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ABSTRACT
Background: Mung bean is well known as a starch source, but the physiological effects of mung
bean protein have received little attention. In this study, we isolated mung bean protein from

de-starched mung bean solutions, and investigated its influence on lipid metabolism.

Objective: The aim of this study is to clarify the influence of the lipid metabolism by

consumption of mung bean protein isolate (MPI)

Methods: Diets containing either mung bean protein isolate (MPI) or casein were fed to normal

rats for 28 days.

Results: Both groups ate the same amount of food, but the plasma triglyceride level, relative
liver weight and liver lipid contents (cholesterol and triglyceride pool) in the MPI group were
significantly lower than in the casein group. In the MPI group, the expression of sterol
regulatory-element binding factor 1 (SREBF1) mRNA in the liver was significantly different
when compared with the casein group. The significantly lower levels of insulin and free fatty

acids in the MPI-fed rats may be due to the regulation of genes related to lipid metabolism in the
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liver.

Conclusions: These results suggest that MPI may improve the plasma lipid profile by

normalizing insulin sensitivity.

Keywords: mung bean, Vigna radiata L., 8S globulin, triglyceride, B-conglycinin, 7S globulin,
insulin sensitivity, SREBF1

BACKGROUND:

Mung bean [Vigna radiata (L.) Wilczek] has been eaten since ancient times. In Asia, people
consume it as a whole snack, as bean sprouts, or as noodles made from bean starch (harusame).
The mung bean consists of approximately 60% carbohydrate by weight (starch), 25% protein,
1.5% lipids, and other minor components.

INTRODUCTION:

Previous studies of mung bean examined the physiological response to consumption of native
starch or the flavonoids of the legume [1-5]. Kabir et al. reported that low glycemic index starch
prepared from mung beans lowered lipogenesis when compared with high glycemic index starch
(waxy cornstarch). This was attributed to the suppression of fatty acid synthase (FAS) expression
in the liver of mice on a mung bean starch diet [1]. Cao and colleagues studied the relationship
between the mung bean seed coat and protection against heat stress. Both vitexin and isovitexin,
which are components of mung bean seed coat extract, remarkably reduced oxidative stress and
increased glutathione levels [4].

Few studies have examined the relationship between the prevention of metabolic
syndrome and the consumption of whole beans, sprouts, or mung bean extract [6-9]. Ethanol
extracts from mung bean sprouts or seed coats showed a remarkable improvement of glucose
tolerance in type 2 diabetic mice [9]. These findings suggest that consumption of starch or seed
coats derived from mung beans may contribute to the prevention of metabolic disorders.

Recently, mung bean protein was extracted and isolated by a manufacturing process, but
its physiological effects were not examined. Therefore, we set out in this study to determine
whether mung bean protein isolate (MPI) could improve physiological parameters, such as

elevated plasma lipid profiles, that are associated with metabolic disease.
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MATERIALS AND METHODS:

Animals and Diets. The treatment of all the animals in this study followed the guidelines
established by the Japanese Society for Nutrition and Food Science (Law No. 105 and
Notification No. 6 of the Japanese government). The control group received vitamin-free casein
(containing 88.1% crude protein, Oriental Yeast Co., Tokyo, Japan) and the experimental group
received MPI (Glucodia'™, 85.5% crude protein, Fuji Oil Co., Osaka, Japan). The amino acid
composition (¢g/100 g protein) of MPI is as follows: Arg: 7.44, Lys: 7.22, His: 3.09, Phe: 6.74,
Tyr: 3.28, Leu: 8.38, lle: 4.26, Met: 1.38, Val: 5.19, Ala: 4.21, Gly: 3.53, Pro: 4.62, Glu+Gln:
18.59, Ser: 5.59, Thr: 3.24, Asp+Asn: 12.22, Trp: 0.99, Cys: 0.45. Experimental diets, which
contained 20% of casein protein or MPI as a crude protein, were based on the AIN-93G formula
as shown in Table 1 [10].

Table 1. Experimental Diets.

