
 

SUPPLEMENTARY FIGURE LEGENDS 

 

Supplementary Figure 1. (A) Comparison of peptide intensities from the different labeling 

workflows. A recurring pattern between forward and reverse experiments can be seen in the 

boxplots before normalization. This pattern was affiliated with the labeling reagent (CH2O or 

C2H2O), but not the workflow, as the labeling reagent was the only variable in these four 

replicate experiments. (B) Peptide ratio boxplots after normalization. The experiment is 

described in Figure 1A. Median ratios are listed at the bottom of each boxplot. Boxplots were 

normalized to a factor (0.0239) due to a consistent H/L ratio offset associated with the heavy 

label. The factor was derived from all of the 24 runs in this data set. (C) Comparison of peptides 

properties between different dimethyl labeling workflows. Differences in peptides properties 

observed between different workflow included length and hydrophobicity. Median peptide 

lengths are listed at the bottom of each boxplot.  

 

Supplementary Figure 2. Boxplot of log2 ratio of SILAC and dimethyl labeling samples 

analyzed in separated MS runs. Results are combined from four separated experiments. Ratios 

are normalized so that the median of H1:L1s are centered at log21. Dotted lines indicate the 

expected log ratios from log210 to log2
1

10
.  

 

Supplementary Figure 3. Histogram of H/L peptide ratios including N-terminal acetylated 

peptides. Data is from one of the replicates in Figure 2, with N-acetylated peptides as a variable 

modification in MaxQuant search. (Left) A sub-population of peptides appear to the left (dotted 

circle) of the main cluster, which led to lower H/L ratios in SILAC samples when compared to 

dimethyl labeling (right). These N-acetylated peptides are not identified in dimethyl labeling 



samples because these blocked N-termini would not be labeled by the chemical labeling 

reaction and the variable modification of N-terminal acetylation is not allowed in place of N-

terminal dimethyl labeled N-termini at search time. In fact, these N-acetylated peptides that 

could not be dimethyl labeled were only detected when peptide search and quantification was 

performed in the SILAC mode. Black lines indicate the expected log ratios from log210 to 

log2
1

10
.    

Supplementary Figure 4. Boxplot of log2 protein ratios for 1:1:1:1 experiment. Experiments 

were performed as shown in Figure 3A. The three panels show the three inter-day replicate 

groups in Figure 3A, each panel contains four intra-day replicates. The 12 sets of data were 

combined, normalized and illustrated in Figure 3B. DiMe and cDiMe are used to indicate DiMe 

labeled samples run either with SILAC samples or cSILAC samples, respectively.  

Supplementary Figure 5. (A) Boxplot of log2 ratio of (dimethyl labeled peptides intensity / 

SILAC labeled peptides intensity) of common peptides in two samples. Median of the log2 ratios 

is -0.0797, which translates to 5% less signal intensity in dimethyl labeled samples (DiMe). (B) 

Boxplot of different peptide properties for unique and common peptides in SILAC and dimethyl 

labeled samples. Median values are listed at the bottom of boxplots. (C) Boxplot of different 

hydrophobicity scales. 

Supplementary Figure 6. FLAG-tagged GRB2-SH2 domain pull-down. (A) Experimental 

design of ‘forward’ experiment. Four populations of HeLa cells were grown in SILAC medium, 

serum starved and treated with EGF or PBS (vehicle). Bacterially expressed FLAG-GRB2-SH2 

protein was immobilized on Sigma M2 anti-FLAG beads and used as affinity reagent. Captured 

proteins were eluted from the beads and resolved with SDS-PAGE gel, in-gel digested with 

trypsin. Trypsin digested peptides were desalted on StageTips. Dimethyl labeled samples were 

labeled with either light or heavy formaldehyde. SILAC and dimethyl labeled samples were 



mixed and analyzed by MS. (B) Scatterplot of protein ratios from label swap replicates. EGFR 

and SHC1 are known GRB2-SH2 domain-binding proteins.46, 51, 52 UBC is a cleavage product 

from ubiquitinylated EGFR after EGF treatment.58 (C, left) Percent sequence coverage of SH2 

domain interacting proteins. (C, right) Number of identified peptides from UBC, SHC1 and 

EGFR.  

