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Abstract

"Miracle fruit” 1is a fruit from West Africa. Though it's not sweet itself, if
you eat anything that 1s sour or bitter after eating miracle fruit, the taste will
turn sweet. After researching further material, we discovered that there are many
amazing functions in miracle fruit, and decided to pick up some of which to study.
(1) Turning the sour and bitter tastes 1nto sweetness (2) Relieving alcohol (3)
Relieving the hurt from mosquitoes and bugs (4) An excellent antioxidant. We can
extract themiraculin that changes the taste fromNaCl (aq), and through the biological
experiment, we guess that's because miraculin covers the sweet sensor. The molecular
weight of miraculin is about 40000.According to the experiment, we found out that
miraculin doesn't have a great effect on the taste other than sourness, such as the
bitterness of black coffee, Coptis chinensis, and cinnamon. . It 1is much more
different from the former report we read. So we doubt that there are some other
reactions. The thing, which relieves the hurt from mosquitoes and bugs, are sure to
be a simple molecule, not a protein. By the Prolox equivalent weight experiment, we
found that the ability of antioxidation got to 4974g/nmol, which 1s much higher than

the normal vegetables and fruits.

The effect of taste changing 1s really good news for diabetics and weight reducers.
And the medicine can also be made by natural material. The excellent antioxidation
1s helpful for our health, too. Since Japan and America cannot grow the miracle fruit
because of the cold weather, developing the functions of miracle fruit seems to be

another chance for Taiwan to stand out in the world.
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miral_ConcB_01

miral M1 _UV_280nm_01

min % min AU
0.000  0.000000 0.000  0.001000
0.320  0.000000 0.320  0.001000
0.640  0.000000 0.640  0.000900
0.960  0.000000 0.960  0.001100
1.280  0.000000 1.280  0.001200
1.600  0.000000 1.600  0.001100
1.920  0.000000 1.920  0.001000
2.240  0.000000 2.240  0.001000
2.560  0.000000 2.560  0.001100
2.880  0.000000 2.880  0.001300
3.200  0.000000 3.200  0.001500
3.520  0.000000 3.520  0.001600
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3.840  0.000000 3.840  0.001400
4.160  0.000000 4.160  0.001300
4.480  0.000000 4.480  0.001200
4.800  0.000000 4.800  0.001100
5.120  0.000000 5.120  0.001000
5440 0.000000 5.440  0.001000
5.760  0.000000 5.760  0.001000
6.080  0.000000 6.080  0.001000
6.400  0.000000 6.400  0.001000
6.720  0.000000 6.720  0.001000
7.040  0.000000 7.040  0.001000
7.360  0.000000 7.360  0.000900
7.680  0.000000 7.680  0.000900
8.000  0.000000 8.000  0.000900
8.320  0.000000 8.320  0.000900
8.640  0.000000 8.640  0.000900
8.960  0.000000 8.960  0.000900
9.280  0.000000 9.280  0.000900
9.600  0.000000 9.600  0.000900
9.920  0.000000 9.920  0.000900
10.240  0.000000 10.240  0.000900
10.560  0.000000 10.560  0.000900
10.880  0.000000 10.880  0.000800
11.200  0.000000 11.200  0.000800
11.520  0.000000 11.520  0.000800
11.840  0.000000 11.840  0.000800
12.160  0.000000 12.160  0.000800
12.480  0.000000 12.480  0.000800
12.800  0.000000 12.800  0.000800
13.120  0.000000 13.120  0.000700
13.440  0.000000 13.440  0.000700
13.760  0.000000 13.760  0.000700
14.080  0.000000 14.080  0.000700
14.400  0.000000 14.400  0.000700
14720 0.000000 14.720  0.000700
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15.040  0.600000 15.040  0.000700
15.360  3.700000 15.360  0.000700
15.680  7.000000 15.680  0.000700
16.000  10.200000 16.000  0.000600
16.320  13.300000 16.320  0.000600
16.640  16.600000 16.640  0.000600
16.960  19.700000 16.960  0.000600
17.280  22.900000 17.280  0.000600
17.600  26.100000 17.600  0.000600
17.920  29.300000 17.920  0.000600
18.240  32.500000 18.240  0.000600
18.560  35.800000 18.560  0.000600
18.880  38.900000 18.880  0.000500
19.200  42.100000 19.200  0.000500
19.520  45.300000 19.520  0.000400
19.840  48.600000 19.840  0.000300
20.160  51.800000 20.160  0.000300
20.480  54.900000 20.480  0.000300
20.800  58.200000 20.800  0.000500
21.120  61.300000 21.120  0.000900
21.440  64.500000 21.440  0.001600
21.760  67.700000 21760 0.002700
22.080  70.900000 22.080  0.003800
22.400  74.200000 22400 0.003900
22720 77.300000 22720 0.003000
23.040  80.500000 23.040  0.001900
23.360  83.700000 23.360  0.001000
23.680  86.900000 23.680  0.000500
24.000  90.100000 24.000  0.000200
24.320  93.300000 24.320  -0.000100
24.640  96.600000 24.640  -0.000200
24.960  99.700000 24.960 -0.000300
25.280 100.000000 25.280  -0.000400
25.600 100.000000 25.600 -0.000500
25.920 100.000000 25.920  -0.000600
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26.240 100.000000 26.240  -0.000700
26.560 100.000000 26.560 -0.000700
26.880 100.000000 26.880  -0.000800
27.200 100.000000 27.200 -0.000800
27.520 100.000000 27.520  -0.000900
27.840 100.000000 27.840  -0.000900
28.160 100.000000 28.160 -0.001000
28.480 100.000000 28.480 -0.001100
28.800 100.000000 28.800 -0.001100
29.120 100.000000 29.120  -0.001100
29.440 100.000000 29.440 -0.001300
29.760 100.000000 29.760 -0.001200
30.080 100.000000 30.080 -0.001200
30.400 100.000000 30.400 -0.001200
30.720 100.000000 30.720  -0.001200
31.040 100.000000 31.040 -0.001200
31.360 100.000000 31.360 -0.001200
31.680 100.000000 31.680 -0.001300
32.000 100.000000 32.000 -0.001200
32.320 100.000000 32.320 -0.001300
32.640 100.000000 32.640 -0.001300
32.960 100.000000 32.960 -0.001300
33.280 100.000000 33.280 -0.001300
33.600 100.000000 33.600 -0.001300
33.920 100.000000 33.920 -0.001300
34.240 100.000000 34.240  -0.001300
34.560 100.000000 34.560 -0.001400
34.880 100.000000 34.880 -0.001400

