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1  Materials and Methods
1.1 Materials

L-'>N-Leu, L-'>N-Ala, L-'>N-Val, L-'*N-Ile, L-'’N-Phe were obtained from Shanghai Research
Institute of Chemical Industry CO., LTD., China. D-Leu, D-Ala, D-Val, D-Ile, D-Phe were obtained
from Shanghai Macklin Biochemical Co., Ltd., China. Psm were purchased from Sigma-Aldrich
(Shanghai) Trading Co., Ltd., China. Ultrapure water (18.2 MQ cm) from a Milli-Q water
purification system (Millipore, Bedford, MA) was used to prepare solutions and the mobile phase.
The white and transparent Calcite was obtained from Lianyungang, Jiangsu Province, China. The
surface area was used in this work was approximately 32.2 cm?.
1.2 The method of elution of Calcite

The reaction surface was cleaned followed the order of deionized water, methanol,
dichloromethane, methanol, and deionized water for a total of 2 cycles. The surface was soaked in
the above solvents and was shook for 2 min during the cleaning procedure. Finally, the reaction
surface was corroded with 0.02M HCI for 1 min.
1.3 Physical adsorption experiments

Place the cleaned calcite surface in a glass-bottom Petri dish with a diameter of 10 cm and add
10 mL of a 0.01 M racemic amino acid solution (pH 7 = 0.2). In the experiment, L-type amino acids
were labeled using 15N isotopic labeling technology to enable subsequent quantitative detection via
LC-MS. This volume ensures the complete immersion of the calcite bottom surface in the solution
while avoiding contact of any other surfaces with the liquid. The system undergoes dry-wet cycles.
During the dry phase, the system is placed at 60 °C for 11.5 hours; during the wet phase, 10 mL of
deionized water is added to the Petri dish at room temperature, ensuring that the dried amino acids
on the calcite surface dissolve again. After standing for 0.5 hours, the next cycle begins at 60 °C.
After completing 7 dry-wet cycles, the calcite is removed, and its bottom surface is immersed in
deionized water to remove any unadsorbed amino acids. Once dried, the bottom surface is immersed
in 10 mL of 0.02 M hydrochloric acid for 30 seconds. Subsequently, 0.02 M hydrochloric acid is
applied to the surface using a pipette for another 20 seconds to ensure complete elution of adsorbed
amino acids. Finally, the acidic eluate is collected and freeze-dried. The obtained dried powder is
dissolved in 0.5 mL of deionized water and analyzed using LC-MS to quantify the ee values of
amino acids. Due to the use of L-15N-AA, which shows a significant mass difference of 1 Dalton
(Da) compared to D-AA in mass spectrometry analysis, rapid differentiation between the two is

achieved.



1.4 Chemical-physical adsorption experiments

This study selected five amino acids—Ala, Leu, Val, Ile, and Phe—as the research subjects.
The calcite used in the reactions was white and transparent, with dimensions of 62 x 52 x 77 mm
and an approximate surface area of 32.2 cm? for adsorption studies.

After treating the calcite samples using the cleaning method to remove surface impurities, as
shown in Figure S1, the samples were placed in a glass Petri dish with a diameter of 10 cm. Then,
10 mL of reaction solution containing 0.01 M racemic amino acids and 0.01 M Psm (pH 10£0.2, a
pH closer to the prebiotic environment favorable for peptide formation) was added to the dish,
initiating the dry-wet cycling process. During the dry phase, the setup was incubated in an oven at
60 °C for 11.5 hours. During the wet phase, 10 mL of deionized water was added at room
temperature to dissolve the dried substrates and products on the calcite surface, completing the phase
transition after 0.5 hours of standing.

After completing seven dry-wet cycles, the calcite was removed, and its bottom surface was
immersed in deionized water to eliminate any unabsorbed amino acids and dipeptides. Once dried,
the bottom surface was immersed in 10 mL of 0.02 M hydrochloric acid for 30 seconds. To ensure
the complete elution of adsorbed amino acids, 0.02 M hydrochloric acid was further applied to the
surface using a pipette for an additional 20 seconds. The acidic eluate was then collected and freeze-
dried. The obtained dried powder was dissolved in 0.5 mL of deionized water and quantitatively
analyzed using LC-MS to determine the ee values of amino acids and dipeptides.

