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Combinatorial in situ FP screening
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Scheme S1 A model study of L-phenylalnine and p-chlorocinnamic acid
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TLC monitor
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Fig. S1 Trace of TLC 2h (left side), 5min (right side)

Kinetic study by HPLC

HPLC was employed to quantify the kinetic of amide bond formation. Boc-Phe-Ome was synthesized as internal 

standard.

The HPLC condition as below:
Column: C18 Atlantis T3 column, 5 μm 4.6 x 250 mm;
Mobile phase: A acetonitrile 0.01% TFA/B water 0.01% TFA (45 : 55, V/V)
Wavelength: 254 nm;
Rate: 1 mL/min;
Temperature: 25°C.
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Scheme S3 Synthesis of Boc-Phe-Ome
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Fig. S2 HPLC of Boc-Phe-Ome
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Fig. S3 HPLC chromatography
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Reaction kinetic
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Fig. S4. Time-course of the amide bond formation.
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Fig. S5. Inhibitory activity of reagents involved in the in situ screening assay.
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highlighted in green dash frame.
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Fig. S7 Inhibition profile of the reactions of 6 amino acids with 12 selected different acids at concentration of 0.2 mM. UDP (a known 
UGM inhibitor) was utilized as a positive control to validate the assay.
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NMR spectrum and HR-MS

L-phenylalanine methyl ester (CD3OD)
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4-Iodo-L-phenylalanine methyl ester (CD3OD)
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4-Bromo-DL-phenylalanine methyl ester (CD3OD)
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4-Chloro-DL-phenylalanine methyl ester (CDCl3)
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 N-(4-Fluorocinnamoyl)-4-Bromo-DL-phenylalanine (CD3OD)
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19F-NMR
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N-(4-chlorocinnamoyl)-4-Bromo-DL-phenylalanine (CD3OD)
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N-(3, 4-Dichlorocinnamoyl)-4-Bromo-DL-phenylalanine (CD3OD)
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N-(3, 4-Dichlorocinnamoyl)-4-Chloro-DL-phenylalanine (CD3OD)
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N-(3-chlorocinnamoyl)-L-phenylalanine (CD3OD)
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N-(4-Chlorocinnamoyl)-L-phenylalanine (CD3OD)
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N-(4-Bromocinnamoyl)-L-phenylalanine (CD3OD)
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N-(3, 4-Dichlorocinnamoyl)-L-phenylalanine (CD3OD)
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N-cinnamoyl-4-Iodo-L-phenylalanine (DMSO-d6)
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N-(4-fluorocinnamoyl)-4-iodo-L-phenylalanine (CD3OD)

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

1.
04

1.
04

1.
19

0.
92

3.
88

5.
03

3.
16

3.
17

3.
19

3.
20

3.
27

3.
27

3.
27

3.
31

4.
73

4.
74

4.
75

4.
76

4.
86

6.
53

6.
56

6.
99

7.
01

7.
06

7.
08

7.
10

7.
42

7.
45

7.
53

7.
54

7.
55

7.
56

7.
57

7.
59

0102030405060708090100110120130140150160170180190200
f1 (ppm)

38
.0

2
48

.4
9

48
.6

6
48

.8
3

49
.0

0
49

.1
7

49
.3

4
49

.5
1

49
.8

5
54

.9
6

92
.7

8

11
6.

73
11

6.
91

12
1.

11

13
0.

97
13

1.
04

13
2.

48
13

2.
62

13
8.

29
13

8.
63

14
1.

12

16
4.

06
16

6.
04

16
8.

20

17
4.

29

HN

COOH

O
I

F

HN

COOH

O
I

F



31

-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-100
f1 (ppm)

-
1
1
2
.
8
8
9
1

HN

COOH

O
I

F



32

N-(4-Chlorocinnamoyl)-4-iodo-L-phenylalanine (CD3OD)
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N-(4-Bromocinnamoyl)-4-Iodo-L-phenylalanine (CD3OD)
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N-(3, 4-Dichlorocinnamoyl)-4-Iodo-L-phenylalanine (CD3OD)
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UGMs preparation

Expression and purification of UGM from M. tuberculosis

A vector construct (pET-29b) containing the gene encoding for UGM from Mycobacterium tuberculosis 
was provided by Prof. Laura L. Kiessling. This construct was transformed into BL21(DE3) E.coli cells. 
Transformed cells were grown in Terrific Broth and 50 μg/mL kanamycin at 37°C, culture overnight 
without induction. Cells were harvested by centrifugation at 6000 rpm for 30 min at 4°C and the pellet 
was resuspended in the lysis buffer (20 mM sodium phosphate, 25 mM imidazole, 500 mM NaCl, pH 7.4). 
The disruption of the cells was achieved by lyzozyme, Triton X-100, and sonication. Lysed cells were 
centrifuged at 16 000 rpm for 50 min at 4°C. The protein was purified by hexahistidine-Ni2+-
nitrilotriacetic acid affinity chromatography. After loading of the soluble fraction, the column was 
washed with a 50 mM phosphate buffer containing 300 mM NaCl and 20 mM imidazole (pH 8). The 
elution of UGM was made by a linear gradient (0-50%) to 50 mM sodium phosphate buffer (pH 8) 
containing 300 mM NaCl and 250 mM imidazole. Fractions containing UGM were pooled and dialyzed 
overnight against 20mM sodium phosphate buffer (pH 7) at 4°C. The purity was estimated by SDS-PAGE 
and the concentration was measured by absorbance on a spectrophotometer (DTX 880 Multimode 
Detector) at 450 nm.
UGMs from K. pneumoniae is expressed and purified following similar protocols.1

