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I. General Information

1. General information of library construction

NMR spectra were obtained on an Agilent 400-MR DD2 Magnetic Resonance System [400 MHz,
Agilent, USA] or Varian/Oxford As-500 [500 MHz, Varian Assoc., Palo Alto, USA]. Chemical shifts
values were recorded as parts per million (), referenced to tetramethylsilane (TMS) as the internal
standard or to the residual solvent peak (CDCls, *H: 7.26, *3C: 77.16, CDsOD, 'H: 3.31, C: 49.00,
DMSO-ds, *H: 2.50, *C: 39.52). Multiplicities were indicated as follows: s (singlet), d (doublet), t
(triplet), q (quartet); m (multiplet); dd (doublet of doublet); dt (doublet of triplet); td (triplet of doublets);
br s (broad singlet) and so on. Coupling constants were reported in hertz (Hz). Low resolution mass
spectra were obtained on a Finnigan Surveyor MSQ Plus LC/MS [Thermo] or LCQ LC/MS [Thermo]
using the electrospray ionization (ESI) method. High resolution mass spectra were analyzed at the Mass
Spectrometry Laboratory of National Instrumentation Center for Environmental Management (NICEM)
in Seoul on a LCQ LC/MS [Thermo] using the electrospray ionization (ESI) method. Chiral HPLC were
performed on a HP Agilent 1100 with a Chiralpack IA column (IAO0CE-OG039, 4.6 mm¢ x 250 mmL,
5 um). All commercially available reagents were used without further purification unless noted
otherwise. Commercially available reagents were obtained from Sigma-Aldrich, TCI, Acros, Alfa Aesar
or Beadtech. AIll solvents were purchased from commercial suppliers. Analytical thin-layer
chromatography (TLC) was performed using Merck Kiselgel 60 F254 plates, and the components were
visualized by observation under UV light (254 and 365 nm) or by treating the plates with ninhydrin
followed by thermal visualization. Flash column chromatography was performed on Merck Kieselgel
60 (230-400 mesh).

General Solid-Phase Reaction Procedures.

Amine Substitution. Bromoacetal resins (100 mg, 1.8 mmol/g, 0.18 mmol) were loaded into each
syringe with porous filter, and solutions of 3 different Rs-amines (20 equiv. in 2 mL of DMSO) were
dispensed into each syringe. The reaction mixture was shaken at 60 °C in a rotating oven [Robbins
Scientific] for 12 h. After the completion of the reaction which monitored by positive Chloranil test, the
resin were washed extensively with DMF, MeOH and DCM sequentially (three times each) and dried

in a high-vacuum desiccator.
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Amino Acid Coupling. A reaction cocktail of N-Fmoc-AA-OH (nine different amines were used for
each reaction such as Phe, Val, Met, lle, Tyr, Leu, Arg(Pbf), Cys(Bzl) and 4-Cl-Phe, 4 equiv.), HCTU
(4 equiv.), and DIPEA (6 equiv.) in DMF (2 mL per syringe) was added to each porous filter syringe
charged with the resins. After the reaction mixture was shaken for 12 h at room temperature. After the
completion of the reaction monitored by negative Chloranil test, the resins were washed extensively
with DMF, MeOH and DCM sequentially (three times each) and dried in a high-vacuum desiccator.

Fmoc deprotection. Twenty percent piperidine in DMF was added to the resins in the syringe with
porous filter, and the reaction mixture was shaken for 10 min at room temperature to unmask the Fmoc-
protected primary amine. After the completion of the reaction monitored by positive ninhydrin (Kaiser)

test, the resins were washed extensively with DMF, methanol, DCM and DMF, sequentially.

Acid Coupling. The activated ester for acid coupling was generated in situ by the activation of acid
coupling partners (methyl or tolyl, 3 equiv.) with DIC (3 equiv.) and HOBt (3 equiv.) in DMF for 30
min. The resulting reaction cocktail was dispensed into the porous filter syringe charged with resins,
and the reaction mixture was shaken for 12 h at room temperature. After the completion of the reaction
monitored by negative ninhydrin (Kaiser) test, the resins were washed extensively with DMF, MeOH,

and DCM sequentially and dried in a high-vacuum desiccator.

Cleavage and Cyclization. The resins in the porous filter syringe were first dried under high vacuum
and then treated with 100% formic acid (3 mL per syringe) for 18 h at room temperature. After resin
removal by filtration, the filtrate was condensed in vacuo to yield the desired product as an oil. The
products were diluted with 50% water/acetonitrile and freeze-dried: a process that yielded a pale brown

powder. The purity of the final products was observed by LC/MS without further purification

S3



2. General information of bioassay

Reagents and materials

DMSO was purchased from Sigma-Aldrich. Micro BCA™ Protein Assay Kit was purchased from
PIERCE and was used for the measurement of protein concentration of cell lysate. Cell culture reagents
including fatal bovine serum, culture media, and antibiotic-antimycotic solution were purchased from
GIBCO, Invitrogen. The culturing dish or plates were purchased from CORNING. Developing for
western blot analysis was performed by Amersham ECL Prime Western Blotting Detection System from
GE Healthcare Life Science. TMB, a substrate of HRP conjugated in secondary antibody, was purchased

from Invitrogen.

Antibodies, Plasmids and Proteins

Antibodies were obtained from the following sources: antibody to S6K1, phospho-S6K1 (T389), HRP-
labeled anti-rabbit secondary antibodies from Abcam; anti-GST from Santa Cruz Biotechnology;
antibodies to GAPDH from Cell Signaling Technology.

pAmCyanl1-N1 containing LRS and pZsYellow1l-N1 containing RagD plasmids for FRET imaging
were generously provided by Prof. Sunghoon Kim (Seoul National University).

All proteins including his-tagged LRS, GST-tagged RagD were laboratory stocks. Transfection was

performed using calcium precipitation method.

Instruments and programs

For developing of ELISA-based assay, the absorbance of 96-well plate was measured by BioTek
Synergy HT Microplate reader.

Chemiluminescent signal was monitored by ChemiDoc™ MP imaging system [Bio-Rad] and quantified
by ImageLab 4.0 program.