For the tripeptide chirality study, a reaction solution containing 10 mL of 0.05 M L-type
dipeptides, 0.05 M racemic amino acids (where the L-type components were labeled with 15N
isotopes), and 0.01 M Psm was used. The same dry-wet cycling process described above was applied
to the calcite surfaces, and the eluates were quantitatively analyzed post-cycling.

In the quantitative analysis of dipeptides, '’N labeling technology was employed. The dipeptide
products L-'N-AA, and D-AA, exhibited a significant mass difference of 2 Da in mass
spectrometry analysis. Similarly, for tripeptide analysis, a mass difference of 1 Da was observed
between L-AA»-L-SN-AA, L-"N-AA-L-AA, and L-AA,-D-AA, D-AA-L-AA,, enabling rapid
differentiation and analysis of these enantiomeric pairs.
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Supplementary Fig. 1 Experimental schematic diagram of chiral amplification on the surface of

calcite through chemical- physical interactions.



2 Supplementary Figures of Chemical-Physical Interactions

2.1 Chiral selection of Leucine dipeptide on calcite surface. (Figs. S2-S7)

RT: 0.00-30.00 SM: 7B

120
115
110
105
100
95
90
85
80
75

Se5
260

3
8

<55

[

£ 50

K

245
40
35
30
25
20

_ NL: 2.71E9
E miz=

= 133.0984-
3 133.1006 F: FTMS
3 + p ESI Full ms
= [70.0000-
3 3.35 muyel #1675 RT 335 AV: 1 SM: 7B NL: 152E9 750.0000] MS
= T. FTMS + p ESI Full ms [70.0000-750.0000]

3 ‘ 120 o

3 | 1o 3 IM+HP o

3 E 133.0990

E 100

3 ] 132.1021

3 %0 4

E ] OH

= ‘ 8 o

E LE 15NH,

E g 15

E f0 3 L-"N-Leu

E 2 9

3 ‘ 250 4

E 2 1

= 203

3 @

E |

_% ‘ 10 3 1341023

E ‘ o 1140917 117.0914 122.1418 1351031 1390175 156.0808

E ‘ 11 115 120 125 130 135 140 145 150 155 160

3 ‘ | miz

31.08 3'12-,_ \_448 576 8.84 10.09 1264 14.18 1535 17.41 19.16 21.91 2343 2445 27.94
:\\I|\\\|II\\\\I\\\\|I\\\\\I\\\\|\\\\\\I\\\\|\\\\\I\\\\\|\\\\

Qo 4 6 12 14 16 18 20 22 24 26 28 30

Time (min)

Supplementary Fig. 2 Extraction ion chromatography-mass spectrometry of the original

solution. The EIC of m/z 133.0990 was analyzed, and its EIC corresponded to the amino acid L-

I5N-Leu with a retention time of 3.35 min.
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Supplementary Fig. 3 Extraction ion chromatography-mass spectrometry of the original

solution. The EIC of m/z 132.1021 was analyzed, and its EIC corresponded to the amino acid D-

Leu with a retention time of 3.35 min.
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Supplementary Fig. 4 Extraction ion chromatography-mass spectrometry of the eluent. The

EIC of m/z 133.0989 was analyzed, and its EIC corresponded to the amino acid L-'N-Leu with a

retention time of 3.31 min.
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Supplementary Fig. 5 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 132.1019 was analyzed, and its EIC corresponded to the amino acid D-Leu with a

retention time of 3.31 min.



