Supporting Information
Total synthesis of Xanthoangelol B and its various fragments: toward inhibition of virulence

factor production of Staphylococcus aureus

Pushpak Mizar,™ Rekha Arya,™ Truc Kim, * Soyoung Cha8, Kyoung-Seok Ryus$, Won-sik Yeo,!

Taeok Bae, T Dae Wook Kim, * Ki Hun Park, - Kyeong Kyu Kim,** and Seung Seo Lee*

TChemistry, Highfield Campus, University of Southampton, Southampton, SO17 1BJ, UK.
*Department of Molecular Cell Biology, Institute for Antimicrobial Resistance and Therapeutics,
Samsung Medical Center, Sungkyunkwan University School of Medicine, Suwon 16419,
Republic of Korea.

$Protein structure research group, Korea Basic Science Institute, 162 Yeongudanji-Ro, Ochang-
Eup, Cheongju-Si, Chungcheongbuk-Do 28119, Republic of Korea.

"Department of Microbiology and Immunology, Indiana University - School of Medicine-
Northwest, Gary, IN 46408 US

‘Division of Applied Life Science (BK21 Plus), IALS, Gyeongsang National University, Jinju
52828, Republic of Korea

Supporting Information (ES) available

" These authors contributed equally to this work.

* Corresponding authors: kyeongkyu@skku.edu & s.s.lee@soton.ac.uk

Sl


mailto:kyeongkyu@skku.edu
mailto:s.s.lee@soton.ac.uk

Table of Contents

1. Scheme S1: Synthesis of PM-56

2. Scheme S2: Fragments of xanthoangelol B

3. Figure S1: Comparison of HPLC Traces of xanthoangelol B

4. Figure S2: Effects of xanthoangelol B 1 and PM-56 on the growth of S. aureus

S3

S4

S5

S6

5. Figure S3: Determination of the I1Cso of (A) Xanthoangelol B 1 and (B) PM-56 for an anti-

hemolytic activity

S7

6. Figure S4: Effects of xanthoangelol B 1 and PM-56 on RBC hemolysis by the saeS knockout

mutant of S. aureus

7. Figure S5: Effects of xanthoangelol B 1 and PM-56 on sarA gene

8. Figure S6: 1 and PM-56 attenuate S. aureus survival in Galleria mellonella

9. Figure S7: In vivo efficacy in G. mellonella infection model

10.

11.

12.

13.

14.

15.

16.

17.

Figure S8: Phosphotransferase assay

Figure S9: Intrinsic fluorescence quenching of S. aureus kinase domain of SaeS
Figure S10: 1D STD spectra of PM-56

Figure S11: Purity analysis of 1 and PM-56

Table S1: Bacterial strains and plasmids used in this study

Table S2: Primers used in the study

ADDITIONAL EXPERIMENTAL SECTION

NMR Spectra

S2

S7

S8

S9

S10

S11

S12

S13

S14

S15

S16

S17

S27



Hoveyda-Grubbs OH
2nd generation (0.01 equiv.)

10 + 8 — e Ie) Z
40 c, bCM g
OH
75%
14

L-Proline ( 10 mol%)

E—S .
DMSO, rt, 8h

DATMP, 0 °C
15 >

Toluene

Scheme S1. Synthesis of PM-56

S3



10 11 12
O OH
¢
HO OH
17

Scheme S2. Fragments of xanthoangelol B tested for inhibition of the SaeRS GFP reporter

S4



(A) Xanthoangelol B: Natural Sources

DAD1 H, Sig=254,4 Ref=360,100 (Jess\11-48-50 2018-02-01 C173S 40 mM rxn scale.D)

mAU - o)
] s
100
] 2
50 4 @
] g o N )
< .
3] ,\Y‘ y \0
0 2
-50
-100

2 4 6 8 10 12 14 16 18 min

(B) Xanthoangelo B: racemic

DAD1 H, Sig=254,4 Ref=360,100 (Jess\12-46-35 2018-02-01 C173S 40 mM rxn scale.D)

mAU 7 2
1 s
100
S B> P ANe
0] ‘ %% fjé/:/yJ_c""‘ 9% /7 <'f°
] /|
-50—; //
-100- L D U U U
2 4 6 8 10 12 14 16 18 mir

