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Selectivity Tests. A 10 uyM solution of probe in 20 mM PBS (pH 7.4) was prepared by diluting a
10 mM DMSO stock solution of probe into pre-warmed PBS (37 °C) in a 1-cm x 1-cm quartz
cuvette. The analyte of interest was added to the cuvette to bring the concentration to 100 uM
(unless otherwise specified), vigorously mixed with a pipette, and then a t=0 timepoint was
collected. The cuvette was incubated in a 37 °C water bath throughout the course of the

experiment. Emission spectra were taken at t = 0, 20, 45, 60, 90, and 120 min.

FA: 10 pL of a 10 mM stock solution in Milli-Q water (prepared on the same day by
diluting 7.5 yL commercial wt. 37% FA solution with 1 mL Milli-Q water, followed by
another dilution of 100 uL of the resulting solution in 900 pL Milli-Q water) was added to
990 uL of 10 uM solution of probe in PBS.

Acetaldehyde: 10 uL of a 10 mM stock solution in Milli-Q water (prepared on the same
day by diluting 2.8 uL acetaldehyde with 5 mL Milli-Q water) was added to 990 uL of 10
MM solution of probe in PBS.

Glucose: 10 pL of a 1 M stock solution in Milli-Q water (prepared on the same day by
dissolving 180 mg of glucose in 10 mL Milli-Q water) was added to 990 pL of 10 pM
solution of probe in PBS.

4-hydroxynonenal (4-HNE): 1.56 yL of a commercial stock solution of 4-HNE in EtOH
was added to 998.4 uL of 10 uM solution of probe in PBS.

Dehydroascorbate: 10 pL of a 10 mM stock solution in Milli-Q water (prepared on the
same day by dissolving 0.87 mg dehydroascorbate with 500 pyL of a 1:1 Milli-Q
water/DMSO solution) was added to 990 uL of 10 uM solution of probe in PBS.
Glucosone: 10 yL of a 10 mM stock solution in Milli-Q water (prepared on the same day
by dissolving 0.9 mg glucosone with 500 uL Milli-Q water) was added to 990 uL of 10 uM
solution of probe in PBS.

Pyruvate: 10 yL of a 10 mM stock solution in Milli-Q water (prepared on the same day
by dissolving 11 mg sodium pyruvate in with 10 mL Milli-Q water) was added to 990 uL
of 10 uM solution of probe in PBS.

Oxaloacetate: 10 uL of a 10 mM stock solution in Milli-Q water (prepared on the same
day by dissolving 15 mg oxaloacetic acid in 11.35 mL Milli-Q water) was added to 990
uL of 10 uM solution of probe in PBS.

Acrolein: 10 pL of a 10 mM stock solution in Milli-Q water (prepared on the same day by
diluting 3.7 pL acrolein with 5 mL Milli-Q water) was added to 990 uL of 10 uM solution
of probe in PBS.
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Methylglyoxal: 10 puL of a 10 mM stock solution in Milli-Q water (prepared on the same
day by diluting 7.7 pyL methylglyoxal with 5 mL Milli-Q water) was added to 990 uL of 10
MM solution of probe in PBS.

Hydrogen peroxide: 10 puL of a 10 mM stock solution in Milli-Q water (prepared on the
same day by diluting 10.2 yL commercial 9.8 M H,O, with 10 mL Milli-Q water) was
added to 990 uL of 10 uM solution of probe in PBS.

Glutathione: Prior to the experiment, all buffers and stocks were deoxygenated by
bubbling a stream of nitrogen gas for 30 minutes. 50 pyL of a 10 mM stock solution in
PBS water (prepared on the same day by dissolving 615 mg glutathione with
deoxygenated PBS, and then adjusting the pH by 1 M NaOH addition for a total volume
of 20 mL) was added to 950 uL of 10 uM solution of probe in deoxygenated PBS. For
the 2 h experiment, the reaction contents were capped from the air using a screw-top

cuvette.

CRISPR/Cas9-mediated gene disruption of ADH5 in HAP1 cells. Guide sequences (see
Table 1) were cloned into pX461 vectors.' HAP1 cells were transfected with Turbofection 8.0

(Origene). Two days post-transfection, GFP-positive cells were single-cell sorted in 96-well

plates containing medium supplemented with 20 % fetal calf serum, using a MoFlo cell sorter

(Beckman-Coulter). After 14 days of incubation at 37 °C, individual clones were analyzed for
expression of ADH5 by Western blotting. The targeted locus was subjected to Sanger

sequencing (GATC). Table 2 contains the primers used to amplify the locus by PCR.