RT: 0.00-30.00 SM: 7B

NL: 7.86E6
120 5
3 m/z=
115 4 247.1786-247.1826
10 3 F: FTMS + p ESI
= Full ms
105 4 [70.0000-
100 = 9.35 xituol #4645 RT: 9.35 AV- 1 SM: 7B NL: 6.65E6 750.0000] MS
E | T: FTMS + p ESI Full ms [70.0000-750.0000]
95 4 120 5
E ] o
90 E 110 5 [M+HF
85 4 ] 247.1800
3 100 J
80 3 1 OH
75 3 %0
70 3 80 3 H'*N o}
@ 3 1
O g5
5 65 E 70 4
260 3 E
- 3 260 .\
E 3 P
250 3 TR Ha oY
o E =z
¥ 45 3 “a0 3
40 5
3 30
35 3 i
3 20 3 245.1859 RENE
30 E ] 48.1833 L-"N-Leu,
25 3 10
20 3 U_E 2330772 2379639 2420348 2491858 2550585  260.0011 2628879 2691619 2741801 2791590
15 3 23 235 240 245 250 265 260 265 270 275 280
10 3 \ iz
53 [
E 1959 1107
03 U
S R e o A A B B o A Bnaman
0 10 12 14 186 18 20 22 24 26 28 30

Time (min)

Supplementary Fig. 6 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 247.1800 was analyzed, and its EIC corresponded to the dipeptide L-'>N-Leu, with a

retention time of 9.35 min.
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Supplementary Fig. 7 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 245.1859 was analyzed, and its EIC corresponded to the dipeptide D-Leu, with a

retention time of 9.35 min.
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2.2 Chiral selection of Alanine dipeptide on calcite surface. (Figs. S8-S13)
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Supplementary Fig. 8 Extraction ion chromatography-mass spectrometry of the original
solution. The EIC of m/z 91.0526 was analyzed, and its EIC corresponded to the amino acid L-'>N-

Ala with a retention time of 2.54 min.
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Supplementary Fig. 9 Extraction ion chromatography-mass spectrometry of the original

solution. The EIC of m/z 90.0554 was analyzed, and its EIC corresponded to the amino acid D-Ala

with a retention time of 2.54 min.
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Supplementary Fig. 10 Extraction ion chromatography-mass spectrometry of the eluent. The

EIC of m/z 91.0524 was analyzed, and its EIC corresponded to the amino acid L-'"N-Ala with a

retention time of 2.67 min.
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Supplementary Fig. 11 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 90.0555 was analyzed, and its EIC corresponded to the amino acid D-Ala with a

retention time of 2.67 min.
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Supplementary Fig. 12 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 163.0861 was analyzed, and its EIC corresponded to the dipeptide L-'>N-Ala, with a

retention time of 2.75 min.
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Supplementary Fig. 13 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 161.0920 was analyzed, and its EIC corresponded to the dipeptide D-Ala; with a

retention time of 2.75 min.
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2.3 Chiral selection of Valine dipeptide on calcite surface. (Figs. S14-S19)

RT: 0.00-30.00 SM: 7B

120
15
110
105
100

95
90
85
80
75
70
Q
65
(v}
E 60

3
2

<55

[

=2 50

ke

245
40
35

30

_ NL: 3.49E9
E m/z=
= 119.0828-
E 119.0848 F: FTMS
3 +p ES| Fullms
= [70.0000-
3 2.60 muyel #1261 RT: 260 AV 1 SM: 7B NL: 2.62E9 750.0000] MS
3 T- FTMS + p ESI Full ms [70.0000-750.0000]
3 ‘ 20 4
E ] M+H-
3 o 3 119.0835
3 100
3 = 4
E e o
E e
E g A
3 Zoo 4 OH
E 2 9
3 250
3 - 15NH,
3 40 5
3 ] L-N-Val
E %
E 23
3 w3
E ] 120.0867
3 ‘ o Ji021282 1070859 1140915 121.0878 140.0687
E 10l 105 10 15 120 125 130 135 140 145 150
3 miz
E i

|\ 371 520 7.27 813 9.90 1189 14.32 1567 1860 20.15 2344 2441 2612 28.08

B L L L L L L |
0 4 6 12 14 18 30
Time (min)

Supplementary Fig. 14 Extraction ion chromatography-mass spectrometry of the original

solution. The EIC of m/z 119.0835 was analyzed, and its EIC corresponded to the amino acid L-

I5N-Val with a retention time of 2.60 min.
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Supplementary Fig. 15 Extraction ion chromatography-mass spectrometry of the original

solution. The EIC of m/z 118.0866 was analyzed, and its EIC corresponded to the amino acid D-

Val with a retention time of 2.60 min.
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Supplementary Fig. 16 Extraction ion chromatography-mass spectrometry of the eluent. The