mira_2_ConcB_01

mira_2 M1 UV_280nm_01

min

min
AU

0.000  0.000000

0.000

0.000000
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0.640  0.000000 0.640 -0.000100
1.280  0.000000 1.280  -0.000100
1.920  0.000000 1.920  0.000000
2.560  0.000000 2.560  0.000100
3.200  0.000000 3.200  0.000100
3.840  0.000000 3.840  0.000200
4.480  0.000000 4.480  0.000400
5.120  0.000000 5.120  0.000700
5.760  0.000000 5.760  0.001100
6.400  0.000000 6.400  0.001500
7.040  0.000000 7.040  0.001900
7.680  0.000000 7.680  0.001900
8.320  0.000000 8.320  0.001600
8.960  0.000000 8.960  0.001400
9.600  0.000000 9.600  0.000900
10.240  0.430000 10.240  0.000700
10.880  1.480000 10.880  0.000500
11.520  2.540000 11.520  0.000400
12.160  3.630000 12.160  0.000200
12.800  4.680000 12.800  0.000100
13.440  5.740000 13.440  0.000100
14.080  6.810000 14.080  0.000100
14.720  7.860000 14720 0.000000
15.360  8.940000 15.360  0.000000
16.000  10.010000 16.000  0.000000
16.640  11.080000 16.640  0.000000
17.280  12.160000 17.280  0.000000
17.920  13.230000 17.920  0.000000
18.560  14.280000 18.560  0.000000
19.200  15.340000 19.200 -0.000100
19.840  16.410000 19.840 -0.000100
20.480  17.460000 20.480 -0.000100
21.120  18.540000 21.120  -0.000100
21.760  19.630000 21.760  0.000000
22.400  20.680000 22.400  0.000000
23.040  21.760000 23.040  0.000000
23.680  22.830000 23.680  0.000000
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24.320  23.890000 24320 0.000100
24.960  24.960000 24.960  0.000100
25.600  26.030000 25.600  0.000400
26.240  27.090000 26240 0.000600
26.880  28.160000 26.880  0.000600
27.520  29.210000 27.520  0.000800
28.160  30.290000 28.160  0.001000
28.800  31.360000 28.800  0.001300
29.440  32.430000 29.440  0.001600
30.080  33.480000 30.080  0.001900
30.720  34.560000 30.720 - 0.001900
31.360  35.630000 31.360  0.001800
32.000  36.690000 32.000  0.001600
32.640  37.760000 32.640  0.001100
33.280  38.830000 33.280  0.000800
33.920  39.890000 33.920  0.000500
34.560 40.960000 34.560  0.000300
35.200  42.030000 35200 0.000200
35.840  43.110000 35.840  0.000100
36.480  44.160000 36.480  0.000000
37.120  45.240000 37.120 -0.000100
37.760  46.310000 37.760 -0.000200
38.400  47.380000 38.400 -0.000300
39.040  48.440000 39.040 -0.000300
39.680  49.510000 39.680 -0.000300
40.320  50.580000 40.320  -0.000400
40.960  51.640000 40.960  -0.000400
41.600 52.710000 41.600 -0.000400
42.240  53.760000 42.240 -0.000400
42.880  54.830000 42.880 -0.000400
43.520  55.910000 43.520 -0.000200
44.160  56.960000 44.160  -0.000400
44.800  58.040000 44.800 -0.000300
45.440  59.110000 45.440  -0.000400
46.080  60.180000 46.080 -0.000400
46.720  61.240000 46.720  -0.000500
47.360 62.310000 47.360 -0.000600
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48.000  63.380000 48.000 -0.000600
48.640  64.440000 48.640  -0.000600
49.280  65.510000 49.280 -0.000700
49.920  66.560000 49.920 -0.000700
50.560  67.630000 50.560 -0.000700
51.200  68.710000 51.200  -0.000700
51.840  69.780000 51.840  -0.000800
52.480  70.840000 52.480 -0.000800
53.120  71.910000 53.120  -0.000800
53.760  72.980000 53.760  -0.000800
54.400  74.040000 54.400  -0.000800
55.040  75.110000 55.040  -0.000900
55.680  76.160000 55.680  -0.000900
56.320  77.240000 56.320  -0.000900
56.960 78.310000 56.960 -0.000900
57.600  79.360000 57.600 -0.000600
58.240  80.440000 58.240  -0.000800
58.880  81.510000 58.880  -0.000800
59.520  82.580000 59.520  -0.000900
60.160  83.660000 60.160 -0.000900
60.800  84.720000 60.800 -0.001000
61.440  85.770000 61.440 -0.001100
62.080  86.820000 62.080 -0.001100
62.720  87.910000 02.720 -0.001200
63.360  88.990000 63.360 -0.001200
64.000  90.040000 64.000 -0.001200
64.640  91.110000 64.640 -0.001200
05.280  92.190000 65.280 -0.001200
05.920  93.260000 65.920 -0.001300
06.560  94.320000 66.560 -0.001300
67.200  95.410000 67.200 -0.001300
67.840  96.460000 67.840 -0.001300
68.480  97.520000 68.480 -0.001000
69.120  98.590000 69.120  -0.001200
69.760  99.660000 69.760 -0.001200
70.400 100.000000 70.400 -0.001300
71.040 100.000000 71.040  -0.001400
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71.680 100.000000

