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Supporting Information Figure S1: Biochemical analysis of surface entropy reduction 

mutations in DARPin_55. Glutamate of ankyrin repeat position 21 and lysine of position 25 

(Figure 1C) were mutated to aspartate and alanine, respectively, in all three internal repeats of 

DARPin_5529. The resulting 6-fold mutant was compared to wild type DARPin_55 by SEC 

using a Superdex 200 10/300 GL column (A) and equilibrium unfolding using GdnHCl (B). 



β-turn helix 1 helix 2 β-turn
ô̂ ô ô ô ô ô ô̂ ô ô ô ô ô ô

10. 20. 30. 40. 50. 60. 70. 80.
N3C MRGSHHHHHHGSDLGKKLLDAASAGQDDEVRILMANGADVNASXXXGXTPLHXAAXXGHLEIVDVLLAZGADVNASXXXG 80
D1 ...........................................STT.Q....V..QH...........Y.......TYN. 80
D3 ...........................................DSA.Q....A..YK...........H.......DNN. 80
D5 ...........................................DKT.R....L..YN...........H.......TEH. 80
D6 ...........................................NYT.Y....A..WE...........Y.......SRY. 80
D7 ...........................................NSN.K....V..QA...........Y.......SQS. 80
D9 ....................D......................NKN.A....V..AD...........Y.......DQE. 80
D10 ...........................................STS.K....V..AY...........H.......TAS. 80
D11 ...........................................NHY.W....L..RE...........N.......NHA. 80
D12 ...........................................TNT.S....L..QY...........H.......SWK. 80
D14 ...........................................THE.Q....S..RT...........H.......TDQ. 80
D15 ...........................................TRN.R....T..TK...........H.......NSN. 80
D16 ...........................................DNS.N....S..NS...........Y.......SNH. 80
D17 ...........................................SEY.K....L..YT...........N.......DSA. 80
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D20 ...........................................TKE.N....S..TE...........N.......DSN. 80
D21 ....................S......................TSH.Y....V..AW...........Y.......DYK. 80
D22 ...........................................TNT.N....V..NW...........N.......DNE. 80
D24 ...........................................NTA.S....V..HT...........Y.......NRR. 80
D25 ...........................................TAY.H....L..YS...........Y.......DNE. 80
D26 ...........................................DYS.W....V..DR...........Y.......SQH. 80︸ ︷︷ ︸︸ ︷︷ ︸︸ ︷︷ ︸

N-Cap Repeat 1 Repeat 2

helix 1 helix 2 β-turn helix 1 helix 2
ô̂ ô ô ô ô ô ô̂ ô ô ô ô ô ô ô̂ ô ô ô ô ô ô̂ ô ô ô ô ô ô

90. 100. 110. 120. 130. 140. 150. 160.
N3C XTPLHXAAXXGHLEIVDVLLAZGADVNASXXXGXTPLHXAAXXGHLEIVDVLLAZGADVNANXXXGKTPFDLAIDNGNED 160
D1 H....V..SK...........H.......DAQ.N....T..AH...........N.......DYY............... 160
D3 S....L..YS...........N.......DYA.T....A..WS...........H.......NYQ............... 160
D5 D....S..NE...........N.......SHA.A....V..DY...........H.......NTE............... 160
D6 Y....V..WN...........N.......DYA.S....L..S-...........N.......TAN............... 159
D7 N....S..WT...........H.......SNS.T....V..TY...........H.......SSY............... 160
D9 Y....S..AH...........N.......SDY.N....L..QY...........N.......NYY............... 160
D10 S....V..SY...........N.......NSA.S....S..QA...........N.......TQK............... 160
D11 S....L..YS...........H.......TTT.A....V..NW...........N.......SYA............... 160
D12 A....T..KY...........N.......NEN.N....A..QH...........Y.......SSH............... 160
D14 Y....V..HY...........N.......DWS.H....V..AS...........N.......DYY............... 160
D15 W....V..YY...........N.......DQS.A....S..SH...........N.......NSA............... 160
D16 A....T..SN...........Y.......DAH.Y....T..HY...........N.......NAS............... 160
D17 E....A..EE...........H.......NTN.N....A..HQ...........Y.......DAQ............... 160
D19 W....S..WA...........N.......SRY.Y....V..SH...........N.......TYD............... 160
D20 A....V..TH...........H.......DYT.T....L..SY...........H.......SDQ............... 160
D21 Y....A..YS...........N.......SAQ.W....T..EA...........Y.......TEE............... 160
D22 K....L..SS...........N.......STS.Y....A..QT...........N.......NQY............... 160
D24 W....V..NH...........N.......SAT.Y....A..QA...........H.......NNY............... 160
D25 A....L..HT...........Y.......TED.S....L..HY...........N.......DTS............... 160
D26 R....L..ST...........N.......DDE.E....V..NT...........N.......NSE............... 160︸ ︷︷ ︸︸ ︷︷ ︸ ︸ ︷︷ ︸