FRET imaging was carried with DeltaVision Elite imaging system [GE Healthcare] equipped with a
SCMOS camera. Objective lenses are supported by Olympus 1X-71 [Olympus] inverted microscope
equipped with Plan APO 60X/Oil (PLAPONG60x0), 1.42 NA, WD 0.15 mm. DeltaVision Elite uses a
solid state illumination system, InSightSSI fluorescence illumination module. Four-color standard filter
set [GE Healthcare, 52-852113-003] was used to detect fluorescence signals. For live cell continuous
monitoring, CO- supporting chamber along with an objective air heater was set and ultimatefocus
hardware autofocus module was incorporated to maintain the sample z-position during timelapse
imaging. FRET analysis was analyzed by SoftWorks program and all graphs were figured by GraphPad

Prism 5.
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I1. Tetra-substituted pyrazinotriazinedione library as g-turn mimetic

FIG S1. Alignment of an energy-minimized structure of representative compound 7 with the peptide
backbone structure phospholipase A2 at five atom positions of representative compound 7 (pink) versus

Ca;, Cais1, Cois2, Cayss, carbons and N2 (green) [Veons interface, Discovery Studio 4.1]
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I11. Synthesis and characterization of acid partners

1. General procedure for the preparation of tolyl acid partners

C’/O (0] OH
y R TEA, THF, 0°C to rt OZH )CL 4N Hel O%ﬁ )Ok
2 o r
N. ’ ’ N .R \N .R
then, tert-butyl bromoacetate, 1,4-dioxane, rt

*HCl KHCO3, DMF, 80°C

A1

To a stirred suspension of p-tolylhydrazine hydrochloride in tetrahydrofuran (THF) under ice-water
external bath, triethylamine was carefully added. Isocyanate (0.5 equiv.) was added dropwise to the
solution. The resulting mixture was stirred at 0°C and warmed up to room temperature for several hours.
After the completion of the reaction monitored by TLC, the solvent was removed under reduced
pressure. Ethyl acetate was added and the organic layer was washed with saturated NaCl (ag.) and
saturated ammonium chloride (aq.). The organic layer was dried over anhydrous MgSOx (s) and filtered.
The organic solvent was evaporated under vacuum. The resulting mixture was purified through the
recrystallization by ethyl acetate and n-hexane to afford a desired solid. Then, the resulting solid,
KHCO; and tert-butyl bromoacetate were dissolved in DMF and stirred at 80 °C for several hours. After
completion of the reaction indicated by TLC, the reaction mixture was washed with saturated NaCl (aq.)
and ammonium chloride (ag.) and extracted with ethyl acetate. The combined organic layer was
condensed was dried over anhydrous MgSO, and filtered. The filtrate was condensed under reduced
pressure, followed by silica-gel flash column chromatography to afford a desired solid. The resultant
was dissolved in 1,4-dioxane and 4N HCI was added slowly. The reaction mixture was stirred at room
temperature for several hours. After completion of the reaction indicated by TLC, the solution was
concentrated under reduced pressure. The saturated NaHCO;3 (ag.) was added and the aqueous layer
was washed with ethyl acetate. Concentrated HCI was added dropwise slowly at 0°C (pH 2-3). The
mixture was extracted with ethyl acetate (EA), and the organic layer was dried over anhydrous MgSQa(s)
and evaporated. The residue was purified by recrystalization with ethyl acetate and n-hexane to give the

desired product A-1 (30~35% overall yields in three steps).
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2. General procedure for the preparation of methyl acid partners

1) Boc,0, NaHCO3, THF/H,0 (1:1)
,rt

" N//c//o 0J< OH
H e g TEA, THF, 0°C to rt AN HOI
_N. o o o
NH,

(0]
2) 4N HCI, 1,4-dioxane, rt /N‘N)kN’Rz 1,4-dioxane, rt /N‘N)kN’R2
*H,S0, then, tert-butyl bromoacetate, H H H H
K,COg, toulene/DMF (8:1), reflux
A-2

To a stirred suspension of methylhydrazine sulfate in water (200 ml) under ice-water external bath,
NaHCO; was carefully added. Di-tert-butyl dicarbonate in tetrahydrofuran (200 mL) was added to the
solution. The resulting mixture was left to stir and allowed to warm to room temperature for overnight.
After completion of the reaction indicated by TLC, the organic layer was extracted with ethyl acetate.
The combined solution was dried over anhydrous MgSOa(s) and filtered, and evaporated in vacuo to
afford pale yellow oily compound without further purification. The resultant was dissolved in THF and
isocyanate was added dropwise. The resulting mixture was stirred at 0 °C and warmed up to room
temperature for several hours. After the completion of the reaction monitored by TLC, the solvent was
removed under reduced pressure. The reaction mixture was purified through the recrystallization by
ethyl acetate and n-hexane to afford a desired solid. The resulting solid dissolved in 1,4-dioxane and
4N HCI was added slowly. The reaction mixture was stirred at room temperature for several hours.
After completion of the reaction indicated by TLC, the solution was concentrated under reduced
pressure. The saturated NaHCOs (aq.) was added slowly (pH 11-12) under ice-water external bath. The
aqueous layer was extracted by ethyl acetate, and it was dried over anhydrous MgSQa(s) and filtered.
The residue was evaporated in vacuo and purified by recrystallization with ethyl acetate and n-hexane
to afford a desired solid. Then, the resulting solid, K.COs and tert-butyl bromoacetate were dissolved
in toluene/N,N-dimethylformamide (8:1), and stirred and refluxed for several hours. After completion
of the reaction indicated by TLC, the reaction mixture was washed with saturated NaCl (ag.) and
ammonium chloride (ag.) and extracted with ethyl acetate. The combined organic layer was condensed
was dried over anhydrous MgSO, and filtered. The filtrate was condensed under reduced pressure,
followed by silica-gel flash column chromatography to afford the desired solid. The resultant was
dissolved in 1,4-dioxane and 4N HCI was added slowly. The reaction mixture was stirred at room
temperature for several hours. After completion of the reaction indicated by TLC, the solution was
concentrated under reduced pressure. The saturated NaHCO3 (ag.) was added and the aqueous layer
was washed with ethyl acetate. Concentrated HCI was added dropwise slowly at 0 °C (pH 2-3). The
mixture was extracted with ethyl acetate, and the organic layer was dried over anhydrous MgSOa(s) and
evaporated. The residue was purified by recrystalization with ethyl acetate and n-hexane to give the

desired product A-2 (44~51% overall yields in 4 steps).
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OH A-1(a): Yield: 33% (three steps); *H NMR (500 MHz, DMSO-d6) &

13.14 (brs, 1H), 8.04 (brs, 1H), 7.39 (brs, 1H), 7.25 (m, 5H), 7.04 (d,

Q @ J=8.8Hz, 2H), 6.64 (d, J = 8.5 Hz, 2H), 4.25 (d, J = 6 Hz, 2H), 4.14
(brs, 2H), 2.20 (s, 3H); *C NMR (125 MHz, DMSO-d6) & 172.2,

158.5, 146.4, 140.3, 129.4, 128.2, 126.9, 126.6, 112.4, 56.8, 42.6, 29.0; LRMS (ESI+) Calcd for

C17H20N303+ [M+H]*: 314.36, found: 314.00.