Table 1: Guide sequences

Targeting sequence Top oligo Bottom oligo
ADHS 3 fwd® CGCAGTGGCAATGATC  CACCGCGCAGTGGCAATGAT AAACGATAGATCATTGCCAC
W TATCAGG CTATC TGCGC
ADHS 3 5o CCTGAGTGGAGCTGAT  CACCGCTGAGTGGAGCTGAT AAACTCAGGATCAGCTCCAC
-F% CCTGAGG CCTGA TCAGC

Table 2: Primers used to amplify the locus

Gene Exon Fwd primer Rev primer
ADHS5 3 TGTTTTGCACACAGGCGATG TGTGCTTCCCAGATGAGGAA

Western blotting. HAP1 cells were lysed for 30 min on ice in RIPA buffer (Thermo

Fisher Scientific), including protease inhibitor cocktail (Roche) and phosphatase

inhibitor cocktail (Roche). Protein samples were run on a 4-12 % Bis-Tris gel (Thermo

Fisher Scientific) and transferred to a 0.45 pym nitrocellulose membrane. Membranes
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were blotted with antibodies against ADH5® and B-actin (Millipore, clone C4,
MAB1501R).

Flow Cytometry. Flow cytometry experiments were performed with BD LSR Fortessa Cell
Analyzer in the College of Chemistry at UC Berkeley or a BD LSR Fortessa X20 Cell Analyzer in
the Flow Cytometry Facility at UC Berkeley. Unless otherwise stated, cells were plated in a
12-well polystyrene culture plate (Corning) and allowed to grow to the same confluence
as in the corresponding confocal experiment. Gains were set to include live cells based on
viability experiments using propidium iodide or Sytox Red exclusion (Figure S14). The standard
filter set FITC-A (505 nm longpass, 530/30 nm bandpass) was used for FAP488 and PE-A (570
nm longpass, 586/15 nm bandpass) for FAP555 and FAP573. For each biological replicate,
three technical replicates of 10,000 cells were counted for HEK293T experiments (Figures S11-
$13) and three technical replicates of 5,000 cells were counted for HAP-1 experiments (Figures

817 and S19). Flow cytometry data was processed using FlowJo (FlowJo, LLC).
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Supplemental Figures
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Figure S1. (a—c) Fluorescence response of 6 to varying concentrations of FA. Data was
acquired in 20 mM PBS (pH 7.4) at 37 °C. Emission was collected between 500—650 nm (Aex =
488 nm). Lines represent time points taken at 0, 30, 60, 90, and 120 min after addition of (a) 0
MM, (b), 100 uM, (c) 1 mM FA. (d) Time dependent fluorescence response of 6 to 1 mM FA
before saturation kinetics were observed.
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Figure S2. (a—c) Fluorescence response of 9 to varying concentrations of FA. Data was
acquired in 20 mM PBS (pH 7.4) at 37 °C. Emission was collected between 495-645 nm (Aey =
488 nm). Lines represent time points taken at 0, 30, 60, 90, and 120 min after addition of (a) 0
MM, (b), 100 uM, (c) 1 mM FA. (d) Time dependent fluorescence response of 9 to 1 mM FA
before saturation kinetics were observed.
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Figure S3. (a—c) Fluorescence response of 10 to varying concentrations of FA. Data was
acquired in 20 mM PBS (pH 7.4) at 37 °C. Emission was collected between 500-650 nm (A =
488 nm). Lines represent time points taken at 0, 30, 60, 90, and 120 min after addition of (a) 0
MM, (b), 100 uM, (¢) 1 mM FA. (d) Time dependent fluorescence response of 10 to 1 mM FA
before saturation kinetics were observed.
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Figure S4. (a—c) Fluorescence response of 14 to varying concentrations of FA. Data was
acquired in 20 mM PBS (pH 7.4) at 37 °C. Emission was collected between 500-650 nm (e =
488 nm). Lines represent time points taken at 0, 30, 60, 90, and 120 min after addition of (a) 0
MM, (b), 100 uM, (¢) 1 mM FA. (d) Time dependent fluorescence response of 14 to 1 mM FA
before saturation kinetics were observed.
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Figure S5. (a—c) Fluorescence response of 17 to varying concentrations of FA. Data was
acquired in 20 mM PBS (pH 7.4) at 37 °C. Emission was collected between 500-600 nm (A =
488 nm). Lines represent time points taken at 0, 30, 60, 90, and 120 min after addition of (a) 0
MM, (b), 100 uM, (c) 1 mM FA. (d) Time dependent fluorescence response of 17 to 1 mM FA
before saturation kinetics were observed.

