

range 29–150 kDa. The graph
represents standard curve and

the mass of DAP is marked on

the standard curve as 98 kDa. b
Determination of Isoelectric

point of DAP
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spectrometer, the mascot search engine showed highest

similarity (Score: 57) of DAP with calnexin (CNX) of

Pisum sativum (CAA76741) having 35% sequence cover-

age. Amino acid analysis of the DAP showed that gluta-

mate and aspartate are present in abundant amount (12.70

and 12.69%). In addition, relatively higher content of

tyrosine and serine was also observed (Table 2).

4 Discussion

Due to significant side effects and failure to prevent

recurrence by the present day treatment procedures of

urolithiasis, alternative treatment modalities by herbal

products have assumed importance. A dramatic advance-

ment in using phytotherapy for urolithiasis treatments have

been observed in recent years and many investigators have

proposed to implicate scientific study on its efficacy

[16]. Till date various plants extract have been studied to

reduce the incidence of calcium stone deposition both

in vivo and in vitro [4, 6, 19] but the identification of

naturally occurring CaOx inhibitory biomolecules from

plants was hampered in past by limitation in identification

method.

Fig. 5 The MALDI-TOF MS data obtained from DAP. Using MASCOT search engine, peptide masses from DAP showed 35% sequence

similarity with calnexin protein and the identified residues obtained from MS data are encircled

Table 2 Amino acid composition of Dolichos biflorus antilithiatic

protein (DAP)

Amino acids Percentage of amino acid

Alanine (Ala) 2.49

Arginine (Arg) 0.63

Aspartic acid (Asp)a 12.69

Cysteine (Cys) 7.72

Glutamic acid (Glu)b 12.70

Glycine (Gly) 3.99

Histidine (His) 1.65

Isoleucine (Ile) 1.17

Leucine (Leu) 5.91

Lysine (Lys) 10.15

Methionine (Met) 3.15

Phenylalanine(Phe) 2.77

Proline (Pro) 1.62

Serine (Ser) 8.74

Threonine (Thr) 2.50

Tryptophan (Trp) –

Tyrosine (Tyr) 7.82

Valine (Val) 3.97

a Include both aspartic acid and asparagines
b Include both glutamic acid and glutamine
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Dolichos biflorus seeds are common dietary food of

north India and are purported to have antilithiatic profi-

ciency. There have been very few systematic studies on the

antilithiatic properties of this plant [12, 21, 35]. The con-

stituents of D. biflorus possessing antilithiatic property

have not yet been identified.

Various CaOx crystal growth inhibitors mostly proteins

and glycosaminoglycans have been reported in humans to

play an important role in renal stone diseases for several

decades [8, 47]. Most of these proteins have been isolated

from CaOx kidney stones matrix itself in their active form

[2, 3]. Likewise, many plants are also known to produce

CaOx as crystalline deposits [33, 45], having an organic

matrix constituting different proteins [25]. These proteins

are believed to play an important role in the control of

crystal growth and modification of crystal form [1]. More

recently [17] four proteins from the organic matrix of

CaOx crystals present in the seeds of Phaseolus vulgaris,

have been isolated which inhibited the nucleation of CaOx

crystallization in solutions. They have also shown that the

isolated proteins modified the morphology of CaOx crystal

mainly at {120} face (fastest growing face). A well known

CaOx inhibitor, citrate, has also shown to slow the growth

of {120} face [36]. Recently, our group has also purified an

anticalcifying protein from the seeds of Trachyspermum

ammi [20].

In the present study an antilithiatic protein was isolated

from the seeds of D. biflorus inhibiting both calcium oxa-

late and calcium phosphate crystallization. The D. biflorus

antilithiatic protein (DAP) (98 kDa, pI 4.79) showed two

bands of molecular weight 58 and 34 kDa clearly indicates

its dimeric nature. Previous studies claim that the non-

protein part is responsible for the antilithiatic nature of D.

biflorus. [12, 35]. The MALDI-TOF MS analysis of DAP

showed maximum similarity (35% sequence coverage)

with calnexin (CNX) protein of P. sativum (CAA76741).

Although molecular weight of CNX (62 kDa) is not similar

with DAP protein, but the pI of DAP is comparable with

CNX. Since many plant databases are still largely incom-

plete, many proteins present in D. biflorus are absent in

those databases. So protein DAP is not homologous with

CNX, but probably is CNX like protein.

Calnexin, a type 1 membrane protein was found as an

interacting protein in the biogenesis of class I histocom-

patibility molecules in ER [9]. A recently reported X-ray

crystal structure shows that CNX consists of two domains,

a globular domain and a long extended arm domain [38]. A

lectin site was found within the concave surface of the

globular domain and thus it makes its structural similarity

to legume lectin family. Additionally, a calcium binding

site was also identified within the globular domain [23]. On

exploring the inhibitory potency of DAP on calcium

phosphate crystallization again an effective inhibition was

observed, thus clearly indicating that DAP is probably

imparting its effect by binding to calcium ions. We pro-

posed that DAP, which is CNX like protein has a calcium

binding site, which might also be responsible for its ability

to inhibit CaOx crystallization.

It has been suggested that acidic amino acid residues

such as Asp and Glu, that are expected to be deprotonated

and negatively charged at urinary pH, are attracted to

positively charged calcium ions of COM [15]. Our data of

amino acid analysis also suggests that DAP have higher

acidic amino acids (Asp and Glu) content and similarly

CNX also have high content of acidic amino acids (data not

shown). Thus it could be argued that DAP, which is a CNX

like protein possess the capability to inhibit calcium

crystallization.

In conclusion, a plant protein from the seeds of D. bif-

lorus was shown to attain the ability of inhibiting calcium

oxalate crystallization in vitro. The protein was anionic in

nature having abundant acidic amino acids and a similarity

of this protein with calnexin of P. sativum was also found.

Activity of this protein from D. biflorus adds a new vista to

study plant proteins for their therapeutic use as antilithiatic

proteins.
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