Data S1. Characterization of compounds and extended raw data. Related to
“Compound synthesis and characterization” section in STAR Methods.
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'H NMR of compound WZ-0917
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'H NMR of compound WZ-183 (P101)
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'H NMR of ART1
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'H NMR of ATZ2
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'H NMR of ATZ4
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'H NMR of compound 10 (deoxy-ART-AcOH)
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'H NMR of deoxy-ATZ4
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'H NMR of ATZ-P1
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'H NMR of deoxy-ATZ-P1
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LCMS

C8, 595
WZ_1839_631 (3) ELSD Signal
. 428 Range: 1432
4T I
~ /‘-.“‘/
1200.000 H’\/\g o N z @
=0 F
1000.000 HN)T
. 800.000 PIO1
o
=l
600.000
400.000
200.000
0.000
-0. 4.00 5.00 6.00 7.00 8.00
WZ_1839_631 2: Diode Array
4.20 Range: 1.782e+2
239.0|
1.5e+2
1.25e+2
1.0e+2
>
<
7.5e+1
5.0e+1
2.5e+1 7.92
2100
0.0 £
-0.00 4.00 5.00 6.00 7.00 8.00
WZ_1839_631 1: Scan ES+
100 428 TIC
632.4‘ 3.47e9
ES
7.96
6.17 7.10
4.51 4311 4311 400.2
| 4684 S il eV P 8
0 e I e O Time
-0.00 4.00 5.00 6.00 7.00 8.00
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C8, 5-95

WZ_1840_325 = (3) ELSD Signal
H: 3.I75 Range: 1432
E |
1200.000- |
1000.000- |
800,000
= ||
600.000
400.000° ‘
200.000- |
Omo 3 1 T T L T ML L r .\ L L L T 1_‘II'\ T b 1 L 1
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
WZ_1840_325 2: Diode Array
Range: 1.089e+1
3 !7.97
3 374 210.0
7'0_: 224.0 .
6.0- ‘
5.0-
2 40 367
E 210.0
3 0.94 ]
3.0 2100 |
E ' | 414 |
2.0 121 | 2250
E 210.0 1.44 '
1.03 0.20 ' [ 2100 r ‘ ’I "u_/f-—""
00;210‘0 i /’\ “I | v |
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
WZ_1840_325 1: Scan ES+
) 374 TIC
100 326.0| 1.04e10
]
|.
I
ag_
| 382
2783
ﬂ. 7.94
[ | 253.2
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
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8, 5-95

WZ_hybrid2_811_02 (3) ELSD Signal
an Range: 1432
|
1200.000
1000.000
.‘% 800.000
- ATZ2
600.000
400.000
200.000
0.000 -
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
WZ_hybrid2_811_02 2: Diode Array
3.02 Range: 1.522e+2
14e+2 2390
1.2e+2
1.0e+2
-  8.0e+1
<
6.0e+1
4.0e+1 0.38
210.0
2.0e+1 791
| 210.0
0.0 _ : - N
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
WZ_hybrid2_811_02 1: Scan ES+
100 3.08 TIC
812.7 2.17e9
=S
6.39
7.96
602 5879 691 7.40
4311 43114311 SO34
536 e mwlherentig,
579.9 4
e . o SAA '
0 VAR AR LR R E s Time
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
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8, 5-95

WZ_hybrid4_839_03 (3) ELSD Signal
3.04 Range: 259
200.000
150.000
o
7]
|
100.000
50.000
0.000 ; =
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
WZ_hybrid4_839_03 2: Diode Array
294 Range: 8.138e+1
210.0
7.0e+1 l
6.0e+1 ‘
5.0e+1
2 4. 0e+1
3.0e+1
2.0e+1
7.91
210.0
1.0e+19 516 M
210.0 [ )
0.0 T AR RRRRREEELS s ™
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
WZ_hybrid4_839_03 1: Scan ES+
100 3.01 TIC
840.9I 1.11e9
3.03
8409
™ 2 7.93
538.0
631 673 7784002 |
4312 4311
sa S Ve
a7z 81
093 6988 }t &
50,?5 . W...._,_,Junwﬂ'*w’
0 Time
-0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
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C8, 595