71.680 -0.001400

72.320 100.000000

72.320 -0.001400

72.960 100.000000

72.960 -0.001400

73.600 100.000000

73.600 -0.001400

74.240 100.000000

74.240  -0.001500

74.880 100.000000

74.880  -0.001500

75.520 100.000000

75520 -0.001500

76.160 100.000000

76.160 -0.001500

76.800 100.000000

76.800 -0.001500

77.440 100.000000

77440 -0.001500

78.080 100.000000

78.080 -0.001400

78.720 100.000000

78.720 -0.001500

79.360 100.000000

79.360 -0.001500

mira_3_ConcB_01

mira_3 M1 _UV_280nm_01

min

%

min
AU

0.000  0.000000

0.000 -0.001200

0.640  0.000000

0.656 -0.001000

1.280  0.000000

1.312 -0.001100

1.920  0.000000

1.968 -0.001100

2.560  0.000000

2.624  0.000600

3.200  0.000000

3.280  0.001000

3.840  0.000000

3.936 -0.000500

4.480  0.000000

4.592  -0.000800

5.120  0.000000

5.248  -0.000500

5.760  0.000000

5.904 -0.000100

6.400  0.000000

6.560  0.000300

7.040  0.000000

7.216  0.001000

7.680  0.000000

7.872  0.001500

8.320  0.000000

8.528  0.000700

8.960  0.000000

9.184 -0.000100
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9.600  0.000000 9.840 -0.000600
10.240  0.390000 10.496  -0.000800
10.880  1.480000 11.152 -0.000900
11.520  2.530000 11.808  -0.000900
12.160  3.590000 12.464 -0.001000
12.800  4.680000 13.120  -0.001000
13.440  5.730000 13.776  -0.001000
14.080  6.810000 14432 -0.001000
14720 7.860000 15.088 -0.001000
15.360  8.930000 15.744 -0.001000
16.000  10.010000 16.400 -0.001000
16.640  11.060000 17.056  -0.001000
17.280  12.140000 17.712 -0.001000
17.920  13.190000 18.368  -0.000900
18.560  14.280000 19.024 -0.001000
19.200  15.330000 19.680 -0.000900
19.840  16.390000 20.336  -0.000900
20.480  17.480000 20.992  -0.000800
21.120  18.530000 21.648  -0.000700
21.760  19.590000 22.304  -0.000500
22.400  20.660000 22.960 -0.000500
23.040  21.730000 23.616  -0.000500
23.680  22.790000 24.272  -0.000600
24.320  23.860000 24.928 -0.000600
24.960  24.930000 25.584  -0.000500
25.600  25.990000 26.240 -0.000100
26.240  27.080000 26.896  0.000000
26.880  28.130000 27.552 -0.000100
27.520  29.190000 28.208  -0.000100
28.160  30.280000 28.864  -0.000100
28.800  31.330000 29.520  -0.000100
29.440  32.410000 30.176  0.000000
30.080  33.460000 30.832  0.000000
30.720  34.530000 31.488 -0.000100
31.360  35.590000 32.144 -0.000100
32.000 36.660000 32.800 -0.000300
32.640  37.740000 33.456  -0.000400
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33.280  38.790000 34.112  -0.000600
33.920  39.880000 34768 -0.000700
34.560 40.940000 35.424  -0.000700
35.200  42.010000 36.080 -0.000700
35.840  43.080000 36.736  -0.000700
36.480  44.160000 37.392  -0.000800
37.120  45.210000 38.048  -0.000900
37.760  46.280000 38.704  -0.001000
38.400  47.340000 39.360 -0.001100
39.040  48.430000 40.016  -0.001100
39.680  49.480000 40.672 -0.001200
40.320  50.560000 41.328 -0.001200
40.960 51.610000 41.984 -0.001200
41.600  52.680000 42.640 -0.001200
42.240  53.760000 43.296 -0.001200
42.880 54.810000 43.952 -0.001200
43.520  55.890000 44.608 -0.001200
44.160  56.940000 45.264 -0.001200
44.800  58.010000 45.920 -0.001200
45.440  59.080000 46.576 -0.001300
46.080  60.140000 47.232 -0.001300
46.720  61.210000 47.888 -0.001300
47.360  62.280000 48.544 -0.001300
48.000  63.360000 49.200 -0.001300
48.640 64.410000 49.856  -0.001300
49.280  65.480000 50.512 -0.001300
49.920  66.560000 51.168  -0.001300
50.560  67.610000 51.824  -0.001300
51.200  68.690000 52.480 -0.001200
51.840  69.740000 53.136  -0.001300
52.480  70.810000 53.792  -0.001300
53.120  71.880000 54.448 -0.001300
53.760  72.940000 55.104  -0.001300
54.400  74.010000 55.760  -0.001400
55.040  75.080000 56.416 -0.001400
55.680  76.130000 57.072 -0.001400
56.320  77.210000 57728 -0.001500
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56.960  78.280000 58.384  -0.001500
57.600  79.340000 59.040 -0.001500
58.240  80.410000 59.696  -0.001500
58.880  81.490000 60.352  -0.001500
59.520  82.540000 61.008 -0.001500
60.160  83.590000 61.664 -0.001600
60.800  84.670000 62.320 -0.001400
61.440  85.740000 62.976  -0.001600
62.080  86.810000 63.632  -0.001600
62.720  87.870000 64.288 -0.001300
63.360  88.960000 64.944  -0.001400
64.000  90.010000 65.600 -0.001500
64.640  91.090000 06.256  -0.001600
65.280  92.160000 06.912 -0.001600
05.920  93.240000 67.568 -0.001600
06.560  94.310000 68.224  -0.001700
67.200  95.360000 68.880 -0.001700
67.840  96.440000 69.536  -0.001700
68.480  97.510000 70.192  -0.001700
69.120  98.570000 70.848  -0.001700
69.760  99.640000 71.504 -0.001700
70.400 100.000000 72.160 -0.001700
71.040 100.000000 72.816 -0.001700
71.680 100.000000 73.472 -0.001800
72.320 100.000000 74.128 -0.001700
72.960 100.000000 74.784 -0.001700
73.600 100.000000 75.440 -0.001800
74.240 100.000000 76.096 -0.001800
74.880 100.000000 76.752 -0.001800
75.520 100.000000 77408 -0.001800
76.160 100.000000 78.064 -0.001800
76.800 100.000000 78.720  -0.001800
77.440 100.000000 79.376  -0.001900