S9



| NH,

(b)

=0 min

=15 min

Relative Emission

(FAP488)
(a) 16
&y
()

540 560
Wavelength (nm)

580

600

—_
[=}
-

Relative Emission

540 560
Wavelength (nm)

=0 min

580

Relative Fluorescence @ 511 nm

600

12

10

30

20

10

=0 min

—15 min

=30 min

500 520 540 560 580 600
Wavelength (nm)
y = 0.5289 + 1.4091 S
R?=0.99813
0 10 20 30 40 50
time (min)

Figure S6. (a—c) Fluorescence response of FAP488 to varying concentrations of FA. Data was
acquired in 20 mM PBS (pH 7.4) at 37 °C. Emission was collected between 500-650 nm (e =
488 nm). Lines represent time points taken at 0, 30, 60, 90, and 120 min after addition of (a) 0
MM, (b), 100 pM, (c) 1 mM FA. (d) Time dependent fluorescence response of FAP488 to 1 mM

FA before saturation kinetics were observed.
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Figure S7. Probe in vitro Limit of Detection. 999 uL of a 10 uM solution of (a) FAP385, (b)
FAP498, (c) FAP555 or (d) FAP573 in 20 mM PBS buffer (pH 7.4) was prepared by adding 1
ML of a 10 mM stock of probe in DMSO to 998 uL PBS buffer in a 1-cm x 1-cm quartz cuvette. 1
ML of a FA stock solution (either 10 mM or 5 mM, prepared on the same day by diluting
commercial 37 wt % FA solution in Milli-Q water) or 1 yL PBS was added (final concentration
10, 5, or 0 uM FA), and mixed by vigorous pipetting. The cuvette was placed in a 37 °C water
bath, and emission spectra were collected after 120 minutes. Statistical analysis of three
replicates using the software, R, was performed using a one-way ANOVA with a Bonferroni
correction. * P < 5E-3.

S11



12

—_
D
-~
N

o
o

Rel. Emission Intensity
o o
EN ()]

o
o
[ ]

o

(c) 12

10 20 30 40 50 60 70 80
Time (min)

N

<
[

Rel. Emission Intensity
o o
n )]

o
N

0
0 10 20 30 40 50 60 70 80

Time (min)
(o) 12
1 . @
go 8 L
506 '."
2
£ 4
Woa '
g |7
02 &
s
J

0
0 10 20 30 40 50 60 70 80 90

Time (min)

(b)

)

I(t) -I(max)
I(t,) - I(max)

{

(d)

)

I(t) -I(max)
I(t,) - I(max)

{

)

I(t) -I(max)
I(t,) - I(max)

{

-12

-14
-16

l....'n.
0,
g
"o,
‘...
‘e,
‘®.
.
o,
y =-0.0007x +0.0289 *
R2=0.9989 "o
500 1000 1500 2000
Time (sec)
g,
",
‘.
o,
.,
.
.,
.,
-
y=-0.0008x +0.0229
R2=0.99864
°
500 1000 1500 2000
Time (sec)
b
L)
S
L
o,
o..‘.
%o
0

y=-0.0008x +0.0349 ®-

R2=0.99732

500 1000

Time (sec)

1500

2000

Figure S8. (a) Kinetic profile of 10 yM FAP488 reacting with 5 mM FA monitored at 515 nm.
The reaction was carried out at 37 °C in PBS buffer (pH 7.4). (b) Linearized integrated rate law
assuming pseudo first order kinetics. Bimolecular rate constant (linearized integrated rate

