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We screened for inhibitory activities of 25 wild vegetables and fruits for human immunodeficiency 

virus type 1 (HIV-1) reverse transcriptase (RT). Among them, ethanol- and water-extracts of 

Brasenia schreberi (Junsai) and water-extract of Petasites japonicus (Fuki) strongly inhibited the 

HIV-1 RT activity to incorporate dTTP into poly(rA)-p(dT)15. We tested HIV-1 RT inhibitory 

activities of 15 polyphenols, isolated from Brasenia schreberi. Among them, gossypetin and hypolaetin 

7-O-glucoside inhibited the activity.  
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Introduction  

Reverse transcriptase (RT) [EC 2.7.7.49] is the 

enzyme responsible for replication of retrovirus. It 

possesses RNA- and DNA-dependent DNA 

polymerase activities and RNase H activity. 

Human immunodeficiency virus type 1 (HIV-1) RT 

is a heterodimer consisting of a 66-kDa p66 

subunit and a 51-kDa p51 subunit [1, 2]. In the 

HIV-1 RT therapy, nucleoside RT inhibitors 

(NRTIs) and non-nucleoside RT inhibitors 

(NNRTIs) are used. However, the emergence of RT 

inhibitor-resistant HIV-1 variants is a major issue. 

Therefore, the development of a novel HIV-1 RT 

inhibitor is anticipated.  

    Various enzyme inhibitors have been 

identified in natural product. In the case with 

HIV-1 RT, 5,6,7-trihydroxyflavone (baicalein) [3] 

and catechins containing a galloyl moiety such as 

(-)-epicatechin 3-gallate (ECG) [4] and (-)-

epigallocatechin 3-gallate (EGCG) [5] were 

reported to inhibit the RNA-dependent DNA 

polymerase (reverse transcriptase) activity of 

HIV-1 RT. However, it was pointed out that their 

inhibitory activities were non-specific, due to their 

binding abilities to various proteins [6]. Indeed, it 

was recently reported that methyl gallate, purified 

from Pholiota adipose  (Mushroom), completely 

inhibited HIV-1 RT activity [7].
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We previously prepared recombinant RTs 

from HIV-1 group M, spread all over the world, 

and HIV-1 group O, restricted to Cameroon and 

neighboring countries in West Central Africa, and 

compared their activities and stabilities [8, 9]. In 

the present study, we screened for HIV-1 RT 

inhibitory activity in various foodstuffs using the 

HIV-1 group M RT and found the strong inhibitory 

activity in ethanol- and water-extracts of Brasenia 

schreberi (Junsai).  

 

Materials and Methods 

 

Materials  p(dT)15 was purchased from Life 

Technologies Japan Ltd. (Tokyo, Japan). 

[methyl-3H]dTTP (1.52 TBq/mmol) and poly(rA) 

were from GE Healthcare (Buckinghamshire, UK). 

Recombinant HIV-1 group M RT was expressed in 

Escherichia coli and purified from the cells as 

described previously [8, 9]. The RT concentration 

was determined using Protein Assay CBB Solution 

(Nacalai Tesque, Kyoto, Japan) with bovine serum 

albumin (Nacalai Tesque) as standard. 

 

Preparation of extracts of foodstuffs  

Freeze-dried wild vegetables and fruits were 

reduced to powder. In the preparation of ethanol-

extracts, the powder was extracted with ethanol 

and evaporated to dryness. The evaporated sample 

was dissolved in ethanol at a final concentration of 

10-20 mg/ml. In the preparation of water-extracts, 

the powder was added to water and autoclaved at 

105ºC for 30 min. After centrifugation, the 

supernatant were evaporated to dryness. The dry 

matter was dissolved in water at a final 

concentration of 10-40 mg/ml. 