78.080 100.000000

78.720 100.000000

79.360 100.000000
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mira4_ConcB_01

mira4_M1 _UV_280nm_01

min

min

% AU
0.000  0.000000 0.000 -0.000700
0.640  0.000000 0.640 -0.000600
1.280  0.000000 1.280 -0.000300
1.920  0.000000 1.920  0.000550
2.560  0.000000 2.560  0.000700
3.200  0.000000 3200 0.000450
3.840  0.000000 3.840 -0.000100
4.480  0.000000 4.480 -0.000150
5.120  0.000000 5.120  0.000050
5.760  0.000000 5.760  0.000350
6.400  0.000000 6.400  0.000700
7.040  0.000000 7.040  0.000800
7.680  0.000000 7.680  0.000600
8.320  0.000000 8.320  0.000100
8.960  0.000000 8.960 -0.000250
9.600  0.000000 9.600 -0.000500
10.240  0.000000 10.240  -0.000600
10.880  0.000000 10.880  -0.000600
11.520  0.000000 11.520 -0.000700
12.160  0.000000 12.160  -0.000650
12.800  0.000000 12.800 -0.000650
13.440  0.000000 13.440 -0.000700
14.080  0.000000 14.080 -0.000700
14720 0.000000 14720 -0.000700
15.360  0.610000 15.360 -0.000700
16.000  1.680000 16.000 -0.000700
16.640  2.740000 16.640  -0.000750
17.280  3.810000 17.280 -0.000700
17.920  4.880000 17.920 -0.000700
18.560  5.930000 18.560 -0.000750
19.200  7.010000 19.200 -0.000700
19.840  8.080000 19.840 -0.000700
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20.480  9.140000 20.480 -0.000700
21.120  10.210000 21.120 -0.000700
21.760  11.260000 21.760  -0.000700
22400 12.340000 22.400 -0.000700
23.040  13.410000 23.040 -0.000750
23.680  14.480000 23.680 -0.000750
24.320  15.540000 24.320  -0.000700
24.960  16.590000 24.960 -0.000650
25.600  17.680000 25.600 -0.000500
26.240  18.740000 26.240  -0.000350
26.880  19.810000 26.880 -0.000250
27.520  20.860000 27.520  -0.000250
28.160  21.940000 28.160 -0.000150
28.800  23.030000 28.800 -0.000200
29.440  24.080000 29.440 -0.000150
30.080  25.140000 30.080  -0.000050
30.720  26.210000 30.720  0.000600
31.360  27.280000 31.360  0.001400
32.000  28.340000 32.000  0.001400
32.640  29.410000 32.640  0.001600
33.280  30.490000 33.280  0.002250
33.920  31.540000 33.920  0.002900
34.560 32.610000 34560  0.003600
35.200  33.680000 35200  0.004450
35.840  34.740000 35.840  0.004900
36.480  35.830000 36.480  0.005050
37.120  36.880000 37.120  0.004450
37.760  37.960000 37.760  0.003300
38.400  39.010000 38.400  0.002500
39.040  40.080000 39.040  0.001850
39.680  41.140000 39.680  0.001300
40.320  42.210000 40.320  0.000850
40.960  43.290000 40.960  0.000550
41.600  44.340000 41.600  0.000300
42.240  45.440000 42.240  0.000200
42.880 46.510000 42.880  0.000000
43.520  47.580000 43.520 -0.000100
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44.160  48.640000 44.160  -0.000300
44.800  49.690000 44.800 -0.000300
45.440  50.760000 45.440 -0.000450
46.080 51.830000 46.080 -0.000500
46.720  52.890000 46.720 -0.000500
47.360  53.980000 47.360 -0.000500
48.000  55.030000 48.000 -0.000550
48.640  56.090000 48.640  -0.000600
49.280 57.160000 49.280  0.000050
49.920  58.230000 49.920  0.000100
50.560  59.290000 50.560 -0.000200
51.200  60.360000 51.200 -0.000250
51.840  61.430000 51.840  -0.000600
52.480  62.490000 52.480 -0.000750
53.120  63.560000 53.120  -0.000800
53.760  64.630000 53.760  -0.000850
54.400  65.690000 54.400  -0.000900
55.040  66.760000 55.040  -0.000950
55.680  67.830000 55.680 -0.001000
56.320  68.890000 56.320  -0.001050
56.960  69.980000 56.960 -0.001100
57.600  71.030000 57.600 -0.001150
58.240  72.110000 58.240 -0.001150
58.880  73.160000 58.880  -0.001150
59.520  74.230000 59.520  -0.001200
60.160  75.290000 60.160 -0.001250
60.800  76.380000 60.800 -0.001250
61.440  77.430000 61.440 -0.001300
62.080  78.510000 62.080 -0.001350
62.720  79.580000 62.720  -0.000650
63.360  80.630000 63.360 -0.001000
64.000  81.690000 64.000 -0.001100
64.640  82.760000 64.640 -0.001200
65.280  83.820000 65.280 -0.001250
65.920  84.890000 65.920 -0.001400
66.560  85.960000 06.560 -0.001450
67.200  87.040000 07.200 -0.001500
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67.840  88.090000 07.840 -0.001500
68.480  89.170000 68.480 -0.001550
69.120  90.220000 69.120 -0.001550
69.760  91.310000 69.760 -0.001550
70.400  92.360000 70.400 -0.001600
71.040  93.440000 71.040  -0.001600
71.680  94.510000 71.680 -0.001650
72320 95.570000 72.320 -0.001700
72.960  96.640000 72.960 -0.001700
73.600  97.710000 73.600 -0.001400
74.240  98.770000 74.240  -0.001550
74.880  99.840000 74.880 -0.001650
75.520 100.000000 75.520  -0.001700
76.160 100.000000 76.160  -0.001700
76.800 100.000000 76.800 -0.001800
71.440 100.000000 71.440 -0.001800
78.080 100.000000 78.080 -0.001850
78.720 100.000000 78.720  -0.001850
79.360 100.000000 79.360 -0.001850
80.000 100.000000 80.000 -0.001850
80.640 100.000000 80.640 -0.001900
81.280 100.000000 81.280 -0.001900
81.920 100.000000 81.920 -0.001900
82.560 100.000000 82.560 -0.001900
83.200 100.000000 83.200 -0.001700
83.840 100.000000 83.840 -0.001800
84.480 100.000000 84.480 -0.001850
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2o e

