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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

Final compound Ryl OH 7

Scheme S2 Acid activation and amide bond formation with HBTU
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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 um 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.

COOH NaHCOj3;,CHjsl COOMe

HN. o HN.
BOC DM rt. 98% Boc

Scheme S3 Synthesis of Boc-Phe-Ome
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Fig. S5. Inhibitory activity of reagents involved in the in situ screening assay.
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NMR spectrum and HR-MS

L-phenylalanine methyl ester (CD;OD)
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4-lodo-L-phenylalanine methyl ester (CD;0D)
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4-Bromo-DL-phenylalanine methyl ester (CD;OD)
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4-Chloro-DL-phenylalanine methyl ester (CDCl,;)
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N-(4-Fluorocinnamoyl)-4-Bromo-DL-phenylalanine (CD;0D)
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YF-NMR
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N-(4-chlorocinnamoyl)-4-Bromo-DL-phenylalanine (CD;0D)

=3 Lo
3 -
= i s
] 2 z Fe
© £ &
9 3 Fa
W‘ E
R 3
Y ° Z Fa
w q ° 26'2€ — 3
- 6v'8y 4 F¥
7 oo?W : ;
z ° £8'8Y 3
N 0067 = 2
. 716 3 =
o8'e wm,mS\
ot 0 156y 3
aoe R 1675 — : 3
zze r = i B
mm.mM | [ < :
see N ———! oIl T F)
ozef — ' "
oze Feo'L 3 [
Lee s m
Lee K .

. H H ;
et \
zee 8 ( )

° 9 3
< 4 :
N Fo
wh.ww < NﬁH ]
6L N A\ : §
08y — E u 3%
———— :
it FgoL| _E = =8
06'% B S 3 g
0= ;
S / H -
= o
[fe} o] |-
© @ 3
99'LZL i &
° so0zzL —: [~
© 0L°0EL
SE0EL

. 9Z'ZEL 2
299~ P '
c99~ . = Loor| ¢ iy “ i
so 0L S6'VEL ]

C.NW o Noo?\ g
o > K.Nmr\ [~
oL ,J T ~ +6°041 i
oy T M s
wmgm LER ; :
a2 Tv LL 2 = re
Wl - 2
1L T 3 § =
2L . i =
evL ) 1!1. i
e 20'891L — : 3
8v'L ] P i E
2L ® v § -
o \TyLL— —= =
€L ,
o 3 o
° - L o
" =
& i s
L O
£ -
. 3
g 3 o
Lo
] Q

15



Intens.Jp.

+MS, 0.21-0.49min #12-29, -Peak Bkgrnd|

x104]

] 1+

= 409.9972
E 1+ I
] 407.9994 |

37 | |

29 ‘
] 1+ | 1 411.9948

1 | 409.0026 fi A1 0008 i
] | | [ | I 4129979

X104 CsHheBrCINOs, 407.9997

] 1+

2] 409.9975
] 1+
] 407.9997

2: Il
] 1+

11 ‘ 1+ 1+ 411.9955
] 409.0029 411-|°°°7 1+
] | | “ I 412.9982

0 . IL ; L . ;

408 409 410 411 413 414 mz

16




N-(3, 4-Dichlorocinnamoyl)-4-Bromo-DL-phenylalanine (CD3;OD)
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N-(3, 4-Dichlorocinnamoyl)-4-Chloro-DL-phenylalanine (CD;OD)
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N-(3-chlorocinnamoyl)-L-phenylalanine (CD;OD)
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N-(4-Chlorocinnamoyl)-L-phenylalanine (CD;OD)
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N-(4-Bromocinnamoyl)-L-phenylalanine (CD;O0D)
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N-(3, 4-Dichlorocinnamoyl)-L-phenylalanine (CD;0D)
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N-cinnamoyl-4-Iodo-L-phenylalanine (DMSO-d6)
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N-(4-fluorocinnamoyl)-4-iodo-L-phenylalanine (CD;OD)
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N-(4-Chlorocinnamoyl)-4-iodo-L-phenylalanine (CD;O0D)
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N-(4-Bromocinnamoyl)-4-lodo-L-phenylalanine (CD;OD)
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N-(3, 4-Dichlorocinnamoyl)-4-Iodo-L-phenylalanine (CD;OD)

<
Fo Lo
(&} O
] =
Fa Lo
§ L2 =
I
s
o 0
(] (o] Fe
P4
I
8 S e —
1621 < b 20'8e
00t 1 Mm.m_f/
20°€ R 0 .
-
Z'e el «m.mv — —
sz =460 156y O o
oot E— - F96°0 o0'ss N M
e - ©
e [ ™
133 =
by
zee
ve'e ] F m L S
wm.& o}
ve'e m o
Ly [ 9
R4 < =z =
6Ly . 9126 — T
oLy — = Fs0L] = - £
S8’y ™ Fo g gg
88 = = ree
L6t by = =
oF N\ A =
Fa 3 | e
s
o
Fo €T | I
zv'8z1 Fy
+9-0et ovEel — — <
0 YOTEL o —
. [ © &
99~ - . vTeEL W\ @
990~ —_— —_— [o0. soeeiE e @
° LepEL = -
oL [ S 0891 — © )
0> = Fgo'z mN.wQN . E r
WLy . so'gEl Zreel — —_—
. 0¢c .
YL e ———— % 0 GO'BEL (=]
—— JLe
8rL — - 10'L [N \mﬁm; s
. — . s L
sv'L ——— JE— heoz L90eL 7 P -
5L 60| o $0'2EL L R V7 By, N
vS'L F o LrzeL — A o
=
Lo'L SE'EEL P [« e
e9'L epet e
€92 0
€92 o 19201 — ] | o
(79 - ~
zLrL ° L1yl — 0898l - ©
|- ST 8et = o
o 59'8€t — | - re
S9'6€E1 _ =) -
o IW FE
o o
Lo
)
o
Lo B
N

36



Intens.