Measurement of HIV-1 RT activity  RT 

activity for incorporation of dTTP into 

poly(rA)-p(dT)15 was measured as described 

previously [8, 9]. In the experiment with extracts 

of foodstuffs, pre-incubation (20 l) was initiated 

by mixing 18 l of the HIV-1 RT solution (220 nM 

in 20 mM potassium phosphate buffer (pH 7.2), 2 

mM dithiothreitol (DTT), 10% v/v glycerol (buffer 

A)) and 2 l of ethanol- or water-extract of 

foodstuffs. In the experiment with compounds, 

pre-incubation (20 l) was initiated by mixing 18 

l of the HIV-1 RT solution (220 nM in buffer A) 

and 2 l of the compound solution (0−110 M in 

dimethyl sulfoxide (DMSO)). After the pre-

incubation at room temperature for 3 min, the 

reaction was carried out in 25 mM Tris-HCl buffer 

(pH 8.3), 50 mM KCl, 2.0 mM DTT, 5.0 mM 

MgCl2, 25 µM poly(rA)-p(dT)15 (this 

concentration is expressed as that of p(dT)15), 0.2 

mM [3H]dTTP, 2 M HIV-1 RT, and 1% v/v extract 

or 0−10 M compound at 37ºC. An aliquot (20 µl) 

was taken from the reaction mixture at a 

predetermined time and immediately spotted onto 

the glass filter GF/C 2.5 cm (Whatman, Middlesex, 

UK). The amounts of [3H]dTTP incorporated was 

counted in 2.5 ml of Ecoscint H (National 

Diagnostics, Atlanta, GA) with a liquid 

scintillation counter LSC-5100 (Aloka, Mitaka, 

Japan), and the reaction rate was determined.  

  

Results and Discussion 

 

HIV-1 RT inhibitory activities of extracts of 

foodstuffs 

We tested inhibitory activities of ethanol- and 

water-extracts of 25 wild vegetables or fruits for 

HIV-1 RT to incorporate dTTP into 

poly(rA)-p(dT)15 (Fig. 1). The relative activity  
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Fig. 1. Inhibition of HIV-1 RT activity by extracts of 25 wild vegetables or fruits.  

The reaction was carried out at 37°C with HIV-1 RT at 20 nM and ethanol- or water-extracts of wild 

vegetables and fruits at 1% v/v. Control means the reaction with 1% ethanol instead of ethanol-extracts 

in left panel and that with 1% water instead of water-extracts in right panel. The relative activity was 

defined as the ratio of the reaction rate with extracts to that of control (43.6 x 10-9 M s-1 in left panel and 

56.3 x 10-9 M s-1 in right panel). 

 

 

was defined as the ratio of the reaction rate with 

1% v/v extract to that without it. Among them, 

ethanol- and water-extracts of Brasenia schreberi 

(Junsai) and water-extract of Petasites japonicus 

(Fuki) completely inhibited HIV-1 RT activity. In 

all foodstuffs except for Macrocybe gigantea 

(Nioushimeji) and Dioscorea batatas (Chinese 

yam), water-extract exhibited stronger inhibitory 

activities than ethanol- extract.   

We compared the inhibitory activities of 

ethanol- and water-extracts of Brasenia schreberi 

and water-extract of Petasites japonicus. At 0.1% 

v/v, ethanol- and water-extracts of Brasenia 

schreberi and water-extract of Petasites japonicus 

inhibited HIV-1 RT activity by 32, 6, and 36%, 

respectively, compared with control (data not 

shown), indicating that water-extract of Brasenia 

schreberi had the strongest inhibitory activity.  

 

HIV-1 RT inhibitory activities of compounds 

isolated from Brasenia schreberi  

Brasenia schreberi is an aquatic plant which 

lives in pure water. Gallic acid, quercetin, and 

quercetin 7-O-glucoside were previously reported 

to be isolated from leaves of Brasenia schreberi 

produced in Canada [10]. Recently, 15 
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Fig. 2. Inhibition of HIV-1 RT activity by 15 compounds isolated from Brasenia schreberi  

The reaction was carried out in 10% DMSO at 37°C with HIV-1 RT at 20 nM and compounds at 10 

