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Figure S1. The result of amino acid sequence of 1.
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Single Mass Analysis
Tolerance = 20.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off
Monaisotopic Mass, Even Electron lons
44 formula(e) evaluated with 5 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:30-35 H: 40-50 N:5-10 0:5-10
Mass Mass mDa | PPM | DBE | Fermula H N o
A 7 9
6584180 =25 105 35 HS6 N5 07 35 5 5 7
6584041 14 115 32 H52 N9 06 32 52 9 6
6584027 128 65 €31 HS6 N5 010 31 % 5 10
6584292 -137 105 €34 H56 N7 06 4 56 7 6
P1-NA-MS 18 (0.101)
1: TOF MS ES+
3.20e+003
100 658.4155
o]
659.4078
660.4167
0 T T T T T ] T T T T T T T T miz
656.50 657.00 657.50 658.00 658.50 659.00 659.50 660.00 660.50 661.00 661.50
P1-NAMSMS-30V 31 (0.134) Vs Vs V2 1: TOF MSMS 658 42ES+
100 3672144 43224 34522 189.12 1.30e3
H H ¥
H
IN
2441275
.
22717
a b, by by
4703056
®
LR
) 4423059 452.2854
T 4252705
3202102
ay
86.0973 199.1785
7 2812219 5653730
270. 13'2 312.1905 358.2163 4242931 b
2131618 3712272 5553863 | gg3, 2 658.4103
538.3713 658.4208
1245.1320 311.208: b, y. 471.2897 o
b 4.3707
3 58 6403072 |
720813 397.2027 4723071 I
— 1401409457 0921 (2822278 ¥ 5103746 ‘ 6403816 5604114
L’
| .\HlAMnJ \H I ‘ (i Lt J it | . s
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Figure S5. ESIMS/MS spectrum of 1.
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Single Mass Analysis
Tolerance =20.0 mDa /
Element prediction: Off

DBE: min = -1.5, max = 50.0

Monoisotopic Mass, Even Electron lons

33 formula(e) evaluated with & results within limits (up to 50 closest results for each mass)

Elements Used:
C:25-35 H. 50-60 N:5-10 0:5-10
Mass Mass PPM | DBE | Formula c|H|n|[oO
€30 HS6 N7 09 7 9
658.4180 X 8 105 C35 HS6 NS O7 35 56 5 7
6584252 07 147 65 C29 HS6 NQ O8 20 56 O 8
6584041 114 173 115 C32 HS2Z N9 O6 32 52 9 6
6384027 128 194 65 C31H6G NS Q10 31 3 5 10
6584292 -137 -208 105 C34 HS6 N7 O6 34 56 7 6
235729.000000000.00000000
0920 25 (0.126) 1. TOF MSES+
2.368+005
1004 658.4155
o]
859.4183
658.7462
660.4219
T T T T T T T T T t T T T T T T T T miz
656.50 657.00 657.50 658.00 658.50 659.00 659.50 660.00 660.50 661.00 661.50 662.00 662.50 663.00
0920-ms-ms-129 (0.127) ¥s M Y2 1 TOF MSMS 658.41ES+
100 3572108 43224 34522 189.12 26384
[ — i [ i
H H H H H
{ ! i | |
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| o} i of °
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4712085
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Figure S7. ESIMS/MS spectrum of 1a.
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Single Mass Analysis

Tolerance =200 mDa / DBE: min =-1.5, max = 50.0

Element prediction: Of

Monoisotopic Mass, Even Electron lons

23 formula(e) evaluated with & results within limits (all resulls (up to 1000) for each mass)

Elements Used.

€:30:35 H:50-60 N:5-10 0:5-10
mDa | PPM | DBE | Formula H N[ o

30 H56 N7 09 56 7 9

X 8 105 C35 HS6 N5 Q7 % 5 7

14 173 115 €32 HS2 N9 06 2 9 6

6584027 128 194 65 C31 HS6 N5 010 i1 % 5 10

658.4292 -137 -208 105 34 H56 N7 06 24 56 7 6

0922 16 (0.094)