law/[FA]): kobs=

0.14 £ 0.01 M s7". (c) Kinetic profile of 10 uM FAP555 reacting with 5 mM FA

monitored at 572 nm. The reaction was carried out at 37 °C in PBS buffer (pH 7.4). (d)
Linearized integrated rate law assuming pseudo first order kinetics. Bimolecular rate constant
(linearized integrated rate law/[FA]): kows= 0.16 + 0.01 M™" s™". (e) Kinetic profile of 10 uM
FAP573 reacting with 5 mM FA monitored at 585 nm. The reaction was carried out at 37 °C in
PBS buffer (pH 7.4). (f) Linearized integrated rate law assuming pseudo first order kinetics.
Bimolecular rate constant (linearized integrated rate law/[FA]): kops= 0.16 £ 0.02 M~' s7".
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Figure S9. Aldehyde fluorescence turn-on competition experiment. 980 uL of a 10 uM solution
of FAP573 in 20 mM PBS buffer (pH 7.4) was prepared by adding 1 yL of a 10 mM stock of
probe in DMSO to 979 uL PBS buffer in a 1-cm x 1-cm quartz cuvette. 10 pyL of an aldehyde
stock solution (final concentration 100 uM) was added, followed by 10 pyL of a FA stock solution
(final concentration 100 uM) and mixed by vigorous pipetting. The cuvette was placed in a 37 °C
water bath, and emission spectra were collected after 120 minutes. Legend: (1) acrolein, (2)
methylglyoxal, (3) acetaldehyde, (4) 4-hydroxynonenal, (5) glucosone, (6) oxaloacetate.
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Figure S$10. Confocal microscopy images of FAP385 in response to exogenous FA addition in
HEK293T cells. Cells were treated with 10 uM FAP385 in BSS buffer for 30 minutes, exchanged
into fresh buffer, and then treated with (a) vehicle, (b) 200, (c) 500, or (d) 1000 uM FA. Images
were taken after 60 min. (e) Bright field image of cells in (d) overlaid with 1 yM Hoechst 33342.
(f) Mean fluorescent intensities of cells in (a)-(d) 60 min after addition of FA relative to mean
fluorescence intensity before addition of vehicle or FA; error bars denote SEM (n=3).
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Figure S11. Representative experiment for flow cytometry of FAP498 in response to exogenous
FA (for summary of three technical replicates see Figure S19). HEK293T cells were plated in a
12-well polystyrene culture plate (Corning) and allowed to grow to the same confluence as in
the corresponding confocal experiment. The cells were incubated with (a) 0, (b) 200, (c) 500, or
(d) 1000 uM FA in BSS buffer at 37 °C for 60 min.
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Figure S12. Representative experiment for flow cytometry of FAP555 in response to exogenous
FA (for summary of three technical replicates see Figure S19). HEK293T cells were plated in a
12-well polystyrene culture plate (Corning) and allowed to grow to the same confluence as in
the corresponding confocal experiment. The cells were incubated with (a) 0, (b) 200, (c) 500, or
(d) 1000 uM FA in BSS buffer at 37 °C for 60 min.
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Figure S13. Representative experiment for flow cytometry of FAP573 in response to exogenous
FA (for summary of three technical replicates see Figure S19). HEK293T cells were plated in a
12-well polystyrene culture plate (Corning) and allowed to grow to the same confluence as in
the corresponding confocal experiment. The cells were incubated with (a) 0, (b) 200, (c) 500, or
(d) 1000 uM FA in BSS buffer at 37 °C for 60 min.
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Figure S14. Cell viability experiment using flow cytometry with propidium iodide (Pl) (for
FAP488) or Sytox Red (for FAP555 and FAP573) staining. Cells were plated in a 6-well
polystyrene culture plate (Corning) and allowed to grow to the same confluence as in the
corresponding confocal experiment. The cells were treated as stated below, exchanged into 3
MM Pl or 5 uM Sytox Red in PBS buffer at 37 °C, incubated for 5 min, and then gently dislodged
and filtered into a 12x75 mm polysterene tube (Corning) fitted with 35 yum nylon mesh cap. (a)
HEK293T cells were incubated with 0, 200, 500, or 1000 uM FA in BSS buffer at 37 °C for 60
min, (b) MEF ADH3 KO cells and MEF WT cells were incubated with 100 or 0 yM FA in BSS
buffer at 37 °C for 60 min, (¢) HAP1 ADH3 KO cells and HAP1 WT cells were incubated with
100 or 0 uM FA in BSS buffer at 37 °C for 60 min, and (d) HEK293T cells were incubated with
10 uM probe (light gray) or 10 uM probe and 1 mM FA (dark gray) at 37 °C for 60 min.
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Figure S15. Disruption of ADH5 in HAP1. (a) Western blot analysis of ADH5 knockout clones in
HAP1 cells. (b) Targeted exon (red) and genetic changes of HAP1 ADH5 knockout clone.
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Figure S$16. Confocal microscopy images of FAP573 in response to FA metabolism in ADH5
KO (a,b) or WT (c,d) MEF cells. Cells were treated with 10 uM FAP573 for 30 min, exchanged
into fresh buffer, and then treated with vehicle (b,d) or 100 uM FA (a,c). Images were taken after
60 min. (e) Bright field image of (a) overlaid with 1 yM Hoechst 33342. (f) Mean fluorescence
intensities of cells in (a)-(d) 60 min after addition of FA relative to mean fluorescence intensity
before addition of vehicle or FA; error bars denote SEM (n=3). * P < 5E-3.