Repeat 2 Repeat 3 C-Cap

170.
N3C IAEVLQKAAKLN 172
D1 ............ 172
D3 ............ 172
D5 ............ 172
D6 ............ 171
D7 ............ 172
D9 ............ 172
D10 ............ 172
D11 ............ 172
D12 ............ 172
D14 ............ 172
D15 ............ 172
D16 ............ 172
D17 ............ 172
D19 ............ 172
D20 ............ 172
D21 ............ 172
D22 ............ 172
D24 ............ 172
D25 ............ 172
D26 ............ 172︸ ︷︷ ︸

C-Cap

1

MSeeger
Text Box
Supporting Information Figure S2: Sequence alignment of unselected DARPin library members.




D1

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

300

600

900

1200
2.05 ml

D3

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

500

1000

1500

2000

2.16 ml

D7

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

400

800

1200

1600
1.87 ml

D9

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

450

900

1350

1800
1.99 ml

D10

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

400

800

1200

1600

2.30 ml

D11

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

500

1000

1500

2000 1.83 ml

D12

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

400

800

1200

1600
2.07 ml

D16

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

400

800

1200

1600
2.06 ml

D17

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

400

800

1200

1600 2.09 ml

D20

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

400

800

1200

1600

1.90 ml

D21

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

750

1500

2250

3000 1.97 ml

D24

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

850

1700

2550

3400
1.83 ml

D25

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

600

1200

1800

2400

2.06 ml

D23

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

400

800

1200

1600

2.09 ml

D26

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

550

1100

1650

2200
2.07 ml



C3_1

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

25

50

75

100
2.20 ml

C3_2

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

200

400

600

800
2.04 ml

C3_3

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

75

150

225

300
2.14 ml

 

C3_4

Retention volume (ml)

A
2

8
0

(m
A

U
)

1.5 2.0 2.5
0

50

100

150

200

2.18 ml

C3_5

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

75

150

225

300
2.12 ml

C3_6

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

75

150

225

300
2.15 ml

C3_7

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

75

150

225

300
2.22 ml 

C3_8

Retention volume (ml)

A
2

8
0

(m
A

U
)

1.5 2.0 2.5
0

125

250

375

500 2.13 ml

C3_9

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

75

150

225

300

2.18 ml

C3_10

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

125

250

375

500

2.11 ml

C3_11

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

75

150

225

300

2.09 ml

 

C3_12

Retention volume (ml)
A

2
8

0
(m

A
U

)

1.5 2.0 2.5
0

50

100

150

200

2.14 ml

C3_13

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

65

130

195

260
2.15 ml

C3_14

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

150

300

450

600
2.14 ml

1.98 ml

C3_15

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

75

150

225

300

2.17 ml

 

C3_16

Retention volume (ml)

A
2

8
0

(m
A

U
)

1.5 2.0 2.5
0

200

400

600

800 2.13 ml

C3_17

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

150

300

450

600
2.04 ml

C3_18

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

100

200

300

400

2.10 ml

C3_19

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

125

250

375

500

2.18 ml

 

C3_20

Retention volume (ml)

A
2

8
0

(m
A

U
)

1.5 2.0 2.5
0

150

300

450

600

2.14 ml



C7_1

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

150

300

450

600

2.12 ml

C7_3

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

75

150

225

300 2.14 ml

C7_5

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

65

130

195

260

1.84 ml

2.36 ml

C7_6

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

100

200

300

400

2.20 ml

C7_9

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

100

200

300

400

2.01 ml

C7_14

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

100

200

300

400

2.14 ml

C7_15

Retention volume (ml)
A

2
8

0

 

(m
A

U
)

1.5 2.0 2.5
0

125

250

375

500

2.08 ml

C7_16

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

100

200

300

400

2.22 ml

C7_17

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

150

300

450

600 1.97 ml

C7_18

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

150

300

450

600
2.25 ml

C7_19

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

200

400

600

800
2.07 ml

C7_20

Retention volume (ml)
A

2
8

0

 