1: TOF MS ES+

2.27e+004
1004 658.4155
%
650.4183

660.4114

T T U U T T T T miz
660.0 6605 661.0 6615 662.0 6625 663.0 6635

0= T T T T T T T T T T T T
6535 654.0 6545 655.0 6565 656.0 656.5 657.0 6575 658.0 6585 650.0 6595

Figure S8. HRESIMS spectrum of 1b.
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Figure S9. ESIMS/MS spectrum of 1b.
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Single Mass Analysis
Tolerance =20.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off
Menoisotopic Mass, Even Eleciron lons
33 fermula(e) evaluated with & results within limits (up to 50 closest results for each mass)
Elements Used:
C:25-35 H: 50-60 N:5-10 0:5-10
N| O
7 9
6584180  -25 €35 H36 N5 O7 3B % 5 7
658.4252 -8.7 . .5 €29 H56 N9 08 29 56 9 8
6584041 114 173 115 (32 H52 N9 06 32 52 9 6
6584027 128 194 65 (C31 H¥G N3 O10 31 36 5 10
658.4292 -13.7 -20.8 105 C34 H56 N7 06 34 56 7 6
1029681.000000000.00000000
0918 26 (0.130) 1: TOF MSES+
1.04e+006
1004 658.4155
o]
6594183
658.7410
6604219
T T T T T T T T T T T T T T T T T T T T
65725 65750 65775  G658.00 65825 65850 65875  650.00 659.25 65950 65975 66000 66025  AAOS0  GGO75 66100 66125 66150 66175 662.00
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Figure S11. ESIMS/MS spectrum of 1c.
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Single Mass Analysis

Tolerance =200 mDa / DBE: min =-15 max =500

Element prediction: Off

Monoisatapic Mass, Even Electron lons

14 formula(e) evaluated with 4 results within limits (all results (up to 1000) for each mass)

Elements Used:

3035 H: 50-60 N5 0510
Mass Calc.Mass | mDa | PPM | DBE | Formuls W[N] o
& 658.4140 65 56 N7 09 679
6564180 25 38 105 G35 Hbb N5 07 % 5 7
658.4027 128 194 6.5 C31 H56 N5 010 31 56 5 10
658422 137 208 105 €33 HS6 N7 06 3 % 7 6
1-p1 18 (0.101)
1. TOF NS ES+
17384004
o0 656.4155 e
o]
559.4131
860.4167
0 T T T T T T T ¥ T T T T T T T T T T T T - miz
556.00 656.50 557.00 657.50 656.00 656.50 £59.00 559.50 560.00 860.50 561.00 851.50 562,00
1pims.ms-1 18 (0.088) y; 1 TOF MSMS 658.41ES+
100 357.2086 812 6.60e3
i
)
2441243 iH
in A
1 oH
of
§6.09 A7 STa20 32 4T029 3T
a b, b b, bs b
b
4702867
®
1422073
Y2
3202102
a 189.1190 bz
1 2274752
86.0054
2812195 2127809 4252688
1901756 s 205 471.2897
2451288 arr2m03
2581383 424.26804) 6
5553748
20813 538.3476 & w3387
1401409 157 004 ‘ ‘ 397.2723 4722082 h;"-mﬁ 6403868 658.3945
Ll L \‘ \LJ‘ Lk b J‘m LL TR () R Y TP A L . ey
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 360 400 420 440 460 480 500 520 540 560 6680 600 620 640 660 680

Figure S13. ESIMS/MS spectrum of L-1.
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Single Mass Analysis

Tolerance =20.0 mDa / DBE: min =-1.5, max = 50.0

Element prediction: Off

Menoisotopic Mass, Even Eleciron lons

16 fermula(e) evaluated with 3 results within limits (up to 50 closest resuls for each mass)

Elements Used:

€:30-35 H: 50-60 N 510 0:510
Calc. Mass PPM | DBE | Formula c[n|n
4
7154255 105 147 125 C34 HSS N10 O7 34 55 10 7

7154466  -106 -148 7.5 C31 H59 N10 09 31 58 10 9

19710.000000000.00000000
P2-na 33 (0.155) 1. TOF MSES+
1.87e+004
1004 7154360
o]
7164321
7174398
T T T T T T T T T T T T T T T T T miz
71350 714.00 71450 715.00 71550 716.00 71650 T17.00 71750 718.00 718.50 718.00 71950
P2-NAMSMS 24 (0.109) 1: TOF MSMS 715 43ES+
3572182 264e3
100
b
4702956 7 CooH
i 9 smaw G
by bs by by
2441307
7154360
® 442.3059452.2854
5653730
b
5833822
3392010 4252753
Y3201782
716.4485
b, 3582202 4713030 555.3049
a 227.1752 277 6
1 4892590 gagas7
86.0954
3121941
199.1814
~ ys 584.3855 b_,
by szzee0 5273234 6223991 6403072 6974205
N “ 7174233
1711119 \LE‘“ S 14
ol ) “ bl et iz
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 530 600 620 640 660 630 700 720 740

Figure S15. ESIMS/MS spectrum of 2.
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Single Mass Analysis

Tolerance =200 mDa / DBE: min =-1.5, max = 500
Element prediction: Off

Monoisotopic Mass, Even Electron lans

Elements Used:
C:30-35 H. 50-80 N:5-10 0:510

16 formula(e) evaluated with 3 results within limits (all results (up to 1000 for each mass)

Mass Calc. Mass | mDa_| PPM | DBE | Formula

7154255 105 147 125 34 HSS5 NID OF
T15.4466 106 148 7.5 C31 HSO N10 09

34 55 10 7
31059 10 9

101421 (0.112)