Group
g/100g diet Casem MPI
Ingredients
Casein®! 22.7 -
Mungheanproteinisolate™ - 234
Comstarch 373 36.7
Dextnzed comstarch 132 132
Sucrose 10.0 10.0
Sovheanoil 7.0 10
Cellulose powder 30 30
Mineral mixture = 33 33
Vitamin mixture = 1.0 1.0
Cholme bitartzate 023 025
Total 100 100

#1- Crude protein content is 88.1% as is.

#2- Crude protein content is 85.5% as is.

#3- Soybean oil contains 0.02w/w% tert-butylhydroquinone.
#4- AIN-93G-MX composition.

#5- AIN-93 VX composition.
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Ten specific 6-week-old pathogen-free male Wistar rats, were purchased from Japan

Crea (Tokyo, Japan). All the rats were housed individually in stainless steel cages under
controlled conditions (temperature, 23 £ 1°C; humidity, 55 + 5%; light, 0800-2000 h). After they
were acclimated to commercial food (CRF-1, Oriental Yeast Co.) for 5 d, the rats were divided
into two groups with similar average body weights and fasting blood glucose levels. Fasting
blood samples were collected from the rats’ tails. Blood glucose concentrations were measured

using the Free Style Glucose Sensor (Nipro, Osaka, Japan).

Methods. Experimental diets and water were given ad libitum for 4 weeks. Food intake and
body weight were recorded every day. At the end of the test period, after 6 h of food deprivation
(0800-1400), arterial blood was withdrawn from the abdominal aorta into a heparinized syringe
under isoflurane anesthesia. After the rats were sacrificed, several tissue samples, such as the
liver and visceral fat pad (including the perirenal, epididymal, and mesenteric fat pads), were

harvested, weighed, and stored in a deep freezer at -80°C.

Blood analysis. Plasma was separated by centrifugation (1,900 x g, 15 minutes, 4°C) and stored
at 4°C until analysis. Insulin concentrations were measured using an Enzyme-Linked
Immunosorbent Assay (ELISA) kit (the Ultra-high Sensitivity Rat Insulin ELISA kit, Morinaga,
Yokohama, Japan). Adiponectin concentrations were measured using an ELISA kit (the
mouse/rat adiponectin ELISA kit, Otsuka Pharmaceutical Co., Tokyo, Japan). Other plasma
characteristics were measured using a Fuji DRI-CHEM 7000V auto-analyzer (Fuji Film Co.,

Tokyo, Japan).

Liver lipid analysis. Lipids were extracted using a chloroform/methanol mixture (2:1, v/v)
according to the method described by Folch et al. [11]. Liver triglyceride was separated from
phospholipid with silicic acid and measured using the acetyl-acetone method described by
Fletcher [12]. Liver total cholesterol was measured by using a cholesterol-digitonin reaction
according to the method of Sperry and Webb [13]. Liver phospholipid was determined by

measurement of inorganic phosphate as described by Feldman et al. [14].

Gene expression analysis. Liver total RNA samples were isolated using ISOGEN (NipponGene,
Tokyo, Japan). Total RNA was reverse-transcribed into cDNA using the PrimeScript™ RT

reagent kit (Takara Bio, Tokyo, Japan). Real-time semi-quantitative reverse
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transcription-polymerase chain reaction (RT-PCR) was performed using 25 ng of cDNA and 50

pM of Tagman probe primers (Tagman probe primers, Applied Biosystems, Foster City, CA) in
an ABI PRISM 7300 sequence detection system (Applied Biosystems). These samples were
denatured at 95°C for 10 min, followed by 40 PCR cycles. Each cycle consisted of treatment at
95°C for 30 s, 60°C for 30 s, and 72°C for 20 s. The following rat gene-specific Tagman primers
were used: B-actin (Actb, Rn00667869) as housekeeping gene, liver X receptor (LXR, nuclear
receptor subfamily 1- group H- member 3, Rn00581185), and sterol regulatory element binding
transcription factor 1 (Srebfl, Rn01495769). After confirming that the amplification efficiency of
all primer sets was similar, expression levels were calculated using the AACt semi-quantitation
method according to the manufacturer’s procedure, and relative comparison between the groups

was then performed.