OH A-1(b): Yield: 30% (three steps); *H NMR (400 MHz, DMSO-d6) §
O%\N )OL QF 13.11 (brs, 1H), 9.27 (brs, 1H), 8.42 (brs, 1H), 7.48 (dd, J = 8 Hz, J
/© NN = 4.9 Hz, 2H), 7.08 (m, 4H), 6.69 (d, J = 8.2 Hz, 2H), 4.28 (brs, 2H),
2.20 (s, 3H); **C NMR (100 MHz, DMSO0-d6) § 172.9, 158.6, 156.2,

155.8 (d, Wcr = 44.8 Hz), 146.2, 135.9, 129.5, 128.0, 119.96, 119.89 (d, 3Jcr = 7.5 Hz), 115.3, 115.1
(d,2Jcr=22.1Hz), 112.43,56.1, 20.0; LRMS (ESI+) Calcd for C16H17FN3O3+ [M+H]*:318.32, found:

317.93.

OH A-1(c): Yield: 35% (three steps); *H NMR (500 MHz, DMSO-d6) &

02\ i 13.12 (brs, 1H), 8.01 (brs, 1H), 7.03 (d, J = 8.3 Hz, 2H), 6.98 (brs, 1H),
N\N N

H H 6.62 (d, J =8.3 Hz, 2H), 5.78 (m, 1H), 5.07 (dd, J = 17.1 Hz, J = 1.5 Hz,

1H), 5.00 (dd, J = 10.3 Hz, J = 1.5 Hz, 1H), 4.17 (brs, 2H), 3.68 (m, 2H),

2.20 (s, 3H); *C NMR (125 MHz, DMSO-d6) & 172.4, 158.3, 146.3, 136.2, 129.4, 127.7, 114.5, 112.3,

55.9, 41.4, 20.0; LRMS (ESI) m/z calcd for C13H1sN3Os+ [M+H]+:264.30; Found: 264.08

OH A-2(a): Yield: 44% (four steps); 'H NMR (400 MHz, CDCls) & 11.38 (brs,
O)\ 0 1H), 7.92 (s, 1H), 7.32 (m, 5H), 6.46 (t, J = 6.1 Hz, 1H), 4.44 (d, J = 5.9
on M

N N@ Hz, 2H), 3.66 (d, J = 17.2 Hz, 1H), 3.43 (d, J = 16.4 Hz, 1H), 2.85 (s, 3H):
13C NMR (100 MHz, CDCly) § 173.0, 159.7, 138.8, 128.7, 127.4, 57.8,

44.7, 43.6; LRMS (ESI+) Calcd for C11H16N3Os+ [M+H]*:238.26, found: 238.03
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OH A-2(b): Yield: 44%(four steps); *H NMR (500 MHz, DMSO-d6) & 12.64

o)‘\ 0 F (brs, 1H), 8.83 (s, 1H), 7.56 (s, 1H), 7.49 (m, 2H), 7.08 (m, 2H), 3.51 (brs,
N L

” N 2H), 2.61 (s, 3H); *C NMR (100 MHz, DMSO-d6) 6 171.5, 158.5, 156.2,

155.3, 136.05, 136.02 (d, ®Jcr = 2.3 Hz) 120.1, 120.0 (d, 2Jcr = 7.6H2),

115.2, 115.0 (d, YJcr = 22 Hz), 60.1, 45.9; LRMS (ESI+) Calcd for CioH13FN3Os+ [M+H]*:242.22,

found: 242.03

OH A-2(d): Yield: 51%(four steps); *H NMR (400 MHz, DMSO-d6) & 12.46 (brs,

O)‘\ j\ O 1H), 8.60 (brs, 1H), 8.14 (d, J = 8.2 Hz, 2H), 7.43 (m, 6H), 7.30 (t, J = 7.8
N.

g ” H Hz, 1H), 7.22 (d, J = 7.4 Hz, 1H), 7.07 (t, J = 7.4 Hz, 1H), 3.33 (brs, 2H),

O 2.38 (s, 3H); °C NMR (100 MHz, DMSO-d6) 5 170.5, 154.8, 138.1, 136.0,
129.8, 129.0, 128.7, 127.9, 127.5, 122.3, 119.7, 59.4, 45.4; LRMS (ESI+)

Calcd for C16H18N30s+ [M+H]*:300.33, found: 300.21.

S9



IV. Characterization for representative compounds

1. Representative compound 7 (5a{2,9})

Representative Compound 7 (5a{2,9}): *H NMR (400 MHz, CDCls) &

7.35 (m, 3H), 7.26 (m, 2H), 7.16 (M, 4H), 7.09 (d, J = 8.6 Hz, 2H), 6.77 (d,

'

\@EN o}
NG

N

J=8.6 Hz, 2H), 6.51 (t, J = 6.1 Hz, 1H), 5.99 (dd, J = 9.4 Hz, J = 5.5 Hz,

0

o) \@\ 1H), 5.24 (fd, J = 8.6 Hz, J = 5.1 Hz, 1H), 4.62 (dd, J = 149 Hz, J = 6.7
o]

S

Hz, 1H), 4.36 (dd, J = 14.9 Hz, J = 5.5 Hz, 1H), 4.1 (d, J = 17.2, 1H), 3.67
(d, = 17.2 Hz, 1H), 3.32 (M, 2H), 3.10 (m, 4H), 2.28 (5, 3H), 1.33 (M, 2H), 1.26 (M, 2H), 0.86 (t, J=7.2
Hz, 3H); *C NMR (100 MHz, CDCls) § 165.5, 162.0, 156.5, 144.7, 138.6, 134.8, 133.0, 132.4, 131.0,
130.5, 120.0, 128.7, 127.9, 127.5, 114.7, 60.2, 56.1, 50.0, 48.7, 47.1, 44.6, 36.4, 28.9, 20.6, 20.0, 13.8;

HRMS (ESI) m/z calcd for C3H37CINsOs+ [M+H]*: 574.2579; Found: 574.2569.

