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2. Supplementary Figures

HK853 (ADP
T. maritima
PDB 3DGE

CheA (AMP-PCP)
[ ] N-box T. maritima

[ 61-box PDB 115A
I F-box
[ 1G2-box
[ 16G3-box

[ Distinct CheA

residues

HK853 (T. maritima) 324 REKVDLCDLVESAVNAIKEFASSHNVNVLFESNVPCPVEAYIDPTRIRQVLLNLLNNGVK 383

VICK (S. pneumoniae) 323 ——————mmm e IDTDKMTQVVDNILNNAIK 341
CHEA (E. coli) 369 ———mmmm RIIDPLTHLVRNSLD 383
HK853 (T. maritima) 384 YSKKDAPD-—-----——-—- KYVKVILDEKDGGVLIIVEDNGIGIP-——————————————— 417
VICK (S. pneumoniae) 342 YS-—-—-PDG--—-————- GKITVRMKTTEDQMILSISDHGLGIP-——————————————— 372
CHEA (E. coli) 384 HGI-ELPEKRLAAGKNSVGNLILSAEHQGGNICIE RERILAKAASQGLTVS 442

HK853 (T. maritima) 418 ————- DHAKDR RVDSSLTYEVPGTGLGLAITKEIVELHGGRIWVESEVGKGSR 471

VICK (S. pneumoniae) 373 —-—-—- KQODLPR RVDRARSRAQGGTGLGLSIAKEITKQHKGFIWAKSEYGKGST 426
CHEA (E. coli) 443 ENMSDDEVAML TAEQVT--DVSGRGVGMDVVKRNIQKMGGHVEIQSKQGTGTT 500
HK853 (T. maritima) 472 FFVWIPKDRA 4381
VICK (S. pneumoniae) 427 FTIVLPYDK- 435
CHEA (E. coli) 501 IRILLPLTL- 509

Figure S1. Conservation among HKs used in experiments. Using the sequences of our protein
constructs, the ATP-binding domains were confirmed using “HATPase c¢” in the SMART
database (http://smart.embl-heidelberg.de/). ATP-binding domain sequences were aligned using
the Cobalt: Multiple Alignment Tool (NCBI). Homology boxes are designated through shading
of both sequences and structures. Because structures were not available for VicK

(S. pneumoniae) and CheA (E. coli), homologous proteins with structural data were used for
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viewing the ATP-binding domains (YycG of B. subtilis and CheA of T. maritima, respectively).
Important residues for substrate binding are shown in stick form. Teal-colored amino acids
represent distinct differences in CheA (class-9 HKs) from class-1 HK853 and VicK and HKs at
large. It is for this diversity that CheA was included as a protein in follow-up screening. ATP lids
were removed for easier viewing. Structural images were prepared in PyMOL, and homology

boxes were assigned based on assignments in the literature.(/—4)

a - - 20 2 20 ADP-BODIPY (1) (uM) bNH2 B-ATPyS /_ — CHj4
2 20 2 - - B-ATPyS (uM) N2 v N =
B-ATP/S LD o o o W FENY
Fluorescence N N O—II9I—O—II=I’ —o—|3 s o H,C
Coomassie o o O 07
OH OH

Figure S2. ADP-BODIPY (1) competes with activity-based probe, BODIPY-FL-ATPyS
(B-ATPyS). a) Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel
lanes 1 and 2 show labeling of HK853 with 2 and 20 uM B-ATPyS, which is inhibited when 10-
fold ADP-BODIPY is added (lane 3). Since ADP-BODIPY (1) is a nonhydrolyzable nucleotide
analogue, no fluorescent band should be observed in lanes 3, 4, and 5. This gel confirmed that
there was no probe turnover and that ADP-BODIPY (1) binds specifically to HK. b) B-ATPyS

activity-based probe, highlighting the portion of the probe that autothiophosphorylates

HK853.(5)
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Figure S3. Fluorescence polarization (FP) probe invariability. a) Parallel and perpendicular

fluorescence intensities (FIs) when 25 uM HKS853 is mixed with increasing concentrations of

ADP-BODIPY (1). As expected, FIs are linear with ADP-BODIPY (1) concentration.

b) Calculated FP from FIs in panel a, showing that FP remains constant from 0.01-100 nM ADP-

BODIPY (1). Signal becomes noisy below 10 nM as the limit of detection of the microplate

reader is approached.
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Figure S4. Fraction ADP-BODIPY (1) bound with increasing HK853. The gray box illustrates

HKS853 concentrations at which >80% of 10 nM ADP-BODIPY (1) is bound. As a result, 25 uM

HK853 was used to provide an ample signal window for detecting probe displacement.
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Figure S5. FP assay tolerance to Triton X-100. Adenosine diphosphate (ADP) dose-response

displacement of 10 nM ADP-BODIPY (1) from 25 uM HKS&853 in the absence and presence of

0.1% (v/v) Triton X-100 shows no difference in FP.
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Figure S6. FP assay tolerance to dimethyl sulfoxide (DMSO). Increasing concentrations of

DMSO were added to 25 pM HKS853 and 10 nM ADP-BODIPY (1). Within the DMSO range

tested, total and nonspecific FP (and therefore specific FP) are constant.
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Figure S7. Representative gels from aggregation screening. Each of the 115 compounds was

added at 0-1250 uM to 0.44 uM HKS853 under non-denaturing conditions. Native

polyacrylamide gel electrophoresis (native-PAGE) and silver staining shows “cut-off”

concentrations where the HK853 dimer disappears due to aggregation (red arrow head). NH125,

a compound that inhibits HK autophosphorylation through aggregation,(6) was used as a positive

control. Because some compounds subtly aggregated with increasing concentration, Triton X-

100 was added to subsequent activity assays. Compound 15 may have a denaturing effect on

HK&53.
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No Triton X-100

Figure S8. Triton X-100 helps prevent HK853 aggregation. The aggregator NH125 mixed with

0.44 pM HKS853 under non-denaturing conditions with and without 0.1% (v/v) Triton X-100.
Native-PAGE and silver staining shows that the detergent helps maintain the dimeric HK853
(except at 1.25 mM NHI125). In subsequent assays, it was important that decreases in activity-
based labeling were due to inhibition of the protein and not aggregation. As a result, 0.1% (v/v)
Triton X-100 was added to all activity assays with our test compounds as an additive within

established cut-off concentrations in Figure S7.
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***The following figure description applies to Figures S9—S20.