 



10
15

20
25

30

15 15 15 14 14 13 14 14 11 12 11 11 11 12 12 12

10
15

20
25

30

14 13 14 14 15 15 15 14 11 11 11.5 12 11 11 11 11

−1
0

0
10

20
30

11.2 10.2 11.5 10.4 14.3 13.7 12.7 13.5 5.7 5.2 6.1 6.8 5.5 5.1 5.6 5.1

0
10

20
30

13.7 13.413.7 12.413 12.6 12.1 12.4 4.8 5.8 4.9 4.9 5.2 4.9 5.4 5.2

Enriched in acidified on-StageTip
labeled sample

Enriched in in-solution labeled sample Enriched in in-solution labeled sample

Length of peptides enriched in differentially processed samples Hydrophobicity Index of peptides
enriched in differentially processed samples

−1
0

0
10

20
30

10.0 9.1 9.5 11.0 10.0 10.9 9.3 9.5 5.9 5.9 5.8 5.5 5.4 5.8 5.9 5.9

10
15

20
25

30

13 13 13 13 14 14 13 13 11 11 11 12 11 11 12 12

Enriched in non-acidified on-StageTip
labeled sample

Enriched in in-solution labeled sample

Enriched in in-solution labeled sample

Fwd1 Fwd2 Fwd3 Fwd4

−0
.5

0.
0

0.
5

1.
0

Acidified on-StageTip / In-solution

0.024 0.071 0.0702 0.0454 0.0716 0.0729 0.05 0.102

−1
.0

−0
.5

0.
0

0.
5

1.
0

1.
5

Non-acidified on-StageTip / In-solution

0.236 0.197 0.19 0.188 0.174 0.21 0.198 0.176

Fwd1 Fwd2 Fwd3 Fwd4

−0
.5

0.
0

0.
5

Non-acidified on-StageTip / Acidified on-StageTip

0.0588 0.0155 0.0382 0.042 0.0477 0.0459 0.0301 0.0405

Rev1 Rev2 Rev3 Rev4

Rev1 Rev2 Rev3 Rev4

Fwd1 Fwd2 Fwd3 Fwd4Rev1 Rev2 Rev3 Rev4

CB

Fwd 
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Rev Fwd Rev

Fwd 
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Rev Fwd Rev

Fwd 
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Rev Fwd Rev

Fwd 
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Rev Fwd Rev

Fwd 
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Rev Fwd Rev

Fwd 
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Rev Fwd Rev

H
yd

ro
ph

ili
c 

   
   

   
   

   
   

   
H

yd
ro

ph
ob

ic
H

yd
ro

ph
ili

c 
   

   
   

   
   

   
   

H
yd

ro
ph

ob
ic

H
yd

ro
ph

ili
c 

   
   

   
   

   
   

   
H

yd
ro

ph
ob

ic

A

Fwd1 Fwd2 Fwd3 Fwd4

−0
.5

0.
0

0.
5

1.
0

Acidified on-StageTip / In-solution

0.048 0.047 0.0942 0.0214 0.0956 0.049 0.074 0.0783

Rev1 Rev2 Rev3 Rev4

−0
.5

0.
0

0.
5

Non-acidified on-StageTip / Acidified on-StageTip

0.0827 −0.0085 0.0622 0.018 0.0716 0.022 0.054 0.0165

Fwd1 Fwd2 Fwd3 Fwd4Rev1 Rev2 Rev3 Rev4

−1
.0

−0
.5

0.
0

0.
5

1.
0

1.
5

Non-acidified on-StageTip / In-solution

0.26 0.173 0.214 0.165 0.197 0.186 0.222 0.152

Fwd1 Fwd2 Fwd3 Fwd4Rev1 Rev2 Rev3 Rev4

Enriched in non-acidified on-StageTip
labeled sample

Enriched in acidified on-StageTip
labeled sample

Enriched in non-acidified on-StageTip
labeled sample Enriched in acidified on-StageTip

labeled sample

Enriched in acidified on-StageTip
labeled sample

Enriched in non-acidified on-StageTip
labeled sample

Supplementary Figure 1_Lau et. al.



−4
−2

0
2

4

SILAC
DiMe

L1
0:H

1

L1
:H

10

L1
:H

1

L5
:H

1
L2

:H
1

L1
:H

2
L1

:H
5

L1
0:H

1

L1
:H

10

L1
:H

1

L5
:H

1
L2

:H
1

L1
:H

2
L1

:H
5

Lo
g 2 p

ro
te

in
 ra

tio
 (H

/L
)

Supplementary Figure 2_Lau et. al.