Statistis. Data (n = 5) are shown as the mean + standard error of the mean (SEM). Statistical
analysis was performed using the SPSS software (12.0J, SPSS, IBM Corporation, Armonk, NY).
The results were analyzed using the Student’s t-test (p < 0.05) to compare groups.

RESULTS:
Daily food intake was the same in the casein-fed rats and the MPI-fed rats, as shown in Table 2.
Final body weights were significantly different in the MPI group when compared to those in the
casein group

Plasma triglyceride was significantly lower in the MPI-fed group, but other lipid
profiles, such as cholesterol, were similar in both groups. Protein metabolic markers such as total
protein, albumin, and blood urea nitrogen were significantly different between the two groups,
but other liver metabolic markers (AST, ALT) were not changed. The plasma adiponectin level
was significantly higher in the MP1 group than in the casein group. Relative liver weight (g/100g
of body weight) was significantly lower in the MPI-fed rats compared with the casein-fed rats.
But, visceral fat pad weights in the MPI-fed group were higher than that in the casein-fed group.
Liver triglyceride and cholesterol contents in the MPI group were significantly lower than the

casein group
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Table-2. Growth and physiological data in the casein group and the MPI group.

Group
Caszem MPI
M 5 5
Body weight and food intake
Initial body weight (=) 1413 = 16 1411 = 19
Foodintake (z'd) 190 = 0.4 168 = 12
Finalbody weight () 3214 = g7 2711 = 13% ¢
Characteristics of plasma
Triglycende (mg/dL.) 1731 = 140 034 = 2 *
Total cholesterol (mg/'dL) Tle = 53 m: o= 284
HDL-cholesterol =1 (mg/dL) 456 = 5.0 428 = 1380
Glucose (mg/'dL) 276 = 54 6% = 3.1
Total protein (z/dL) 522 £ 002 474 = 006 *
Albmin (g'dL) 340 = 000 314 = 007 *
BUN (mg/dL) 148 = 0.4 196 = 1.7 *
AST= (U/dL) 536 = 19 612 = 2.8
ATT= (U/dL) 148 = 1.6 20e = 21
Adiponectn (ug'ml.) 280 = 012 1083 = 071 *
Tissue weights =
Liver (2/100gBW) 376 = 003 341 = 008 *
Penrenal fatpad (g 100gBW) 203 = 0320 269 = 019 *
Epididyimal fatpad (g'100gBW) 132 = 008 139 = 011
Meszenteric fatpad (= 100gBW) 090 = 006 120 = 008 *
Liverlipid profiles
Triglyceride (mg'glver) 1482 = 084 734 = 110 *
Cholesterol (mg'ghver) 177 £ 003 1.57 noe *
Phospholipid (mg/gliver) 37T = 037 335 = 088

Values are means + SE (n=5). **; High-density lipoprotein, **; Blood urea nitrogen, **; Aspartate
aminotransferase, *; Alanine aminotransferase, *' values represent g tissue/100g body weight. *;

statistical analysis was performed using Student’s t-test (p<0.05).

Liver triglyceride levels are controlled by several factors, such as fasting, insulin levels, FFA
levels, and LXR as shown in Figure 1A. These factors controlled lipid metabolism-related gene
expressions via SREBF1. The Srebfl mRNA level in the MPI group was significantly lower than
in the casein-fed group (Figure 1B). LXR mRNA was the same in both groups (Figure 1C).
Although the plasma glucose level was the same in both groups, plasma insulin was significantly
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lower in the MPI-fed rats as compared with that in the casein-fed rats (Figure 1D). Plasma FFA