(m
A

U
)

1.5 2.0 2.5
0

150

300

450

600 1.93 ml

C7_21

Retention time (min)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

25

50

75

100 2.32 ml

C7_22

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

15

30

45

60

2.17 ml

C7_23

Retention time (min)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

40

80

120

160
1.87 ml

2.23 ml

C7_24

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

50

100

150

200 2.25 ml

C7_25

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

40

80

120

160

2.25 ml

C7_27

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

50

100

150

200
2.15 ml

C7_28

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

50

100

150

200 2.22 ml

C7_30

Retention volume (ml)

A
2

8
0

 

(m
A

U
)

1.5 2.0 2.5
0

50

100

150

200
2.05 ml



AcrB_1

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

250

500

750

1000

2.13 ml

AcrB_3

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

200

400

600

800

2.16 ml

AcrB_4

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

125

250

375

500

2.25 ml

AcrB_6

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

200

400

600

800

2.17 ml

AcrB_10

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

125

250

375

500

2.18 ml

AcrB_11

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

225

450

675

900

2.10 ml

AcrB_12

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

80

160

240

320

1.87 ml

AcrB_13

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

125

250

375

500

2.08 ml

AcrB_15

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

200

400

600

800

2.06 ml

AcrB_16

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

25

50

75

100

1.87 ml

AcrB_17

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
-100

0

100

200

300 2.19 ml

AcrB_18

Retention volume (ml)
A

2
8

0
 

(m
A

U
)

1.5 2.0 2.5
0

200

400

600

800

2.19 ml

AcrB_20

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

150

300

450

600

1.85 ml

AcrB_21

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

60

120

180

240

2.19 ml

AcrB_22

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

100

200

300

400

1.93 ml

AcrB_23

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

50

100

150

200

2.27 ml

AcrB_26

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

40

80

120

160

2.18 ml

AcrB_28

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

80

160

240

320

2.17 ml

AcrB_29

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

100

200

300

400

2.17 ml

AcrB_30

Retention volume (ml)

A
2

8
0

 
(m

A
U

)

1.5 2.0 2.5
0

60

120

180

240

2.17 ml

Supporting Information Figure S3: Analytical SEC profiles of all DARPins of the new 

library appearing in this study.  
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Caspase-3 binders, after selection round 3

Caspase-3 binders, after selection round 4

Caspase-7 binders, after selection round 3

Caspase-7 binders, after selection round 4
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Supporting Information Figure S4: Crude cell extract ELISAs. DARPins selected against 

caspase-3 (A), caspase-7 (B) and AcrB (C) were probed for binding against the respective 

target and the control protein MBP.  



β-turn helix 1 helix 2
ô̂ ô ô ô ô ô ô̂ ô ô ô ô ô ô

10. 20. 30. 40. 50. 60. 70.
N3C MRGSHHHHHHGSDLGKKLLDAASAGQDDEVRILMANGADVNASXXXGXTPLHXAAXXGHLEIVDVLLAZGADVNA 75
C3_1 ...........................................DRQ.A....T..YE...........H...... 75
C3_2 ...........................................DNW.A....S..YY...........H....D. 75
C3_3 ...........................................DND.A....S..YY...........Y.V.... 75
C3_4 .................................L.........DHA.S....L..YN...........H...... 75
C3_5 ...........................................DWH.S....T..YH...........N...... 75
C3_7 ...........................................TQT.T....S..QA...........N...... 75
C3_8 ...........................................TEH.A....V..YT...........Y...... 75
C3_9 ...........................................NWH.S....T..NA...........H...... 75
C3_10 ...........................................DWN.T....L..WS...........N...... 75
C3_11 ...........................................SYA.E....S..WY...........H...... 75
C3_12 ...........................................TTN.Q....S..WH...........H...... 75
C3_13 ...........................................DTN.V....L..TT...........N...... 75
C3_15 ...........................................TAT.S....L..EQ...........H...... 75
C3_16 ...........................................NQY.S....L..WY.........M.H...... 75
C3_17 ...........................................DHN.S....V..YR...........H...... 75
C3_18 ..........................E................DSY.A....A..YT...........C...... 75
C3_19 ...........................................SAY.Q....T..SS...........N...... 75
C3_20 ...........................................TDS.A....V..NA...........N...... 75
C3_21 ...........................................TDE.A....V..YH...........N...... 75
C3_22 ...........................................DYY.T....V..WH...........H...... 75
C3_23 ...........................N...............SEY.A....V..QD...........H...... 75
C3_24 ...........................................DKHDA....L..YR...........Y...... 75
C3_25 ......................................E....SDY.A....V..NA...........H...... 75
C3_26 ............................K..............TNA.A....T..YH...........Y...... 75
C3_27 ...........................................DNS.N....L..YR...........Y...... 75
C3_28 ...........................................DKY.T....S..YN.......G...H...... 75
C3_29 ...........................................DNN.T....A..WD...........H...... 75
C3_30 ...........................................SNW.A....A..KA...........H...... 75︸ ︷︷ ︸︸ ︷︷ ︸