(a) Median (b) g Median (c) 1] Median (d) Median

= H = 60 _
204 =642 =888 =875 =974
30
40 “
E 2 E £
8 8 i m 8
10 2041 20
104
O gy 0l ey ok T T a9 T L) T 4 b — e
100 o 1¢ 10t 1° 10° o 1 10t 1P 100 o 1 1t 1° 108 o 1 1t 1°
PE-A PE-A PE-A PE-A
@ % ®
40
40
30
7 E
£
E;
i o
10+ 10
0 N ; 9 T T
102 108 12 1

Figure S17. Representative experiment for flow cytometry of FAP573 in response to exogenous
FA in an ADH5 KO model (for summary of three technical replicates see Figure $S19). HAP1 WT
or ADH5 KO cells were plated in a 12-well polystyrene culture plate (Corning) and allowed to
grow to the same confluence as in the corresponding confocal experiment. The KO cells were
then incubated with (a) 0 uM or (b) 100 uM FA, in BSS buffer at 37 °C for 60 min and the WT
cells were incubated with (c) O uM or (d) 100 uM FA, in BSS buffer at 37 °C for 60 min. (e)
Smooth data overlay of data in (a) and (b). (f) Smooth data overlay of data in (c) and (d).
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concentrations of FA in HEK293T cells, and (d) response of FAP573 to 100 uM FA or 0 uM FA
in WT or ADH5 KO HAP1 cells. Statistical analysis of three replicates using the software, R,
was performed using a one-way ANOVA with a Bonferroni correction. * P < 5E-3, *** P < 5E-5.

S17



Copies of Spectra

LL'S
LIS

€'g
LG
s
or'g/
[
vLS
Us
s
s
8L
08's
08's
18'G
28's
€85
985

OH

Feoe

T:.N
£660
Feoe

Fozz

Foe
Foot

woo._\

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
1 (ppm)

9.5

1.0

STl—

651~
18’

£g1-\
981

VT~
oz’
syz—

oLy
m_..vV

TN
vEL~
et

8L~
08"

OTs

Feee
Fizz

Feez
Tose

Fuaz

Faz

Hv LL

Foe

Fooz

10 05

15

90 85 80 75 70 65 60

9.5

1.0

S18



L8'LZ~
ree—

v8Le—

Svvy—

5'99—

16°6LL—
Y0'8TL_
SO'0EL~

s0zeL—
16zeL”

60'SrL—

vyeoL—

OTs

Ll

40

130 120 110 100 90
1 (ppm)

140

180 170 160

190

LE1—

v0T—

8ET~
6€2”

68'€—
6Ly
_‘N&W
€Y

nr.m
m_‘.mw
°ws

6L'9
S.m/
§8'G~%
88'S
06'G
Sv'9
959
659\
SL9~
1097
26'9F
569
86'9
002
0L
v0'L
90°L
80°L

Feoe

Foos

Feoz

Tzoe

e

Feel
Foot

H/.
760
A oot
Teot

%No.w

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
1 (ppm)

9.5

S19



Sv'l—
mo.N/
vw.m\

LSC—
mm,w\

06'€
8EY
6EY

0£'G
0£'G
Zes
e
V'S
68 P

o]

6Z'L

@)

NH,

=

Fooe

Rpez
Feoz
€07

g6

Feoz

Foaz

Fie

Feu

Fau

0’
L0
660

60 655 50 45 40 35 30 25 20 15 10 05
1 (ppm)

6.5

7.0

75

95 90 85 80

.0

000
mvoW
800

80'L
\

€TL~

N
1917
o)
981/
e
nz/

sLe
LLe
8L€
v0's
S80S
S80S
80'G
60'S
60
60'G
ors
[25¢]
s

8L'S
om.mWr
18'S
89
€86
v8'G
S8'S
98'S
L8'G
68'G

JJ

TBSCI

OTBS

NH,

I

Flze

F80¢
Es8eT

9€T
0€C

M\wpw

Fe6l

Fsoz

Foou

40 35 30 25 20 15 10 05 00

45

5.0
1 (ppm)

90 85 80 75 70 65 6.0 55

9.5

S20



L00
800
600

cLo
€Lo
L
vS'L
95'L
09'L
9L
€9'L
89'L
69'L
0L~

eLL
Vil
SLL

e
6v'c

om,NV.
25T
v5'C

99T
LLe
08'c
1g'e
8'e
€8¢
a8'e
98¢
8¢
88'¢

L0'G
20's
z0's
¥0'G
S0'g
£0'S
L0'S
809
855
196
295
€95
79'G ]
796

99'G
19°6] \

St Sy S el

89°G
69
or's
zsd
8,97

Lo'8
208
£0'8”

708

50'8 ﬂ
90'8”

628
0e8]
Le'g
ze'8 |
€e'8]
ve'g’

Fo% -

/

/

/]

TBSCI

HN- NS

OTBS

Tecs

EEeg’e

% 18'¢

Froz

Fooz

Feoz

Feou

3960

Feoc
Froz

00 -05

0.5

20 15 10

25

3.0

60 55 50 45 40 35
1 (ppm)