Crude LC-MS data

2.20E5
Total Scan
863 PDA
200000 T_2_cruded
150000
> Mass spectrum
% 100000 o 57122
893086 @
50000 8.30 L 10.51 16.32 18.28 19.96 0 s
1.7 5 N LI m RGWRL
LI N TN
0 2 4 6 8 10 12 14 16 18 20 P SN o
Time (min) 5 60 o) \@\
After short filter i o
- RT: 8.63 HL: S 40 Exaum(sz;g)snzs
MH: 361254 2.TOES ® 0 Molecular Weight: 574.11
S 36 Total Scan
FDAT_| 20 61523
300000 10
14307 21401 38328 44720 68473 75748 87348 95044
R e
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2200000 .
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Tirme (i
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Crude 'H NMR

1.0
0.9
0.8

0.7

Normalized Intensity
o o o
» (&2 (2]

o
w

0.2

0.1

EP_crude_1HNMR_Y_tol_benzyl_4CIPHE_500MHz_TREPBUT.esp

Chiral HPLC

gCosyY

Sample #7, Operator: sbpark

Relax. delay 1.000 sec
Acq. time 0.150 sec
Width  4401.4 Hz

2D Width 4401.4 Hz
Single scan

128 increments

OBSERVE  H1, 399.7565053 MHz

DATA PROCESSING

8q. sine bell 0.075 sec

F1 DATA PROCESSING

Sq. sine bell 0.029 sec

FT size 2048 x 2048
Total time 3 min 10 sec

S11

7 6 5 4 3 2 0
Chemical Shift (ppm)
DAL &, Sig=254 4 Ref=360,100 (BHTELTZ0)
mau 3
2500
2000
1500
1000 w ] w0 @ =]
oo L o _ u L L
500 gE &3 i 8 &
o m L= T L N o o
— T | — T |
10 15 20 25 min
MA A A I P e ik,
Fl
(ppm)
— . ]
s {
2 | ’,
| {
|
2 _.
S | o
|
=) 3 ° s v.°
< e K-
= . @
< 4 e w®
2 . a
1 L] e
5|
.‘ { ] o
- 6 L] L]
" L a e
—— L]
— 7
—= &
= ®
7 6 5 4 3 2
F2 (ppm)




2. Representative compound 8 (5a{2,2})

Representative Compound 8 (5a{2,2}): *H NMR (500 MHz, CDCls) &

7.32 (m, 2H), 7.26 (m, 3H), 7.10 (d, J = 8.3 Hz, 2H), 6.80 (d, J = 8.3 Hz,

HN
G
N

O

O

z~g|1 o)
Tiee

)

NS 2H), 6.52 (t, J = 5.9 Hz, 1H), 6.40 (t, J = 7.3 Hz, 1H), 4.94 (d, J = 5.9 Hz,

1H), 4.49 (m, 2H), 4.25 (d, J = 17.1 Hz, 1H), 4.00 (d, J = 17.1 Hz, 1H),

3.35 (M, 1H), 3.14 (d, J = 8.7 Hz, 2H), 3.01 (ddd, J = 13.7 Hz, J = 8.1 Hz, J = 6.1 Hz, 1H), 2.43 (m,

1H), 2.28 (s, 3H), 1.34 (m, 2H), 1.17 (m, 2H), 1.11 (d, J = 8.6 Hz, 3H), 1.05 (d, J = 6.8 Hz, 3H), 0.85

(t, J = 7.1 Hz, 3H); °C NMR (100 MHz, CDCls) § 166.0, 162.6, 156.9, 144.7, 138.3, 132.0, 130.5,

128.9, 127.7, 127.4, 114.2, 60.9, 59.8, 49.9, 48.6, 46.9, 44.7, 32.3, 29.0, 20.5, 20.03, 19.97, 19.4, 13.8;

HRMS (ESI) m/z calcd for C2sHssNsOs+ [M+H]": 492.2969; Found: 492.2961.

Crude LC-MS data
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Crude 'H NMR
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3. Representative compound 9 (5a{1,6})

Representative Compound 9 (5a{1,6}): *H NMR (400 MHz, CDCls) §
7.3 (m, 3H), 7.23 (d, J = 7.8 Hz, 3H), 7.06 (d, J = 8.6 Hz, 2H), 6.76 (d, J
=8.2 Hz, 2H), 6.46 (t, J = 5.9 Hz, 1H), 6.30 (dd, J = 11.2 Hz, J = 4.1 Hz,

1H), 6.24 (m, 1H), 6.11 (d, J = 3.1 Hz, 4H), 5.20 (dd, J = 9.6 Hz, J = 4.5

Hz, 1H), 4.48 (m, 2H), 4.38 (m, 2H), 4.23 (d, J = 17.2 Hz, 1H), 3.93 (d, J

=17.6 Hz, 1H), 3.19 (dd, J = 11.7 Hz, J = 4.3 Hz, 1H), 3.09 (t, J = 11.2 Hz, 1H), 2.29 (s, 3H), 1.82 (m,

2H), 1.68 (m, 1H), 1.01 (d, J = 6.3 Hz, 3H), 0.97 (d, J = 6.7 Hz, 3H); *C NMR (100 MHz, CDCls) &

167.1, 162.1, 156.7, 149.4, 144.7, 142.6, 138.3, 132.1, 130.5, 128.9, 127.8, 127.5, 114.4, 110.4, 109.1,

59.2, 53.8, 49.6, 48.8, 44.7, 42.9, 41.0, 25.16, 23.15, 22.14, 20.6; LRMS (ESI) m/z calcd for

CaoH36Ns04+ [M+H]*: 530.27; Found: 530.03.

Crude LC-MS data

L
A.20ES

RT: 7.64

16.17

Time {min)

After sbort filter

RT: 7.62 ML:

MH: 704820 f-22E5
SN G1 Total Secan
FLA T_vE
f00000
=
2 400000
=
200000
166 353 747 41859 1134 1272 1655 17.35 20.00)
U|||||||||||||||||||||||||||||||||||||||||
i 2 4 f 8 10 12 14 16 18 20

Time {min}
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Mass spectrum
1004

60912003

Relative Abundance
o
3
1

E 4135102 29611

44710
1

|

Molecular Weight: 529.63

L
200

T
lili}

=t
400

TTTT
400

miz

F31.26 74030 20613 B878.91 964.48
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BO0 700 aon a00 1000



Crude 'H NMR

Normalized Intensity

EP_crude_1HNMR_R_tol_benzyl Leu_500MHz_T3REPF2.esp

Chiral HPLC

11 10 9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

mall
30
40
30
20 4
10 A

DADT &, Sig=254 & Ret=360,100 (BHV SREFF 22 )

5435

gCoSY

kc_representative_rep_

Sample Name:
kc_repr!
Data Collected on:
snuS00-vnmrs500
Archive directory:

/home /sbpark/vnmrsys/data

Sample directory:
KMJ_2-46_1H_Acetone
FidFile: gCOSY

Pulse Sequence: gCOSY

Solvent: cdcl3
Data collected on: Aug

Operator: sbpark

entative_rep LEU_1H_CDC13_S500MHz_140821 u I I I
), LAl

LEU_1H_CDC13_500MHz_140821

' .t.l.ﬂ I I | SR o

_20140709_20140709_01

21 2014 4 | =

Relax. delay 1.000 sec

Acq. time 0.150 sec
Width  8012.8 Hz
2D Width 8012.8 Hz
Single scan

128 increments

OBSERVE  H1, 499.2990780 Miz

DATA PROCESSING

$q. sine bell 0.075 sec i
3

F1 DATA PROCESSING

Sq. sine bell 0.016 sec

FT size 4096 x 4096
Total time 3 min 9 sec
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2D NOE NMR
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4. Representative compound 10 (5¢{3,1})

| Compound 10 (5¢{3,1}): 'H NMR (400 MHz, CDCI3) & 7.24 (m, 8H),

\@SN (o]
N'NﬁAN
s 5.84 (m, 2H), 5.35 (dd, J = 7.4 Hz, J = 5.1 Hz, 1H), 5.13 (m, 2H), 4.65 (d,

e

3.90 (m, 2H), 3.73 (d, J = 17.2Hz, 1H), 3.42 (dd, J = 13.7 Hz, J = 5.1 Hz, 1H), 3.30 (dd, J = 13.7 Hz, J