levels were also significantly lower in the MPI-fed rats (Figure 1E).
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Figure 1. Various factors such as fasting, insulin level, free fatty acids (FFA) and liver X receptors
(LXR) regulate the expression of genes related to lipid metabolism (Fig. 1A). These factors
influence the activation of sterol regulatory-element binding factor 1 (SREBF1). If SREBFL1 is
activated, a bHLH-Zip (Basic helix-loop-helix leucine zipper) is cleaved from SREBP1. The
bHLH-Zip binds to promoter regions (sterol regulatory element; SRE) and activates the expression
of lipid metabolism-related genes. Fig. 1B and 1C showed the gene expressions of Srebfl and LXR,
respectively. Fig. 1D and 1E showed the plasma insulin level and plasma FFA level, respectively.
Open columns and striped columns represent the casein-fed rats and MPI-fed rats, respectively. *

showed a significant difference (p<0.05) using Student’s t-test.

DISCUSSION:
Obesity is a serious problem because it is linked to diabetes, cardiovascular disease, and

metabolic syndrome [15-17]. The World Health Organization has announced that many people

are at critical risk of metabolic disorders such as obesity, and has recommended that proper
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exercise habits and nutritionally balanced diets be incorporated into people’s daily lives [18].

Mung bean is a traditional food in Asia, especially in China. In general, the high starch
content of the mung bean is utilized in the form of noodles, but the protein itself is not used for
food. The aim of this study was to examine the physiological changes that occur upon
consumption of MPI, and to compare these changes with those induced by the animal protein,
casein. There are several differences in amino acid composition between MPI and casein.
Specifically, Arg, Gly, Asp/Asnand Pro in MP1 are 2.3-, 2.2-, 1.9- and 0.5-fold the level found in
casein. Our research suggests that the different amino acid composition of these two proteins in
part explains their ability to significantly influence blood lipid profiles.

MPI consumption significantly reduced plasma triglyceride level. In contrast, neither
fermented nor non-fermented, water-soluble mung bean extract could produce this effect in
alloxan-induced diabetic mice [19]. Yeap and colleges suggest that the ability of MPI to reduce
triglycerides and improve glucose tolerance is due to its y-aminobutyric acid (GABA) and free
amino acid content. Similarly, ethanol-extract of various mung bean fractions (sprout and seed
coat) may help reduce the plasma triglyceride level [9]. Although these data show that various
fractions of mung bean can affect the plasma lipid profile, our research strongly indicates that
mung bean protein itself may be a major trigger for this phenomenon.

Fatty liver may cause serious metabolic disorders and lead to death by cirrhosis [20].
With this in mind, it appears that MP1 may exert beneficial effects on liver metabolism and
function. This is since MPI-fed mice had significantly lower liver weight, which correlated with
a small but significant reduction in liver cholesterol content. Furthermore, liver triglyceride level
in the control group was twice as high as in the MPI-fed group. Plasma adiponectin was about
3-fold higher in the MP1 group when compared with casein-fed mice. This may contribute to a
decrease in liver fat content, since the physiological functions of adiponectin are stimulation of
fatty acid oxidation and improvement of insulin sensitivity in the liver [21]. Thus, MPI may
accelerate lipid degradation via an adiponectin signal cascade in the liver. Together, these data
lead us to infer that MPI may become a “functional food” supplement that has hepatoprotective
properties.

Many reports have demonstrated the triglyceride- lowering effects of consuming coffee
extracts, tea polyphenols, and soy proteins [22-24]. B-conglycinin, which is a component of soy
protein, lowers triglyceride levels and reduces obesity [25]. Mechanistically, this is thought to be
due to the suppression of SREBF1, which regulates the expression of genes that perform fatty

acid synthesis in the liver [24]. In addition, the B-conglycinin-fed group was also found to lower
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the plasma insulin level. A similar effect was observed in the MPI-fed rats in this study. These

findings suggest that MPI has triglyceride- lowering effects similar to -conglycinin.

The similarities between MPI and B-conglycinin with regard to their physiological
effects may in part be due to their similar amino acid compositions and sequences [26]. For
example, a previous study showed that mung bean protein, which mainly consists of 8S globulins,
has 68% sequence identity and structural similarity with soy 7S globulins (also called
B-conglycinin). The correlation analysis of amino acid compositions between the MPI and
commercial B-conglycinin protein is r = 0.981 (our unpublished data). Further investigations are
needed to clarify whether consumption of soy 7S globulins and mung bean 8S globulins induce

common pathways in order to bring about physiological changes.