a) Increasing concentrations of lead compound were mixed with HK853 under denaturing
conditions with and without Triton X-100. Native-PAGE and silver staining show that
HKS853 is not aggregated at the concentrations used in enzymatic competition assays. b)
Lead compound was pre-incubated with HK proteins prior to adding B-ATPyS (HK853)
or ATP[y->*P] (VicK and CheA). Fluorescence and phosphorescence shows inhibition of
HK activity, and the silver-stained HK853 gel shows even protein loading. Each gel is

representative of duplicate data.
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Figure S9. Aggregation analysis and HK inhibition with lead 5 at 0—-1250 pM.
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Figure S10. Aggregation analysis and HK inhibition with lead 6 at 0-1250 uM.
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Figure S11. Aggregation analysis and HK inhibition with lead 7 at 0-1250 uM.
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Figure S12. Aggregation analysis and HK inhibition with lead 8 at 0-500 pM.
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Figure S13. Aggregation analysis and HK inhibition with ADP (3) at 0-1250 uM.
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Figure S14. Aggregation analysis and HK inhibition with adenosine monophosphate (AMP) (9)

at 0—-100 mM. To obtain ICs values, higher concentrations of AMP were tested relative to other

compounds. Because AMP was prepared as an aqueous solution, DMSO concentration was not a

limitation.
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Figure S15. Aggregation analysis and HK inhibition with adenine (10) at 0—-1250 pM.
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Figure S16. Aggregation analysis and HK inhibition with lead 11 at 0—-100 uM.

AGGREGATION
(Native-PAGE)

Qe
0 oo™ 6 A0 90 & AP PP

UM 12

No Triton X-100

HK853
0.1% (v/v) Triton X-100
ACTIVITY A OO
(SDS-PAGE) 0 o%oM & A0 90 o AP IO 12
— —————— L B-ATPyS
HK853 Fluorescence
Silver stain
VicK
ATP [y-*P]
CheA Phosphorescence
BA | e o b —— |

Figure S17. Aggregation analysis and HK inhibition with lead 12 at 0—1250 pM.
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Figure S18. Aggregation analysis and HK inhibition with lead 13 at 0—-100 uM.
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Figure S19. Aggregation analysis and HK inhibition with lead 14 at 0-500 uM.
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Figure S20. Aggregation analysis and HK inhibition with lead 15 at 0-1250 uM. As seen in the

final two lanes, 15 may have a denaturing effect on HK853. However, it inhibits activity where

this effect is not prominent.
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Figure S21. Bovine serum albumin (BSA) added to competition assays. B-ATPyS competition

assays with HK853 were repeated for ADP (3) and leads 11-15 in the presence of 0.1 mg mL"'

BSA (with no detergent). DRCs were overlaid with those previously acquired using 0.1% (v/v)

Triton X-100 (Figure S13, S16-S20). Silver staining shows the seven-fold greater abundance of

BSA, yet the inhibition of HK853 by leads was the same. Lead 11 actually has increased activity

when BSA is added. Each gel is representative of duplicate data.
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Compound 1 2 3 4 5 6 7 8 9 10 11 12

DMSO (% viv) A 20 10 5 25 125 063 031 0.16 - - GC SC
Penicillin G (ug mL™) B 32 16 8 4 2 1 05 025 013 0.06 GC SC
Chloramphenicol (ugmL™") [ C 32 16 8 4 2 1 05 025 013 0.06 GC SC
11 (ug mL™) D 128 64 32 16 8 4 2 1 05 025 GC SC

13 (ug mL™") E 128 64 32 16 8 4 2 1 05 025 GC SC

14 (ug mL™) F 128 64 32 16 8 4 2 1 05 025 GC SC

12 (ug mL™") G 128 64 32 16 8 4 2 1 05 025 GC SC

15 (ug mL™) H 128 64 32 16 8 4 2 1 05 025 GC SC
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Figure S22. Antimicrobial testing of leads against B. subtilis 3610. Leads were tested alongside
DMSO and antibiotic controls for inhibition of bacterial growth. DMSO from the lead
compounds was <5% (v/v) in wells. Wells in which no bacterial growth was visibly observed are
on the left of the red mark and were designated minimal inhibitory concentrations (MICs).
“GCs” are growth controls, in which no compound was added, and “SCs” are sterility controls.

Plate is representative of duplicate data.
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Compound 1 2 3 4 5 6 7 8 9 10 11 12

DMSO (% viv) A 80 40 20 10 5 25 125 063 031 016 GC SC
Penicillin G (ug mL™) B 32 16 8 4 2 1 05 025 013 006 GC SC
Chloramphenicol (ugmL™)| C 128 64 32 16 8 4 2 1 05 025 GC SC
11 (ug mL™) D 393 196 98 49 25 12 6 3 2 0.8 GC SC

12 (ug mL™) E 293 146 73 37 18 9 5 2 1 0.6 GC SC

Figure S23. Antimicrobial testing of leads 11 and 12 against B. subtilis 3610. Due to the
structural similarity between 11 and 12, higher concentrations of lead were tested to see if 12
would inhibit growth as was observed for 11. Indeed, growth was inhibited in well E1. DMSO
from the lead compounds was <5% (v/v) in wells. Wells in which no bacterial growth was
visibly observed are on the left of the red mark and were designated MICs. “GCs” are growth

controls, in which no compound was added, and “SCs” are sterility controls.
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Compound 1 2 3 7 5 6 7 8 9 0 11 12
DMSO (% Viv) A | 20 10 5 25 1256 063 031 0.16 - — GC sC
Ampicillin (ug mL") B | 32 16 8 4 2 1 05 025 013 006 GC SC
Chloramphenicol (ugmL™)| ¢ | 32 16 8 4 2 1 05 025 013 006 GC SC
11 (ugmL™) D | 128 64 32 16 8 4 2 1 05 025 GC SC
13 (ug mL™) E | 128 64 32 16 8 4 2 1 05 025 GC SC
14 (ug mL™) F | 128 64 32 16 8 4 2 1 05 025 GC SC
12 (ug mL") G | 128 64 32 16 8 4 2 1 05 025 GC SC
15 (ug mL™) H | 128 64 32 16 8 4 2 1 05 025 GC SC
1 2 3 4 5 6 7 8 9 10 11 12
< -
A g
B
D
E
F

Figure S24. Antimicrobial testing of leads against E. coli DC2. Leads were tested alongside