7.01(d, J=7.8 Hz, 4H), 6.71 (d, J = 8.6 Hz, 2H), 6.18 (t, = 6.1 Hz, 1H),

T

J =145 Hz, 1H), 4.19 (d, J = 145 Hz, 1H), 4.11 (d, J = 17.6 Hz, 1H),

= 7.8 Hz, 1H), 2.91 (d, J = 7.4 Hz, 2H), 2.26 (s, 3H); *C NMR (100 MHz, CDCI3) & 166.0, 162.2,
156.0, 144.8, 136.3, 135.5., 134.5, 132.5, 130.4, 129.9, 128.8, 128.6, 127.9, 127.8, 127.3, 116.2, 114.9,
60.4, 56.6, 50.2, 49.5, 48.9, 42.9, 37.0, 20.6; HRMS (ESI) m/z calcd for CaHauNsOs+ [M+H]*:

524.2656; Found: 524.2656.

Crude LC-MS data

HL:

100000
80000 _
RT-6.71 Mass spectrum
3 G0000 MH: 54302 - 52415
40000 BT 8,67 16.27 17.99 19.84 w \

RT.763 12.40 a0

20000 HN__O
185 LT
70 N N

frerprrryprrrPrrrrrrrr [ rrrrrrrrrprrr]

0 2 4 [ 8 0 12 14 16 18 20

Time {min) = 0 ’\©
After short filter Su
v RT: 871 HL: © 5¢{3,1}
1.14E5 B
MH: 106664 : Exact Mass: 523.2583
SN TRMs Tatal Scan k] Molecular Weight: 523.6370

PDA T_D1

100000
14208 217 86 351.96 44729 565.25 67058 75015 81169 96315
20000 LI o e e e
100 200 300 400 500 600 oo 800 300 1000
2 60000 miz
z
RT:8.13
40000
MH: 8011
20000 SN: 1
1.36 5
L .. N o i
] 2 & ] 10 12 14 16 18 20

Time {miny
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Crude 'H NMR

-
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o
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Normalized Intensity
. o . ;
o
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Chiral HPLC

f REP_crude_1HNMR_B_tol_allyl_Phe_500MHz_T3REPBENZ2.esp

gCosY

0.3
0.2
0.1
L
10 9 8 7 6 5 4 3 2 1
Chemical Shift (ppm)
DAl B, Sig=254 16 Ref=360,100 (BHT3REPBE2 [
mal
400
300
200 5
(D oo — o
100 &xhes I 2 -
0 g o @ =ty . .
T T T T T T
0 a3 10 13 20 25 ITiin
Sample #11, Operator: sbpark I l
{ | e e Y I
Relax. delay 1.000 sec
Acq. time 0.150 sec
Width  3882.0 Hz Fl |
2D Width 3882.0 Hz (ppm)
Single scan |
128 increments | 1
OBSERVE  H1, 399.7565053 MHz 4
DATA PROCESSING |
$q. sine bell 0.075 sec |
F1 DATA PROCESSING 1
Sq. sine bell 0.033 sec | 2
FT size 2048 x 2048 )
Total time 3 min 10 sec |
|
= 3 1 - -
2 | s )
< : ..,
= e =
y « &t
= a -
= 5 P
< e
- ]
i 6
= e =
— 7 DRI |
— L
T 6 5 4 3 1
F2 (ppm)
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5. Representative compound 11 (5¢{3,9})

@wf_ o

Compound 11 (5¢{3,9}) : *H NMR (400 MHz, CDCls) § 7.25 (m, 3H),
7.29 (m, 4H), 7.01 (m, 4H), 6.70 (d, J = 8.6 Hz, 2H), 6.19 (t, J = 5.9
Hz, 1H), 6.06 (dd, J = 8.6 Hz, J = 6.3 Hz, 1H), 5.64 (m, 1H), 5.36 (dd,

J =86 Hz, J = 4.7 Hz, 1H), 5.14 (m, 2H), 4.61 (d, J = 14.5 Hz, 1H),

\CLCI 4.20 (d, J = 14.9 H, 1H), 4.11 (d, J = 17.2 Hz, 1H), 3.90 (m, 2H), 3.72

(d, J = 17.6 Hz, 1H), 3.39 (dd, J = 13.7 Hz, J = 4.7 Hz, 1H), 3.19 (dd, J = 13.9 Hz, J = 8.8 Hz, 1H),

2.97 (m, 2H), 2.26 (s, 3H); 3C NMR (100 MHz, CDCls) & 165.8, 162.1, 156.1, 144.6, 135.4, 134.8,

134.3, 133.0, 132.3, 131.2, 130.4, 128.8, 128.7, 128.0, 127.9, 116.3, 114.5, 60.0, 58.1, 50.2, 49.4, 48.5,

42.9, 36.6, 20.6; LRMS (ESI) m/z calcd for C31H33CINsOs+ [M+H]*: 558.22; Found: 558.20.

Crude IU_C-MS data

ML:

Mass spectrum

558.20

RT. 6.07 1005
WH: 300137 3.00ES E k
SN 22 Total Sean 503
200000 PDAT_DB E
80 E’H
f ISAD
200000 8 ’”5 \(Nvg
= § 60]
L 2 ]
= 2 53 \ch
100000 R
ERTE 5¢(3,9}
o 3 Exact Mass: 557.2194
1.36 . © BDE Molecular Weight: 558.0790
I T E
0 2 4 & 20 203 59015
Time {min) m,fuﬁnﬁ
3 \“155”3 ol T i 822.25 15305 80207 e1ss0
1 U ZE‘IU 3E‘IU QE‘IU T IEU‘EI ! ' 7UU BEIIU ! BUU 1IUUU
miz
Chiral HPLC
DAD1 D, Sig=230,16 Ref=360,100 (KCW\P48E10.00.\P48E10.D)
mAU 7
200
150 i
] | |
] | \
100 f |
7 1
] f \
] [Te) || \
50 Do | \
5 ¥5 &2 AN
4 L)
0 r'Fi"l\‘rr o - —
| T T T L T T T T T
0 2.5 5 75 10 125 15 175 min
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gCcosy