CONCLUSIONS:

To our knowledge, this is the first report to determine that mung bean protein itself shows
hypolipidemic effects using normal rats fed under an otherwise general diet. Induction of
adiponectin and reduction of triglyceride synthesis via insulin signaling may play a key role in
these effects. In order to evaluate the physiological effects of MPI prior to human studies, it will
be necessary to determine the efficacy parameters in rat models (under high fat diet or high
glucose diet conditions). In addition, a comparison of MPI and soy -conglycinin may reveal the

physiological consequences of triglyceride suppression.

Competing Interests:

The authors have no financial interests or conflicts of interest.

Authors’ Contributions:

*and F; These authors contributed equally to this work.

Abbreviations:

ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; bHLH-Zip, Basic
helix-loop-helix leucine zipper; BUN, Blood urea nitrogen; ELISA, Enzyme-linked
immunosorbent assay; FAS, Fatty acid synthase; FFA, Free fatty acid; GABA, y- aminobutyric
acid; HDL, high-density lipoprotein; L-FABP, Liver-Fatty acid binding protein; LXR, Liver X
receptor; MPI, Mung bean protein isolate; RXR, Retinoid X receptor; SRE, Sterol
regulatory-element; SREBF1, Sterol regulatory-element binding factor 1



Functional Foodsin Health and Disease 2013; 3(9)365-376 Page 374 of 376

Acknowledgements and Funding:

We thank Michiru Sakaue and Saori Nakao for animal maintenance. This study did not receive

any grants.

REFERENCES:

1.

10.

Kabir M, Rizkalla SW, Champ M, Luo J, Boillot J, Bruzzo F, Slama G Dietary
amylose-amylopectin starch content affects glucose and lipid metabolism in adipocytes of
normal and diabetic rats. J Nutr. 1998; 128: 35-43.

Kabir M, Rizkalla SW, Quignard-Boulangé A, Guerre-Millo M, Boillot J, Ardouin B, Luo J,
Slama G. A high glycemic index starch diet affects lipid storage-related enzymes in normal
and to a lesser extent in diabetic rats. J Nutr. 1998; 128: 1878-83.

Li H, Cao D, Yi J, Cao J, Jiang W. Identification of the flavonoids in mungbean (Phaseolus
radiatus L.) soup and their antioxidant activities. Food Chem. 2012; 135: 2942-6.

Cao D, LiH, YiJ, Zhang J, Che H, Cao J, Yang L, Zhu C, Jiang W. Antioxidant properties of
the mung bean flavonoids on alleviating heat stress. PL0S One. 2011; 6(6):¢21071.
Lerer-Metzger M, Rizkalla SW, Luo J, Champ M, Kabir M, Bruzzo F, Bornet F, Slama G
Effects of long-term low-glycaemic index starchy food on plasma glucose and lipid
concentrations and adipose tissue cellularity in normal and diabetic rats. Br J Nutr. 1996
May; 75(5):723-32.

Nishimura N, Taniguchi Y, Kiriyama S. Plasma cholesterol- lowering effect onrats of dietary
fiber extracted from immature plants. Biosci Biotechnol Biochem. 2000; 64: 2543-51.

Mohd Ali N, Mohd Yusof H, Long K, Yeap SK, Ho WY, Beh BK, Koh SP, Abdullah MP,
Alitheen NB. Antioxidant and hepatoprotective effect of aqueous extract of germinated and
fermented mung bean on ethanol-mediated liver damage. Biomed Res Int. 2013; 2013:
693613.

Yeap SK, Mohd Ali N, Mohd Yusof H, Alitheen NB, Beh BK, Ho WY, Koh SP, Long K.
Antihyperglycemic effects of fermented and nonfermented mung bean extracts on
alloxan- induced-diabetic mice. J Biomed Biotechnol. 2012;2012:285430.