SILAC

Log2 peptides ratio

Fr
eq

ue
nc

y

−4 −2 0 2 4

0
10

20
30

40

Dimethyl labeling

Fr
eq

ue
nc

y

−4 −2 0 2 4

0
10

20
30

Fr
eq

ue
nc

y

−4 −2 0 2 4

0
20

40
60

80

Fr
eq

ue
nc

y

−4 −2 0 2 4

0
20

40

Log2 peptides ratio

Fr
eq

ue
nc

y

−4 −2 0 2 4

0
40

80

Fr
eq

ue
nc

y

−4 −2 0 2 4

0
40

80

Log2 peptides ratio

Fr
eq

ue
nc

y

−4 −2 0 2 4

0
40

80
12

0

Fr
eq

ue
nc

y

−4 −2 0 2 4

0
40

80

Log2 peptides ratio

Fr
eq

ue
nc

y

−4 −2 0 2 4

0
40

80
12

0

Fr
eq

ue
nc

y

−4 −2 0 2 4

0
40

80

Log2 peptides ratio

Fr
eq

ue
nc

y

−4 −2 0 2 4

0
20

60

Fr
eq

ue
nc

y

−4 −2 0 2 4

0
20

40
60

Log2 peptides ratio

Fr
eq

ue
nc

y

−4 −2 0 2 4

0
10

20
30

Fr
eq

ue
nc

y

−4 −2 0 2 4

0
5

15
25

Log2 peptides ratio

Log2 peptides ratio

Log2 peptides ratio

Log2 peptides ratio

Log2 peptides ratio

Log2 peptides ratio

Log2 peptides ratio

63/858

54/851

65/859

65/765

47/599

Log2 peptides ratio

L10:H1

L5:H1

L2:H1

L1:H1

L1:H2

L1:H5

L1:H10

Supplementary Figure 3_Lau et. al.



−2
.5

−1
.5

0.
0

1.
0

−0
.5

0.
0

0.
5

−0
.6

0.
0

0.
6

SILAC cSILAC DiMe cDiMe
Lo

g 2 o
f p

ro
te

in
 ra

tio
 (n

ot
 n

or
m

al
iz

ed
)

Supplementary Figure 4_Lau et. al.



−2
0

0
20

40
60

Hydrophobicity index (Engelman et al., 1986)
+ : Hydrophilic, − : Hydrophobic

−8
−6

−4
−2

0
2

Normalized hydrophobicity scale
(Eisenberg, 1984) 

+ : Hydrophobic,  − : Hydrophilic

10
20

30
40

Transfer free energy (Simon, 1976)

−5
0

5

Partition energy (Guy, 1985)

SILAC
specific

DiMe
specific

10
00

15
00

20
00

25
00

30
00

35
00

Mass

10
15

20
25

30
35

Length

5
10

15

Side chain hydrophobicity values
(Black−Mould, 1991)

+ : Hydrophobic, − : Hydrophilic

−3
0

−2
0

−1
0

0
10

20

Hydrophobicity index (Fasman, 1989)
+ : Hydrophilic, − : Hydrophobic

 = 1.81 × 10-4𝑝

 = 1.13 × 10-4𝑝

 = 0.0504𝑝

 = 0.0944𝑝

 = 1.47 × 10-3𝑝

 = 3.99 × 10-4𝑝

 = 0.0108𝑝

 = 9.81× 10-3𝑝

−6.63 −8.30 −8.44 23.6 22.7 23.2 −2.32 −1.98 −2.05 7.05 7.761 7.947

 = 0.138𝑝

 = 0.0519𝑝

 = 0.148𝑝

 = 0.0504𝑝

 = 5.97 × 10-4𝑝

 = 3.32 × 10-5𝑝

 = 5.08 × 10-3𝑝

 = 0.0482𝑝

Common

1585.29 1692.41 1707.90 14 15 15 0.825 0.285 0.2 16.615 18.2 18.87

A B
−2

−1
0

1
2

C

SILAC
specific

DiMe
specific

Common SILAC
specific

DiMe
specific

Common SILAC
specific

DiMe
specific

Common

SILAC
specific

DiMe
specific

Common SILAC
specific

DiMe
specific

Common SILAC
specific

DiMe
specific

Common SILAC
specific

DiMe
specific

Common

Supplementary Figure 5_Lau et. al.



L H LL

GRB2-
SH2

P

Desalt with StageTips; DiMe labeling

DiMe4DiMe0

Mix samples and analyze with MS

Pull down with 
SH2 domain

In-gel trypsin 
digestion of 

resolved proteins

A
Control ControlEGF EGF

−4 −2 0 2 4

−5
−4

−3
−2

−1
0

1
2

Log2 forward ratio (EGF treated/control)

Lo
g 2 r

ev
er

se
 ra

tio
 (c

on
tro

l/E
G

F 
tre

at
ed

)

EGFR

GRB2

SHC1

UBC

EGFR

SHC1
UBC

SILAC
DiMe
SILAC
DiMe

B

C SILAC DiMe

427 53

SILAC DiMe
Fwd Rev Fwd Rev

UBC 61.8 49.9 61.8 61.8
SHC1 46.7 52.2 36.8 33.2
EGFR 29.8 33.5 27.7 26.1

% coverage 0-20 21-40 41-60 60-80

Supplementary Figure 6_Lau et. al.