+MS, 0.26-0.27min #15-16, Background Subtracted

x104]
1+
489.9468
51 ;
‘ 1+
5 | 491.9444
| .
[
14 | 1+
490.9502 i 1+ 1+
| i: 492.9464 493.9424 1+
] i Il I l 494.9443
w1 CrgH=Cl,INO;, 489.9468)
4]
1+
489.9468
+ |
1+
491,944
2]
I
14 1+ I
490.9501 ( 1+ 1+
| i 492.9473 4939421 1+
& I I 1 1 4949443
489 490 491 492 493 494 495 495 miz

37




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 pg/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-Ni%*-
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 NacCl 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.?

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

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).z*

To determine the binding affinity of fluorescent probe towards MtUGM, serial dilutions of dialyzed UGM
(final concentration: 1x10° to 12 uM) 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 pl in 384 well black
microtiter plates and the measurements were realized in triplicate. Fluorescence polarization was
analyzed using DTX880 Multimode Detector Beckman-Coulter device (Aeycitation = 485 NM,Agmission = 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

Kg4 = dissociation constant

x = log [UGM]
Affinity of KoUGM for fluorescent probe Affinity of MtUGM for fluorescent probe
400 400+
2 2
E 300 = 300 /c’
c c
2 K=054puM 2 Ki=0.39 uM 4
N 8
s 5
2 H
E E
6 4 2 0 2 6 4 2 0 2
log [UGM] log [UGM]

Fig. $10 K; determination for the fluorescent probe with KpUGM, MtUGM respectively.
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Fluorescence polarization assay

Fluorescence polarization binding assays were performed with KpUGM and MtUGM. Serial dilutions of
the inhibitor (final concentrations from 0 uM 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 ul in 384 well black
microtiter plates and the measurements were realized in triplicate. Fluorescence polarization was
analyzed using DTX880 Multimode Detector Beckman-Coulter device (Aeycitation = 485 NM,Agmission = 535
nm).

Determination of Ky :

Data were fitted to equation (Eq. (5)) with Prism 5 GraphPad Software.

y = FPmin + (FPmax — FPmin)*1/(1+10/(x-log K4)

log K4 = log (10” (logK; * (1+C¢/ K4 f)))

with y = fluorescence polarization,

FPmin = minimal fluorescence polarization signal

FPmax = maximum fluorescence polarization signal

Kg4 = dissociation constant

x = log [UGM]

K; = inhibition constant

C; = concentration of the fluorescent probe

Competition 10 / fluorescent probe
250

millipolarization units

41



Competition 11 / fluorescent probe
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millipolarization units
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millipolarization units
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millipolarization units

millipolarization units
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150 - 300 -

Mt UGM
Ky= 19714 MO0

Kp UGM
Ky= 173 uM

50

millipolarization units
1
l g
(=)
o
millipolarization units

-4 2 0 2 4 £ 4 2 ] 2 4
Competition 20 /fluorescent probe Competition 20 / fluorescent probe
250
100+ 2
‘T L ]
| g i 100
| =
; 1 2 150 -
3]
_g_ Ky= 375+£55 uM
= 50 4
E
k] i -2 0 2 4 _;5 _;4 _'2 0 é =
Competition 21 / fluorescent probe Competition 21/ fluorescent probe
250 4
2
100 E . iOOI
-~ : '
2 150
: g
Kp UGM 0. g Mt UGM 100.
Kq= 212 uM S Kq=157+18 uM
= 50
E
& 4 2 o 2 4 s 4 2 0o 2 4

45



millipolarization units

Competition 22/ fluorescent probe
100 4

80 4

millipolarization units
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Fig. S11 K, 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 pL blank/ inhibitor (C=50 uM), 3 uL MtUGM (C;=60
nM), reduced with sodium dithionite (C;=12.5 mM) and incubated for 5 min at room temperature, subsequently
added 9 pL UDP-Glaf (C=25 uM). 6 uL of each reaction was taken and quenched in liquid N, 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 uM
4.6 x 250 mm, elution with 50 mM Triethylamine Acetic Acid, pH 6.8, 0.5% CH5CN; 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
(Cs=5, 10, 20, 50, 100 uM) and inhibitor (0, 10, 20, 40uM).

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 K; value obtained from
the fit was (13.1 + 3.0) uM.

0.4-
-~ OuM

0.3 = 10uM
= — 20uM
= - 40uM
] v
©

0.1

0.04 r

50 100 150 200 250
UDP-Galf [uM]

Fig. $12 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  0D?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 H20). The wells were observed after 24 and 48 h for a colour

change from blue to pink

400 Blank

400

Fig. $13 Compound 23 and ethambutol against M. bovis BCG assay
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