6.5

7.0

75

8.0

85

9.0

95

Ty
STl
121
€L
26'L
S6°Lq
1614
002
0°CH
mm.ﬁ
8221
€82
GET
8E'Z
A\
fA=RA\
RN
iy
65T

v6'C—

T

(rF—

[eloh 7
mo.#/r
90v~t

oLy-f
N:wx
SL'y

10
905/
sy

Sv'a—
8v's
08's
vS's

95'G

YEL~
517
voo

S
€64~
96t/
628~
288

OTs

8€'L
L8c

o€l
80°L

LLT
€8T
80°L

Fooe

Wow.w

Feoz
Foot

61

Fooz
Fg6l

Fooz

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
1 (ppm)

9.5

1.0

S21



J

NMUWUWL

@)

=

oM

Teel

Fo
reze

Fiey

W el
L0L
H\ Ll

Evoe

W Le's

reoz
Fe6L

0.5

20 15 10

25

3.0

55 50 45 40 35
1 (ppm)

6.0

6.5

80 75 70

8.5

9.0

9.5

S80
wmdw
1480

GT'1L—

agl—
voz—
%€
57
svz/

68'€—

MN,Q
mN.vW
@y

9L's
m_\.mW
Lz’s

08's
€8S
78S
98'g

8
19

859

0990
9L~
8,9
6897

6’9 \W

¥4

I d A

669
Lo
€0°L
90,

80L

Feez
Foes

Foss

Fesv

Fisz

Fest

80 75 70 65 60 65 50 45 40 35 30 25 20 15 10 05
1 (ppm)

8.5

9.0

9.5

S22



Feee

_= F 68l

—= Fes

Ferz

Feeu

B Lz
12T
86

25 20 15 10 05

3.0

90 85 80 75 70 65 60 55 50 45 40 35
1 (ppm)

9.5

6Ll
08l
08'L
181
L
€8l
8l
a8l
98l
L8'L
8L
88l
we
1444
e
w'e
LvT
8v'e
8v'e

Le'e
Le'e
Le'e
or'e

Nq,mW
vr'e
69
1e
1ed
e
e
et
vre
see]
ose
8¢
6¢]
ow.&
z8e
0671
167
167
67
267
v67]
905
80'G |
80'G
60'G
ze’s
€25
€25
€25
vZ'S
vZ'S
vz
A
ozs
25
87
87
625
6L
6L
18
285
€8
v8'
98°G

OH

NH,Cl

Wmm._\

Feeil

=L
kol

WS.N

Feez

Fooz

Foou

05

35 30 25 20 15 1.0

4.0

4.5

90 85 80 75 70 65 60 55

9.5

1.0

1 (ppm)

S23



88l
06'11
614
€614
v0'Z24
x4
or'z
ov'zd
vy
V2
424 W
n@.m

69°€
ore
1L
[
68
ENa
h:j
8L
6L7
0z
[saa
a's W
oL's
o's
os
h_\.mA
815
815
615
615
075
075
075
€25
s ﬁ
PTG
sT's”

08'S
€8'S
v8'G
98'S

68'G~
144°)
Sv'9

G899
95’9
859

659
SL9~
99
8L'9 w

89°€ ﬁ

——

~

6,97
88'9-]
689
169
269
5691
96'91
86'9]
102
2021
50/
90/
g0z

OMe

Lo
L@
= Lo o
E687[ o
TN.N 0
e
LS
(]
Lw
o
= TE
Fooe| o
[ <«
== Feoz
L@
<
LS
v
= Lo
L@
[le]
uwm TVS
LS
©
B |w
60 ©
01
£cl
s19| o
2
Lw
~
LS
o)
L]
s

144
vee
9T
82T

0€'C
8v'C
05T
[4ckay]
1K4
99T
89T
09T

B69€E~
29"
£6'€—

oSy
rm.wv.

AN

1 (ppm)

(0]

@)

(@)

=

oot

Fez
Foel

Feel

Fool

ﬁow.m

Fesz

0.5

60 55 50 40 35 30 25 20 15 10
1 (ppm)

6.5

80 75 70

85

9.0

9.5

).0

S24



e e
e

e

vee

9T

922
87
622
622
6.7
18
€87
8¢
ere
Sv'e
are
ored
VAR

Ly'e ﬁ
87'€

67°€
85e |
65€
09°€
09e~{
Loe-T
29t

29¢€

LSy
€L'G
S1'G
GG
116
8L'G
2T5

226G

196~
€9'G

S9'G
S9'G
L9'S
89'G
69'g
0L'S
LLS
0g’L
LEL
L
€e’L
veL
Se'L
8E'L
or'L
WL

Feoz
Feos

160
€0l

Feoz
Foot

90°L
Loy

0.5

60 55 45 40 35 30 25 20 15 10
1 (ppm)