1: TOF MS ES+
1.16e+006
100+ 715 4360
%
T16.4376
715.7808
717.4398
0 T T T T T T T T T u T T T u T T T T T T T T miz
715.00 71550 716.00 716.50 717.00 717.50 718.00 71850 719.00

Figure S17. ESIMS/MS spectrum of 2a
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Single Mass Analysis

Tolerance = 20.0 mDa / DBE: min = -1.6, max = 50.0
Element prediction: Off
Monoisotopic Mass, Even Electron lons
16 formula(e) evaluated with 3 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:30-35 H: 50-50 N:5-10 0:5-10
Mass Calc. Mass mDa | PPM | DBE | Formula H N 0
T715. 71! 6 .5 H59 N§ 010 59 3 10
7154255 105 147 125 (34 HS5 N10 O7 55 10 7
7154466 -106 -148 75 €31 H59 N10 09 59 10 9
101323 (0.119)
1: TOF MS ES+
2.14e+005
1004 7154360
o]
716.4376
7187808 717.4398
0 T pIRARREAARRuaES T PaSAREERAsLusEs T Py T T e - miz
71200 71250 713.00 71350 714.00 71450 715.00 715.50 716.00 71650 717.00 717.50 718.00 71850 719.00 719.50 720.00
1013-ms-ms 25 (0.113) b 1: TOF MSMS 715 43ES+
100 3572144 . mgﬂ 1.78e4
iy ¥s Y3
402.23 246.14
[l [l i
oo /\*
LB B
i h AN,
Hﬁf N N cook
o _~ o
i N ; S
8609 7717 3420 $7i22 030 SEII8  GA040
a b, by bs b b
244.1307
®
4522897
2423016 b6
5653082 5833622
3392010
ME 4253753 4712086
2451482 ’ 85389 7154350
a 2701815 358.2163 6 5383618
1 b 221 489.2680 5843806
227.4752 b
7164375
121941
86.0973 2121618 31249 s S b e
199.1814| 7 5 7
4902639 6223809 6404023
1711146 mang L H ‘ 4 hL \L 6974205
o | Ll u‘ ‘ Ll Hl IR ‘l\‘ I, Lkt b M,.‘h L JUJL bl Lol h. iz
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Figure S19 ESIMS/MS spectrum of 2b
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Single Mass Analysis
Tolerance =20.0 mDa / DBE: min = -1.5, max =50.0

Element prediction: Off

Menoisotopic Mass, Even Eleciron lons
16 formula(e) evaluated with 3 results within limits (up to 50 closest results for each mass)

Elements Used:
13035 H: 50-60 N:5-10 0:540
Calc. Mass PPM | DEE | Formula c|H|[nN]oO
7154255 105 147 125 (34 H35 N10 O7 ¥ 5 w0 7
7154466 -106 -148 75 C3L HSONIO 09 31 59 10 ¢
366794.000000000.00000000
1012 26 (0.130) 1: TOF MSES+
367e+005
1004 715.4360
o]
716.4376
7157808 717/‘{395
0 T T T T T i T f 1 T T T T T T miz
71300 71350 714.00 71450 71500 71550 716.00 71650 717.00 71750 718.00 71850 719.00 719.50 72000
WP2-ms-ms 22 (0.102) 1 TOF MSMS 716 43ES+
357.2144 25404
1007 Yo oo ¥s ¥s
489.26 402.23 246.14
Ty —
b _)\.‘ 05 { O _)\3*
5 B i iH ff M
NI~ N N
470, N N < NN
S gy Yy
I S B
a7 37122 7029 58338
a b, by, bs be
7154360
2441275
]
4522854
4423016
b
339.2048 5653682 5833822
3
246.1450
5583645 716.4376
4252795
2701815 2202177 3582163 ;712042
al b2 Y6 538.3571
489.2680
86.0073 2131698 557 1783 l584,3855
3121941 b4 y
res e 10272 nzzs:m 7 717.4343
Ll
—— \‘ 1120893 m \L 5093032 0223898 6401023 697.4313
| . ‘ ) L . \I 1 ¢|M X JJL n ol L\‘l o o | .
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 630 700 72‘0

Figure S21 ESIMS/MS spectrum of 2¢
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Single Mass Analysis

Tolerance =20.0 mDa / DBE: min =-1.5, max = 50.0

Element prediction: Of

Menoisotopic Mass, Even Eleciron lons

24 formula(e) evaluated with 4 results within limits (up to 50 closest results for each mass)

Elements Used:

C:30-35 H: 40-60 N:5-10 Q:510
Mass Calc. Mass | mDa | PPM | DBE | Formula clH|nN]|oO
7154320 7154334 75 C32H9NBOQID 32 59 & 10
7154235 74 103 125 (34 HI N0 O7 34 35 10 7
7154466 137 -191 75 C31 HSY N10 09 31 3% 10 ¢
7154143 186 260 125 C35 HSS N8 O8 35 55 & &8
216976.000000000.00000000
0228--p2 23 (0.119) 1: TOF M3 ES+
2.17e+008
1004 7154329
o]
716.4401
7157831 717.4423
0 T T T T T T 1 4 T T T T T T T T T T miz
71350 714.00 714.50 715.00 71550 716.00 716.50 T17.00 717.50 718.00 718.50 719.00
L-P2-ms-ms 28 (0.123) 1: TOF MSMS 715 43ES+
100 3872144 5.8504
by
4703000
a
b, by
=
2441307 4423050
Y3
2461450 4713030
4252795
3298214 1352163 b,
al b2 5833871
6.007 221.1752 2812219 505 41005 71238t s 538.3018 5553803
199.1814 4142294 45927155273142 843855 b 715.4306
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Figure S23. ESIMS/MS spectrum of L-2.
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Single Mass Analysis
Tolerance =200 mDa / DBE: min =-15 max =500
Element prediction: Off
Menoisotepic Mass, Even Eleciron lons
15 fermula(e) evaluated with 2 results within limits (up to 50 closest results for each mass)
Elements Used:
C:20-25 H: 40-45 N:5-10 0:5-10
Mass Calc. Mass. a | PPM | DBE | Formula C|H|N|O
4883004  438.3084 Z C22 H42 N5 O7 42 5 7
4883197 <103 -211 45 CZ1 H42Z N7 O6 21 42 7 6
51444.000000000.00000000
P4-NA18(0.101) 1:TOF MSES+
514e+004
1004 4883004
o]
4893133
J 4903137
A,
T T T T T T T T T T T T T T T miz
486.00 486.50 487.00 487.50 488.00 48850 489.00 489.50 490,00 49050 491.00 49150 492.00
Pd-NAMSMS-23V 23 (0.106) £ 1: TOF MSMS 488.30ES+
100- 199.1814 Vs Ya i 5.66e3
2621432
b 262.14 17510 118.08
2 — —
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Figure S25. ESIMS/MS spectrum of 3.
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Single Mass Analysis
Tolerance =20.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Of
Monoisotopic Mass, Even Electron lons
28 formula(e) evaluated with 2 results within limits (all results (up to 1000} for each mass)
Elements Used:
€ 20-30 H: 40-60 N:5-10 0:510
Mass Mass | mDa | PPM [ DBE [ Formula c[H[n[O
4883094 10 20 45 C32 Hi2 N5 OF 2 42 5 7
4883197 -103 -211 45 €21 H42 NT 06 1 42 7 6
p4-1d 28 (0.137)
1:TOF MS ES+
34764005
00, 4883004
%
4893133
488.5942
T T T T T T T T T T T T T T T T T T T miz
48650 48675  487.00 48725 48750 48775 48800 48825 48850 48675  480.00 48925 48050 48975  490.00 49025 49050 49075 49100 49125
P4-LD-MSMS-23V 28 (0.123) 1: TOF MSMS 488.30ES+
199.1814 4.94e4
0 b i % i
2621399
1 [ — -
b | | ! H
2 1 i i 1
h i ‘ i
227.1783 H )\;\ i H
1 ' h
o] H i i
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Figure S27. ESIMS/MS spectrum of 3a.
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Single Mass Analysis
Tolerance =20.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Monoisotopic Mass, Even Electron lons
28 formula(e) evaluated with 2 results within limits (all results (up to 1000) for each mass)

Tz

Elements Used:
C:20-30 N:5-10 0:5-10
N
488.3197 45 C21 H42 N7 06 42 7 6
p4-dl 27 (0.133)
1: TOF MS ES+
1.09e+006
100+ 488.3094 &
P
4893133
48850942
490.3137
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T miz
486.80 487.00 487.20 487.40 487.60 48730 488.00 488.20 488.40 488.60 488.80 489.00 489.20 489.40 489.60 489.80 490.00 490.20 490.40 490.60 490.80
Ys
P4-DL-MSMS-23V 26 (0.116) 1: TOF MSMS 488 30ES+
2621399 1.74e5
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Ys Y2 N
262.14 175.10 118.08
—
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i
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Figure S29. ESIMS/MS spectrum of 3b.
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Single Mass Analysis
Tolerance =20.0 mDa / DBE: min = -15, max = 50.0
Element prediction: Off
Monoisotopic Wass, Even Electron lons
28 formula(e) evaluated with 2 results within limits (all results (up to 1000) for each mass)
Elements Used:
2030 H: 4060 N:5-10 0:5-10
Mass Mass | mDa | PPM | DBE | Formula c[H[N]O
4833094 4883081 10 €22 Hi2 N5 07 2 42 5 1
4883197 103 21 45 C2 H2 N7 06 A 2 71 6
1-p4 24.(0.122)
1:TOF NS ES+
6.46e+005
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o
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Figure S31. ESIMS/MS spectrum of L-3.
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synthetic L-1

]

5 10 15 20 25 0 35 40 miry
Figure S32. HPLC analysis of a mixture of natural 1 and synthetic L-1.
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Figure S33. HPLC chromatograms for 1, 1a, 1b, and 1c.