(C) Xanthooangelol B: resolved

DAD1 H, Sig=254,4 Ref=360,100 (Jess\10-36-36 2018-02-01 C173S 40 mM rxn scale.D)
mAU ]
200
150
] b, © M. D
1007 SRS
DRV
4 ©
50 o s
] < 3
4 o0}
0 : <A
—_—
2 4 6 8 10 12 14 16 18 min

Figure S1. Comparison of HPLC Traces of xanthoangelol B: C18 Column (Kromasil 100-5-C18),
Eluent: 15% acetonitrile (Solvent A)/water 85% (Solvent B). (A) xanthoangelol B extracted from

natural sources, (B) racemic xanthoangelol B, (C) resolved xanthoangelol B.
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Figure S2. Effects of xanthoangelol B 1 and PM-56 on the growth of S. aureus. The S. aureus
USA300 was grown to the early exponential phase and treated with xanthoangelol B 1 and PM-
56 at the concentration in the range from 2 uM to 64 uM. The cell density was monitored as the
optical density at 600 nm. A, Bacterial growth for 8 h in the presence of xanthoangelol B 1; B,
Bacterial growth for 8 h in the presence of PM-56; C, Bacterial growth for 20 h in the presence of

xanthoangelol B 1; D, Bacterial growth for 20 hours in the presence of PM-56. All the experiments

were performed in triplicates.
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Figure S3. Determination of the ICso of (A) Xanthoangelol B 1 and (B) PM-56 for an anti-

hemolytic activity.
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Figure S4. Effects of xanthoangelol B 1 and PM-56 on RBC hemolysis by the saeS knockout

mutant of S. aureus. The saeS mutant strain was treated with 1 and PM-56, and RBC hemolysis

calculated in percentage. The significance compared to the control (S. aureus USA300) in triplicate

given as P<0.0001 was calculated by one way ANOVA.

S7



s
'g 1.5+ ) ns
@ ns
-
z
< _ 10 —_
&4
E -
£&
"e.: 0.5
P
E 0.0
3 .04
= N ®
© N &
& s &
&
&5‘0
4

Figure S5. Effects of xanthoangelol B 1 and PM-56 on sarA gene. S. aureus was grown to the
early exponential phase and treated with xanthoangelol B 1 and PM-56. The sarA gene
quantification was determined and compared with 16S rRNA. All experiments were performed in

triplicate and the significance compared with control.
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Figure S6. Xanthoangelol B 1 (a) and PM-56 (b) attenuate S. aureus survivals in Galleria
mellonella. G. mellonella was challenged with 5x106 cfu of S. aureus and treated with 1 and PM-
56. The S. aureus survivals were determined after 72 h. ***P<0.001, **P<0.01, *P<0.05 by one

way ANOVA; Each symbol represents the values of individual larvae.
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Figure S7. In vivo efficacy in G. mellonella infection model. (A) Kaplan-Meier survival curves for
G. mellonella (n=10) challenged with 5x108 cfu of the S. aureus wild type and saeS knockout
mutant. G. mellonella infected by the latter was treated with xanthaoangelol B 1 and PM-56 2 h
post infection. The chemical was injected every 12 h interval for 72 h. (B) S. aureus burdens were

calculated at 72 h. The experiments were performed in n=10 biological replicate samples.
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***p<0.001, **P<0.01, *P<0.05 by student t-test.
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Figure S8. (A) Inhibition test with xanthoangelol B 1 for phosphotransferase activity of SaeS, (B)