Temp. 30.0 C / 303.1 K
Sample #1, Operator: sbpark

Relax. delay 1.000 sec
Acq. time 0.150 sec
Width  4085.0 Hz
2D Width 4085.0 Hz
Single scan
128 increments

OBSERVE  H1, 399.7565053 MHz

DATA PROCESSING
Sq. sine bell 0.075 sec

F1 DATA PROCESSING
Sq. sine bell 0.031 sec

FT size 2048 x 2048

Total time 3 min 10 sec

__JMJ_LL._U._ﬂ_mLAJ._J_.J J

S20
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4
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6. Representative compound 12 (6b{1,7})

W

0 1H), 3.60 (m, 1H), 3.36 (d, J = 17.2 Hz, 1H), 3.22 (m, 2H), 2.89 (d, J =

F Representative Compound 12 (6b{1,7}): *H NMR (400 MHz, CDCls)
3 8.50 (s, 1H), 7.39 (m, 3H), 6.98 (t, J = 8.4 Hz, 2H), 6.30 (m, 5H), 6.05
HN o
t‘ = = = =
\N/NWNCN&A@ (dd,J=9.8 Hz,J =4.3 Hz, 1H), 5.13 (t, J = 6.7 Hz, 1H), 4.77 (d, J = 15.3
Y (¢}
o = NH O o Hz, 1H), 4.36 (d, J = 15.7 Hz, 1H), 3.89 (d, J = 17.2 Hz, 1H), 3.70 (m,
e,
H H

13.3 Hz, 4H), 2.53 (s, 3H), 2.46 (s, 3H), 2.06 (s, 4H), 1.86 (dd, J = 13.9 Hz, J = 6.8 Hz, 2H), 1.64 (m,
2H), 1.44 (s, 6H); *C NMR (100 MHz, CDCls)  166.6, 163.4, 160.4, 158.7, 158.0, 156.3, 149.1, 143.0,
138.4, 133.67, 133.64 (d, 3Jcr = 3 Hz), 133.2, 132.3, 124.6, 121.43, 121.35 (d, 2Jcr = 8.3 Hz), 117.5,
115.81, 11559 (d, YJcr = 22.8 Hz), 110.7, 109.6, 86.4, 59.1, 55.8, 50.6, 46.0, 43.3, 43.1, 40.7, 29.8,
29.5,28.7, 25.7, 19.3, 18.0, 14.3, 12.6; HRMS (ESI) m/z calcd for CssHasFNsO7S+ [M+H]*: 753.3189,

Found: 753.3148.

Crude LC-MS data Mass spectrum
2 RT:11.95 pL: 753.67
MH: 53445 p.ooEd 190 F
SN: 6 Total Scan a0
: PDA T3x7
60000 i
HN (o]
— RT:12.79 L 1o
2 MH: 5981 1745 18.45 19.94 £ SNTNINNO
=S SN 1RMS g H(Nvg W
20000 6.80 9.54 976 2 50 ree° o
257 416 519 2 \L NH o
e e e e B & NN
0 2 4 6 3 10 12 14 16 18 20 30 sb(t.7)
Time (min) 20 Exact Mass: 752.3116
Molecular Weight: 752.8634
10
224.26 336.44 447.43 49919 63361 736.89 826.79 881.16 983.87

T T ] 2L o e e o 2 e T T T T T
200 300 400 500 600 700 800 900
miz
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Crude 'H NMR

-
o
1

0.9

0.8

0.7

o
o

o
>

0.3

0.2

0.1

Normalized Intensity
. o . ;
(5]
Y PR FETTY PN TTRY FRPY FRTTY FPTIN DPPPE FTRY PPN PYUSY FTTY POPIY FOTIN VPN TRV IRTRTITTT R

IREP_Crude_1HNMR_Arg_500MHz_KC_REPRESENTATIVE_COMPOUND_6_ARG_1H_CDCL3_500MHZ_140808.esp

N L

Chiral HPLC

9 8 7

o

5 4 3 2 1
Chemical Shift (ppm)

DAD1 D, Sig=230,16 Ref=380,100 (KOWREP_ARG DLIREP_ARG D)

maU
&00
600
400
200 £
=)
o )
T T T T v - T T T T—T T T T T T — —
1] 2 4 1 & 10 12 14 16
gCosY
|
Sample #3, Operator: sbpark ‘ J'
Relax. delay 1.000 sec L Ac A . | PP DR U Al .
Acq. time 0.150 sec |
Width  4340.3 Hz Fl |
2D Width 4340.3 Hz :
Single scan | (ppm);|
128 increments “ 0
OBSERVE  H1, 399.7565053 MHz ]
DATA PROCESSING | 1
8q. sine bell 0.075 sec \ 1 |
F1 DATA PROCESSING = | %
8q. sine bell 0.029 sec i ——— 1 o
FT size 2048 x 2048 3 | %
Total time 3 min 10 sec —d 2-|
. ! i
,“ 3 | o -
3 . s
5 1 ] 2
1 | =) i
b ’ LI
k| LI
5 .
i
|
) 6| -
J \ .
7] 7 e
. o .
8
~ .
9]
9 8 7 6 - 4 i
F2 (ppm)
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7. Representative compound 13 (6d{3,2})

Representative Compound 13 (6d{,3,2}): *H NMR (400 MHz, CDCls) 5 8.71

O 1. (s, 1H), 8.11 (d, J = 8.2 Hz, 1H), 7.35 (m, 11H), 7.15 (t, J = 8 Hz, 2H), 6.11
\f
NI (dd, J = 9.4 Hz, J = 5.1 Hz, 1H), 5.05 (d, J = 7 Hz, 1H), 4.63 (d, J = 14.5 Hz,
P
SOT ps ° 1H), 4.55 (d, J = 14.5 Hz, 1H), 3.49 (m, 2H), 3.43, (m, 1H), 3.00 (d, J = 16.8

Hz, 1H), 2.45 (s, 3H), 2.35 (m, 1H), 1.15 (d, J = 6.7 Hz, 3H), 1.03 (d, J = 7 Hz, 3H); *C NMR (100
MHz, CDCls) § 166.6, 163.0, 153.3, 138.6, 136.0, 134.9, 132.3, 129.9, 129.4, 129.0, 128.9, 128.7, 128.4,
128.04, 128.00, 123.8, 119.8, 59.7, 55.3, 50.5, 50.2, 45.5, 32.2, 20.1, 20.0; LRMS (ESI) m/z calcd for

CsoH3sNsO3+ [M+H]": 512.26, Found: 512.29.