Fig. S8 SDS-page of KpUGM, yield: 101 mg in 1L culture

KpUGM
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Fig. S9 SDS-page of MtUGM, yield: 11 mg in 1L culture 
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UGM binding assays
With the enzymes and compounds in hand, we were keen to carry out a biological evaluation. The assay 
described by Kiessling et al. was strictly followed, including the synthesis of the fluorescent probe (UDP-
fluorescein).2-4

To determine the binding affinity of fluorescent probe towards MtUGM, serial dilutions of dialyzed UGM 
(final concentration: 1x10-5 to 12 μM) were incubated with 15 nM of the fluorescent probe in 50 mM 
sodium phosphate buffer, pH 7.0 at room temperature. Final volumes were 30 μl in 384 well black 
microtiter plates and the measurements were realized in triplicate. Fluorescence polarization was 
analyzed using DTX880 Multimode Detector Beckman-Coulter device (λexcitation = 485 nm,λemission = 535 
nm). Data were fitted to equation (Eq. (4)) with Prism 5 GraphPad Software.
y = FPmin + (FPmax – FPmin)*1/ (1+10^ (log Kd – x)*slope
with y = fluorescence polarization
FPmin = minimal fluorescence polarization signal
FPmax = maximum fluorescence polarization signal
Kd = dissociation constant
x = log [UGM]
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Fig. S10 Ki determination for the fluorescent probe with KpUGM, MtUGM respectively.



41

Fluorescence polarization assay
Fluorescence polarization binding assays were performed with KpUGM and MtUGM. Serial dilutions of 
the inhibitor (final concentrations from 0 μM to 1 mM) and 15 nM of the fluorescent probe were mixed 
in 50 mM phosphate buffer pH 7.0 at room temperature. UGM (final concentration of KpUGM is 500 nM, 
MtUGM is 580 nM) was added to start the experiment. Final volumes were 30 μl in 384 well black 
microtiter plates and the measurements were realized in triplicate. Fluorescence polarization was 
analyzed using DTX880 Multimode Detector Beckman-Coulter device (λexcitation = 485 nm,λemission = 535 
nm).
Determination of Kd :
Data were fitted to equation (Eq. (5)) with Prism 5 GraphPad Software.
y = FPmin + (FPmax – FPmin)*1/(1+10^(x-log Kd)
log Kd = log (10^ (logKi * (1+Cf/ Kd f)))
with y = fluorescence polarization,
FPmin = minimal fluorescence polarization signal
FPmax = maximum fluorescence polarization signal
Kd = dissociation constant
x = log [UGM]
Ki = inhibition constant
Cf = concentration of the fluorescent probe
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Fig. S11 Kd determination for compounds against KpUGM and MtUGM respectively.
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Activity assay / Lineweaver-Burke analysis

The inhibition assay was performed by HPLC. First, added 9 μL blank/ inhibitor (Cf=50 μM), 3 μL MtUGM (Cf=60 
nM), reduced with sodium dithionite (Cf=12.5 mM) and incubated for 5 min at room temperature, subsequently 
added 9 μL UDP-Glaf (Cf=25 μM). 6 µL of each reaction was taken and quenched in liquid N2 at 60, 90, 120, 150, 
180 seconds. Injections of the samples were realized by HPLC (Waters 600 E with a C18 Atlantis T3 column, 5 µM 
4.6 x 250 mm, elution with 50 mM Triethylamine Acetic Acid, pH 6.8, 0.5% CH3CN; detection at 262 nm and at a 
flow rate 1ml/min). 

% conversion = (Area UDP-Galp peak)/ [(Area UDP-Galp peak) + (Area UDP-Galf peak)] x 100. By calculating the 
turnover of inhibited reactions compared to reactions without inhibitor: % inhibition = [(% conversion (without 
inhibitor) - % conversion (with inhibitor))/ % conversion (without inhibitor)] x 100.

The rate of the conversion of UDP-Galf to UDP-Galp was monitored at several concentrations of substrate 
(Cf=5, 10, 20, 50, 100 μM) and inhibitor (0, 10, 20, 40μM). 

The plots of initial rates versus substrate concentrations were caculated by using Origin8 (Microcal Software, 
Northhampton, MA) and GraphPad Prism software (GraphPad Software, San Diego, CA). The results were 
analyzed using a Lineweaver–Burk plot (Figure 1). The fitted lines obtained for the four different concentrations 
intersect on the Y axis, which is typical competitive inhibition mechanism. The calculated Ki value obtained from 
the fit was (13.1 ± 3.0) μM.
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Fig. S12 Plot of the competition assay of molecule 23 against UDP-Galf.
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In vitro anti M. bovis BCG assay

Step 1 Preparation of inhibitor stock solution in DMSO, concentration is 20000ug/mL= 20mg/mL

Step 2 Preparation of inhibitor mother solution, concentration are 2.5, 5, 25, 50, 250, 500, 1000, 2500, 5000, 

10000, 20000 ug/mL

Step 3 Add BCG solution   OD?0.6

Step 4 Add inhibitor solution in the 96-well, mix

Step 5 Seal the plate

Step 6 Add 15mL Sauton's medium after 3days

Step 7 Add 15mL Resazurin (0.01% in distilled H2O). The wells were observed after 24 and 48 h for a colour 

change from blue to pink

Fig. S13 Compound 23 and ethambutol against M. bovis BCG assay
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