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Supplementary figure 1: Typical HPLC chromatograms of gamma-ray irradiated samples (10 kGy
h™! x 10 h and 20 kGy h™! x 10 h), control, and amino acid standard. 1: Aspartic acid, 2: Serine, 3:
Glutamic acid, 4: Glycine, 5: Alanine, 6: a-aminoisobutyric acid, 7: a-aminobutyric acid, 8:

Isoleucine, 9: Leucine, 10: B-alanine, 11: f-aminoisobutyric acid.
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Supplementary table 1: Yields of amino acids by gamma-ray irradiations to the aqueous solutions of formaldehyde and ammonia.

o-

o-

Amino acid concentrations Glycine  Alanine  B-alanine  aminobutyric aminoisobutyric ~ aminoisobutyric  Leucine Isoleuci Serine As_partic Gl_utamic Total
in uM acid acid acid ne acid acid

0 kGy (Control) 143 3.6 18.0
0 kGy (Control) 6.4 14.6 14 22.4
0 kGy (Control) 19.0 114 03 1.0 31.7
8.5 kGy (0.5 kGy h™' x 17 h) 38.7 49.5 88.1
17 kGy (0.5 kGy h™! x 34 h) 278 84.2 25 1145
25 kGy (0.5 kGy h™! x 50 h) 344 110.2 9.0 153.6
75kGy (L5 kGy h™! x 5 h) #1 15.6 43.9 2.0 49 0.3 1.1 1.0 0.3 35 725
75KkGy (15 kGy h™! x 5 h) #2 42.4 335 0.6 33 1.3 25 83.6
75KkGy (15 kGy h'! x 5 h) #3 206 325 1.2 3.1 0.7 26 60.7
Average 7.5 kGy (1.5 kGy h™! x 5 h) 26.2 36.6 1.2 38 tr. 1.1 tr. tr. 29 723
Standard deviation 14.2 6.3 0.7 1.0 0.3 0.5 115
12 kGy (1.5 kGy h'! x 8 h) 29.4 7.3 0.6 37.2
15 kGy (1.5 kGy h™! x 10 h) 259 7.0 tr. 0.7 33.6
24 kGy (1.5 kGy h™! x 16 h) 18.9 177.6 46 21.8 44 219 2491
30 kGy (1.5 kGy h™! x 20 h) 14.0 205.9 5.9 20.6 2.1 tr. 258 2743
7.5kGy (25 kGy h'! x 3 h) #1 39.6 55.8 1.0 4.2 1.9 0.3 39 106.7
7.5kGy (25 kGy h™! x 3 h) #2 83.9 63.8 1.8 6.3 2.0 58 1635
7.5kGy (25 kGy h™! x 3 h) #3 79.9 55.2 2.3 6.9 1.6 49 1509
Average 7.5 kGy (2.5 kGy h™! x 3 h) 67.8 58.2 1.7 5.8 1.8 tr. 48 1403
Standard deviation 245 4.8 0.6 14 0.2 0.9 29.8
7.5kGy (3kGy h™! x 2.5 h) 21.6 30.0 tr. tr. 2.7 54.2
12 kGy (3kGy h™' x 4 h) 56.6 56.7 tr. 9.1 7.2 55 1351
15kGy (3 kGy h™! x5 h) #1 175 101.3 6.3 11.6 0.9 3.2 0.8 8.4  150.0
15 kGy (3 kGy h™! x 5 h) #2 139.8 85.9 10.5 4.7 33 71 2513
15kGy (3kGy h™! x5 h) #3 15.2 82.2 5.8 125 0.2 33 80 1273
Average 15 kGy (3kGy h™' x5 h) 57.5 89.8 6.0 115 0.6 3.7 2.0 78 176.2
Standard deviation 71.3 10.1 1.0 0.9 0.7 66.0
24 kGy (3kGy h™' x 8 h) 20.6 250.8 7.2 30.9 2.8 7.0 320 3512
30 kGy (3 kGy h™' x 10 h) 22.0 390.1 12.3 48.2 4.0 11.8 494 5378
15kGy (5 kGy h™! x 3 h) 13.6 225.0 5.9 24.0 2.0 3.6 243 2985
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25kGy (5 kGy h™! x5 h)

50 kGy (5 kGy h™! x 10 h)

30 kGy (10 kGy h™! x 3 h)

50 kGy (10 kGy h™! x 5 h)

100 kGy (10 kGy h™' x 10 h)

60 kGy (20 kGy h™! x 3 h)

100 kGy (20 kGy h™! x 5 h)

200 kGy (20 kGy h™! x 10 h)

80 °C 24 h (without gamma-ray)

22.8
25.1
255
425
70.7
37.0
65.5
65.3
14.6

359.9
568.1
351.3
459.2
411.2
564.8
381.6
1313.2
0.9

9.4
213
10.2
22.8
483
21.9
423
51.8

45.1
69.8
47.8
76.1
120.2
72.3
110.5
160.8

3.2
6.6
3.0
5.0
6.9
51
6.2
15.1

9.6
11.7

9.6
13.9
17.7
13.9
15.3
35.0

49.6
58.1
47.4
53.4
43.0
61.8
37.8
155.8

499.6
760.7
494.7
673.0
718.0
776.8
659.1
1797
15.5

tr.: Trace amount were detected but not suitable for quantification.

Blank: not detected.
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Supplementary figure 2: (a) Total amino acid yield as a function of irradiation time for each gamma-
ray dose rate. (b) Glycine yield as a function of irradiation time for each gamma-ray dose rate. (c)

Alanine yield as a function of irradiation time for each gamma-ray dose rate. (d) f-alanine yield as a
function of irradiation time for each gamma-ray dose rate. (e) Plot of the alanine and B-alanine yield
rates as functions of gamma-ray dose rate obtained from the linear approximations reported in (c, d).

Supplementary figure 3: (a) The *°Co facility at Tokyo Institute of Technology. (b,c) Sample
solutions in glass tubes (b) before and (c) after the gamma-ray irradiation at the °*Co facility
(Rabbit11) in the Institute of Scientific and Industrial Research, Osaka University. The samples

turned brown by gamma-ray.
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Supplementary figure 4: GC/MS chromatograms of gamma-ray irradiated sample (5 kGy h™! x 3 h)

and DL-alanine standard at m/z = 116.
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