DMSO and antibiotic controls for inhibition of bacterial growth. DMSO from the lead

compounds was <5% (v/v) in wells. Wells in which no bacterial growth was visibly observed are

on the left of the red mark and were designated MICs. “GCs” are growth controls, in which no

compound was added, and “SCs” are sterility controls. Plate is representative of duplicate data.
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Figure S25. Vero 76 cell cytotoxicity analyses. a) Cytotoxicity assessment of leads with Vero 76
cells. Percent viability was graphed as percent of control (i.e., no compound added). b) An
insufficient quantity of compound 14 was available for these experiments. A similar compound,
16, that is missing a methoxy group at position 3, was examined to provide information about the
potential toxicity of this scaffold. c) Vero 76 cell viability with 0.02-0.50% (v/v) DMSO, the
concentration of DMSO used in testing lead compounds in part a. d) Butylated hydroxyanisole
(BHA) served as a positive control as it was previously shown to have toxic effects on Vero 76

cells. (7)
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Figure S26. HK inhibitor scaffolds shared with those of GHL proteins. a) Hsp90 inhibitors that
resemble the dual-headed purine nature of lead 11, some of which were shown to bind to
residues analogous to those found in HKSs, including the invariant Asp.(8-7/0) PDB codes for
Hsp90-ligand interactions: 2FWZ (PU-H71) and 4CWP (71). b) Resembling lead 13, docking
simulations suggest that the urea pharmacophore of GyrB inhibitors and the guanidine group of

an active-site targeting HK molecule interact with the Asp in the ATP-binding domain.(6, /1-13)
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3. Supplementary Table
**For Table S1. Summary of 106 Non-Lead Compounds Analyzed in Secondary Screening

(pages S23-S33):

““Cut-off” concentration determined in aggregation screening. “Data were fit to a four-parameter
logistic equation (Equation 1). To acquire estimated ICsy values, the bottom of curves were
constrained to “0% Activity.” ‘On ATP [y-"P] gels, the final gel band in these preliminary
experiments was always of lesser intensity. To further consider compounds for testing, dose-
dependent inhibition needed to be observed rather than just at the final data point. Data in Table

S1 represents n=1.
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Table S1. Summary of 106 Non-Lead Compounds.
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Continued Table S1. Summary of 106 Non-Lead Compounds.
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Continued Table S1. Summary of 106 Non-Lead Compounds.
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Continued Table S1. Summary of 106 Non-Lead Compounds.
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Continued Table S1. Summary of 106 Non-Lead Compounds.
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Continued Table S1. Summary of 106 Non-Lead Compounds.
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Continued Table S1. Summary of 106 Non-Lead Compounds.

UM CCG

Structure D (;}’f' HK853 Inhibition Hl'gs:‘ VicK Inhibition ‘;‘&K CheA Inhibition Clg‘:"
" B-ATPYS P ATP [y-*P]* N ATP [y-*P|° P
Vendor Ip | *M) ( Prs) (uM)” ( ty-"P] (=M)’ ¢ r-"F1 (uM)’
CCG- ,
127002 e
z
s71 '~ ° Vitas-M 100 | ¢
& *
@[ VIN Laboratory
P STK880124 T
o Log Compound (M)
N \;\”
\‘,/,[\\ \” CCG_ 1009 «
141077 2
S72 100 | 3 o 71.1
SR ChemDiv *
O (C884-2401 I
SO ’ l;gcompmmd‘(m
Y
e
CC CCG- o] -
141079 z \
S73 BN 100 | 3 «f
[) ChemDiv *
4 884-2422 N —
N Log Compound (M)
o< CCG- o
141083 : ﬁ'\%
S74 100 | 3 «f
SO ChemDiv *
ox (884-2449 |
~ Ve ’ L;qumDWM‘(M!
N \' \, o
® g* CCG- ] oo
141084 - z
$75 100 | § 420 |3
S ChemDiv * !
(C884-2451 —
kﬁj -5 10 5 o -5 -10 -5
Log Compound (M) Log Compound (M)
CCG- ol { ..
100945 : :
76 100 | £ o
ChemDiv ;
0833-0164 —
Lo Gomperd
CCG-19474 " \
z
871 Chempiy | 190 | %« :
i
4182-0755
D commatn
CCG- ol ¢ .
114197 z .
S78 100 | § =
NG © | ChemDiv
- 5348-0038 e
Log Compound (M)
CCG- o . ~ s
120314 R z
$79 1250 | % 788 | % wf
ChemDiv * *
7173-0021 -
T vcomonitn T acompontn
CCG- LB ; “" o
124965 z z
S80 1250 | % 134 | § «f
ChemDiv * *
8640-0596 o
Log Compound (M) - L:;Cmnpcund’(sw

S30



Continued Table S1. Summary of 106 Non-Lead Compounds.
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Continued Table S1. Summary of 106 Non-Lead Compounds.

UM CCG )
Structure D (;}’f' HK853 Inhibition Hl'gs:‘ VicK Inhibition ‘;‘&K CheA Inhibition Clg‘:A
" B-ATPYS P ATP [y-*P]* N ATP [y-*P|° P
vendor 1 | M) (B-ATPYS) M (ATP [y-"P] M) (ATP [y-P] M
CCG- E
NN 208612 K
s91 | - KI] 1250 | % 80.0
\@(rg\ . \©i ChemDiv *
] 1363-0007 |
wepCompoundh T ey
CCG- "
109375 2 i
S92 100 | §
ChemDiv °
3886-0621 N
Log Compound (M)
CCG- - -
o 123499 z
$93 - 100 | 3 =
o ChemDiv
& 8249-2138 ———
Log Compound (M)
CCG- o «
146549 . A
S94 100 | 3
ChemDiv *
D126-0825 —
oaCompn
CCG- o
152166 . v
S95 100 | &
ChemDiv *
D314-0039
Logcompouna
o = "o |cec-25565 o
896 N 1250 | §
A M) ChemDiv i
Yo Y020-0954
" Lo:cempwna{sm :
CCG- »
112943 . .
2
S97 Vimsm | 1250 % ¢ 558
“l‘“ A Laboratory
)\ P STK709252 O
HN N Log Compound (M)
Log Compound (M)
CCG-37993 y .
. M\
S98 Vitas-M | 500 | % 288.8
Laboratory *
STK023736
’ L;GcomMMV(M)
CCG- w
112307 z
$99 Q\W“\ o, 100 | £ \\\ 524
LN ChemDiv *
4542-0032
Log Compound (M)
1AL
L CCG- o —
. 121217 2
$100 J 1250 | 3
| ChemDiv *
I,\ 7376-0071
~ Log Compound (M)

S32



Continued Table S1. Summary of 106 Non-Lead Compounds.
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4. General Materials and Methods

4A. General reagents

General materials and reagents were obtained from Sigma, Bio-Rad, Millipore, Invitrogen,
Fisher, BD (Becton, Dickinson and Company), J.T. Baker, Mallinkrodt, MP Biomedicals,
and IBI Scientific except where otherwise noted. BODIPY-FL-ATPyS was purchased from
Invitrogen. ATP [y->P] was purchased from PerkinElmer. Test compounds were purchased
as indicated in Table S1 and Table S2. Milli-Q (MQ) water was used in all experiments, and
with the exception of electrophoresis running buffers, all were sterile filtered (0.22 pm). Any

value expressed as a percentage is v/v unless noted.