EIC of m/z 119.0834 was analyzed, and its EIC corresponded to the amino acid L-'N-Val with a

retention time of 2.70 min.
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Supplementary Fig. 17 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 118.0865 was analyzed, and its EIC corresponded to the amino acid D-Val with a

retention time of 2.70 min.
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Supplementary Fig. 18 Extraction ion chromatography-mass spectrometry of the eluent. The

EIC of m/z 219.1488 was analyzed, and its EIC corresponded to the dipeptide L-'N-Val, with a

retention time of 3.32 min.
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Supplementary Fig. 19 Extraction ion chromatography-mass spectrometry of the eluent. The

EIC of m/z 217.1547 was analyzed, and its EIC corresponded to the dipeptide D-Val, with a

retention time of 3.32 min.
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2.4 Chiral selection of Isoleucine dipeptide on calcite surface. (Figs. S20-S25)
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Supplementary Fig. 20 Extraction ion chromatography-mass spectrometry of the original
solution. The EIC of m/z 133.0990 was analyzed, and its EIC corresponded to the amino acid L-

I5N-Ile with a retention time of 2.97 min.
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Supplementary Fig. 21 Extraction ion chromatography-mass spectrometry of the original

solution. The EIC of m/z 132.1020 was analyzed, and its EIC corresponded to the amino acid D-

Ile with a retention time of 2.94 min.
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Supplementary Fig. 22 Extraction ion chromatography-mass spectrometry of the eluent. The

EIC of m/z 133.0990 was analyzed, and its EIC corresponded to the amino acid L-’N-Ile with a

retention time of 3.08 min.
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Supplementary Fig. 23 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 132.1019 was analyzed, and its EIC corresponded to the amino acid D-Ile with a

retention time of 3.02 min.
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Supplementary Fig. 24 Extraction ion chromatography-mass spectrometry of the eluent. The

EIC of m/z 247.1800 was analyzed, and its EIC corresponded to the dipeptide L-’N-Ile, with a

retention time of 6.97 min.
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Supplementary Fig. 25 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 245.1860 was analyzed, and its EIC corresponded to the dipeptide D-Ile; with a retention

time of 6.99 min.
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2.5 Chiral selection of Phenylalanine dipeptide on calcite surface. (Figs
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Supplementary Fig. 26 Extraction ion chromatography-mass spectrometry of the original

solution. The EIC of m/z 167.0830 was analyzed, and its EIC corresponded to the amino acid L-

I5N-Phe with a retention time of 4.46 min.
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Supplementary Fig. 27 Extraction ion chromatography-mass spectrometry of the original
solution. The EIC of m/z 166.0860 was analyzed, and its EIC corresponded to the amino acid D-

Phe with a retention time of 4.46 min.
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Supplementary Fig. 28 Extraction ion chromatography-mass spectrometry of the eluent. The

EIC of m/z 167.0829 was analyzed, and its EIC corresponded to the amino acid L-!°N-Phe with a

retention time of 4.42 min.

31



RT: 0.00-30.00 SM: 7B
120
115
110
109
100
95
90
85
80
75

NL: 3.69E9

m/z=
166.0850-166.0876
F: FTMS + p ESI
Full ms

[70.0000-

4.42 xituo-1 #2203 RT: 442 AV: 1 SM: 7B NL: 2.12E9 750.0000] MS
| T: FTMS + p ESI Full ms [70.0000-750.0000]

‘ 120
M+HH

166.0859 o

167.0829

Zllne

265
3
€ 60

=1

£

<55

o

£ 50

o

& 45
40
35
30

25

D-Phe

Relative Abundance

‘ 10 168.0862

154.3485 169.0896 1900853

Gl bbb b b b b b b bl

155 160 185 170 175 180 185 190 195 200

1.07 3.84 | \ 533 6.76 8.18 9.67 12.31 13.91 16.56 18.23 19.31 24.23 2612 27.13 28.72

-5 LB e e e e e e ey s e e
10 12 14 16 18 20 22 24 26 28 30
Time (min)

o

Supplementary Fig. 29 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 166.0859 was analyzed, and its EIC corresponded to the amino acid D-Phe with a

retention time of 4.42 min.
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Supplementary Fig. 30 Extraction ion chromatography-mass spectrometry of the eluent. The