Crude LC-MS data Mass spectrum
RT- 1338 . 51229
MH 376324
Shk19rns
400000
O HN (o]
300000 \’TH
RT- 1407 Nup wﬂ,(\@
200000 :
3 MH: 53908 krvago
Sk drmz o A
100000 1530 S
287 g7 85 8an 1133 1254 s X iss 6d(3,2)
142 y 64 514 B PR L - Exact Mass: 511.2583
E|||||||||||||||||||||||||||||||||||||||| Molecular Weight: 511.6260
a 2 [ 5 g 10 12 14 16 18 539
Time (min)
56424 64500 72179 83576 90281 97973

&0 700 600 800 1000
miz

Crude 'H NMR
1.04REP_Crude_1HNMR_ValBP_500MHz_KC_LIBRARY_REP_VAL_CRUDE_140930_1H_CDCL3.esp

0.9

0.8

0.7

o
=)
1

Normalized Intensity
o
w
1

o
kN
1

o
w
1

o
N
1

o
-
1

[
|

9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)
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Chiral HPLC

DAL B, Sig=254,16 Rel=250 100 (ROANFER_vAL D)

i L

A 7

4453
00

3088

12585

5

gCcosy

Sample #5, Operator: sbpark u‘ JI
Lo E B 1 SO Do e Tl T R | IO
Relax. delay 1.000 sec

Acqg. time 0.150 sec | i
Width  4496.4 Hz F1

2D Width 4496.4 Hz

Single scan

’
128 increments —2 1 - I
OBSERVE  H1, 399.7565053 MHz N *

DATA PROCESSING | *

Sq. sine bell 0.075 sec 2 s

F1 DATA PROCESSING 2
Sq. sine bell 0.028 sec
FT size 2048 x 2048

LA
-
-

Total time 3 min 10 sec “
= 3I ..
|
< ] - =
1 4
4
j L]
= 5 "
!
[
) 61
- % 3l
27—

C
;]

o TR T A T 1T, PRI SRR P (L 7 53 G L £ LA 7 5 bt 7 (o o

8 ) 6 5 4 3 2 1
F2 (ppm)
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8. Representative compound 14 (6a{3,5})

Representative Compound 14 (6a{3,5}): 'H NMR (400 MHz, CDCls;) §
7.33 (m, 6H), 7.23 (m, 4H), 7.00 (d, J = 8.2 Hz, 2H), 6.73 (t, J = 5.9 Hz, 1H),
6.64 (d, J = 8.2 Hz, 2H), 5.49 (dd, J = 10.6 Hz, J = 4.3 Hz, 1H), 5.36 (t, J =
5.7 Hz, 1H), 4.87 (d, J = 14.5 Hz, 1H), 4.45 (m, 2H), 4.3 (m, 1H), 3.49 (m,

QOH 2H), 3.37 (d, J = 5.5 Hz, 2H), 3.31 (dd, J = 11.7 Hz, J = 4.3 Hz, 1H), 3.16 (d,

J=16.8 Hz, 1H), 2.68 (s, 3H); *C NMR (100 MHz, CDCls) & 166.4, 162.7, 156.2, 155.7, 138.7, 135.7,

130.7,129.0, 128.2, 127.7, 127.0, 115.8, 80.4, 56.9, 55.5, 50.7, 50.6, 45.7, 44.3, 35.9; LRMS (ESI) m/z

calcd for C9H32NsOs+ [M+H]*: 514.24, Found: 514.06.

Crude LC-MS data

100

" RT: 847 ML @ 3

mWH 45307 £ ME4 3

s Tolel Scan - s0 ]

50000 s :
Fegp_10_T ™3

40000 " RN
159y 17.43 1842 1953 £ e

— 30000 RT 9435 M == L
- MH: 2763 _,—"- ? =0 .
20000 Sht ODrms . : :
- N o w0

e 2 1

10000 783 e g3
15z 209 73 d

0 T S T T T R R oS B A , ]

m3

] ) 4 [ 8 0 1 14 16 18 20 ]

Tire [min) 103

od

It

Mass spectrum

19207 23503 zangg 44717

6a{3,5}
Exact Mass: 513.2376
_ Molecular Weight: 513.5980

5557 63333 75111 79783 81552 56124
LI B o o

Crude 'H NMR

1.0JREP_Crude_1HNMR_TYR_500MHz_KC_LIBRARY_YTYR_CRUDENMR_140416_1H.esp

Normalized Intensity
o
o
1

10 9 8 7 6 5 4
Chemical Shift (ppm)
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Chrial HPLC

DaDl D) Sig=230 16 Rer=360 100 (FATUNGCH=1WC_YTYR.D)

mAL
00
[
200
100 s 2
1 F
o i
T T T T T T
1] an 20 a0 40 a0 B0 _mif
gCosY
Sample #3, Operator: sbpark AL |
) 0,5 |, S VB ) 8 A ) SRS S S 71
Relax. delay 1.000 sec % e e e s s
Acq. time 0.150 sec |
Width  4882.8 Hz F1 ]
2D Width 4882.8 Hz (ppm)
Single scan
128 increments 3 1 L4
OBSERVE Hl, 399.7565053 MHz ] »
DATA PROCESSING 1 g
Sq. sine bell 0.075 sec |
F1 DATA PROCESSING | [
Sq. sine bell 0.026 sec | 2 |
FT size 2048 x 2048 {
Total time 3 min 10 sec
== L]
I3
= { -
] s £
g
- e
= ° e
| g
1 =
‘4’ . o
[
6
= LAl o=
_‘ 7 - L
= =
R T T
7 6 4 3 1
F2 (ppm)
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IV. Principal Component Analysis (PCA) of pyrazinotriazinedione library

PCA was performed against 162 independent molecules using 8 major molecular descriptors [molecular
weight, topological PSA, 2D VDW volume, 2D VSA hydrophobic surface, 2D VSA polar surface, 2D
VSA Hbond donors, 2D VSA Hbond acceptors, AlogP98 value]. Molecular descriptors were calculated
using PreADMET 2.0 software [BMDRC, Seoul, Korea] and PCA was executed using SAS 9.3 software
[SAS Institute Inc., Cary, NC, USA]. Three principal components (Prinl, Prin2, and Prin3) represent
99.6% of the total variance in molecular descriptors. Prinl factor, which explains 95.9% of the total
variance, is mainly constituted by molecular weight (MW), 2D van der Waals (VDW) volume and
AlogP98 value. Prin2 factor, which explains 3.0% of the total variance, is influenced by topological
polar surface area (PSA), 2D van der Waals (VDW) polar surface, 2D van der Waals surface area (VSA)
Hbond donors and 2D van der Waals surface area (VSA) Hbond acceptors. Prin3 factor, accounting for
0.6% of the total variance, includes topological polar surface area and 2D VSA hydrophobic. The

eigenvalues of the covariance matrix and eigenvectors are presented in Table S1 and S2, respectively.