Table S2. Lead compound information: University of Michigan Center for Chemical

Genomics (UM CCG) and vendor identifiers.

Compound | UM CCG ID Vendor Vendor ID
5 125991 Vitas-M Laboratory [ STK944595
6 26901 Vitas-M Laboratory | STLO11557
7 26888 ChemDiv C143-0022
8 125989 Vitas-M Laboratory | STK944594
1 103535 ChemDiv 0717-0926
12 100788 ChemDiv 8012-3510
13 116732 ChemDiv 6253-0032
14 121719 ChemDiv 7536-0387
15 208309 ChemDiv N027-0009
16 121664 ChemDiv 7798-0736

4B. Protein storage buffer
Buffer for the storage of protein was prepared as 10 mM Tris-HCL, pH 8, 0.1 mM EDTA, 0.5

M NaCl, 12% glycerol, 2 mM DTT.
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4C. Determination of protein concentration

Protein stock concentrations were determined by a DC Protein Assay (Bio-Rad) according to
the instruction manual and with BSA as a standard. The concentration of at least two
dilutions of protein stock were determined and averaged. Where indicated, protein
concentration was also determined using a NanoDrop spectrophotometer (Thermo Fisher

Scientific) at 280 nm and Beer’s Law,

A=¢ect (Equation 3)

. . . . . . -1 -1 . .
where A is absorbance, € is the protein extinction coefficient (M cm™), ¢ is concentration

(M), and ¥ is pathlength (cm).

4D. Determination of nucleotide and adenine concentration

After preparing nucleotide working stock solutions in water (or adenine in DMSO),
concentrations were confirmed using Beer’s Law (Equation 3) by measuring the absorbance
on a NanoDrop (adenine extinction coefficient of 15,400 M cm™ at 259 nm). For higher
concentrations (i.e., millimolar), dilutions (usually 1:100 and 1:1000) were measured and the

final concentration averaged. Nucleotide solutions were always prepared fresh.

4E. SDS-PAGE
2X SDS-PAGE sample loading buffer contained 125 mM Tris, pH 6.8, 20% glycerol, 4%
SDS (w/v), 5% 2-mercaptoethanol, and 0.2% bromophenol blue (w/v). Tris-glycine stacking

gels were prepared with a 10% polyacrylamide resolving gel and 4.5% polyacrylamide
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stacking gel. Running parameters were 180 V, 400 mA, and 60 W for 1 h 20 min. SDS-
PAGE running buffer was diluted 10-fold from Novex 10X Tris-Glycine SDS Running

buffer (Invitrogen) and pre-chilled prior to electrophoresis.

4F. Native-polyacrylamide gel electrophoresis (Native-PAGE)

Native-PAGE sample loading buffer contained 40 mM Tris, pH 7.5, 8% glycerol, and 0.08%
bromophenol blue (w/v). Native-PAGE gels were 7.5% polyacrylamide tris-glycine resolving
gels. Running parameters were 180 V, 400 mA, and 60 W for 1 h 20 min. The pre-chilled

electrophoresis running buffer was 83 mM Tris, pH 9.4, and 33 mM glycine.

4G. Gel fluorescence detection
After SDS-PAGE, gels were washed three times with MQ water. They were scanned on a
Typhoon Variable Mode Imager 9210 (Amersham Biosciences) using 526-nm (short-pass

filter) detection for BODIPY (Aex: 504 nm, Aem: 514 nm).

4H. Coomassie staining

Each step was carried out at room temperature (RT) with an orbital shaker. After
electrophoresis, gels were washed three times with MQ water and submerged in enough
coomassie stain (0.1% (w/v) Coomassie Brilliant Blue R-250, 10% acetic acid, 40%
methanol) to cover the gel and incubated for 10 min. Stain was removed, and destain (10%
acetic acid, 40% methanol) was added to gel and incubated 30 min. After removing destain,

gel was washed in water overnight.
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41. Silver staining

Both SDS-PAGE and native-PAGE gels were silver stained. All steps were carried out at RT
with an orbital shaker. After electrophoresis, gels were fixed for 1 h in 20% ethanol, 1%
acetic acid. Gels were then washed in 20% ethanol for 10 min. After pre-treating the gel for 1
min in 0.02% (w/v) sodium thiosulfate, gels were washed for 1 min in water. Gels were
incubated with 0.1% (w/v) silver nitrate for 20 min and again rinsed for 1 min in water.
Developing solution (2% (w/v) sodium carbonate, 0.04% formalin) was incubated with gels
for approximately 10 min, or until protein bands were visible, and development was halted

with 5% acetic acid for 10 min. Gels were then washed in water.

4J. Gel ATP [y-*P] detection

Phosphorylation reactions were quenched 1:1 with 2X SDS-PAGE sample loading buffer but
were not heated to preserve the phosphohistidine bond. Samples (18 uL) were resolved on
10% SDS-PAGE gels. Afterward, gels were soaked in a solution of 40% methanol, 10%
acetic acid, and 8% glycerol for 20 min on an orbital shaker. Sandwiched between filter
paper and saran wrap, gels were then dried at 60 °C for 1 h, 70 °C for 1 h, and without heat
for 1 h using a gel dryer (Bio-Rad). Gels were exposed to a phosphor screen for 1620 h and

scanned using a Typhoon Variable Mode Imager 9210 under the “phosphorescence” setting.
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5. Experimental Methods and Results

5A. ADP-BODIPY (1) synthesis

5A.1. Synthesis of ADP-BODIPY (1)