1 bufer VAREEE]
buffer A : NaxHPO4(aq)0.005M+KH2PO4(aq)0.005M
buffer B : NaCl(ag) IM + Na2HPO4 0.005M + KH2PO4 0.005M

2. FHEA TR 53 2
Running gel Stacking gel
(17.5%)x2 (1.0%)x2
Acrylamide(50%)
Bisacrylamide 3.062mL 0.69mL
By R
HO 3.92mL 3.5595mL
2M Tris-H:POs 1.645mL
10%SDS
e E‘Wﬁ‘[‘iﬂﬂ 88.166uL 49.5uL.
TEMED 13.34ul TulL
[H [
IM Tris-HsPO« 605 5l
pH=6.5
%;2%2%) 43.75uL. 25.5uL
355 - FPR
R %fﬁ[ﬁ[ﬂﬁ FI' Merck ~ Aldrich I'] Mini-Q [l o
E

%Elﬁiﬂ’fﬁ ##1 (Firstek, Scientific, orbital shaking incubator Model-s302R )
MpREE-£S (Kabata 7820)

R eSS (Hermle)

A EERS (EYELA rotary vacuum evaporator N-N series )
HiTrap Desalting column ( Pharmacia, SmL )

EPLC system ( Pharmacia Biotech EPLC System )
SDS-PAGE #3F1R|

Acylamide-Biscrylamide & f I Aldrich

Tris-H:PO: 5 F I STRATAGENE

SDS(Dodecyl sulfate sodium salt)f= [ I Aldrich
APS(Ammonium persulfate)f& f I Aldrich
THEMD(N,N,N'N'-tetramethylethylene)f f ' BDH

Glycine f& [ I Lancaster
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Abstract

Richadella dulcifica, a native plant in tropical West Africa, bears red berries which contain
protein assigned as miraculin and has the unusual property of modifying a sour taste into a
sweet taste.

Miraculin is extracted with 0.5 M sodium chloride solution, and purified from the extracts
by 50% ammonium sulfate fractionation, sulfopropyl ion-exchange column chromatography,
and concanavalin A-Sepharose affinity column chromatography.

Previously, primary structure analysis of miraculin revealed that it consists of 191 amino
acid residues with 7 cysteine residues and was found to be a basic protein with PI value of ~
9. This taste-modifying protein, miraculin, is also a glycoprotein with Asn-linked
oligosaccharide moieties located at Asn-42 and Asn-186.

It is interesting to find that the M.W. of miraculin is 28,000 by nucleotide sequence
analysis of its cDNA as reported previously, but the present investigation showed that the
M. W. of purified miraculin is 55,000 by sodium dodecyl sulfate-polyacrylamiade gel
electrophoresis. By reduction of the miraculin with 5%  -mercaptoethanol, the M.W. of
miraculin is reduced to 28,000, and it suggests that miraculin is a homodimer linked by
disulfide bond(s). To investigate whether the dimeric form is essential to its function of
modifying the sourness into sweetness, the miraculin was reduced with  -mercaptoethanol
and then alkylated with iodoacetate to address this issue.

Furthermore, in order to study whether the carbohydrate moiety of miraculin, is essential
for its function, the cDNA of miraculin was cloned into pGEX-2T vector and expressed in

E.Coli..



Introduction

In chemistry class of my senior high school, the teacher has mentioned that there is a kind

of fruit, which can modifying your taste. I was really interested in that.

The fruit’s name is Richadella dulcifica, a native plant in tropical West Africa, bears red
berries that contain miraculin. Another name of Richdella dulcifica is miracle fruit.
According to the materials, the reason of taste-modifying function is because miraculin can
cover your sour sensor and let the sourness turn into sweetness. The function works
obviously when tasting lemons. The crude extracts of fruits have been used as sour-taste

modifying agent and are commercially available.

After literature survey of miraculin, it indicates that there were two different molecular
weight (M.W.) of miraculin. One is 48 kDa, and another one is 28 kDa. It drew my attention

to syudy it.

Miracle fruit is not a plant that is not easy to take care of. It can only grow well under high
temperature and enough sunshine. And the fact affects the price very much. Miracle fruit is
expensive and hard to buy in normal market. If recombinant miraculin can still has the
biological function, the price will be lower a d it is truly a welfare fore people. The effect of
taste modifying function is really good news for diabetics and weight reducers. They can

reduce the ingestion of sugar. And the medicine can also be made by natural material.

d The photograph of miracle fruit which
_ is grown in southern Taiwan.