6.5

90 85 80 75 70

9.5

).0

28Ty
28
vEZ]
€24
ez
x4
A
8£°2

o'z
€21
ST
z8'e
wm.L .
g8'eq
98¢ ﬁ
8¢
18°€7
68°¢
101
€071
€07
0%+
boga !
207~
807~
os
o's
z's
LS
EL'S
LS
8L’
are’
€5°G
vo5-¥
55
95°S
1SS
65°S
69'S
09's
19'G
£9°G

8C'L
0g’L
L
9e'L

/
8eL
L

UL
eLL
1Z¥A
vLL

- el

5887

= Feoz

=il Fg60
== Fg60

ooz

== o0l

Fue

g8l

0.5

30 25 20 15 1.0

35

90 85 80 75 70 65 60 55
1 (ppm)

9.5

S25



LG1T—

80'8e—

9EVY
ww,wwv.

9299~
°TL9T

vL6Lll—
095zl
wo,mm_,V
89°/CL
08°LZL
89'8CL
86Tl
6ELEL
rozel \
V8'6€L
mw.vg\

OTs

Ph

180 170 160 150 140 130 120 110 100 90
1 (ppm)

190

)0

Ph

OMe

oLl

H/nw.w

8T
860
H\ 00'L

Fare
Fzol

FveL

Foot

060
160
00'L

160

=l
96'L

260

gl

b 6L
H/N@._\

0.5

35 30 25 20 15 1.0

4.0

85 80 75 70 65 60 55 50 45
1 (ppm)

9.0

9.5

1.0

S26



€0l
o'l

6Tl
29l
€9'L B —
v9'L

GOl
L9V
L9'L
691~
18l
€8l
g8l
98'L
88'L
69C—

19°¢
69°€
69°€
oLe
oLe
(725
e
e
€LE
vLe
GLE
oLe
LLe
8L¢

eL¢e
v0'S
0§
L0'S

88'S
16 mV
£6'-1
S6'S

,

ir)

S

N3

OH

Fszo
Fsue

Feot
Frol

Fueo

Fvoz

Froz

Foot

0.5

90 85 80 75 70 65 60 55 45 40 35 30 25 20 15 10
1 (ppm)

9.5

66'0—
eLl
vLL
9LV
8Ll
08'L~&
€8l
g8’
8L
68'L
06'L

801
N—.v/
N—.vV
145%
JA%%

167
106G\
2057
S0

18'S
€8'G~\L
§8'67
88'G

Tl
ver’

LI~
8LL

N3

OTs

509
E6S€

WQN

Eue

Fuze

Fsoz

Footl

661l

Fzoe

0.5

2.0 15 1.0

25

40 35 30

4.5

5.5

6.0

6.5

80 75 7.0

8.5

9.0

9.5

1 (ppm)

S27



SLLL
€9 FNW | o L
@ONNV — N ZUL— —

seee

Fiss

Fs8C

Wwil— —

L6°L
S9VE— 3 mm._./
voT
oz~ —
ve'av— - e
GL'e
F3 ne

i

Tm.m [

08'99~ R
L9 L o L
~

—_— 68— N
_\NAQ/

Ty —
vzv/

re8e

Fesu

I

90

L0'G L
ﬁ.mV —— Fsesl

100
1 (ppm)

sig/

10

oLpLL— _ c6's
o 86'G~\

ra 66'5 ~
20'9
. 85'9

799 N
E— 999t -
649
6,97
18'97
— 18'9"
06'9
2691
86'9-
66'9
202 L
v0°L] ()
90/ zZ
1041
80/ r
6040

130

S

140

:

I I/
o) o o)
900

OTs
150

160

N3
170

180

=
190

)0

0.5

45 40 35 30 25 20 15 1.0

1 (ppm)
S28

6.5

90 85 80 75 70

9.5

).0



€Cl—
Ly'l—

124
62T
LE'T
eT

€T
SeT
9eT
8€'T
6€T
e
ev'e

€6'e—

0%
95y
LSV—
82°G

9z'G

.

gl

g
[A)
[Axe]

vE'S
ge'g
€09
909~
8091
&9
90°L
80°L
80°
12
oA
eL'2]
sl'ed
s
8l/]
8L/
€21
€714
ST

NH,

)

)

)

=

OMe

LS
s8¢

Ev8¢C

Fest

=8LT

FoLl
Fsel
Foot

0L
€8T
vo'L
66'0

Fogz

75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
1 (ppm)

8.0

9.0 85

9.5

1.0

L—
or'L—

6L
Be/
002,

207
wo.N\
[4%4

sLe

0._0

CF3

Faz

Fuz

Foou

Fse0
Fosl

Fos0

4.0 35 3.0 25 2.0 1.5 1.0 0.5

4.5

8.5 8.0 7.5 7.0

9.0

S29



0._0

CF3

109
W e

wmw.m
%NO.N

Fool

o600

Fael

660

0.5

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 20 1.5 1.0

8.0

1 (ppm)