Inhibition test with PM-56 for phosphotransferase activity of SaeS.
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Figure S9. Intrinsic fluorescence quenching of the kinase domain of SaeS by (A) xanthoangelol B
1 and (B) PM-56. Purified recombinant SaeS (1 uM) was incubated with various concentrations
of either (A) 1 or (B) PM-56 for 15 min at room temperature. Upon excitation at 276 nm,
reductions of SaeS intensities at an emission peak of 306 nm were recorded and plotted against the
chemical concentrations. Data points were averaged from three independent measurements and
expressed as means (dots) = standard deviations of means (whiskers). Solid lines represent the

fitted curves to calculate the chemical-binding affinities.
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Figure S10. 1D STD spectra of PM-56 in the presence of 0.03 MM MBP-Sae$S (top) and 0.1 mM
SaeS (bottom). The PM-56 peaks are specifically identified in 1D STD spectrum in the presence
of 0.03 mM MBP-SaeS and 0.1 mM SaeS protein. Slightly different peak shapes between on-
and off-saturation at 0.5 and 30 ppm, respectively, could result in the peak spikes of the

remained HEPES molecule with both positive and negative signs.
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Figure S11. Purity analysis of xanthoangelol B 1 and PM-56. Both compounds were analysed by
the Agilent Technologies 1260 Infinity HPLC system with a C18 Column (Kromasil 100-5-C18,
5 um, 21.2 x 250 mm). The column was eluted with 20/80 acetonitrile/water, and the elution
monitored with a UV detector at 254 nm. The program was run for 42 minutes for 1 (A) and 25

minutes for PM-56 (B).
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Table S1. Bacterial strains and plasmids used in this study

pYJ335-P1-gfp

pC L-Phlam-gfp

pYJ335 carrying the P1promoter-gfp fusion

pCL55 carrying Pniam-gfp fusion

Strain or Plasmid  Relevant characteristic Origin
E. coli
DH5a Plasmid-free, restriction deficient New England Biolabs
BL21(DE3) Recombinant protein expression strain New England Biolabs
S. aureus
USA300 USA300-0114 1
USA300-P23 USA300-0114 without plasmid 2 and 3 2
Plasmid
pYJ335 An E. coli-S. aureus shuttle vector, Erm’ 3
pYJ335-gfp pYJ335 carrying a promoterless gfp 4
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Table S2. Primers used in the study

Name Sequence (5'— 3) Target
P1969 GGGGTACCATTGGAAGTGGATAACATGTCAAAAGGAGAA
pYJ-gfp

GAATTATTTAC

P1747 ATTGGATTGGAAGTACGGTACCGAGCTCGAATTCACTG pYJ-gfp

P1971 TACTTCCAATCCAATGTCATCATTGGTGGTATTATGTTG P1

P1972 TTATCCACTTCCAATGGCTAACTCCTCATTTCTTCAATT P1

P1992 TTATCCACTTCCAATGATTACAATATAAAAATACAAATATCTTAG | Phla

P1993 TACTTCCAATCCAATG TTAATATATAGTTAATTTTTATTTAATAG | Phla

P0011 GCG CTG CAT TAG CTAGTT GGT 16s
TGG CCG ATC ACCCTCTCA

P0012 CAACAACACTATTGCTAGGTT CCATATT a-hemolysin
CCTGTTTTT ACT GTAGTATTG CTT CCA

P0013 TGT CTGCGT GTACTTTCACTTC aureolysin
AAG AGT GAT GCG GTC AAA GC

P0014 ATC AAT CGG AGG CAGTGG C Y-hemolysin A
GCA GAT ACT TGACCATTCGGTG

P0015 GCT CTG ATA AAT CTG GGACAAC staphylokinase
TGG GCATTAGAT GCG ACAG

P0016 CAATGGTCACTTATGCTG sarA
TCTTTCATCATGCTCATTAC
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ADDITIONAL EXPERIMENTAL SECTION

Biology

Materials

All reagents used in this study were purchased from Sigma-Aldrich (St. Louis, USA) without
further purification unless otherwise specified.

Ethics Statement

The written consent was obtained from the human subject before taking the blood sample for the
hemolysis experiment.