Problems

1. In my preliminary experiments, I found that miraculin is a dimeric form, and that will
explain why previous paper reported two different M.W.. Therefore, it is interesting to
study whether the dimeric form is essential for its biological activity of modifying the
sourness into sweetness.

2. The proposal is to study whether miraculin an be produced by recombinant technology in
E. coli to study whether the carbohydrate moieties of miraculin are indispensable for its

taste modifying activity.

Hypothesis

1. The dimeric form of native miraculin is essential for its biological function.

2. Carbohydrate moieties of miraculin are indispensable for its biological function.



Materials and Methods

Materials:

1.

2.

The crude extract of miracle fruit was from Sen Yuh Farm Science Co., LTD., Taiwan.
Disodium hydrogenphosphate, potassium dihydrogenphosphate, ammonium sulfate,
citric acid anhydrous (Showa Chemical Co. Ltd, Japan), and sodium chloride
(WakoChemical Industries, Ltd, Japan) were used for purification of miraculin. Distilled
water was used for all the aqueous solution.

Acrylamide, N,N,N'.N'-rtetramethylethylene (TEMED), Coomassie brilliant blue
(GIBCO BRL), Tris, ammonium persulfate (APS), SDS, p-mercaptoethanol, and
bromophenol blue (Merck) were used for SDS-PAGE.

Sulfopropyl (SP) ion-exchange column chromatography, Hitrap Desalting column and
concanavalin A-Sepharose (Con A) affinity column chromatography were obtained from
Pharmacia Biotech (Uppsala, Sweden). And RNeasy column was purchased from Qiagen

Inc. (Valenicia, CA).

. Isopropyl-D-thiogalactopyranoside (IPTG), glutathione, restriction enzymes and

ampicillin were acquired from Boehringer Mannheim Co..P-GEX-2T vector was from
Pharmacia. Bacto-tryptone, bacto-yeast-extract and agar were obtained from Difco Co..
Equipments:

1. Beckman J2/21 M/E centrifuge

2. Beckman L8-80M centrifuge

3. Sigma 2K15 centrifuge

4. Pharmacia FPLC

5. Hitachi U-3200 spectrophotometer

6. Jasco Model 715 Spectropolarimeter



Purification of miraculin:

5g of the crude extracts of miracle fruits crude was homogenized for 2 min in 30 ml of 0.5
M NacCl solution and then extracted overnight. The homogenate was centrifuged at 13,000
rpm for 40 min. The supernatants which showed high sweet-reducing activity were collected.
Ammonium sulfate fractionation was carried out by addition of solid ammonium sulfate to
the pooled solution to bring about 50% saturation. The precipitate from the solution was
collected by centrifugation at 13,000 rpm for 40 min and suspended in 0.01M
KH,PO4-Na,HPO, buffer (pH 6.8).

The sample was applied to SP ion-exchange column equilibrated with 0.01 M
KH,PO4-Na,HPO, buffer. The column was eluted first with the phosphate buffer, and the
adsorbed substances were eluted with a liner gradient of NaCl (0-0.5 M) in the buffer. The
total volume of the gradient solution was 80 ml and fractionations of 10 ml were collected
with a flow rate of 1 ml/min. The active fractions were pooled and concentrated. The
concentrated solution was subjected to the following affinity chromatography.

The sample obtained above was applied to Con A-Sepharose 4B column equilibrated with
0.01 M KH;PO4-Na,HPO,4 buffer containing 0.5 M NaCl. The column was eluted first with
0.01 M KH,PO4-Na,HPO, buffer, and the adsorbed substances were eluted with a liner
gradient of methyl-a-D-glucoside (0-0.15 M) in the starting buffer at a flow rate of 1ml/min.
The active fractions were pooled.

The sweet-inducing activity of miraculin was assayed by tongue myself. 400 ul of
miraculin solution were held in the mouth for 2 minutes and spat out. The mouth was rinsed
with water and then 0.02 M citric acid was tasted. The protein which had the biological
function can be confirmed to be miraculin.

The homogeneity and molecular weight ( M.W. ) of purified miraculin were

determined by sodium dodecyl sulfate-polyacrylamiade gel electrophoresis (SDS-PAGE).



Biological function test of dimer and monomer miraculin:

The SDS-PAGE was used to analyze which is the best concentration of 3-mercaptoethanol
to break the disulfide bond that is only between molecules but not in the molecular structure
of miraculin. After finding the most appropriate concentrate, 3-mercaptoethanol was added
into native miraculin to break the disulfide bond. Then the same method that has metioned

above was used to assay the biological function of dimmer and monomer miraculin.

Preparation of recombinant miraculin:

The pulp and seed of miraculin were grinded under liquid nitrogen to a fine powder using
a mortar and pestle. The sample was lysed by adding 20 ml Buffer RLT. The lysate was
centrifuged at room temperature at 3000 rpm for 10 min. 0.5 volumes of 96-100% ethanol
was added to the cleared lysate. The sample was applied to an RNeasy maxi column and
centrifuged for 5 min at 5000 rpm. The flow-through was discarded. 15 ml Buffer RW1 was
added to the RNeasy column and centrifuged for 5 min at 5000 rpm. The flow-through was
discarded. 10 ml Buffer RPE was added to the RNeasy column and centrifuged for 10 min at
5000 rpm to wash the column. The flow-through was discarded. The appropriate volume of
RNase-free water was pipeted directly onto the RNeasy silica-gel membrane. The sample
was stood for 1 min, and then centrifuged for 3 min at 3000-5000 rpm. The elution step was
repeated as described with a second volume of RNase-free water. The total RNA was
isolated in the solution.