N-Cap Repeat 1

β-turn helix 1 helix 2 β-turn helix 1 helix 2
ô̂ ô ô ô ô ô ô̂ ô ô ô ô ô ô ô̂ ô ô ô ô ô ô̂ ô ô ô ô ô ô

80. 90. 100. 110. 120. 130. 140. 150.
N3C SXXXGXTPLHXAAXXGHLEIVDVLLAZGADVNASXXXGXTPLHXAAXXGHLEIVDVLLAZGADVNANXXXGKTPF 150
C3_1 .TYY.E....A..R-...........N.......TQW.A....S.TSH...........N.......DYT..... 149
C3_2 .TNY.E....A..YA...........N.......TAW.S....T..QS...........H.......SHY..... 150
C3_3 .TDY.E....L..YE...........H.......TNW.Y....V..KN...........H.......DYA..... 150
C3_4 .TDY.E....L..YR...........H.......TSW.H....A..RH...........Y.......DYA..... 150
C3_5 .TEY.E....A..AQ...........N.......THW.Y....S..SR...........N.......DYN..... 150
C3_7 .TAY.E....V..QN...........N.......TNW.Y....V..KT...........H.......DWE..... 150
C3_8 .TDY.E....V..YT..........TN......YTTW.W....A..HH...........H.......NHW..... 150
C3_9 .TYY.E....A..ET...........H.....T.TEW.S....V..AR...........H.......DWN..... 150
C3_10 .TQY.E....A..QA.....I.....N.......TVW.Y....TS.NT...........N.......DYE..... 150
C3_11 .TYY.E....V..YS...........N.......TQH.N....V..RH...........H.......SYE..... 150
C3_12 .TAY.E....V..RY...........N.......TQW.N....S..SY...........N.......TYA..... 150
C3_13 .TYY.E....A..YA...........N.......SHW.D....A..KR...........N.......DNR..... 150
C3_15 .TYY.E....A..YT...........N.......TNW.Y....V..AY...........H.......DYN..... 150
C3_16 .TWH.E....V..YR...........N.......TDW.Y....V..AN...........H.......TWA..... 150
C3_17 .TWY.E....V..YS...........N.......TAW.T....V..SE...........H.......SHR..... 150
C3_18 .TNY.E....V..YK...........N.......TTW.Y....V..HH...........H.......DAN..... 150
C3_19 .TAY.E....V..TR...........H.......TAW.S....S..RD...........H.......DWQ..... 150
C3_20 .TYY.E....V..YR...........Y.......TNW.N....T..RY......N....Y.......DTH..... 150
C3_21 .TNY.E....V..NA...........N.......TAY.R....A..RW.......F...Y.....T.DYS..... 150
C3_22 .THY.E....L..TN...........N.......NNW.Y....T..AR...........H.......DYQ..... 150
C3_23 .TAY.E....T..NN...........N.......SNW.A....S..AW...........N.......NYQ..... 150
C3_24 .TAY.E....A..NS...........Y.......NNW.Q....S..YH...........H.......DSN..... 150
C3_25 .TAY.E....V..YS...........Y.......SQW.A....S..HR...........H.......NHN..... 150
C3_26 .TDY.E....T..YA...........Y.......TQW.N....V..AY...........H.......NHQ..... 150
C3_27 .NHY.E....A..SK...........N.......SNW.A....V..RH...........H.......TYE..... 150
C3_28 .TDY.E....AT.SA...........N.......TAW.R....V..YA..........VH.......DYR..... 150
C3_29 .TDY.E....V..YT...........N.......THW.T....A..TY...........H.......NYR..... 150
C3_30 .TDY.E....V..QE...........H.......TAW.N....V..KY..........TY.......DAS..... 150︸︷︷︸︸ ︷︷ ︸︸ ︷︷ ︸ ︸ ︷︷ ︸