Adenosine 5'-diphosphate (Sigma Aldrich, sodium salt, 4.4 mg, 9.0 umol) was dissolved
in 1.0 mL of deionized water and added to a round bottom flask that was previously
equipped with a magnetic stir bar. After stirring for 1 min, 4,4-difluoro-5,7-dimethyl-4-
bora-3a,4a-diaza-s-indacene-3-propionyl ethylenediamine hydrochloride (BODIPY-FL-
EDA, Invitrogen, 1.0 mg, 3.0 umol) was added as a solution in 50 pL. H,O. The reaction
mixture was shielded from light using foil and stirred for 10 min after which 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide (EDC, 17 mg, 90 umol) was added. After 8 h, the
reaction mixture was lyophilized and purified using HPLC to yield 1 (1.3 mg, 1.8 umol,
59%). Purification was performed on an Agilent 1200 HPLC using a reverse phase
column (Agilent ZORBAX Cg, 5 um, 250 x 21 mm) equipped with diode array detector
(200600 nm). 0.1M Triethyl ammonium bicarbonate (TEAB) buffer (pH = 8.5) was
prepared fresh prior to use. Purification gradients were configured as follows (A = 0.1 M
TEAB, B = acetonitrile): 0-5% B (0 to 5 min), 5-15% B (5 to 50 min) using a flow rate
of 4 mL min". HRMS (m/z): [M+H]" calcd for CasH34sBFyNoOoP, 744.2043; found

744.2068.

5A.2. Freezer stock preparation

ADP-BODIPY (1) was dissolved in water to 26 uM, and concentration was confirmed

using a Nanodrop Spectrophotometer (absorbance at 504 nm for BODIPY). Probe
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5B.

solution was aliquoted into amber vials and stored at —20 °C to minimize freeze-thaw

cycles.

Protein Production

5B.1. HKS853 overexpression and purification

HKS853 (Thermotoga maritima; also TM0853) is a membrane-truncated HK that contains
a plasmid-encoded His-tag. Under denaturing conditions, HK853 is 32 kDa; under non-
denaturing conditions, the dimeric molecular weight is 64 kDa. The molar extinction
coefficient is 27,390 M'em™. HKS853 in the pHis-parallel vector was prepared

previously.(5)

DNA was transformed into competent BL21(DE3)-pLysS Rosetta E. coli cells.
Transformed E. coli cells were plated overnight on lysogeny broth (LB) agar containing
100 ug mL™" ampicillin (amp) and 34 pg mL" chloramphenicol (Cm). A single colony
was transferred to 100 mL sterile LB media in a 250-mL flask supplemented with
antibiotics and incubated at 37 °C overnight at 220 rpm. At ODsgy of 0.4-0.6, 15 mL was
transferred to 1 L sterile LB broth containing antibiotics in 2.8-L baffled flasks. Cultures
were grown by shaking at 220 rpm at 37 °C to an OD ~0.6. After equilibrating to 20 °C
for three hours, HK853 overexpression was induced with 0.22 mM isopropyl B-D-1-
thiogalactopyranoside (IPTG) (Calbiochem) and incubation at 20 °C for 16 h at 220 rpm.
Cells were collected by centrifugation at 8000 x g for 20 min, resuspended in 10 mL
buffer (25 mM Tris-HCI, pH 8, 500 mM NaCl, 10% glycerol, and 2 mM DTT), and

quickly frozen on dry ice for storage at —80 °C.
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For purification, each pellet from 1 L of culture was resuspended in a total volume of ~50
mL lysis buffer (25 mM Tris-HCI, pH 8, 500 mM NaCl, 10% glycerol, and 2 mM DTT)
containing 20 units Deoxyribonuclease I (Sigma) and four Complete Mini EDTA-free
protease inhibitor tablets (Roche). Resuspended cells were lysed by a Branson Sonifier
250 with 1/8-inch tapered microtip (power setting 3.5, duty cycle 30%) for 1 h 20 min on
ice. Lysate was centrifuged at 14,000 x g for 40 min at 4 °C. The supernatant was
collected and filtered (0.22 pum). Using an AKTApurifier (GE Healthcare) at 4 °C,
HK853 was purified from lysate by nickel affinity on a nickel-nitriloacetic acid column
(Ni-NTA; Qiagen). Ni-NTA buffer was 25 mM Tris-HCL, pH 8, 500 mM NaCl, 10%
glycerol, and 2 mM DTT. An elution gradient of 5 mM imidazole (buffer A) to 1 M
imidazole (buffer B) was used to elute His-tagged protein. Eluted HKS853 was
concentrated for size exclusion chromatography on a HilLoad 16/600 Superdex 75 pg
column (GE Healthcare) using 10 mM Tris-HCI, pH 7.6, 0.1 mM EDTA, 0.5 M NacCl,
12% glycerol, and 2 mM DTT. This buffer was also used for storage of protein at —80 °C,
in which protein was flash frozen on dry ice/isopropanol. Protein concentration was

determined using the DC Protein Assay (Bio-Rad).

5B.2. VicK overexpression and purification

VicK (Streptococcus pneumoniae) is a membrane-truncated HK that contains a His-tag.
Under denaturing conditions, VicK is 60 kDa. A frozen glycerol stock of BL21(DE3)-
pLysS Rosetta E. coli cells harboring the VicK plasmid (WalKSpnAN35 (N)-Sumo) was
received as a gift from the laboratory of Malcolm Winkler (Indiana University).(/4)

VicK was overexpressed and purified as previously described.(5)
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5B.3. CheA/CheW overexpression and purification

CheA (E. coli) is the HK of the chemotaxis TCS, and CheW is an adaptor protein of the
signaling complex. CheA and CheW are natively cytosolic proteins, and CheA contains a
vector-encoded His-tag. Monomeric CheA and CheW are 73 kDa and 18 kDa,
respectively. The plasmids pRSF-2 Ek/LIC-CheA and pGEM-T-CheW were gifts from
the laboratory of Laura Kiessling (University of Wisconsin-Madison) and were

overexpressed and purified as previously described.(/5)

5C. ADP-BODIPY (1) competition with BODIPY-FL-ATPyS

In addition to the binding curve generated between ADP-BODIPY (1) and HKS853, we
performed a competition experiment with BODIPY-FL-ATPyS (B-ATPyS) to further
demonstrate ADP-BODIPY (1) binding to the ATP-binding pocket. ADP-BODIPY (1) was
preincubated with 0.44 uM HKS853 for 30 min. B-ATPyS was added and the mixture
incubated for 1 h in the dark (25 pL final volume in reaction buffer). The reaction was
quenched with 8.6 pL 2X SDS-PAGE sample loading buffer (samples were not heated) prior

to transferring 90 ng HK853 into lanes of a 10% stacking gel (Figure S2).