Bacterial strains, plasmid and growth conditions

The description of S. aureus strains, plasmids used in the study are provided in Table S1. The
USA300 were grown in TSB (Fluka 22092) or tryptic soy agar (TSA) and blood agar plates without
glucose supplements. E. coli culture were grown in Luria Bertani (LB) broth or on LB agar plates.
The reporter strain (Pniam-gfp) were grown in the presence of chloramphenicol 5 pg/ml. The
cultures were grown at 37°C in a shaker (Orbital Shaker) with 250 rpm of aeration.

Chemical library. An in-house natural product library was used in this study to screen potent
natural chemical. The chemicals were dissolved in DMSO (dimethyl sulfoxide) and yielded 10
mM stock solution, respectively. All the chemicals used for the screening experiment had a purity
of at least 98%. All the chemicals in the library were dry transferred into a 96-well plate.
Construction of reporter strain (GFP-promoter fusion)

For sae promoter (P1), ligation independent cloning method was utilized to construct the promoter-
gfp (green fluorescence protein) fusion strain.® The pCL-Pniam-gfp was used for vector DNA
amplification* using the primers P1969 and P1747. Then primer pair P1971/P1972 were used to

amplify the insert DNA fragment with promoter sequence. The PCR products were treated with
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T4 DNA polymerase with the presence of dCTP (vector) or dGTP (insert DNA) and mixed
together. The mixed products were used for the transformation in E. coli DHS5a. All the plasmids
were verified and transduced into S. aureus USA300 strain with ¢85.

High-throughput screening using a GFP-promoter fusion

S. aureus harbouring Pniam-gfp was used for the screening method. An in-house natural product
library of 800 compounds in DMSO was used in the study. Overnight cultures of PhianGFP were
grown in tryptic soy broth (TSB) and were diluted 1:100 into fresh TSB and grown again until
ODsoo = 1. Then the cells were diluted to obtain 5x10° cells/ml and transferred into the plate with
10 uM of the chemical. A negative control (DMSO as blank) was used. The initial cell density
and GFP fluorescence were measured after the plates were set up, and the plates were incubated
for 8 h at 37°C in a shaker-incubator. After 8 h incubation, GFP signal (excitation, 485 nm,
emission, 515 nm) and ODesoonm Were measured using BioTek Gen5 Microplate Reader.
Hemolysin Assay

The assay was performed using human erythrocytes as described.”® The overnight cultures of the
wild type USA300 or saeS mutant were diluted 1:100 in fresh TSB and grown until ODsoo=1.
Then, 5x10° cells/ml were used along with various concentrations of xanthoangelol B 1 and PM-
56 and allowed to grow for 8 h at 37°C with shaking at 250 rpm. Human blood was washed thrice
with DPBS and 5% RBC was prepared for experiment. After an 8 h incubation, the supernatants
of chemical treated bacterial cultures were collected and mixed at 1:1 with the 5% RBC, and
incubated for 30 minutes. The samples were then centrifuged for 1000 rpm, and hemolysis was
determined by measuring the optical density at 540 nm using an ELISA plate reader.

Quantitative RT-PCR analysis
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qRT-PCR was performed for the transcripts of interest using an intercalating dye-based assay as
described earlier with minor modifications.? S. aureus cultures were treated with xanthoangelol B
and PM56 and after 6h incubation, Total RNA was isolated and purified using the RNA Protect
Bacteria Reagent (Qiagen) and RNeasy Mini Kit (Qiagen) using enzymatic disruption method.0
The cDNA was synthesized using High Capacity cDNA Reverse Transcription Kit (Random
hexamer, Clontech). Gene transcription quantification was performed by real-time PCR using
SYBR Green PCR Master Mix (Bio-Rad) in a CFX connect real time system (Bio-Rad). The
primers used in the experiment to detect transcripts of interest are listed in Table S2. The results
were normalized to the levels of 16s RNA.