EIC of m/z 315.1484 was analyzed, and its EIC corresponded to the dipeptide L-!°N-Phe, with a

retention time of 10.63 min.
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Supplementary Fig. 31 Extraction ion chromatography-mass spectrometry of the eluent. The

EIC of m/z 313.1544 was analyzed, and its EIC corresponded to the dipeptide D-Phe, with a

retention time of 10.63 min.
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2.6 Chiral selection of tripeptides generated from L-Leucine dipeptides and racemic

Leucine as substrates. (Figs. S32-S35)
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Supplementary Fig. 32 Extraction ion chromatography-mass spectrometry of the original
solution. The EIC of m/z 133.0987 was analyzed, and its EIC corresponded to the amino acid L-

I5N-Leu with a retention time of 3.26 min.
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Supplementary Fig. 33 Extraction ion chromatography-mass spectrometry of the original
solution. The EIC of m/z 132.1017 was analyzed, and its EIC corresponded to the amino acid D-

Leu with a retention time of 3.26 min.
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Supplementary Fig. 34 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 359.2664 was analyzed, and its EIC corresponded to the tripeptides L-'>N-Leu-L-Leu,

and L-Leu,-L-!5N-Leu with a retention time of 11.13 and 12.83 min.
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Supplementary Fig. 35 Extraction ion chromatography-mass spectrometry of the eluent. The

EIC of m/z 358.2691 was analyzed, and its EIC corresponded to the tripeptides D-Leu-L-Leu, and

L-Leuy-D-Leu with a retention time of 11.79 and 11.96 min.
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2.7 Chiral selection of tripeptides generated from L-Valine dipeptides and racemic

Leucine as substrates. (Figs. S36-S39)
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Supplementary Fig. 36 Extraction ion chromatography-mass spectrometry of the original

solution. The EIC of m/z 133.0989 was analyzed, and its EIC corresponded to the amino acid L-

I5N-Leu with a retention time of 3.32 min.
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Supplementary Fig. 37 Extraction ion chromatography-mass spectrometry of the original

solution. The EIC of m/z 132.1020 was analyzed, and its EIC corresponded to the amino acid D-

Leu with a retention time of 3.32 min.
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Supplementary Fig. 38 Extraction ion chromatography-mass spectrometry of the eluent. The

EIC of m/z 331.2355 was analyzed, and its EIC corresponded to the tripeptides L-'""N-Leu-L-Val,

and L-Val,-L-’N-Leu with a retention time of 9.50 and 11.59 min.
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Supplementary Fig. 39 Extraction ion chromatography-mass spectrometry of the eluent. The

EIC of m/z 330.2385 was analyzed, and its EIC corresponded to the tripeptides L-Val,-D-Leu and

D-Leu-L-Val, with a retention time of 10.26 and 10.47 min.
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2.8 Chiral selection of Leucine after only chemical reactions. (Figs. S40-S46)
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Supplementary Fig. 40 Extraction ion chromatography-mass spectrometry of the original
solution. The EIC of m/z 133.0988 was analyzed, and its EIC corresponded to the amino acid L-

I5N-Leu with a retention time of 3.16 min.
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1018 was analyzed, and its EIC corresponded to the amino acid D-

Leu with a retention time of 3.16 min.
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Supplementary Fig. 42 Extraction ion chromatography-mass spectrometry of the sample. The
EIC of m/z 133.0987 was analyzed, and its EIC corresponded to the amino acid L-'>N-Leu with a

retention time of 3.19 min.
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Supplementary Fig. 43 Extraction ion chromatography-mass spectrometry of the sample. The

EIC of m/z 132.1018 was analyzed, and its EIC corresponded to the amino acid D-Leu with a

retention time of 3.19 min.
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Supplementary Fig. 44 Extraction ion chromatography-mass spectrometry of the sample. The