Repeat 1 Repeat 2 Repeat 3 C-Cap

1



160. 170. 180.
N3C DLAIDNGNEDIAEVLQKAAKLGSGSMEQKLISEEDLNE 188
C3_1 ...................................... 187
C3_2 ...................................... 188
C3_3 ................N..................... 188
C3_4 ...................................... 188
C3_5 ...................................... 188
C3_7 ...................................... 188
C3_8 ...................................... 188
C3_9 ...................................... 188
C3_10 ...................................... 188
C3_11 ...................................... 188
C3_12 ...........V.......................... 188
C3_13 ...................................... 188
C3_15 N..................................... 188
C3_16 ...................................... 188
C3_17 ...................................... 188
C3_18 ...................................... 188
C3_19 ...................................... 188
C3_20 ...................................... 188
C3_21 ...................................... 188
C3_22 ...................................... 188
C3_23 ...................................... 188
C3_24 .................G.................... 188
C3_25 ...........T.......................... 188
C3_26 ...................................... 188
C3_27 ...................................... 188
C3_28 ...................................... 188
C3_29 ...................................... 188
C3_30 ...................................... 188︸ ︷︷ ︸

C-Cap

2

MSeeger
Text Box
Supporting Information Figure S5: Sequence alignment of caspase-3 specific DARPins. A TXYGE motif in the β-turn of the second internal repeat suggests a single binding epitope on caspase-3 for all these binders. 




β-turn helix 1 helix 2
ô̂ ô ô ô ô ô ô̂ ô ô ô ô ô ô

10. 20. 30. 40. 50. 60. 70.
N3C MRGSHHHHHHGSDLGKKLLDAASAGQDDEVRILMANGADVNASXXXGXTPLHXAAXXGHLEIVDVLLAZGADVNA 75
C7_1 ...........................................DYA.W....T..WN...........H...... 75
C7_3 ...........................................DAY.W....S..WH...........N...... 75
C7_5 ...........................................NRR.Y....V..AH...........H...... 75
C7_6 ...........................................DAW.R....S..TW...........N...... 75
C7_7 ...........................................DWT.H....S..RN...........Y...... 75
C7_9 ...........................................DYA.Q....L..HY...........Y...... 75
C7_14 ...........................................DSW.R....A..HY...........H...... 75
C7_15 ...........................................SWE.H....L..AY...........Y...... 75
C7_16 ...........................................NQQ.W....AT.EY...........Y...... 75
C7_17 ...........................................DWY.W....T..NH...........H...... 75
C7_19 ...........................................DNS.W....V..AW...........H...... 75
C7_20 ...........................................DSW.R....V..YH...........Y...... 75
C7_21 ...........................................DTY.E....V..WR...........N...... 75
C7_22 ...........................................NWE.Y....L..WW...........N...... 75
C7_23 ...........................................SWE.Y....L..YA...........N...... 75
C7_24 ...........................................DAW.Q....L..QW......Y....H...... 75
C7_25 ................E..........................DSW.T....A..YA...........H...... 75
C7_26 ...........................................NSW.W....T..WK...........N...... 75
C7_27 ...........................................DSW.S....S..SN...........N...... 75
C7_28 ...........................................DAW.Q....L..QW......Y....H...... 75
C7_29 ...........................................NWE.Y....V..YY...........Y...... 75
C7_30 ...........................................SDN.E....A..HH...........N...... 75︸ ︷︷ ︸︸ ︷︷ ︸

N-Cap Repeat 1

β-turn helix 1 helix 2 β-turn helix 1 helix 2
ô̂ ô ô ô ô ô ô̂ ô ô ô ô ô ô ô̂ ô ô ô ô ô ô̂ ô ô ô ô ô ô