Yao Y, Chen F, Wang M, Wang J, Ren G Antidiabetic activity of Mung bean extracts in
diabetic KK-Aymice. J Agric Food Chem. 2008; 56: 8869-73.

Reeves PG, Nielsen FH, Fahey GC Jr. AIN-93 purified diets for laboratory rodents: final

report of the American Institute of Nutrition ad hoc writing committee on the reformulation



Functional Foodsin Health and Disease 2013; 3(9)365-376 Page 375 of 376

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

of the AIN-76Arodent diet. J Nutr. 1993 ; 123: 1939-51.

Folch J, Lees M, Sloane Stanley GH. A simple method for the isolation and purification of
total lipides from animal tissues. J Biol Chem. 1957; 226: 497-500.

Fletcher MJ. A colorimetric method for estimating serum triglycerides. Clin Chim Acta.
1968; 22: 393-7.

Sperry WM, Webb M. A revision of the Schoenheimer-Sperry method for cholesterol
determination. J Biol Chem. 1950; 187: 97-106.

Florsheim WH, Gonzales C. Comparison of ultracentrifuge and polyanion precipitation
methods for serum beta-lipoproteins. Proc Soc Exp Biol Med. 1960; 104: 618-20.

Kahn SE, Hull RL, Utzschneider KM. Mechanisms linking obesity to insulin resistance and
type 2 diabetes. Nature. 2006; 444: 840-846

Van Gaal LF, Mertens IL, De Block CE. Mechanisms linking obesity with cardiovascular
disease. Nature. 2006; 444: 875-80.

Després JP, Lemieux I. Abdominal obesity and metabolic syndrome. Nature. 2006; 444:
881-7

WHO, Obesity and overweight, Fact sheet N0.311 Updated March 2013.

Yeap SK, Mohd Ali N, Mohd Yusof H, Alitheen NB, Beh BK, Ho WY, Koh SP, Long K.
Antihyperglycemic effects of fermented and nonfermented mung bean extracts on
alloxan- induced-diabetic mice. J Biomed Biotechnol. 2012; 2012:285430.

Adams LA, Angulo P. Treatment of non-alcoholic fatty liver disease. Postgrad Med J. 2006;
82: 315-22.

Matsuzawa Y, Funahashi T, Nakamura T. The concept of metabolic syndrome: contribution
of visceral fat accumulation and its molecular mechanism. J Atheroscler Thromb. 2011; 18:
629-39.

Matsuda Y, Kobayashi M, Yamauchi R, Ojika M, Hiramitsu M, Inoue T, Katagiri T, Murai A,
Horio F. Coffee and caffeine improve insulin sensitivity and glucose tolerance in C57BL/6J
mice fed a high-fat diet. Biosci Biotechnol Biochem. 2011; 75: 2309-15.

Toyoda-Ono Y, Yoshimura M, Nakai M, Fukui Y, Asami S, Shibata H, Kiso Y, Ikeda I.
Suppression of postprandial hypertriglyceridemia in rats and mice by oolong tea
polymerized polyphenols. Biosci Biotechnol Biochem. 2007; 71: 971-6.

Tachibana N, Iwaoka Y, Hirotsuka M, Horio F, Kohno M. Beta-conglycinin lowers
very-low-density lipoprotein-triglyceride levels by increasing adiponectin and insulin
sensitivity in rats. Biosci Biotechnol Biochem. 2010; 74: 1250-5.



Functional Foodsin Health and Disease 2013; 3(9)365-376 Page 376 of 376
25. Kohno M, Hirotsuka M, Kito M, Matsuzawa Y. Decreases in serum triacylglycerol and

visceral fat mediated by dietary soybean beta-conglycinin. J Atheroscler Thromb. 2006; 13:
247-55.

26. Itoh T, Garcia RN, Adachi M, Maruyama Y, Tecson-Mendoza EM, Mikami B, Utsumi S.
Structure of 8Salpha globulin, the major seed storage protein of mung bean. Acta Crystallogr
D Biol Crystallogr. 2006; 62: 824-32.