EIC of m/z 247.1797 was analyzed, and its EIC corresponded to the dipeptide L-'>N-Leu, with a

retention time of 9.03 min.
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Supplementary Fig. 45 Extraction ion chromatography-mass spectrometry of the sample. The
EIC of m/z 245.1858 was analyzed, and its EIC corresponded to the dipeptide D-Leu, with a

retention time of 9.03 min.
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Supplementary Fig. 46 Chiral selectivity of Leu; formation in the presence of
trimetaphosphate (P;m). ce values for D-Leu/D-Leu, before and after the chemical synthesis
process. OS: ee values (0.8%) of D-Leu in the original solution; D-Leu: ee values (0.6%) of D-Leu
in the solution after the reaction; D-Leus: ee values (5.0%) of D-Leu; in the solution after the

reaction.
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2.9 Chiral selection of Alanine after only chemical reactions. (Figs. S47-S53)
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Supplementary Fig. 47 Extraction ion chromatography-mass spectrometry of the original
solution. The EIC of m/z 91.0526 was analyzed, and its EIC corresponded to the amino acid L-'SN-

Ala with a retention time of 2.44 min.
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Supplementary Fig. 48 Extraction ion chromatography-mass spectrometry of the original
solution. The EIC of m/z 90.0557 was analyzed, and its EIC corresponded to the amino acid D-Ala

with a retention time of 2.46 min.
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Supplementary Fig. 49 Extraction ion chromatography-mass spectrometry of the sample. The
EIC of m/z 91.0526 was analyzed, and its EIC corresponded to the amino acid L-'"N-Ala with a

retention time of 2.44 min.

51



RT:0.00 - 30.00 SM: 7B

120 A1 #1195 RT:-242 AV:1 SM: 7B NL: 5.39E8 NL- 6.74E8
T: FTMS + p ESI Full ms [70.0000-750.0000] miz=
115 120 90.0543-90.0557 F
FTMS + p ESI Full
110
105 110 [M+H]* [70.0000-750.0000]
242 90.0558 o : :
100 100 *
95
20 %0
85 80 H OH
80 é
75 g NH,
@70 2
8 g D-Ala
565 :
30 3
< o
$%5 0
£50
245 3
40 2
35
10
30 840816 92 0560
25 | . 730657 760402 80.0503 350850 88,0765 940459 980971  102.0920 107.9674 112.0375 1140739 116.1075
20 | I T T T T T T 7 T T |
70 75 a0 85 %0 95 100 105 110 115 120
15 ‘ miz
10 |
5 \
03 115 \___3.78 523 656 7.72 877 10.36 11.90 1271 1444 1556 1779 1849 2009 2150 2373 2510 2623 2758 2908
e o T e S B T S o L S e A e et T L S e et el P
10 12 14 16 18 20 22 24 26 28 30

Time (min)

Supplementary Fig. 50 Extraction ion chromatography-mass spectrometry of the sample. The
EIC of m/z 90.0556 was analyzed, and its EIC corresponded to the amino acid D-Ala with a

retention time of 2.42 min.
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Supplementary Fig. 51 Extraction ion chromatography-mass spectrometry of the sample. The
EIC of m/z 163.0864 was analyzed, and its EIC corresponded to the dipeptide L-'>N-Ala, with a

retention time of 2.29 min.
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Supplementary Fig. 52 Extraction ion chromatography-mass spectrometry of the sample. The
EIC of m/z 161.0924 was analyzed, and its EIC corresponded to the dipeptide D-Ala; with a

retention time of 2.29 min.

Controlled experiment

Supplementary Fig. 53 Chiral selectivity of Ala; formation in the presence of
trimetaphosphate (Psm). ee values for L-Ala/D-Ala, before and after the chemical synthesis
process. OS: ee values (2.0%) of L-Ala in the original solution; L-Ala: ee values (1.7%) of L-Ala

in the solution after the reaction; L-Ala,: ee values (-2.5%) of L-Ala; in the solution after the reaction.
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3 Supplementary Figures of Physical Adsorption

3.1 Chiral selection of Leu on calcite surface. (Figs. S54-S58)

Leu
5
m OS

4 33 B |-leu
° 3 2.4
[
(4] 2

1

0

OS L-Leu

Supplementary Fig. 54 Investigation of chiral selection in Leu solutions before and after

physical adsorption on calcite. OS: ee values in the original solution; L-Leu: ee values the solution

after the reaction. The value of ee % > 0 represents the excess of L-enantiomer.
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Supplementary Fig. 55 Extraction ion chromatography-mass spectrometry of the original

solution. The EIC of m/z 133.0986 was analyzed, and its EIC corresponded to the amino acid L-

I5N-Leu with a retention time of 3.41 min.
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Supplementary Fig. 56 Extraction ion chromatography-mass spectrometry of the original

solution. The EIC of m/z 132.1017 was analyzed, and its EIC corresponded to the amino acid D-

Leu with a retention time of 3.41 min.