5D. HK853 protein production uniformity

Since many batches of HK853 were produced for screening, they were tested to ensure
protein activity was the same. IPTG-induced overexpression of separate batches of HK853
from BL21(DE3)-pLysS Rosetta E.coli cells was visualized by lysing cell samples by
sonication, mixing lysate 1:1 with 2X SDS-PAGE sample loading buffer, denaturing proteins

at 95 °C for 5 min, and resolving proteins by SDS-PAGE and coomassie staining. Batch
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activity of purified HK853 was also assessed. In 50-pL reactions, roughly 0.40 uM HK&853
from various HK853 batches was reacted with 2 uM B-ATPyS for 1 h at RT in the dark.
Reactions were quenched with 17 pL 2X SDS-PAGE sample loading buffer, and HK853 was
resolved by SDS-PAGE and in-gel fluorescence detection. Significantly, the amount of
protein per lane — as observed in the coomassie-stained image — should be proportional to

fluorescence (Figure S27).

a _ Non-induced Induced b
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 7 8 9 10 11 12 13 Prep

'..ﬂ.....'... B-ATPyS

Fluorescence
Coomassie

Figure S27. HK853 production uniformity. a) Samples from cultures before and after IPTG-
induced HK853 (32 kDa) overexpression. b) Samples from thirteen separate batches of
purified HK853 analyzed for activity with B-ATPyS, which is proportional to the amount of

protein per lane.

SE. HK853 storage effect on FP

High-throughput screening (HTS) was performed at University of Michigan’s Center for
Chemical Genomics (UM CCG). Because materials were frozen and shipped on dry ice, we
performed FP and activity assays on HK853 stored at different temperatures to ensure the

protein binding and/or activity was not compromised. HK853 in storage buffer was prepared
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at concentrations similar to those sent to UM CCG (250-300 uM) and incubated at three
temperatures overnight: —80 °C (flash frozen), 4 °C, and RT. The next day, protein samples
were exchanged into reaction buffer. FP assays with 10 nM ADP-BODIPY (1) and 25 uM
HKS853 (same procedure as discussed in text, n=3) were set up in 96-well plates. The plate
was read four times over 24 h to ensure that samples performed similarly (Figure S28A). The
same samples were also analyzed for activity with 2uM B-ATPyS (procedure above, n=3)

(Figure S28b—c).

a b RT 4°C -80 °C
1 2 3 1 2 3 1 2 3 Replicate
c
-3 0.3 B Total -..----—-—" B-ATPyS
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Figure S28. HK853 FP and activity post-storage at various temperatures. a) Total,
nonspecific, and specific ADP-BODIPY (1) binding to HK853 as measured by FP (n=3)
measured at 0, 2.5, 5.0, and 20.5 h after incubation. Specific FP steadily decreased from 0—
5.0 h and more significantly decreased over the next 15 h. However, the change in FP over
time was constant for all storage conditions. b) B-ATPyS assay showed that HK853 activity
was not compromised by the protein freeze-thaw process. ¢) Raw integrated density values of
the fluorescent gel bands in panel b. Samples stored at —80 °C and 4 °C showed higher
activity than those at RT. As a result, the flash freezing of HK853 and transport to UM CCG

preserves the properties of HK853 important for performance in the HTS.
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S5F. Determination of ADP-BODIPY (1) concentration for FP competition assays

FP signal should be independent of the intensity of ADP-BODIPY (1), but (FIs) should
depend on the concentration of fluorescent ligand.(/6) In 96-well plates, FIs were obtained
for 25 pyM HKS853 mixed with 0-100 nM ADP-BODIPY (1) in triplicate. Parallel and
perpendicular FIs were plotted as a function of ADP-BODIPY (1) to reveal the expected
linear relationship (Figure S3b). FP was calculated for the same concentrations of probe and
plotted with respect to ADP-BODIPY (1) in GraphPad Prism to show that FP remains
constant (Figure S3b). We chose to use 10 nM ADP-BODIPY (1) in all subsequent assays
because it was in the range of limited FP variability. Additionally, using a low concentration

ADP-BODIPY (1) saved reagent and avoided issues that arise from ligand depletion.

5G. Tolerance of FP assay to Triton X-100

In 96-well plates, ADP inhibition curves were obtained with and without detergent to assess
its effect on signal reduction due to molecules that specifically bind HK853. FP was
measured for triplicate samples (10 nM ADP-BODIPY (1), 25 uM HK853) with and without
0.1% Triton X-100 (Figure S5). No difference in FP or ICsy was observed, so Triton X-100

was subsequently used in all displacement assays.

SH. Tolerance of FP assay to DMSO
In 96-well plates, FP was measured (10 nM ADP-BODIPY (1), 25 uM HKS853) in the
presence of 0-10% DMSO (n=3). Another assay was set up to include a saturating

concentration of 6 mM ADP to analyze nonspecific binding at increasing concentrations of
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DMSO.(16) Average FP values were plotted as a function of DMSO in GraphPad Prism

(Figure S6).

51. Determination of statistical values from FP screening data
Z'-factor. The Z'-factor reports on the screening window of an assay, taking both assay
signal dynamic range and data variation into consideration.(/7) The Z'-factor is defined

as

(35c++35c-)

Z'=1 (Equation 4)

[C4—c|

where s., and s._ are the standard deviations of the positive and negative controls,
respectively; and ¢, and ¢_ are the mean values of the positive and negative controls,

respectively.

Signal-to-background (S/B). The S/B is the ratio between mean maximum signal and

mean minimum signal to describe dynamic range of the signal in an assay.(/7, /8) The

S/B 1s defined as
S / B= Z_—; (Equation 5)

where c_ is the mean of the maximum FP signal (negative controls), and ¢, is the mean

minimum FP signal (positive controls).
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Signal-to-noise (S/N). The S/N describes the strength of the signal within an assay.(/7,

18) The S/N is defined as the following.

S / N = o (Equation 6)

Sc+

Coefficient of variation (% CV): The % CV is a measure of assay signal dispersion.(/8)
The equation for % CV is as follows and is measured for both positive and negative

controls.