USA300 infection of Galleria mellonella larvae

We used the existing larvae infection model*-13 and modified the inoculum size to reduce the rapid
killing of larvae. The antibiotic free larvae of Galleria mellonella were purchased from Sworm
suppliers and maintained at room temperature in the incubator with food. The larvae were
segregated according to weight (100 to 150 mg) and used for infection experiment.

a) USA300 infection in Galleria mellonella

Ten larvae per group were used in the experiment. Each larva of individual groups was injected
with 20 ul inoculum of USA300 5x10° cfu into the lower left proleg using 6mm insulin syringe.
All the groups were incubated at 37 °C in the dark without food supply for up to 2 h.

b) Treatment of Galleria mellonella with Xanthoangelol B and PM56

Post infection with USA300, each larva from individual groups was treated with chemicals.
Xanthoangelol B 1 was injected at 1.065, 2.042, 3.063 and 4.085 mg/kg body weight. PM-56
were used at 1.065, 2.131, 3.196 and 4.262 mg/kg of body weight. The repeated doses of 1 and

PM-56 were injected every 12 h interval and the larvae monitored for 72 h.
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The larvae were monitored daily for the following parameters: activity, extent of silk production,
melanization, and survival. Each parameter was checked properly and scored according to them
for overall health index of an individual larva.
C) Analysis of Galleria mellonella mortality and S. aureus burden
Each group was checked carefully and survivals were plotted in comparison with the non-infected
and disease control group. Haemolymph of the individual larva from each group was collected and
plated on the blood agar plate to count S. aureus burden.
Statistical evaluation
Student’s t-tests (two-tailed) were used to compare two data sets. One way ANOVA was used
for more than 3 data sets. The log-rank test (Mantel-Cox) was used for survival analysis. The non-
parametric Mann-Whitney test (two-tailed) was used to compare two groups of observations. All
evaluations were conducted using Graph Pad Prism v. 6.0 and results were considered significantly
different with p<0.05.
Cloning

To generate a construct expressing a minimal kinase domain of SaeS, a DNA fragment
encoding for the DHp and CA domains of SaeS (residues 118-351) was amplified from the
genomic DNA of S. aureus strain Newman using the polymerase chain reaction (PCR) and the
primer pair: 5’-AAA AAA GGA TCC TCC GAA CAA CAA GAA AAA-3" and 5°- AAA AAA
CTCGAG TTATGA CGT AAT GTC TAA TTT-3’ (BamHI and Xhol sites are underlined). The
PCR products were then inserted into the BamHI/Xhol site of the plasmid pVFT1S (Korean Patent
No. 1020050051893), from which the minimal kinase domain of SaeS was expressed as a fusion
protein with a Hise tag linked to the N-terminus via a recognition site of the Tobacco Etch Virus

(TEV) protease.
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The cytoplasmic domain of AgrC was expressed from plasmid pMCSG19-AgrC. Briefly, a DNA
fragment encoding for the cytoplasmic domain of AgrC (residues 206-430) was amplified from
the genomic DNA of S. aureus strain Newman and inserted into the Sspl site of plasmid pMCSG19
by ligation independent cloning method.6
Cloning, expressions and purifications of MBP-SaeS was performed as previously described.4
Protein expression and purification

The recombinant SaeS and AgrC proteins were expressed and purified by the same procedures
as described hereafter. To express the kinase domain of SaeS and the cytoplasmic domain of AgrC,
Escherichia coli BL21(DE3) (Novagen, USA) harboring pVFT1S-SaeS or pMCSG19-AgrC was
cultured in lysogeny broth at 37 °C until the optical density at 600 nm attained 0.8-1.0. After
incubation on ice for 30 min, the bacterial culture was supplemented with isopropyl p-D-1-
thiogalactopyranoside at a final concentration of 0.25 mM to induce the expressions of target
proteins. The bacteria were then continuously cultured at 18 °C for 24 h and harvested by
centrifugation at 6,000 x g for 10 min at 4 °C in an Avanti J-25 | centrifuge and a JLA-10.500
rotor (Beckman Coulter, USA). The cell pellets were stored at =20 °C until use.
To purify SaeS and AgrC, the cell pellets were resuspended in buffer A (25 mM Tris-HCI pH 8.0,
0.5 M NaCl, and 20 mM imidazole) supplemented with 1 mM phenylmethylsulfonyl fluoride and
lysed by sonication on ice on a Vibra-Cell Ultrasonic Processor VC750 (Sonics, USA) using a 13-
mm probe (420 short bursts of 1 s at an amplitude of 60% followed by intervals of 3 s). The cell
lysates were clarified by centrifugation at 20,000 x g for 1 h at 4 °C in an Avanti J-26 XPI
centrifuge and a JA-25.50 rotor (Beckman Coulter, USA). The supernatants were then loaded onto
5-mL HisTrap HP columns (GE Healthcare, Sweden) precharged with NiSO4 and the columns