The retention time of synthetic 1¢c was identical to that of natural 1

DADT A, Sig=0 104 Rt 0 00{H SANGUIR GAHPLC 2 s 001 P9 28 2 017-09- 28 183 MESH.O0HUNAE )

I R

Figure S34. Co-elution of natural 1 and synthetic 1c in equal amount.
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Figure S35. HPLC chromatograms for 2, 2a, 2b, and 2c.
The retention time of synthetic 2c was identical to that of natural 2

Figure S36. Co-elution of natural 2 and 2c in equal amount.
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Figure S37. HPLC chromatograms for 3, 3a, and 3b.
The retention time of synthetic 3a was identical to that of natural 3.

Figure S38. Co-elution of natural 3 and 3a in equal amount.
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Figures S39-S48. Marfey’s analysis of 1 and 2

Amino

Retention time (min)*

acids L D Measured Assignment
Ser 20.9 211
Val 32.0 36.2
Leu 36.6 40.6
Gly
1 209;24.2;32.0;36.6; 40,6 oo O LVl
L-Leu; p-Leu
2 209;24.2,32.0;36.6; 406 oo O LVl
L-Leu; p-Leu

“Chromatographic separation was achieved on a Cig column (Cosmosil 5C1g-MS- 11,
46 mm X 250 mm, 5 xm, 1.0 mL/min).

1-DAA-1-AA wiDas
{ \ ‘f\L Leu - "\n Leu 1:2
|
A I
‘.JI\ pea AU, T ‘____l___ A\ ]
1-DAA-AA p-Ser |Gy L.T:al |
L-Se;‘{ p-Leu
‘ p-Leu
\ ‘ ,,-\alr \ ‘
| ) r, t }n
| L | Ll

Figure S39. Marfey’s analysis result of 1.
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TR .S P A FeE ol [E Y AT A0 09 6 BT B8 50 s 1)

-DAA-1-AA LFDAA

p-Leu
] -Ser

o -DAA-2-AA

mi A]_-Leu : AD-Leu =1:2
Gly
M )

D 15 EY

Figure S40. Marfey’s analysis result of 2.

L2 SINP 18N

DAD1E, Sig=340.16 Refeoff [ 12

s AT 2R FEEHUNRED)

mAl

Gl_" L-Val L-Leu
1400 p-Ser

p-Leu

1200
1000
80+ p-Val
0

4004

004

Figure S41. HPLC chromatogram for the mixture of | -DAA-standard amino acids
applied for 1 and 2

DRICS0R B R AP A0 R PR EACSRDNE)

=)

Figure S42. HPLC chromatogram for | -DAA- -Ser.  Figure S43. HPLC chromatogram for  -DAA-p-Ser.
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DEESR05E AR B ey RO HE NS RRAD

Figure S44. HPLC chromatogram for . -DAA-_-Val.

DXESyS0E A SRR P T TR R M)

Figure S46. HPLC chromatogram for  -DAA- -Leu.

DXESy 0B SRR VP R T R R R

A

L
T T T T T T T T T
5 D b 2 5 il 3 9 5 i

Figure S48. HPLC chromatogram for | -DAA-Gly.

DRESS0ESE SRR PE R TG WA DAD

Figure S45. HPLC chromatogram for ( -DAA-p-Val.

=)
=

Figure S47. HPLC chromatogram for  -DAA-p-Leu.
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Figures S49-S57. Marfey’s analysis of 3

Amino Retention time (min)*

acids L D Measured Assignment
Ser 21.9 221
Val 334 37.6
Leu 38.0 42.1
Gly 25.4
3 21.9;25.4;33.4;38.0; 42,1 Lo Gl LVl

L-Leu; p-Leu

“Chromatographic separation was achieved on a Cyg column (YMC-Pack ODS-A, 4.6
mm X 250 mm, 5 um, 1.0 mL/min).