80. 90. 100. 110. 120. 130. 140. 150.
N3C SXXXGXTPLHXAAXXGHLEIVDVLLAZGADVNASXXXGXTPLHXAAXXGHLEIVDVLLAZGADVNANXXXGKTPF 150
C7_1 .DHT.Y....V..QQ...........N.......DKW.T....A..SS...........Y.......NTD..... 150
C7_3 .DHT.Y....V..QQ.......I...N.......DDY.Y....T..RK...........H.......DQY..... 150
C7_5 .DQW.W....V..QY...........N.......DEY.S....A..HY...........Y.......SWW..... 150
C7_6 .DWY.D....L..TQ...........H.......NTA.A....S..YS.....I.....HE......SAQ..... 150
C7_7 .DWT.N....S..RS...........Y.......DEY.Y....V..HS...........H.......SWW..... 150
C7_9 .DTW.W....A..TS...........H.......DWY.Y....S..HS...........H.......NTW..... 150
C7_14 .DWY.E....L..NT...........Y.......DQN.E....V..HQ...........Y.......NTS..... 150
C7_15 .NQE.E....L..DY...........N.......NQT.Q....T..QW......A....Y.......TRD..... 150
C7_16 .DSY.S....S..WA...........H.......DNY.W....L..HT...........N.......NWW..... 150
C7_17 .DKA.S....V..WH...........N.......DSH.E....V..YA...........H.......DAT..... 150
C7_19 .STW.T....T..YT...........N.......ATQ.Y..M.L..EE...........H.......NTS..... 150
C7_20 .DWY.E....L..DY...........N.......DAT.T....V..WY...........N.......DKQ..... 150
C7_21 .DRS.Y....A..TR...........N.......DWY.Y....A..HY...........H.......TYW..... 150
C7_22 .DTY.Y....L..HR...........H.......DKD.E....V..YY...........H.......STW..... 150
C7_23 .NQE.A....L..YQ...........N.......DNY.W....V..WK...........H.......TSS..... 150
C7_24 .DWY.S....S..AK...........N.......TQY.E....V..NQ...........Y.......DNT..... 150
C7_25 .DWY.T....L..NN...........H.......DSY.N....S..SR...........N.T.....DAA..... 150
C7_26 .DWT.S....V..TQ...........N.......TAY.E....V..TA...........H.......DSW..... 150
C7_27 .DWY.N....A..AY...........N.......DSW.T....T..QQ...........N.T.....DNE..... 150
C7_28 .DWY.S....S..AK...........N.......TQY.E....V..NQ...........Y.......DNT..... 150
C7_29 .DNW.A....L..NY...........H.......NSW.R....S..WN...........H.....D.SAY..... 150
C7_30 .DQW.W....S..HE...........Y.......DTY.Y....S..HA...........H.......NYW..... 150︸︷︷︸︸ ︷︷ ︸︸ ︷︷ ︸ ︸ ︷︷ ︸

Repeat 1 Repeat 2 Repeat 3 C-Cap

1



160. 170. 180.
N3C DLAIDNGNEDIAEVLQKAAKLGSGSMEQKLISEEDLNE 188
C7_1 ...................................... 188
C7_3 ...................................... 188
C7_5 ...................................... 188
C7_6 ...................................... 188
C7_7 ...................................... 188
C7_9 ...................................... 188
C7_14 ...................................... 188
C7_15 ...................................... 188
C7_16 ...................................... 188
C7_17 ...................................... 188
C7_19 .....S................................ 188
C7_20 ...................................... 188
C7_21 ................I..................... 188
C7_22 ...................................... 188
C7_23 ...................................... 188
C7_24 ....N................................. 188
C7_25 ........G............................. 188
C7_26 ..V................................... 188
C7_27 ...................................... 188
C7_28 ...................................... 188
C7_29 ...................................... 188
C7_30 .................V.................... 188︸ ︷︷ ︸

C-Cap

2

MSeeger
Text Box
Supporting Information Figure S6: Sequence alignment of caspase-7 specific DARPins.