were washed with 50 mL of buffer A containing 40 mM imidazole to remove non-specifically
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bound proteins. The target protein (SaeS or AgrC) was then eluted from the column by 30 mL of
buffer A containing 0.5 M imidazole. A homemade Hiss-tagged TEV protease was added to the
eluted solutions at a protease to target protein ratio of 1:100 (w/w) and the mixtures were dialyzed
against a TEV protease working buffer (50 mM Tris-HCI pH 8.0, 50 mM NaCl, 1 mM DTT, and
0.5 mM EDTA) at room temperature for 12 h. To remove the fusiontags and TEV protease, the
protein solutions were further purified using the HisTrap HP column. The flow-through fraction
containing SaeS or AgrC was dialyzed against a storage buffer (25 mM Tris-HCI pH 8.0 and 100
mM NaCl) at 4 °C for 12 h. The protein samples were then concentrated up to 10 mg/mL and
stored at —80 °C until use. Protein concentrations were measured using Bradford assay and bovine
serum albumin as a standard.

In vitro phosphorylation assay

The mother stock solutions of xanthoangelol B and PM-56 (10 mM each) were prepared by
dissolving the chemical powders in 100% DMSO. To keep the concentration of DMSO constant
at 10% in all phosphorylation reactions, a series of 10x stock solutions (0.25-7.5 mM) of these
two chemicals were made by diluting the mother stocks in 100% DMSO. In a 10-pL volume of a
standard autophosphorylation reaction, purified protein (5 uM) was incubated with 1x chemical
solution or 10% DMSO in a reaction buffer (50 mM Tris-HCI pH 8.0, 50 mM KCI, 0.5 mM DTT,
and 5 mM MgCl2) onice. After 15 min, amixture of ATP (cold)/[y-32P] ATP (hot) (cold ATP/hot
ATP =1000:1) was added to the above solution at the final concentration of 130 uM to initiate the
autophosphorylation reaction. After a 15-min incubation at room temperature, the reaction was
stopped by addition of 10 uL 2x Laemmli sample buffer without boiling. For SDS-PAGE analysis,
approximately 0.5 pg protein was loaded into each well of a 12.5% SDS-polyacrylamide gel. After

being dried on a 3MM Whatman paper (GE Healthcare, China) in a Model 583 Gel Dryer (Bio-
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rad, USA) at 80 °C for 45 min, the gel was exposed to an X-ray film (Agfa HealthCare, Belgium)
at —80 °C for 1 h. The film was then developed using a JP-33 automatic X-ray film processor (JPI,
Korea) to visualize the 3?P-labeled protein bands. Total proteins loaded onto SDS-PAGE were
visualized by Coomassie-Brilliant Blue staining.

The densities of 32P-labeled protein bands were quantified using ImageJ software.’> The
autokinase activities were normalized as the percentages of the intensities of phosphorylated
proteins in the samples treated with inhibitory chemicals compared to those in the control samples
treated with 10% DMSO. Dose-response curves were generated for each kinase and each
inhibitory chemical by plotting the chemical concentration against the percent autokinase activity.
The 1Cso values were calculated from non-linear regression curve fitting using GraphPad Prism
version 7.03 for Windows (GraphPad Software, USA). Data are presented as the mean + standard
deviation of at least two independent measurements.