DADTE, Sig=340, 16 Ref=off (E\ LR T EE. 17T 5 21571120 180306-SXFX 2018-03-06 10-23-53PP4-5J.D)
w3 -DAA-3-AA
8004
7004
6004
5004
4004
3004
2004
1004

A-J_-Leu : AD-LCH =1:1

T T T T T
20 25 0 % 40

DADTE, Sig=340, 16 Ref=off (E\E L B EHEE .7 17302\ 1720180306-5XFX 2018-03-06 10-23-53P4HUNHE D)

sy -DAA-AA

800
7004
0
500 .
p-val

w00 p-Val
xg: 1-Ser p-Ser Gly A -Leu p-Leu

I | | |

T T
20 25 30 3% 40

Figure S49. Marfey’s analysis result of 3.
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DADYE, Si340 16 Ref=of (£ L 2\ i 120160306-SKFX 2018:03-08 10-2353PLHUNHE D)
mAl 4 L-Val

b-Val

p-Leu
-Ser | p-Ser

180 Gly
-Leu

Figure S50. HPLC chromatogram for the mixture of | -DAA-standard amino acids
applied for 3.

5 jij B il 5 i 3 49 5 m 5 il b il 5 kil 3 4 )
Figure S51. HPLC chromatogram for | -DAA- -Ser. Figure S52. HPLC chromatogram for | -DAA-p-Ser.
DEIES S0 SIRAEL FH OBTBOPABBRIARMD
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™

8 8
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Figure S53. HPLC chromatogram for | -DAA- -Val. Figure S54. HPLC chromatogram for  -DAA-p-Val.

S35




DEES;06 ALY BRSO OB RBLARUA
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Figure S55. HPLC chromatogram for | -DAA- -Leu. Figure S56. HPLC chromatogram for . -DAA--Leu.

Figure S57. HPLC chromatogram for  -DAA-Gly.
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Figures S58-S69. Purity assay of synthetic 1-3 and their isomers.

HPLC condition: HPLC analysis was performed on an Agilent 1200 system
equipped with a binary solvent system, an automatic sample manger and a diode array
detector. Chromatographic separation was achieved on a Cosmosil 5C;g-MS- II
reversed-phase column (4.6 mm X 250 mm, 5 um) with a gradient elution using
TFA (0.1%) in H,O (mobile phase A) and TFA (0.1%) in CH3CN (mobile phase B).
The gradient elution program was 10-40% B from 0 to 30 min, 40-50% B from 30
to 40 min and 40-10% B from 40 to 50 min (1.0 mL/min). The elution profile was
monitored at 210 nm.

Peptides Purity (%) Figure
la 95.54 Figure S58
1b 95.13 Figure S59
1c 99.25 Figure S60
L-1 95.07 Figure S61
2a 95.8 Figure S62
2b 99.5 Figure S63
2c 97.0 Figure S64
L-2 95.0 Figure S65
3a 98.41 Figure S66
3b 95.30 Figure S67
L-3 95.59 Figure S68
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DOASRESINE MBS RO Ry B

Figure S58. Purity assay for 1a (99.25%).

DOASRFBIE MR RO D BURvPD)

.

Figure S60. Purity assay for 1c (95.54%).

DEAS)RE IR MRS O R B

Figure S62. Purity assay for 2a-(97.0%).
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Figure S59. Purity assay for 1b (95.13%).

DOASPREE SR A ROy B

Figure S61. Purity assay for L-1 (95.07%).

DOASRE SR MRERA ORI Ry BV R

Figure S63. Purity assay for 2b (99.50%).
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Figure S64. Purity assay for 2c (95.8%).
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Figure S66. Purity assay for 3a (98.41%).
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Figure S68. Purity assay for L-3 (95.59%).
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Figure S65. Purity assay for L-2 (95.0%).
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Figure S67. Purity assay for 3b (95.30%).



UPLC-HRESIMS analysis of normal saline extract of the fresh bodies of
Whitmania pigra Whitman

Whitmantides A-C (1-3) are three new linear peptides containing p-leucine. It’s the
first time to discover DAACPs from leeches. In order to confirm that the
whitmantides A-C are naturally occurring in the leech, the identification of those
compounds in the normal saline extract of the fresh bodies of Whitmania pigra
Whitman was carried out using UPLC-HRESIMS. Three chromatographic peaks with
the exact mass data and identical retention times of whitmantides A-C were presented
in the extracted ion current (EIC) chromatogram for the normal saline extract of fresh
bodies, which was shown in Figures S69-S75. The results indicated that
whitmantides A-C are presented in the animal itself.

Preparation of sample solution: The fresh whole bodies of W. pigra (75 g) were
anaesthetized with EtOH and frozen at -80 °C for 12 h. Then the ice-cold leeches were
homogenated with a homogenizer. The homogenates were soaked in normal saline at
-20 °C for 24 h and then melted at 4 °C, which was repeated for three times. After
centrifugation at 3600 g for 20 min, the supernatant was dealt with centrifugal
ultrafiltration using Amicon Ultra-15 (50 and 10 kDa nominal molecular mass
cutoffs) at a speed of 4000 g for 40 min. The permeate with molecular mass < 10 kDa
was desalted by SPE column and filtered through a 0.22 pm membrane
prior to further UPLC-HRESIMS analysis.