deoxy_A7Z4_C8 (2) ELSD Signal
) 4.;:'5 Range: 1388
1250.000- |
1000.000- [
= |
2 750.000- |
? 3 |
500.000- | ‘
250.000- [
E |\
0.000 T T T T T T T T T T T T T T T T T T ‘I ;I T T T T
-0.00 0.50 1.00 1.50 2.00 2,50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
deoxy_A7Z4_C8 2: Diode Array
4.69 Range: 1.431e+2
E 236.0|
1.0e+2- “
2 7.5e+1 |
< 3 |
5.0e+14 (
2.5e+1- | .
0.0 T T T T T T T T T T T T T T T f T l_/ ll T T T T T
-0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
deoxy_A7Z4_C8 1: Scan ES+
100- 475 TIC
824. 3.02e9
|
|
[
| | ES | :
1
I\
0 T 7 T T T T T T T T 7 : T : 7 T T T — Time
-0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50
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C8, 595
WZ_ART_PI_probe1_894 (3) ELSD Signal
518 Range: 1570
1500.000
1000.0004
=]
7] 3
-
500.000
OOOG 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 1 T T
-0.00 050 1.00 1.50 200 250 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
WZ_ART_PI_probe1_894 2: Diode Array
5.09;237.03 Range: 1.504e+2
1.0e+24
=1 E
-4
5.0e+1
[0 = S\ S ——— S M S WSS LTSS e
-0.00 0.50 1.00 1.50 2.00 2.50 3.00 350 400 450 5.00 5.50 6.00 6.50 7.00 7.50 8.00
WZ_ART_PI_probe1_894 1: Scan ES+
100+ 5.17,895.60 TIC
] ES
321
650.73
-0.00 0.50 1.00 1.50 2.00 2.50 3.00 350 4.00
C8,595
WZ_ART_PI_probe2_878 (3) ELSD Signall
536 Range: 434
300.0004
2 3
= 200.0007
100.0004
0.0004
-0.00 050 1.00 150 200 2.50 300 350 400 450 500 550 6.00 6.50 7.00 750 8.00
WZ_ART_PI_probe2_878 2: Diode Array
5.27,210.03 Range: 8.132e+1
6.0e+14
2 40e+1]
2.0e+1 792
3 210.03
0 O T T e e e e A T A T I e e
-0.00 050 1.00 150 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
WZ_ART_PI_probe2_878 1: Scan ES+
100+ 533,879.73 TIC|
5.35.879.73 2.32e9|
532
879.7:
n ES 5.37 6.55
79.66 41324 7
6.20 700 742 ¢
430.78 43098 526.02
0+ Time
-0.00 050 1.00 150 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
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Elemental Composition Report Page 1
Single Mass Analysis H RMS Of PI 0 1
Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
243 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-32 H:0-45 N:0-5 0:0-6 F:0-2 Na:0-1
Rong NMR Analytical Core Facility 28-Sep-2018
Rong LCT Premier XE 2128
C32H43F2N506
WZ_18_39 9 (0.208) Cm (9:16) 1: TOF MS ES+
5.07e+005
1 654.3058
.3089
656.3128
352342 4262608 000003  seesses 0025249 7222939 7902792 8624146 g6 2553 974.8096
cl [ Reddld] | 1 | 3200 Rodv i P ] | Gl Ol Bl | ] | | bl Bhd | ] CERCVEyY | DRl b4 § ] 1 | fidhitng | l'l’"’z
350 400 450 500 550 600 650 700 750 800 850 900 1000
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
654.3058 654.3079 -2.1 -3.2 12.5 520.8 0.0 C32 H43 N5 06 F2 Na
Elemental Composition Report H RM S 0 f ART 1 Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
32 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-17 H:0-45 N:0-1 O:0-6 Na:0-1
Rong NMR Analytical Core Facility 28-Sep-2018
Rong LCT Premier XE 2:4:2
C17H27TNOS
WZ_18_40 25 (0.570) Cm (25:31) 1: TOF MS ES+
8.79e+004
3481770
100: 389.2026
1
|
% 326.1964
} 349.1706 |390.2062
300.1570
173.0209 278.1754 416.1649 4841511
ol opew o 199.9910 N | X (O 4542018 § ss21301 STTRM
120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 480 480 500 520 540 560 580 600
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i=FIT (Norm) Formula
348.1770  348.1787 -1.7 -4.9 4.5 545.8 0.0 C17 H27 N 05 Na

S17



Elemental Composition Report H RM S Of ATZZ Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
347 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:
C:0-42 H:0-56 N:0-5 0:0-89 F:0-2 Na:0-1
Rong NMR Analytical Core Facility 28-Sep-2018
Rong LCT Premier XE 2:8:0
C42H55F2N509
WZ_Hybrid2_811 16 (0.350) Cm (11:16) 1: TOF MS ES+
1.49e+005
1 834.3876
835,3906
P 902.3718
568.]88?3 534.?743 TDZ.PBM 777?625 B93.5067_ 974.8106 1051.7266 1110.7805  1178.7700
c | I | I 1 T 1 I 1 1 1 1 I I 1 ] | T 1 I 1 T 1 I L | 1 ] 1 Wz
500 550 600 650 700 750 800 850 200 950 1000 1050 1100 1150
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i=-FIT i=FIT (Norm) Formula
834.3876 834.3866 1.0 1.2 16.5 370.2 0.0 C42 HS55 N5 09 F2 Na