β-turn helix 1 helix 2
ô̂ ô ô ô ô ô ô̂ ô ô ô ô ô ô

10. 20. 30. 40. 50. 60. 70.
N3C MRGSHHHHHHGSDLGKKLLDAASAGQDDEVRILMANGADVNASXXXGXTPLHXAAXXGHLEIVDVLLAZGADVNA 75
AcrB_1 ...........................................DWY.Y....I..YT.....A.....H...... 75
AcrB_3 ...........................................DWY.Y....V..YT...........H...... 75
AcrB_4 ...........................................NAW.W....V..YY...........N...... 75
AcrB_5 ...........................................DWY.E....V..HW......A....N...... 75
AcrB_6 ...........................................DWY.E....A..WA...........H...... 75
AcrB_7 ...........................................TWW.T....T..QT...........H...... 75
AcrB_9 ...........................................NQQ.N....L..AD...........TVLTLTL 75
AcrB_10 ...........................................DYY.E....A..RK...........N...... 75
AcrB_11 ...........................................DWW.W....D..SY...........H...... 75
AcrB_12 ...................................TVLTLTLLTTD.N....A..ST...........N...... 75
AcrB_13 ...........................................DWY.Y....A..WA...........H...... 75
AcrB_15 ...........................................DWY.T....S..AH...........H...... 75
AcrB_16 ...........................................NYW.S....L..SN...........N...... 75
AcrB_17 ...........................................DWY.D....L..HY...........Y...... 75
AcrB_18 ...........................................DWY.T....A..AY...........N...... 75
AcrB_20 ...................................TVLTLTLLT-A.YA...T..QV...........H...... 74
AcrB_21 ...........................................TAY.A....L..YS...D.......N...... 75
AcrB_22 ...........................................DWT.S....S..RY...K.......H...... 75
AcrB_23 ...........................................NYA.Y....A..YY...........N...... 75
AcrB_25 ...........................................STD.A....A..YR...........N.....S 75
AcrB_26 ...........................................DYS.W....L..TA...........H...... 75
AcrB_27 ...........................................NSY.H....A..QE...........N.T.... 75
AcrB_28 ...........................................TDY.S....L..WH...........H...... 75
AcrB_29 ...........................................DWY.A....A..AS...........H...... 75
AcrB_30 ...........................................DTW.R....T..QH...........H...... 75︸ ︷︷ ︸︸ ︷︷ ︸

N-Cap Repeat 1

β-turn helix 1 helix 2 β-turn helix 1 helix 2
ô̂ ô ô ô ô ô ô̂ ô ô ô ô ô ô ô̂ ô ô ô ô ô ô̂ ô ô ô ô ô ô

80. 90. 100. 110. 120. 130. 140.
N3C S-XXXGXTPLHXAAXX-GHLEIVDVLLAZGADVNASXXXGXTPLHXAAXXGHLEIVDVLLAZGADVNANXXX-GK 147
AcrB_1 .-DNY.Y....L..KH-...........N.......NTA.Y....V..RR...........H.......NNS-.. 147
AcrB_3 .-DSA.S....L..KH-...........N.......NDS.A....A..TY...........H.......TWQ-.. 147
AcrB_4 .-DTN.T....V..QW-.......G...Y.......DYW.E....V..WKD.....N....H.......NAR-.. 147
AcrB_5 .-DWA.S....S..NK-.....I.....N.T.....DWT.N....V..EY...........N.......TWN-.. 147
AcrB_6 .-NYN.Y....L..KH-...........N.......DSA.N....L..VY...........H.......DTS-.. 147
AcrB_7 .-DWW.A....V.T-H-...........N.......DHW.A....L..TR...........H.......DHWA.. 147
AcrB_9 L-THS.A....A..DS-...........N.......NYQ.R....S..QS...........N.......DTR-.. 147
AcrB_10 .-DWD.Y....A..DA-..M........N.......TWR.W....V..WY..........DN.......TWT-.. 147
AcrB_11 .-TSA.R....L..KR-..V........N.......DTY.H....V..ST...........H.......SWQ-.. 147
AcrB_12 .-NAT.T....S..KQ-...........N.......DAQ.A....S..WY...........N.......DSS-.. 147
AcrB_13 .-DNY.Y....V..RH-...........N.......TDQ.T....S..SR...........N.......NNS-.. 147
AcrB_15 .-NTS.Y....L..KH-...........N.......DYS.K....L..WR...........H.......NDY-.. 147
AcrB_16 .-DYW.W....V..SE-...........N.......SWE.S....S..RN...........H.......NAW-.. 147
AcrB_17 .-DWD.S....L..EY-...........N.......TWS.S....V..WH...........H.......DRY-.. 147
AcrB_18 .-NSS.S....L..RH-...........N.......DTS.Q....T..TR...........N.......TAY-.. 147
AcrB_20 .-DDY.Y....T..HA-......N....N.......DWS.A....V..NY...........N.......DSN-.. 146
AcrB_21 .-NWS.W....S..TS-...........N.......NRH.R....V..AN...........N.......DNY-.. 147
AcrB_22 .DDWD.Y....V..RT-...........N.......TWS.N....L..HR...........H.T.....NAA-.. 148
AcrB_23 .-NHS.Y....S..HK-...........N.......DSY.A....L..TQ...........Y.......DWR-.. 147
AcrB_25 .-SAY.Y..V.S..SW-...........H.......TAT.Y....V..SY...........H.......DYT-.. 147
AcrB_26 .-TWY.Y....L..AHT..P........N.......SEA.A....S..EW...........H.......NAW-.. 148
AcrB_27 .-DWA.W....V..HQ-...........H.......TNA.K....L..SA...........N.......DRR-.. 147
AcrB_28 .-NWS.W....A..KA-...........Y.......DAA.Y....L..QH...........H.......DNE-.. 147
AcrB_29 .-DSQ.R....A..RH-...........N.......DSA.S....L..DY...........N.......TWY-.. 147
AcrB_30 .-DYW.R....T..ST-...........N.......TAN.A....V..YT...........H.....S.SAR-.. 147︸︷︷︸︸ ︷︷ ︸︸ ︷︷ ︸ ︸ ︷︷ ︸