M. Control means the reaction without compounds. The relative activity was defined as the ratio of the 

reaction rate with compound to that without it (49.5 x 10-9 M s-1). 
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compounds were isolated from leaves of Brasenia 

schreberi produced in Akita, Japan (J. T., H. S., 

unpublished results) (Fig. 2). They include a new 

compound, named junsainoside A. We tested 

inhibitory activities of these 15 compounds for 

HIV-1 RT (Fig. 2). The relative activity was 

defined as the ratio of the reaction rate with 

compound to that without it. Among them, 

hypolaetin 7-O-glucoside, gossypetin, and ferulic 

acid inhibited HIV-1 RT activity by 52, 38, and 

19%, respectively, compared with control, while 

other 12 compounds did not inhibit it. Hypolaetin 

7-O-glucoside and gossypetin, unlike other 13 

compounds, have the hydroxyl group at the 8 

position of the A ring (Fig. 2), although it is 

unknown if it is responsible for the inhibition.  

Ethanol- and water-extracts of Brasenia 

schreberi inhibited the activity completely (Fig. 1), 

while hypolaetin 7-O-glucoside or gossypetin did 

not inhibit it completely (Fig. 2). It was reported 

that gossypetin [11] and quercetin [12] inhibited 

the HIV-1 RT activity. The IC50 values of quercetin 

was 60 M [12], while in this study, quercetin at 

10 M did not exhibit the inhibitory activity (Fig. 

2). As far as we know, there has been no report of 

inhibition of HIV-1 RT by hypolaetin 7-O-

glucoside. In regard of this, it was reported that 

hypolaetin, kaempferol, and quercetin inhibited the 

HIV-1 integrase activity [13]. 

 

Manner of inhibition of gossypetin in HIV-1 

RT activity 

We measured the reaction rates for the 

incorporation of dTTP into poly(rA)-p(dT)15, in the 

presence and the absence of various concentrations 

of gossypetin. All the plots showed saturated 

profiles (Fig. 3A). The plot of [dTTP]/vo vs. 

[dTTP] (Hanes-Woolf plot) in the presence and the 

absence of gossypetin showed non-parallel lines 

intersecting at the Y-axis, indicating that inhibition 

was uncompetitive (Fig. 3B). The apparent Km 

values (Km,app) observed for 0, 1.0, 2.5, 5.0, and 10 

M gossypetin were determined to be 40 ± 8, 31 ± 

4, 24 ± 4, 10 ± 2, and 13 ± 2 M, respectively, and 

the apparent kcat values (kcat,app) observed for 0, 1.0, 

2.5, 5.0, and 10 M gossypetin were determined to 
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be 3.4 ± 0.2, 2.6 ± 0.1, 1.5 ± 0.1, 0.86 ± 0.05, and 

0.68 ± 0.03 s-1, respectively. Based on this, the 

reaction rate can be described by the following 

equation:  

where [I]o and Ki are the initial inhibitor 

concentration and the inhibitor constant 

respectively. The Ki value of gossypetin was 

calculated to be 1.5 ± 0.7 M from the equation. 

As for hypolaetin 7-O-glucoside, we did not 

examine the manner of inhibition because we did 

not obtain an adequate amount of samples. 

Various enzyme inhibitory activities were 

found in foodstuffs, from some of which inhibitors 

were purified and identified. In the case with renin 

inhibitor, inhibitory activities were found in 

soybean [14], rice [15], and Aralia cordata (Udo) 

[16], from each of which soyasaponin I [14], oleic 

acid and linoleic acid [15], and kaurenic acid and 

pimaradienoic acids [16] were identified as renin 

inhibitor, respectively. In this study, ethanol- and 

water-extracts of Brasenia schreberi inhibited the 

activity completely while isolated compounds did 

not inhibit it completely.   

Recently, Takahashi et al. screened for 

inhibitory activities of seven wild vegetables for 

antihyperlipidemic activities and found that 

ethanol- and water-extracts of Brasenia schreberi 

exhibited strong inhibitory activities against 

triglyceride and cholesterol secretions from human 

hepatoma cells [15]. Purification and identification 

of the inhibitory compound has not been reported.  