Elemental Composition Report

HRMS of ATZ4 Page

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
347 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:

C:0-44 H:0-60 N:0-5 0:0-9 F:0-2 Na:0-1

Rong NMR Analytical Core Facility 28-Sep-2018

Rong LCT Premier XE 28:8

C44HS9F2NS09

WZ_Hybrid4_839 28 (0.622) Cm (28:33) 1: TOF MS ES+
9.78e+004

862.4147

7755104

647.5551 702.8600 1066.3793  1134.3655 1196.57'%
500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200

Minimum: -1.5

Maximum: 5.0 5.0 50.0

Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula

862.4147 862.4179 -3.2 -3.7 16.5 327.2 0.0 C44 H59 N5 09 F2 Na
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Elemental Composition Report H RM S 0 f DeO ATZ 4 Page 1
Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 2
Monoisotopic Mass, Even Electron lons
199 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-44 H:0-60 N:0-5 0O:0-8 F:0-3
Gang NMR Analytical Core Facility 17-Feb-2021
Gang LCT Premier XE 3:8:2
C44H59F2N508
deoxy_A7Z4 11 (0.244)Cm (9:11) 1: TOF MS ES+
2.97e+004
824.4435
100--1 846.4233
1‘
%] (847.4288
{
} 8425 5405038
gl ?13.2660 539.3085.561.2917 674.3749 706.2242 810.4222 1 '1 982.3929 1050.3947 1194 55‘.492
1 | | 1] 1] 1 | I | I 1) 1 T 1 T T T U I | U
400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
Minimum: -1.5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i=-FIT (Norm) Formula
824.4435 824.4410 2.5 3.0 16.5 138.2 0.0 C44 H60 N5 08 F2
Single Mass Analysis
Tolerance =5.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off HRMS of ATZ-P1
Number of isotope peaks used for i-FIT = 2
Monoisotopic Mass, Even Electron lons
524 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-45 H:0-61 N:0-8 0O:0-9 F:0-2 Na:0-1
Gang NMR Analytical Core Facility 15-Apr-2019
Wenfu LCT Premier XE 11:59:18
C45HB0F2N809
WZ_ART_PI_probe1_894 63 (1.420) Cm (62:66) 1: TOF MS ES+
2.23e+005
1 917.4387
918.4429
919.4462
5129644  goooia, 7028616 20.4488 974.8118 10534110 . 11893848
500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
Minimum: -1%5
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
917.4387 917.4349 3.8 4.1 18.5 190.6 0.0 C45 H60 N8 09 F2 Na
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Single Mass Analysis

Tolerance =5.0 PPM / DBE: min =-1.5, max = 50.0

Element prediction: Off

Number of isotope peaks used for i-FIT = 2 HRMS of Deoxy-ATZ-P1

Monoisotopic Mass, Even Electron lons

510 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-45 H:0-61 N:0-8 0:0-9 F:0-2 Na:0-1

Gang NMR Analytical Core Facility 15-Apr-2019

Wenfu LCT Premier XE 12:05:09

C45HB0F2N808

WZ_ART_PI_probe2_878 35 (0.786) Cm (30:35) 1: TOF MS ES+
1.52e+005

901.4414

1

607.9149

702.8633 743.8886 784.9091  838.8373 1110.7867 1173.3926

600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200
Minimum: =158
Maximum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
901.4414 901.4400 1.4 1.6 18.5 195.3 0.0 C45 H60 N8 08 F2 Na
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Extended Raw Data

a. Extended data for Figure 2. Triplicate B-casein degradation with dialysis.
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b. Extended data for Figure 2. Duplicate B-casein degradation without dialysis
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Shown as Figure 2B right panel

c. Extended Data for Figure S2
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Shown here is a biological replicate of the
experiment on the left

PIO1/ART1

o]
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=
o

ATZ4

L

d. Extended Data for Figure 4 (switched samples indicated by red arrow were recorded in notebook)

Shown here is a biological replicate of the experiment on the left
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e. Extended data for Figure 5SB. Repeat of ATZ-P1 labeling experiment.
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f. Extended data for Figure 5D. Triplicate experiments.
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