The reverse transcriptase was used to produce the first strand cDNA from the total RNA.
And the cDNA of miraculin was obtained by Polymerize Chain Reaction (PCR) with

forward and reversed primers.
Forward primer: 5°-GGA TCC GAT TCG GCA CCC AAT CCC GTT -3°
Reversed primer: 5°’-GAA TTA TTA GAA GTATAC GGT TTT GTT GAA -3°

5ul 10 x PCR buffer (100 mM Tris-HCI, pH 9.0, 25 mM MgCl,, 500 mM KCI, 0.1 %

Gelatin), 2 ul 10 mM dNTPs, specific primers, 0.5 ul 7ag DNA polymerase, and distilled

7



water were added to 2 ng template cDNA for total 50ul.
Reaction program: 95°C for 1 min, 45 °C for 1 min, 65°C for 2 min. After 35 cycles were
finished, the sample reacted at 65°C for 7 min.

The plasmid from competent E. coli was reacted with restriction enzymes BamH 1 and
EcoR 1. The cDNA of miraculin was cloned into pGEX-2T vector to get pGEX-2T-M, and
transformed into E. coli, incubating at 37°C. When the optical density at 600 nm of culture
reached 0.5; the culture was induced with 0.5mM IPTG, and incubated at 4°C for 16 hr. The
E. coli was centrifuged at 4000 rpm for 10 min. Resuspension buffer (10 mM Tris-HCI,
pH7.5, 100 mM NaCl, 1 mM MgCl, and 1mM DTT) and 100 ul lysozyme (10 mg/ml) were

added. The cells were lysed with sonicator.

PGEX-ZT PGEX-2T-M

Construction of pGEX-2T vector and pGEX-2T-M.

The sample was applied to Glutathione-Sepharose 4B column equilibrated with PBS (150
mM NaCl, 16 mM Na,HPO4, 4 mM NaH,PO4, pH7.3) and 1 mM DTT. The column was
eluted first with PBS buffer, and the fusion protein of recombinant
glutathione-S-transferase (GST)-miraculin was eluted with Elution buffer (5 mM

Glutathione, 50 mM Tris-HCI, pH 8.0) at a flow rate of Iml/min.

Periodic acid-Schiff stain (PAS) was used to confirm that fusion protein, GST-miraculin,
which was not a glycoprotein. Then the same method that has metioned above was used to

assay the biological function of GST-miraculin.

8



Results and discussion

I. Purification of miraclin from the red berries of Richadella dulcifica

Miraculin was isolated and purified from the red berries of Richadella dulcifica. The
Sp ion-exchange column and Con affinity column graphs from FPLC were shown as 1A
and B.

Miraculin was purified and shown to be homogenized, and the apparent M.W. of

miraculin was shown to be 55,000 (Fig. 2). The yield is 2.2 mg/kg from red berries.

1A 0.10

0.08

0.06 A

% of 1M NaCl

0.04

Absorbance at 280 nm

0.02

0.00 4

2A

- 100

F 80

- 60

L 40

Absorbance at 280 nm

r 20

% of 0.15 M methyl-a-D-glucoside

0 16 ZIO 3‘0 4I0 5‘0 60
Elution volumn (ml)
Fig. 1A: Purification of miraculin by SP ion-exchange column chromatography.
1B: Purification of miraculin by Con A affinity column chromatography.
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Marker A B C D

97.0kDa A.NaCl
B. Ammonium sulfate
66.0kDa . .
frationation
45.0kDa
C. SP column
fractionation
30.0kDa
D. Con A column
fractionation
20.1kDa
14.4kDa

Fig. 2: Purification of miraculin analyzed by SDS-PAGE.

II. Miraculin is a homo-dimmer

When the purified miraculin was reduced with 5% B-mercaptoethanol, the apparent M. W.
of miraculin was reduced to 25,000 (Fig. 3). It indicates that miraculin is a homodimer. 0.1%
of f— mercaptoethanol was the most appropriate concentration to break the disulfide bond of

dimmer miraculin, and miraculin can just become a monomer (Fig. 4).

When miraculin was reduced with 5% p-mercaptoethanol and alkylated with
iodoacetate, the reduced alkylated miraculin lost its sour taste-modifying activity, and it

suggested that the dimeric form is essential for its biological activity.

KDa _Marker A B

97.0

66.0

A. Monomer
45.0

30.0 : .
- B. dimer

20.1

14.4

Fig. 3: SDS-PAGE of dimmer and monomer miraculin.
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Marker A B C D E F

kDa !
97.0

66.0

Fig. 4: Demostration of miraculin of different concentrations of

p-mercaptoethanol.

II1. Preparation of recombinant miraculin

The cDNA of miraculin was obtained by PCR, and the nucleotide sequence of
miraculin ¢cDNA was shown in Fig. 5. The amino acid sequence of miraculin was
deduced from the cDNA sequence, and indicates that miraculin contains 191 amino acid
with 7 cysteine residues. Two putative glycosylation sites were found at Asn-42 and
Asn-186.

The cDNA of miraculin was ligated into the expression vector, pGEX-2T, and
expressed in E. coli. The fusion protein, GST-miraclin, was purified from the lysate of
expressed cells with a glutathione-Sepharose 4B affinity column. The result was shown
in Fig. 6. SDS-PAGE of periodic acid-Schiff stain of miraculin and GST-miraculin was

shown in Fig. 7. The recombinant miraculin completely lost its taste-modifying activity.