JU meb W

W/WNN
8€'S
H»wo.m
H/Nm.N

102

Lo
89'L
LUL

Fost

Fesu
Free

S0
00'L

€80
060

Ro60
Tém
Teaz

Foot

0.5

4.0 35 3.0 25 20 15 1.0

50 45
1 (ppm)

6.0 55

6.5

8.0 75 7.0

8.5

9.0

S30



€607
L0°LA
LU
[AN% ‘
AN
SULY
Fogg SULA

oy —
Fec AN

1.0

SlL—
9€l—

Ve
Feze
szl
6L
6L

H\mod

15

8g'L
[
2 L
Feoz jody
L
Foot ]
oL
601
£6'L]
G6'L]

96'L

867l

- 207

Fozs| © 2y
Bl 959 ‘
00°e) |
Fect z8e B -

8¢
v8'e

107
AN
607"

eT
wm.N\

2.0

AL

//ﬁﬂJ

25

L6CT—

Fogol

v
i

vre—
c9e—

35

96'e—

4.0

v

- T Fs60
e
S5v—"

98°¢
6L
X4
<y

80~ \
80/f ~— Wmo.u
or's

:.mu M \
AR

e1's o
) SLS

Foot, s _

su's
JAX<S
8Ls
96'S
86'S

ah 66'5
(2N Tool

|
)
g8
= o
T
4.5
<
@
[}
T

5.0
1 (ppm)

AR
[2A-I\
A
8T'G
88'S
065\
657
S6'S

55

Fooir

6.0

——m

CF3

Eseo

6.5

Fes0
90

/S

89
wm.w/
¢o.n/
eLL
JAYANS
Le°L
meV

ov'L
[S=pA
vS'L

7.0

€091
1€7 09
729
729
9,91
o 5891
g 889

© 88'9] o
689
€T/ \
ez
og/]
mmg

: A
2 ort]
Z

F0ro
Fezro

Frso

Firo

260

Foolf

7.5

v

S ———
S

O
85
N3

9.0

162
6]

9.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
1 (ppm)
S31

9.0

9.5



ccr
ouL
Ll
suL
ozl
L
85l
09'L
Ll
sl
6Lt
ozt
1y
Ty
£y
get
90'
60'
zl's
£l
L'
sl
oL'g
8L
ze's
96'
86'
86'G
009 w

—

z0'9
0e'9
ze'9
599
199
699
osof
19
19
)
sr9
usf
19
69
6r9
08'9

189

18'9 W

89—

8L/
6LL
0zt ﬂ
0z

8L
LEL
€EL
SEL
99,
99°L
L9°L
69L
(YA
€L L
98'L
8L
68'L
06’

——

m/oﬁw

86€
E09€
PL9€E

ﬁmm._\

Faz
Feez

Feo

Fool
Tm.v

90l
Evoe
Feee
EFol

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
1 (ppm)

9.5

).0

crl—
STl—
Wl—

L6'1
66l
Loe

e~

14%4
9Le
Le

/

J

I,

— FuS
FLoY

N3

Fele

- Tww.m

Fi6L

/

J

0.5

35 30 25 20 15 1.0

4.0

45

75 70 65

8.0

95 90 85

1.0

1 (ppm)

S32



- Fios
8e'l— — L Fiez|
807 L
EPAS S~ w ez
e _ )
ocz’/ N Fozi I
o L
oee .
58 T Ij Esvl|
\ 3 I
8T — S @) zZ —~< Fssu
1z'g r
sz's _
> T = [zl
£} (@) 8
68'
265 o
€6'57 S~ I = Fesu|
965/ zZ w
0e'9 y
lee — £96°0
08'9 F
o2 = = i
Mm.w \ — = whm.o r
ov'L— — um F160
we/ F
891~ — = Foot
ot

45 40 35 30 25 20 15 10 05

85 80 75 70 65 60 55 50
1 (ppm)
S33

9.0

9.5

1.0



Supplemental References:

1. Ran, F. A.; Hsu, P. D.; Wright, J.; Agarwala, V.; Scott, D. A.; Zhang, F. Nat Protoc. 2013, 8,
2281-2308.

2. Pontel, L. B.; Rosado, |. V.; Burgos-Barragan, G.; Garaycoechea, J. |.; Yu, R.; Arends, M. J.;
Chandrasekaran, G.; Broecker, V.; Wei, W.; Liu, L.; Swenberg, J. A.; Crossan, G. P.; Patel, K. J.
Mol. Cell 2015, 60, 177—188.

S34