% CV = Scéxmo (Equation 7)

5J. HTS data acquisition, storage, and analysis
Assay miniaturization, primary screening, and confirmation screening were performed at the
UM CCG. Data was stored and analyzed in the MScreen database, accessible through an

online portal.(/9)

SK. FP binding assay translation to high-throughput platform

Negative and positive controls were used to confirm the performance of the FP assay in
black, flat-bottom, non-binding 384-well plates (Greiner Bio-One, #784900). Assay
conditions consisted of 10 nM ADP-BODIPY (1) and 25 pM HKS853 in reaction buffer (20
pL final volume with 0.01% Triton X-100). High-FP negative controls contained no
competitor to represent no inhibition, and low-FP positive controls contained 200 uM ADP

to imitate the displacement of the FP probe. A Multidrop dispenser (Thermo Fisher
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Scientific, Inc.) delivered HK853, ADP, and ADP-BODIPY (1). Mixtures were equilibrated
at RT, and FP from the same 384-well plate was measured at 30, 45, 60, and 90 minutes after
plating using a PHER Astar (BMG LABTECH) microplate reader (ex: 485 nm; em: 520 nm).
Data was unchanged at each time point, ensuring that ADP-BODIPY (1) binding to HK853
was at equilibrium and stable over the course of 90 min (Z'-factor 0.87). One plate was

prepared without Triton X-100 to confirm that detergent did not alter binding.

SL. Compound libraries at the UM CCG used in screening campaign

Drug Libraries. Collection of drug components, pure natural products with unknown
biological properties, and other bioactive compounds
(http://www.msdiscovery.com/spectrum.html); specific UM CCG libraries from which

compounds were screened were MicroSource Spectrum 2000 and MicroSource 2400

“Focused” Collection. Natural products and compounds from focused libraries for the
following targets: autophagy, Wnt pathway, epigenetics, protein kinase, protease, redox,

cannabinoid

Biofocus “NCC”. Small molecules from the NIH Clinical Collection with a history of

use in human clinical trails, including FDA drugs; drug-like molecules with known safety

profiles (http://www.nihclinicalcollection.com/)
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ChemDiyv. Diverse and drug target-focused screening compounds

(http://www.chemdiv.com/)

ChemBridge. Diverse and drug  target-focused  screening  compounds
(http://www.chembridge.com/); specific UM CCG libraries from which compounds were

screened were “ChemBridge 3028 and “ChemBridge 10000”

NCI. Collection from the National Cancer Institute repository of screening compounds

Maybridge Hit Finder (“HF”). Collection of compounds with drug-like diversity

(http://www.maybridge.com)

SM. HTS: Pilot screen

The pilot screen using focused compound collections was composed of the following: 2000
small molecules from the MS Spectrum 2000 library, 945 from Focused Collections library,
and 446 from the BioFocus NCC library. Assay conditions in 384-well plates were the same
as above, and a Biomek FX (Beckman Coulter) with HDR pintool delivered 200 nL test
compound to each well (20 uM final compound; 1% DMSO). Thirty-two wells of both
negative and positive controls were included on each plate. Samples were equilibrated at RT
for 30 min, and FP was measured using a PHER Astar (BMG LABTECH) microplate reader
(ex: 485 nm; em: 520 nm). Hits were defined as FP values three standard deviations from the

mean of the negative controls. See Table S3 for all screening statistics.
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SN. HTS: Primary screening of diverse compounds

S5N.1. Transition to 1536-well plates

For higher throughput, a trial screen containing only negative (no competitor) and
positive controls (200 uM ADP) was performed to test the feasibility of using 1536-well
plates for primary screening. Plates were black, non-binding, with flat bottom (Corning,
#3728). Assay conditions were the same as above but in 6 uL volumes. In addition, two
separate batches of HK853 were analyzed in this trial screen, and FP values were the
same for both protein preparations. There was a slight drift in FP from reading the first
well to the last. It was deduced to be a result of temperature increase while the plate was
in the reader. This was confirmed by reversing the plate orientation. As a result, quadratic
linear regression-based correction was applied to 1536-well plates. MScreen uses row
identifier (X), column identifier (Y), and well identifier (W) for deriving the parameters

(K, R, C, A and B).

CV=Z+M~(K+(X*R)+(Y*C)+((W*W)*4)+(W*B))  (Equation 8)

where CV is the corrected value, Z is the observed signal that needs to be corrected, and

M is the mean observed signal value.(/9) See Table S3 for screening statistics.

S5N.2. Primary screening
A total of 49,920 diverse small molecules from the ChemDiv compound collection were
screened for the inhibition of ADP-BODIPY (1) binding to HK853 in 1536-well plates.

Assay conditions were the same as above with 6 pL final volume, and a Sciclone
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ALH3000 (Caliper Life Sciences) with V&P Scientific Pin Tool transferred 50 nL test
compound to wells (20 uM final, 0.83% DMSO). Each plate included 128 negative and

128 positive controls. See Table S3 for screening statistics.

50. HTS: Confirmation screen

50.1. Replicate testing for autofluorescence, quenching, and inhibition

Hit compounds from the primary screen were re-tested in triplicate in 384-well plates for
autofluorescence, quenching of the ADP-BODIPY (1) probe, and inhibition of probe
binding to HK853. Control wells containing ADP-BODIPY (1) in buffer were used to
adjust gain and establish a threshold for compounds exhibiting high background
fluorescence. Compounds were dry spotted with a Mosquito X1 (TTP Labtech) prior to
the addition of buffer. Fluorescence was measured in the parallel orientation (ex: 485 nm;
em: 520 nm) and compared to ADP-BODIPY (1) controls. A threshold of 20,000 relative
fluorescence units (RFU) within the parameters of signal acquisition was established, and
compounds with fluorescence above it were removed from further testing. ADP-BODIPY
(1) was then added to all the wells already containing test compounds. The addition of
ADP-BODIPY (1) resulted in a drastic increase in parallel fluorescence intensity. A
threshold of 150,000 RFUs (plate reader maximum of 260,000 RFU) was used to
determine quenchers. Compounds in wells that resulted in fluorescence below this
threshold were removed from further testing. Lastly, HK853 was added to confirm

compound activity in triplicate. See Table S3 for screening statistics.
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50.2. Dose-response curves (DRCs)

Confirmed hits (triplicates with no interfering fluorescence or quenching) were tested for

dose-response activity. In 384-well plates, duplicate DRCs were generated from eight

concentrations of hit compounds, dry spotted with a Mosquito X1 (TTP Labtech) to range

4-150 uM (final DMSO 1%). DRCs were generated in MScreen according to a four-

parameter logistic equation (Equation 1). See Table S3 for screening statistics. Screening

hits are summarized in Table S4.