In vitro phosphotransfer assay

SaeR was prepared as previously described.* The phosphotransfer reaction from SaeS-P to SaeR
was determined as described before with modification.* Briefly, phosphorylated SaeS was
generated by incubating 5 uM of the kinase domain SaeS-Hiss with 0.1 mM of ATP containing 30
uCi of [y-32P] ATP in TKM (50 mM Tris-HCI [pH 8.0], 50 mM KCI, 1 mM MgCl2) at room
temperature for 30 min. Phosphorylated kinase domain SaeS-Hiss protein (SaeS-His6-P) was
recovered using a Micro Bio-Spin 6 chromatography column (Bio-Rad) by removing excess ATP.
Seven microliters of SaeS-His6-P were kept on ice as a reference. The SaeS-His6-P protein was
incubated with the indicated concentration of chemical solution or 10% DMSO in TKM buffer.
The phosphotransfer reaction was started by mixing with 10 uM of SaeR-Hiss into the reaction

mixture at room temperature. The reaction was stopped at the indicated time points by mixing a
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7 ul aliguot with 6x SDS sample buffer. Samples were kept on ice until SDS-PAGE. After
electrophoresis, the gel was autoradiographed, and the degree of phosphorylation was determined
with a phosphor imaging plate (GE), a Typhoon FLA 7000 imaging system, and Multi Gauge
software (Fuji Film).
Protein intrinsic fluorescence quenching assay

The intrinsic fluorescence quenching assay to determine the binding affinities of
xanthoangelol B 1 and PM-56 to the kinase domain of SaeS followed the method described by
Duong et al. ¥ with the following modifications. Because the amino acid sequence of kinase
domain of SaeS has seven tyrosines, six phenylalanines, and no tryptophan, the intrinsic
fluorescence of the kinase domain of SaeS was recorded at an emission peak of 306 nm upon
excitation at 276 nm. To keep the concentration of DMSO constant at 1% in all samples, a series
of 100x stock solutions (0.25-10 mM) of the two examined chemicals were prepared by diluting
the mother stocks in 100% DMSO. In a 200-uL sample solution, purified SaeS (1 uM) was
incubated with either 1x chemical solution or 1% DMSO in the protein storage buffer. After a 15-
min incubation at room temperature, the protein fluorescence intensities were measured on a Cary
Eclipse fluorescence spectrophotometer (Agilent Technologies, USA). Samples containing the
chemicals but without SaeS were used as blanks for correcting the fluorescence intensities. The
corrected emission intensities of the samples treated with the chemicals were then normalized
against that of the sample treated with DMSO alone. Subsequently, the graphs were constructed
by plotting the reductions of SaeS fluorescence intensity at each chemical treatment against the
chemical concentrations. The non-linear regression analyses were done using GraphPad Prism 7
for Windows (www.graphpad.com) to calculate the chemical-binding affinities (Kd) to kinase

domain SaeS.
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STD NMR experiments.

All samples were prepared in the NMR-buffer (pH 7.0, 50 mM Na-phosphate, 50 mM NaCl, and
5% D20), and then their 1-dimensional (1D) NMR spectra were recorded using a Bruker 800 MHz
cryoprobed spectrometer. 22.2 uM trimethylsilyl propionate was used for the internal reference of
the peak intensity. The stock solution of PM-56 (42.2 mM) was prepared in 99.9% deuterated
DMSO (De-dimethyl sulfoxide) and the concentration of PM-56 was fixed to 1.0 mM for all NMR
experiments. The binding of PM-56 to the kinase domain of SaeS was examined by 1D transverse
relaxation filtered experiment with a Carr—Purcell-Meiboom-Gill pulse trains (1D CPMG) and
1D saturation transfer difference experiment (1D STD).1” 0.1 mM of the minimal kinase domain
of SaeS and 30 uM minimal kinase domain of SaeS fused to maltose binding protein (MBP-SaeS)

were used for 1D CPMG and STD experiments after the dialysis in the NMR-buffer.
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