In conclusion, Brasenia schreberi might be an 

important source of drugs. The purification and 

identification of the HIV-1 RT inhibitory 

compound from Brasenia schreberi is a next 

research subject.  

 

Acknowledgments 

This study was supported in part (K.Y.) by Grants-

in-Aid for Scientific Research (nos. 19580104 and 

21580110) from the Japan Society for the 

Promotion of Science and the Towa foundation for 

food research.  

 

References 

[1]  di Marzo Veronese, F., Copeland, T. D., 

DeVico, A. L., Rahman, R., Oroszlan, S., 

Gallo, R. C., and Sarngadharan, M. G. (1986) 

Science, 231, 1289-1291. 

[2]  Patel, P. H., Jacobo-Molina, A., Ding, J., 

Tantillo, C., Clark, A. D. Jr., Raag, R., Nanni, 

R. G., Hughes, S. H., and Arnold, E. (1995) 

Biochemistry, 34, 5351-5363. 

[3]  Ono, K., Nakane, H., Fukushima, M., 

Chermann, J.-C., and Barré-sinoussi, F. 

(1989) Biochem. Biophys. Res. Commun., 

160, 982-987. 

[4] Nakane, H. and Ono, K. (1990) Biochemistry, 

29, 2841-2845. 

[5]  Li, S., Hattori, T., and Kodama, E. N. (2011) 

Antivir. Chem. Chemother., 21, 239-243. 

[6] Moore, P. S. and Pizza, C. (1992) Biochem. 

J., 288, 717-719.  

[7] Wang, C. R., Zhou, R., Ng, T. B., Wong, J. 

H., Qiao, W. T., and Liu, F. (2014) Environ. 

Toxicol. Pharmacol., 37, 624-637. 

[8] Konishi, A., Shinomura, M., and Yasukawa, 

K. (2013) Appl. Biochem. Biotechnol., 169, 

77-87. 

[9] Nishimura, K., Shinomura, M., Konishi, A., 

and Yasukawa, K. (2013) Biotechnol. Lett., 

35, 2165-2175. 

[10] Legault, J., Perron, T., Mshvildadze, V., 

Girard-Lalancette, K., Perron, S., Laprise, C., 

Sirois, P., and Pichette, A. (2011) J. Med. 

Food, 14, 1127-1134. 

[11] Kusumoto I. T. and Hattori M. (1999) 

“Pharmacological Research on Traditional 

Herbal Medicines” eds. Watanabe, H. and 



    T. Hisayoshi, et al.           65 

 

 

Shibuya, T., Taylor and Francis, London, pp. 

219-236.  

[12] Yu, Y.-B., Miyashiro, H., Nakamura, N., 

Hattori, M., and Park, J. C. (2007) Arch. 

Pharm. Res., 30, 820-826. 

[13] Tewtrakul, S., Miyashiro, H., Hattori, M., 

Yoshinaga, T., Fujiwara, T., Kizu, T., and 

Miyaichi, Y. (2010) J. Trad. Med., 18, 229-

238. 

[14] Takahashi, S., Hori, K., Shinbo, M., 

Hiwatashi, K., Gotoh, T., and Yamada, S. 

(2008) Biosci. Biotechnol. Biochem., 72, 

3232-3236. 

[15] Takahashi, S., Tokiwano, T., Hata, K., 

Kodama, I., Hokari, M., Suzuki, N., 

Yoshizawa, Y., and Gotoh, T. (2010) Biosci. 

Biotechnol. Biochem., 74, 1713-1715. 

[16]  Takahashi, S., Tokiwano, T., Hata, K., 

Hokari, M., Yoshizawa, Y., and Gotoh, T. 

(2011) J. Biol. Macromol., 11, 83-89. 

[17] Takahashi, J., Toshima, G., Matsumoto, Y., 

Kimura, F., Kiuchi, T., Hamada, K., and Hata, 

K. (2011) J. Nat. Med., 65, 670-674. 

 

 

Communicated by Tate Shinichi 

 

 

 

 