Repeat 1 Repeat 2 Repeat 3 C-Cap

1



150. 160. 170. 180.
N3C TPFDLAIDNGNEDIAEVLQKAAKLGSGSMEQKLISEEDLNE 188
AcrB_1 ......................................... 188
AcrB_3 ......................................... 188
AcrB_4 ......................................... 188
AcrB_5 ......................................... 188
AcrB_6 ......................................... 188
AcrB_7 ......................................... 188
AcrB_9 ......................................... 188
AcrB_10 ...................E..................... 188
AcrB_11 ......................................... 188
AcrB_12 ......................................... 188
AcrB_13 ......................................... 188
AcrB_15 ......................................... 188
AcrB_16 ......................................... 188
AcrB_17 ......................................... 188
AcrB_18 ......................................... 188
AcrB_20 ......................................... 187
AcrB_21 ......................................... 188
AcrB_22 ......................................... 189
AcrB_23 ............N............................ 188
AcrB_25 ...E..................................... 188
AcrB_26 ......................................... 189
AcrB_27 ............E............................ 188
AcrB_28 ......................................... 188
AcrB_29 ......................................... 188
AcrB_30 ......................................... 188︸ ︷︷ ︸

C-Cap

2

MSeeger
Text Box
Supporting Information Figure S7: Sequence alignment of AcrB specific DARPins.
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Supporting Information Figure S8: DARPins specific for caspase-3 (A), caspase-7 (B) and 

AcrB (C) were co-purified by SEC with their targets (example in Figure 6B) and the complex 

peak fractions were analyzed by SDS-PAGE. The double band for C3_16 in (A) can be 

explained by incomplete denaturation of this DARPin during SDS-PAGE. AcrB_4 and 

AcrB_23 in (C) appear to partially dissociate from AcrB during SEC analysis, owing to their 

modest affinity (Figure 6F).  
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Supporting Information Figure S9: Equilibrium unfolding curves of original and new 

DARPins. 25 new DARPins (15 unselected DARPins (denoted by a “D” before the number), 

5 DARPins each specific for caspase-3 and caspase-7 (denoted by “C3_” and “C7_” before 

the number)) and original DARPins off7 (PDB 1SVX, against MBP)12, 11_0819 (PDBs 2J8S 

and 4DX5, against AcrB)28,36, DARPin#2 and #3 (PDBs 3NOC and 3NOG, against AcrB)42, 

α-LmrCD#3 and #4 (against LmrCD)30, DARPin#55 (against MsbA)29, D3.4 (PBD 2XZD, 

against caspase-3)40, D7.18 (against caspase-7, to be published) and D8.14 (PDB 2Y1L, to be 

published) were analyzed by GdnHCl unfolding. Monophasic or biphasic sigmoidal equations 

were fitted to the experimental data (Equations 1 and 2, see Materials and Methods) to 

determine midpoints of denaturation (Dm for monophasic and Dm,1 and Dm,2 for biphasic 

unfolding curves).  
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Supporting Information Figure S10: (A) DARPin C7_16 (red) is superimposed with a full-

consensus DARPin containing an optimized C-cap (2XEE, Kramer et al. 2010, all four chains 

of the asymmetric unit are shown in grey). (B) Analysis of DARPin-mediated crystal contact 

of the C7_16-caspase-7 complex structure. The crystal contact interface involves low-entropy 

residues A68, A130 and D134 (highlighted in red), which were lysines and glutamates, 

respectively, in the original DARPin library.  
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