Table S1. Eigenvalues of the covariance matrix

Eigenvalues of the covariance matrix
Eigenvalue Difference Proportion Cumulative
Prin1 20356.7478 19711.3138 0.9590 0.9590
Prin 2 645.4338 514.3846 0.0304 0.9894
Prin 3 131.0492 52.9487 0.0062 0.9955

Table S2. Eigenvectors in principal component analysis

Eigenvectors

Prinl Prin2 Prin3

Molecular_weight 0.671133 | 0.158384 | -.597872
Topological_PSA 0.189649 | 0.580146 | 0.494505
2D_VDW_volume 0.565977 | -.131462 | 0.056570

2D_VSA_hydrophobic 0.403183 | -581978 | 0.565279

2D_VSA_polar 0.143184 | 0.421638 | 0.237825
S27




Eigenvectors

Prinl Prin2 Prin3

2D_VSA_Hbond_donor 0.076611 | 0.251406 | 0.097630

2D_VSA Hbond_acceptor | 0.065710 | 0.201759 | 0.093448

AlogP98_value 0.006236 | -.025961 | -.021187

Fig S2. (A) 3-D visualization of chemical space of tetra-substituted pyrazinotriazinedione library
differentiated by Ri substituents. (B) 3-D visualization of chemical space differentiated by R»
substituents (C) 3-D visualization of chemical space differentiated by Rs substituents (D) 3-D
visualization of chemical space differentiated by R4 substituents [PreADMET, Vcont Interface, SAS 9.3,

Spotfire Decision site]

(A) (B)

(©) il T (D)
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V1. Copies of *H and *C NMR spectra

1. Acid coupling partners
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VIl. PDA-based LC/MS analysis data for library compounds
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VIIl. FRET Imaging

FIG S3. FRET Imaging. Captured fluorescent images within HEK293T cells expressing both LRS-
CFP and RagD-YFP (first low), LRS-CFP (second low) and RagD-YFP (third low). Images captured
with CFP/CFP (first column), YFP/YFP (second column) and CFP/YFP channel filter sets are shown

(excitation/emission). Scale bar, 20 pm.
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IX. Experimental procedure for biological assay

Cell culture

HEK?293T cells were obtained from American Type Culture Collection [ATCC, Manassas, VA, USA].
HEK?293T cell lines were cultured in DMEM [GIBCO, Invitrogen] supplemented with heat-inactivated
10% (v/v) fetal bovine serum [GIBCO, Invitrogen] and 1% (v/v) antibiotic-antimycotic solution
[GIBCO, Invitrogen]. Cells were maintained in a humidified atmosphere of 5% CO; incubator at 37 °C,
and cultured in 100 mm cell culture dish [CORNING].

ELISA-based assay

His-tag-LRS diluted with carbonate buffer (100 mM, pH 9.6) at the 0.5 ng/uL concentration and
distribute the solution to each well of the half-bottom 96 well clear plate [CORNING, #3690]. Incubate
overnight at 4 °C (covered) and remove the coating solution and wash three times with PBST. After
blocking step (2 h, 5% BSA in PBS), each well was treated with each B-turn mimetic library member
and GST-tagged RagD simultaneously for 3 hours. (GST protein was used for negative control.) Diluted
GST antibody in PBS was added to each well and incubate at room temperature for 1 h. After washing
with PBST, the enzyme-conjugated secondary antibody was treated and incubated at room temperature
for 1 h. For developing, TMB was added to each well. Color should develop in positive wells (blue).

The reaction was stopped with stopping reagent, HsPO4, and absorbance read later at 450 nm.

Leucine Starvation
For leucine depletion, cells were rinsed with leucine-free DMEM twice, incubated in leucine-free
DMEM for 60 min and replaced with and incubated in DMEM.

Western blotting

HEK293T cells were seeded on 6-well plate and incubated in 5% CO- incubator at 37 °C overnight.
HEK293T cells were starved for leucine for 1 h and treated with compounds in leucine-deprived
condition. Cells were washed by PBS and harvested. Cell lysates were obtained by 30 min treatment
with RIPA cell lysis buffer containing protease inhibitors and phosphatase inhibitors at ice. After the
centrifugation of cell lysates at 15,000 rpm and 4 °C for 30 min, the protein concentration in the
supernatant was measured by BCA assay. The resulting proteome were analyzed by SDS-PAGE and
transferred into PVDF membrane, followed by 2% BSA blocking in TBST over 1 h. The samples were
subjected to western blotting to detect the S6K1, phospho-S6K1 (T389) or GAPDH with specific
primary antibodies, e.g. anti-S6K1 and anti-phopho-S6K1 (T389) [Abcam], GAPDH [Cell Signaling

Technology] antibodies for overnight at 4 °C, followed by washing with TBST for 1 h. The resulting
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membrane was exposed into HRP-conjugated secondary antibody for 1 h at room temperature. After
washing with TBST, the membrane was developed by ECL prime solution [GE healthcare] and the
chemiluminescent signal was measured by ChemiDoc™ MP imaging system.

FRET imaging experiment and analysis

We carried out FRET imaging with DeltaVision Elite imaging system [GE healthcare]. For maintaining
live cell condition during experiment, imaging was performed in a CO; supporting chamber along with
an objective air heater. HEK293T cells were transfected with LRS-CFP (Condition 1), RagD-YFP
(Condition 2) and both LRS-CFP and RagD-YFP (Condition 3). Condition 1 & 2 were for calculating
crosstalk and condition 3 was for FRET analysis. Images captured with CFP/CFP, YFP/YFP and
CFP/YFP filter sets (excitation/emission) and 60x scale. Excitation filter; 438/24 nm and Emission filter
475/24 nm for CFP; Excitation filter: 513/17 nm and Emission filter: 548/22 nm for YFP. In each
experiment, images of randomly selected 4 or 5 different cells per individual condition were taken at
10-min intervals over 3.5 h. Ultimate focusing module was operated before imaging during whole
imaging process. Compounds were treated in 30 min after live cell imaging. Out of focus light is
digitally removed using the SoftWorks deconvolution software. FRET analysis controlled by
DeltaVision SoftWorks using the SoftWorks tool “FRET analysis” for excluding false-positive signal
such as CFP crosstalk and YFP crosstalk. Using ‘FRET analysis’ tool, extract crosstalk information
from condition 2 & 3. (CFP crosstalk was extracted from condition 2 on whole time point images and
YFP crosstalk was extracted from condition 3 on whole time point images.) Net FRET images were
developed by applying each crosstalk extracted from each time point. Calculate FRET efficiency within
region of interest of developed Net FRET images. Finally, FRET efficiency was converted to FRET
efficiency ratio by level at 30 min as a standard. The quantified data are the mean measurements from

3 independent experiments.
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