50.3. Additional DRC compounds

A manual selection of 126 additional compounds from the UM CCG compound

collection were included in DRC analysis. These compounds were chosen for one or

more of the following reasons:

Structural similarity to compounds with dose-response activity

Contained scaffolds or functional groups prevalent in compounds with dose-response
activity

Were active in primary screen but not in DRC (re-test to confirm inactivity)
Possessed physicochemical properties (e.g., logP, polar surface area) similar to
adenosine monophosphate (which was a compound included in the MScreen database
so properties could be directly compared)

Physicochemical properties representative of antibacterials(20)
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Table S3. Summary of screening statistics from HTS at UM CCG.

Section | Screen Z'-factor S/B S/N % CV pos | % CV neg
M Primary: Pilot 0.85 6.1 56 9.2 2.6
SN.1. 1536-well plates 0.73 4.5 26 13 4.1
SN.2. Primary: ChemDiv 0.62 4.7 27 18 59
50.1. Confirmation 0.73 53 38 12 4.9
50.2. DRCs 0.77 5.0 37 11 3.8

Table S4. Summary of primary and confirmation screening at UM CCG.

Library Screened | Hits | Hit Ratio | Confirmed / Dose-Response Activity
MS Spectrum 2000 2000 83 4.15 % 3
Focused Collections 945 49 5.19 % 11
BioFocus NCC 446 50 | 11.21% 3
ChemDiv 49920 | 206 | 0.41 % 151
ChemBridge 3028* - - - 9
ChemBridge 10000* - - - 1
NCI* - - - 9
Maybridge HF* - - - 1
MS2400* - - - 3

*These were not present in the primary screening. Compounds from these libraries were either

manually picked for DRCs or were the same molecules as primary screen hits used to confirm

compound activity from different plates/lots.
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5P. Compound acquisition and preparation
5P.1. Compound information
Analysis of dose-response curves, previous compound characterization, and availability
led to the manual selection of 115 compounds that were purchased from ChemDiv,

VitasMLab, or ChemBridge. See Table S2 for compound information.

5P.2. Compound stock solutions
Stock solutions were prepared at 25 mM in DMSO in amber glass vials and agitated
and/or sonicated until all compound was visibly dissolved. Stocks were frozen at —20 °C.

Prior to use, stocks were briefly set in a 37 °C water bath to facilitate quick thawing.

5Q. Inhibition of HK activity
5Q.1.a. Effect of Triton X-100 on B-ATPyS assay
After aggregation screening, we decided to supplement buffer with 0.1% Triton
X-100. To be sure that this would not affect DRC analysis of test compounds, a
B-ATPyS assay was used to analyze HK853 ADP DRCs with and without Triton
X-100. DRCs were performed as stated in the text, except detergent was premixed

into reaction buffer to target a final 0.1% Triton X-100 in one assay (Figure S29).
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Figure S29. B-ATPyS assays with Triton X-100. Detergent at 0.1% has no effect on

DRC:s obtained from B-ATPyS assays and was thus added to all B-ATPyS assays.

5Q.3.a. Inhibition of CheA with and without CheW and Triton X-100

Previous studies have shown that CheW drastically increases CheA
autophosphorylation in reconstituted signaling complexes.(/5) To ensure we were
testing the appropriate protein(s), we first performed competitive ATP [y->"P] assays
with ADP and 1) CheA alone 2) CheA in complex with CheW, and 3) CheA in

complex with CheW in the presence of 0.1% Triton X-100 (Figure S30).
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Figure S30. CheA autophosphorylation in the presense of CheW and Triton X-100. The
addition of the adaptor protein had minimal effect on CheA autophosphorylation, which
is likely because we are not forming the more comprehensive signaling complexes used
in previous studies.(/5) However, in case CheW would affect inhibitor binding, we
included it in all CheA analyses. Additionally, Triton X-100 had little effect on the DRC,

so it was added to all CheA assays.

5Q.4. Activity confirmation

Competition assays with HK853, VicK, and CheA were repeated for all lead compounds
in duplicate to generate 13-point DRCs again analyzed in GraphPad Prism. Aggregation
analyses by native-PAGE and silver staining were also repeated using the same 13

concentrations in the presence and absence of Triton X-100.
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5Q.5. BSA effect on inhibition

To confirm that compounds were not forming colloidal aggregates and inhibiting HKs
nonspecifically, we repeated the HK853 activity assays by competing B-ATPyS with lead
compounds 11-15 in the presence of 0.1 mg mL™' BSA.(2/) These assays were performed

in duplicate and did not include Triton X-100.

SR. Cytotoxicity testing

Cytotoxicity of leads 11-15 was analyzed with Vero 76 cells (African green monkey kidney
epithelial cells; ATCC  CRL-1587) using the sodium 2,3,-bis(2-methoxy-4-nitro-5-
sulfophenyl)-5-[(phenylamino)-carbonyl]-2H-tetrazolium (XTT) method (XTT Cell
Proliferation Assay Kit, ATCC). Vero 76 cells were grown in Dulbecco’s modified Eagle’s
medium (DMEM), 10% fetal bovine serum, 100 U mL™ penicillin, 100 pg mL™
streptomycin, and 2 mM L-glutamine. Cells were maintained at 37 °C in a humidified 5%
CO; atmosphere, and a solution of 0.25% trypsin, 0.53 mM EDTA was used to detach cells
for subculturing. To begin the cytotoxicity assay, 100 pL of a 5.0 x 10* cells mL™" suspension
was used to seed wells of a 96-well flat-bottom microtiter plate. Vero 76 cells were grown
for 24 h in 5% CO; at 37 °C and then treated for 24 h with serial dilutions of lead compounds
prepared in fresh medium. Wells contained <0.5% DMSO. Additionally, DMSO controls,
blanks (media only), and growth controls (no compound added) were included; butylated
hydroxyanisole (BHA) was used as a positive cytotoxic control.(7) To measure cell viability,
XTT Cell Proliferation Assay kit instructions were followed. Briefly, activated XTT reagent

was incubated with cells in 5% CO, at 37 °C for 5 h. Specific absorbance (475 nm) and
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nonspecific absorbance (660 nm) was measured on a BioTek Synergy HIM Plate-Reader.
Nonspecific and blank absorbance values were subtracted from specific values, which were
normalized to a control (i.e., cells with no compound added). Normalized values were plotted
in GraphPad Prism with respect to the concentration of compound added in pg mL™ (Figure
S26). Concentrations were also converted to molar such that Equation 1 was used to
determine the CCsy for each lead compound tested, or the concentration at which cell

viability was decreased by 50%.
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