1  GAT TCG GCA CCC AAT CCG GTT CTTGAC ATA GAC GGA GAG AAA CTC CGG ACG GGG ACC AAT
b §S A p N P V L D I D G E K L R T G T N 20

61 TAT TAC ATT GTG CCG GTG CTC CGC GAC CAT GGC GGC GGC CTT ACA GTA TCC GCC ACC ACC
Yy vy 1 v p V L R D H G G G L T V S A T T 40
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121 CCC AACGGC ACC TTC GTT TGT CCA CCC AGA GTT GTC CAA ACA CGA AAGGAG GTC GAC CAC
P N G T F v ¢c p P R V V Q T R K E V D H 6

181 GAT CGC CCC CTC GCT TTC TTT CCA GAG AAC CCA AAG GAA GAC GTT GTT CGA GTC TCC ACC
b R P L A F F P E N P K E D V V R V S T 80

241 GAT CTC AAC ATC AAT TTC TCG GCG TTC ATG CCC TGT CGT TGG ACC AGT TCC ACC GTG TGG
p L N I N F S A F M P C R W T S8 S T V W 100

301 CGG CTC GAC AAA TAC GAT GAA TCC ACG GGG CAG TAC TTC GTG ACC ATC GGC GGT GTC AAA
R L bD K Y D E S T G Q Y F V T I G G V K 120

361 GGA AAC CCA GGT CCC GAA ACC ATT AGT AGCTGG TTT AAG ATT GAGGAG TTT TGT GGT AGT
G N P G P E T I S S W F K 1 E E F C G S 140

421 GGT TTT TAC AAG CTT GTT TTC TGT CCC ACC GTT TGT GGT TCC TGC AAA GTA AAA TGC GGA
G F vy XK L v F € p T VvV C G S € K VvV K C G 160

481 GAT GTG GGC ATT TACATT GAT CAGAAGGGAAGAAGG CGT TTG GCT CTC AGC GAT AAA CCA
b v 6 1 ¥ I D Q K G R R R L A L S D K P 180

541 TTC GCA TTC GAG TTC AAC AAA ACC GTA TAC TTC TAA
F A P E P N K T V Y F *

Fig.5: Nucleotide sequence of miraculin cDNA

Marker A B C D

kDa ——

97.0
A. Crude extract from uninduced

cells.

B. Crude extract from cells,
induced at 4°C gor 16 hrs.

C. Clarified crude extract from
induced cells.

D. Eluent of GST-miraculin.

45.0

30.0

14.4

Fig. 6: Purification of 6ST-miraculin analyzed by SDS-PAGE.
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Marker A B C L E F G H
kDa .

97.0
A. Ovalbumin
B. BSA

66.0 -
- C. miraculin
46.0 D. GST-miraculin
E. Ovalbumin
F. BSA
30.0 . .
G. miraculin

H. GST-miraculin

20.1

14.4

Fig. 7: Staining for carbohydrates and proteins after SDS-PAGE analysis of

miraculin and GST-miraculin.
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Conclusion

Miraculin was purified from red berries of Richadella dulcifica, and shown to be
homogenous by SDS-PAGE analysis. The M.W. of native miraculin was found to be 55,000.
After reduction and alkylation of native miraculin, the monomer of miraculin lost its
taste-modifying activity. It indicated that the dimeric from is essential to the taste-modifying
activity, and suggests that the receptor of the miraculin on the cell membrane of tongue

membrane could be a dimmer to exert its activity.
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Nucleotide sequence of miraculin showed that it is a glycoprotein with two putative
glycosylation sites at Asn-42 and Asn-186. The recombinant protein prepared from E. coli
express system lost its taste-modifying activity. It suggests that the glycosylation of

miraculin is indispensable to its taste-modifying activity.

14



Acknowledgement

I would like thank for many people for helping me to do this project about miraculin. The
greatest appreciations are for Professor Jung-Yaw Lin and Ms. Yui-Ping Weng. They truly
directed my study questions, poster presentation and taught me the experimental technology.
Also, I am grateful for Mr. Yi-Da Chung who helped me with the computer skills to present a
nice poster and project. Ms. Mai-Ling Lin is another person I thank a lot. She supported me
all the materials I need about miracle fruit or its crude extract. I thank to Wen-Hsin Chang,
Hong-Ren Lee, Fa-Han Lee and all the members in the lab of professor Jung-Yaw Lin who
took care of me during the experiment.

On the other hand, I appreciate Professor Y-K Lee, C-S Hsu, and Ms. Hsin-Yi Huang who
leaded me at the first step of my experiment and taught me the background of biological
chemistry.

Your helps made me brave and interested to complete the study about miraculin. And you

also let me got involved into the situation easily. I do thank all of you!

15



References

1.

Kurihara, K. and Beidler, L. (1968) Taste-modifying proteinform miracle fruit. Science,
161, 1241-1243.

Brouwer, J. N., Wel, H., Francke, A. and Henning G.. J. (1968) Miraculin, the
sweetness-inducing protein from miracle fruit. Nature, 220, 373-374.

Theerasilp, S. and Kurihara, Y. (1988) Complete purification and characterization of
the taste-modifying protein, miraculin, from miracle fruit. J. of Biological Chemistry;
263, 11536-11539.

Theerasilp, S., Histotsuyas, H., Nakajo, S., Nakaya, K., Nakamura, Y. and Kurihara Y.
(1989) Complete amino acid sequence and structure characterization of the
taste-modifying protein, miraculin. J. of Biological Chemistry; 264, 6665-6669.
Masuda, Y., Nirasawa, S., Nakaya, K. and Kurihara, Y. (1995) Cloning and sequencing

of'a cDNA encoding a taste-modifying protein, miraculin. Gene; 161, 175-177.

16



	生物化學科
	解開神秘果的奧秘-檸檬變柳丁的原因
	作者簡介
	摘要
	Abstract
	前言
	研究想法及方法
	研究結果及討論
	結論與應用
	展望
	附錄
	參考文獻
	評語
	英文
	Abstract
	Introduction
	Problems
	Hypothesis
	Materials and Methods 
	Results and discussion
	Conclusion
	Acknowledgement
	References