UPLC conditions: UPLC analysis was performed on a Waters Acquity UPLC system
consisting of an automatic sample manger, a binary solvent system and a PDA
detector. All the separations were achieved on an ACQUITY UPLC ® CSH ™ Cy
column (1.7 pm, 2.1 mm >00 mm) with a gradient elution using formic acid (0.1%)
in H,O (mobile phase A) and-CH3CN (mobile phase B). The gradient elution program
was 5-15% B from 0 to 10 min, 15-50% B from 10 to 15 min, 50-95% B from
15 to 17 min and 95-5% B from 17 to 18 min (0.3 mL/min).

MS conditions: HRESIMS analysis was carried on a Waters Xevo-G2 Q-TOF mass
spectrometer equipped with an ESI source. The mass range was set at m/z 20 to 1000
Da. Mass spectra were acquired in positive mode and the operating parameters were
set as follow: extraction cone voltage of 4 V; sample cone voltage of 30 V; capillary
voltage, 2.5 kV; source temperature, 110 °C ; desolvation temperature, 350 <C; cone
gas flow, 30 L/h; desolvation gas flow, 800 L/h.
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Figure S69. The total ion current (TI1C) chromatogram for the normal saline extract
of the fresh whole bodies of W. pigra.
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Figure S70. The extract ion current (EIC) chromatogram for m/z 658.415 [M + H]"
from the normal saline extract of the fresh whole bodies of W. pigra; Peak A:
retention time: 9.59 min; m/z 658.4150 [M + H]".
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Figure S71. The total ion current (TIC) chromatogram for 1; retention time: 9.64 min;
m/z 658.4150 [M + H]".
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Figure S72. The extract ion current (EIC) chromatogram for m/z 715.433 [M + H]"
from the normal saline extract of the fresh whole bodies of W. pigra; Peak B:
retention time: 9.52 min; m/z 715.4331 [M + H]".
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Figure S73. The total ion current (TIC) chromatogram for 2; retention time: 9.55 min;
m/z 715.4331 [M + H]".
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Figure S74. The extract ion current (EIC) chromatogram for m/z 488.308 [M + H]"
from the normal saline extract of the fresh whole bodies of W. pigra; Peak C:
retention time: 6.72 min; m/z 488.3083 [M + H]".
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Figure S75. The total ion current (TIC) chromatogram for 3; retention time: 6.73 min;
m/z 488.3083 [M + H]".
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Table S1. NMR Spectroscopic Data (400M, CD;CN: D,O: TFA-d=3: 2: 0.1) for synthetic 1*

L-Val p-Leu® Gly’
oA
d T
N :H COOH
3 TN AN~
AN o
>
I

position dc type oy [mult, J (H2)]
L'Leul
1 171.2C
2 52.7, CH 4.60°
3 40.7, CH, 2.28°
4 25.0, CH 2.29°
5 21.2, CH; 1.52°
6 21.4, CH,4 1.54°
o-Leu?
1 173.2,C
2 52.8, CH 4.92°
3 40.3, CH, 2.24°
4 25.3, CH 2.25°
5 22.3, CH,4 1.51°
6 22.4, CH; 1.52°
L'Ser3
1 172.7,C
2 56.5, CH 4.96°
3 62.1, CH, 4.45% 4.43°
Gly*
1 171.7,C
2 41.8, CH, 4.49°
L-Val®
1 173.8,C
2 60.3, CH 4.68°
3 31.0,CH 2.67°
4 18.7, CH; 1.52°
5 19.4, CH;, 1.54°
o-Leu®
1 174.9, C
2 53.5, CH 4.97°
3 40.7, CH, 2.26°
4 25.4, CH 2.23°
5 23.2, CHs 1.57°
6 23.3, CHs 1.57°
Gly’
1 175.0, C
2 43.3, CH, 4.52°

“Signals assigned using 2D NMR data. "Overlapping signal.




p-Leu’ ,,—I_.‘cu1 L-Ser® Gly* L-vaF p-Leu®  Gly” Gly*®

Table S2. NMR Spectroscopic Data (400M, CD;CN: D,O: TFA-d=3: 2: 0.1) for synthetic 2°

position dc type on [mult, J (H2)]
-Leu!
1 171.2,C
2 52.7, CH 453"
3 40.7, CH, 2.24°
4 25.0, CH 2.20°
5 21.2, CH; 1.45°
6 21.4, CH; 151°
o-Leu?
1 173.2,C
2 53.4, CH 4.86°
3 40.3, CH, 2.24°
4 25.3,CH 2.20°
5 22.3, CHs 1.52°
6 22.4, CHs 1.52°
L-Ser®
1 172.7,C
2 56.4, CH 495"
3 62.1, CH, 436"
Gly*
1 171.8,C
2 42.0, CH, 4.48°
-Val®
1 174.2,C
2 60.3, CH 4.67
3 31.0, CH 2.59,°
4 18.7, CH; 1.52°
5 19.3, CH; 1.44°
o-Leu®
1 175.0, C
2 53.5, CH 4.94°
3 40.3, CH, 2.24°
4 25.4, CH 2.20°
5 23.2, CHs 1.52°
6 23.3, CHs 1.52°
Gly’
1 172.0,C
2 43.2, CH, 4.48°
Gly®
1 175.3,C
2 43.3, CH, 4.48°

3Sjgnals assigned using 2D NMR data. "Overlapping signal.