RT: 0.00-30.00 SM: 7B

120 NL: 7.66E8
miz=
115 133.0984-133.1006
110 F: FTMS + p ESI
Full ms
105 [70.0000-
100 3.46 xituol #1705 RT: 346 AV: 1 SM: 7B NL- 453E8 750.0000] MS
T: FTMS + p ESI Full ms [70.0000-750.0000]
120
95 ] (M+H
90 10 133.0988
85 E 9
100 J
80 1 132.1018
75 * OH
70 30
u, 1 1BNH.
8 ] 2
g 65 E
3 :" L-1N-Leu
£ 60 £ 9
a2 ‘ S0
3 i
2 50 £50
L 3 4
& 45 on 9
40 ‘ 30 E
35 3
0 20 4
25 | 10 134.1020
20 0511-0393 116.0019 1225471 1259862 1300498 139.0176 1439965 1490230 1540833 156.9838
15 1 T T T T T T T T T |
11 115 120 125 130 135 140 145 150 155 160
10 ‘ mz
5 [
0 3017 322 J\4.19 547 778 853 1079 13.82 1541 1629 1860 2022  23.94 2487 26.73
e e |
Q 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Time (min)

Supplementary Fig. 57 Extraction ion chromatography-mass spectrometry of the eluent. The

EIC of m/z 133.0988 was analyzed, and its EIC corresponded to the amino acid L-'SN-Leu with a

retention time of 3.46 min.
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Supplementary Fig. 58 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 132.1018 was analyzed, and its EIC corresponded to the amino acid D-Leu with a

retention time of 3.46 min.
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3.2 Chiral selection of Ala, Val, Ile and Phe on calcite surface. (Figs. S59-S75)

a 10 Ala b Val
= os = 0s
8 = L-Ala = D-Val
X 6 N
3 4 2.9 g
2.0
2
0
OS L-Ala 0S D-Val
c 4 lle d Phe
= 0s 2
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R 2 0 mm D-Phe
> N
[]
o 0 g -2
-4 a5
0.3 45
)
OS D-lle OS D-Phe

Supplementary Fig. 59 Investigation of chiral selection in four amino acids solutions before
and after physical adsorption on calcite. (a) ee values for the solution before and after the physical
adsorption of L-Ala; (b) ee values for the solution before and after the physical adsorption of D-Val;
(c) ee values for the solution before and after the physical adsorption of L/D-Ile; (d) ee values for
the solution before and after the physical adsorption of D-Phe. The value of ee % > 0 represents the
excess of L-enantiomer, while the excess of D-enantiomer was represented by the value of ee % <

0.
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Supplementary Fig. 60 Extraction ion chromatography-mass spectrometry of the original
solution. The EIC of m/z 91.0526 was analyzed, and its EIC corresponded to the amino acid L-'>N-

Ala with a retention time of 2.36 min.
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Supplementary Fig. 61 Extraction ion chromatography-mass spectrometry of the original
solution. The EIC of m/z 90.0556 was analyzed, and its EIC corresponded to the amino acid D-Ala

with a retention time of 2.36 min.
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Supplementary Fig. 62 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 91.0526 was analyzed, and its EIC corresponded to the amino acid L-'’N-Ala with a

retention time of 2.46 min.
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Supplementary Fig. 63 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 90.0556 was analyzed, and its EIC corresponded to the amino acid D-Ala with a

retention time of 2.47 min.
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Supplementary Fig. 64 Extraction ion chromatography-mass spectrometry of the original

solution. The EIC of m/z 119.0834 was analyzed, and its EIC corresponded to the amino acid L-