-Leu! p-Leu?  -Ser’ Gly* L-val

Table S3. NMR Spectroscopic Data (400M, D,O) for synthetic 3*

position dc type Jon [mult, J (H2)]
L-Leul
1 170.4,C
2 51.8, CH 4.07,°m
3 39.8, CH, 1.74,°m; 1.74,° m
4 23.9, CH 1.73,°m
5 21.1, CH; 0.90,°m
6 20.3, CH; 0.90,°m
o-Leu?
1 174.8,C
2 52.6, CH 4.46,° m
3 39.4, CH, 1.62,°m:; 1.72,° m
4 24.3, CH 1.63,°m
5 22.1, CH,4 0.97,°m
6 21.4, CH,4 0.97,°m
L'Ser3
1 172.1,C
2 55.6, CH 4.49,°m
3 60.9, CH, 3.87,dd (11.1, 4.5);
3.93,dd (12.0. 5.0)
Gly*
1 170.7,C
2 425, CH, 3.99,°m
4.00,°m
_-Val®
1 178.4,C
2 60.7, CH 4,07, m
3 30.3, CH 211, m
4 17.1, CH; 0.87, d (6.8)
5 18.8, CH; 0.91,d (6.7)

3Sjgnals assigned using 2D NMR data. "Overlapping signal.
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Figure S76 *H NMR spectrum (400 MHz) of synthetic 1 in mixture solvent (CDsCN:
D,0: TFA-d=3: 2: 0.1)

6587-0706/2

lul L T (.

T . T T T T T T . T T . T T T T T T T T T T T .
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

Figure S77 *3C NMR spectrum (100 MHz) of synthetic 1 in mixture solvent (CDsCN:
D,0: TFA-d=3: 2: 0.1)
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Figure S78 DEPT-135 spectrum (100 MHz) of synthetic 1 in mixture solvent
(CDsCN: D,O: TFA-d=3: 2: 0.1)
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Figure S79 *H-'H COSY spectrum of synthetic 1 in mixture solvent (CD3CN: D,0:
TFA-d=3:2:0.1)

(ﬁ@

&=

©
o
o

S49



I 6587-0706/5
—_—
—
[ |
=

T
11.0

T
10.0 9.0 8.0 7.

T T
6.0 5.0 4.

£2 (ppm)

110

130

+ 150

170

+190

Figure S80 HSQC spectrum of synthetic 1 in mixture solvent (CD3CN: D,0:
TFA-d=3:2: 0.1)
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Figure S81 HMBC spectrum of synthetic 1 in mixture solvent (CD3;CN: D,0:
TFA-d=3:2: 0.1)
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Figure $82 'H NMR spectrum (400 MHz) of synthetic 2 in mixture solvent (CDsCN:
D,0: TFA-d=3: 2: 0.1)
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Figure $83 *3C NMR spectrum (100 MHz) of synthetic 2 in mixture solvent (CDsCN:
D,0: TFA-d=3: 2: 0.1)
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Figure S84 DEPT-135 spectrum (100 MHz) of synthetic 2 in mixture solvent (CD3CN:
D,0O: TFA-d=3: 2: 0.1)
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Figure S85 *H-'H COSY spectrum of synthetic 2 in mixture solvent (CD3CN: D,O:
TFA-d=3:2:0.1)

S52



<=

.5@?@ @G>
>

P>

! p2-714-0712/5
—

et S

RO (e

o

T
6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

£2 (ppm)

2.

0

F30

40

F50

60

70

80

F90

100

F110

Figure S86 HSQC spectrum of synthetic 2 in mixture solvent (CD3;CN: D,0:
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Figure $88 *H NMR spectrum (400 MHz) of synthetic 3 in D,O
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Figure S91 *H-'H COSY spectrum of synthetic 3 in D,O
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Figure S92 HSQC spectrum of synthetic 3 in D,O
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Figure S93 HMBC spectrum of synthetic 3 in D,O
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Figure S94. UV spectrum (H20) of synthetic 1
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Figure S95. IR spectrum (KBr) of synthetic 1
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Figure S96. UV spectrum (H,0) of synthetic 2
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Figure S97. IR spectrum (KBr) of synthetic 2
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Figure S99. IR spectrum (KBr) of synthetic 3
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