15N-Val with a retention time of 2.60 min.
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Supplementary Fig. 65 Extraction ion chromatography-mass spectrometry of the original

solution. The EIC of m/z 118.0865 was analyzed, and its EIC corresponded to the amino acid D-

Val with a retention time of 2.60 min.
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Supplementary Fig. 66 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 119.0834 was analyzed, and its EIC corresponded to the amino acid L-'N-Val with a

retention time of 2.66 min.
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Supplementary Fig. 67 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 118.0864 was analyzed, and its EIC corresponded to the amino acid D-Val with a

retention time of 2.66 min.
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Supplementary Fig. 68 Extraction ion chromatography-mass spectrometry of the original

solution. The EIC of m/z 133.0989 was analyzed, and its EIC corresponded to the amino acid L-

I5N-Ile with a retention time of 2.97 min.
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Supplementary Fig. 69 Extraction ion chromatography-mass spectrometry of the original

solution. The EIC of m/z 132.1019 was analyzed, and its EIC corresponded to the amino acid D-

Ile with a retention time of 2.93 min.
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Supplementary Fig. 70 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 133.0989 was analyzed, and its EIC corresponded to the amino acid L-’N-Ile with a

retention time of 3.05 min.
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Supplementary Fig. 71 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 132.1019 was analyzed, and its EIC corresponded to the amino acid D-Ile with a

retention time of 3.01 min.
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Supplementary Fig. 72 Extraction ion chromatography-mass spectrometry of the original
solution. The EIC of m/z 167.0832 was analyzed, and its EIC corresponded to the amino acid L-

I5N-Phe with a retention time of 4.83 min.
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Supplementary Fig. 73 Extraction ion chromatography-mass spectrometry of the original

solution. The EIC of m/z 166.0862 was analyzed, and its EIC corresponded to the amino acid D-

Phe with a retention time of 4.83 min.
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Supplementary Fig. 74 Extraction ion chromatography-mass spectrometry of the eluent. The
EIC of m/z 167.0833 was analyzed, and its EIC corresponded to the amino acid L-'’N-Phe with a

retention time of 4.82 min.
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Supplementary Fig. 75 Extraction ion chromatography-mass spectrometry of the eluent. The

EIC of m/z 166.0863 was analyzed, and its EIC corresponded to the amino acid D-Phe with a

retention time of 4.82 min.
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4 Comparison of L-Leu: yields under calcite and non-calcite conditions
4.1 Experimental conditions

A reaction solution containing 0.01 M L-Leu and 0.01 M Psm (pH = 10+ 0.2) was prepared, and
10 mL of this solution was transferred into a Petri dish with a diameter of 10 cm. In the experimental
group, calcite was placed in the dish, whereas no treatment was applied in the control group. The
system was then subjected to a wet—dry cycling process. During the drying phase, the dishes were
incubated in an oven at 60 °C for 11.5 h. In the wetting phase, 10 mL of deionized water was added
at room temperature to dissolve the dried substrates and products on the calcite surface, followed
by a 0.5 h equilibration to complete the phase transition. After seven cycles, the reaction solutions
were collected, and the products were analyzed by mass spectrometry to determine the yield.
4.2 Comparison of the yield of L-Leu with/without calcite conditions (Figs. S76)

y = 4.43e+006 x + 7.35e+005 (R? = 0.9942)

1.7e8

1.5e8
. 1.0e8 ¢
8
< 5.0e7

0.0
0 5 10 15 20 25 30 35 40
Concentration, ng/mL

Sample Peak area Concentration / (ng/mL) Yield
EG 2.25e+007 4.90 4.02%o
CG 1.21e+007 2.56 2.11%o

Supplementary Fig. 76 Standard calibration curve and comparison of product yields between the
experimental group (EG, with calcite) and the control group (CG, without calcite). The calibration
curve was established using solutions of known concentrations of L-Leu dipeptide, showing a strong
linear correlation (R? value). The accompanying table summarizes the detected product
concentrations under identical conditions. The results indicate that the yield in the experimental
group was higher than that in the control group, suggesting that calcite may play a promoting role

in the formation of L-Leu dipeptides.
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