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Supplementary Figure S1. Effects of anti-NGF mAbs on canine β-NGF Induced Proliferation of TF-1 Cells (representative curves). 
(error bars, standard deviation, n=2) 
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Supplementary Figure S2. Per-position heatmap of enrichment scores for pro-cNGF mutants after 1 sort with tanezumab.  
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Supplementary Figure S3. Per-position heatmap of enrichment scores for pro-cNGF mutants after 1 sort with mAb #1.  
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Supplementary Figure S4. Per-position heatmap of enrichment scores for proΔ1,2-cNGF mutants after 1 sort with tanezumab.  

	

	

 

 

Supplementary Figure S5. Per-position heatmap of enrichment scores for proΔ1,2-cNGF mutants after 1 sort with mAb #1.  
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Supplementary Figure S6. Per-position heatmap of enrichment scores for pro-cNGF mutants after 2 sorts with mAb #1.  
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Supplementary Figure S7. Mean fluorescence intensities for individual point mutants compared with wild-type pro-cNGF.  



		

	

 

 

 

Supplementary Figure S8. Determination of conformational epitope for cNGF_tanezumab. Fitness metric heatmap of the top 7% 
bound population vs the unselected population. Shannon entropy is plotted below with its respectively cut-off (dashed line). 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65
S S S H P V F H R G E F S V C D S V S V W V G D K T T A T D I K G K E V M V L G E V N I N N S V F K Q Y F F E T K C R D P T P V D

STOP *
F
W
Y
P

START M
I
L
V
A
G
C
S
T
N
Q
D
E
H
K
R

hy
dr
op

ho
bi
c

aromatic

non-polar	aliphatic

small

hy
dr
op

hi
lic

polar	uncharged

negatively	charged

positively	charged

Position
Wild-Type	Residue

0.97

1.87

2.77

Sh
an

nn
on

 
En

tro
py

Bound Bound Cut-off

66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120

S G C R G I D S K H W N S Y C T T T H T F V K A L T M D G K Q A A W R F I R I D T A C V C V L S R K A G R R A

STOP *
F
W
Y
P

START M
I
L
V
A
G
C
S
T
N
Q
D
E
H
K
R

hy
dr
op

ho
bi
c

aromatic

non-polar	aliphatic

small

hy
dr
op

hi
lic

polar	uncharged

negatively	charged

positively	charged

Position
Wild-Type	Residue

0.97

1.87

2.77

Sh
an

nn
on

 
En

tro
py

Bound Bound Cut-off

3.9

0

-2.1

Insufficient	
Data

Relative	Flourescence



			

	

	

Supplementary Figure S9. Determination of conformational epitope for cNGF_mAb #1 Fitness metric heatmap of the top 7% bound 
population vs the unselected population. Shannon entropy is plotted below with its respectively cut-off (dashed line). 
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Supplementary Figure S10. Determination of conformational epitope for cNGF_mAb #2. Fitness metric heatmap of the top 7% 
bound population vs the unselected population. Shannon entropy is plotted below with its respectively cut-off (dashed line).	
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Supplementary Figure S11. Determination of conformational epitope for cNGF_mAb #3. Fitness metric heatmap of the top 7% 
bound population vs the unselected population. Shannon entropy is plotted below with its respectively cut-off (dashed line).	
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Supplementary Figure S12. Correlation between counts in the displayed population relative to the counts in the unselected 
population for cNGF. 
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Supplementary Table S1. FACS collection statistics for Pro-cNGF and ProΔ1,2-cNGF library screening experiments. 

 
Library 

Size (aa's) 
Sort Round 1 Sort Round 2 

tanezumab mAb #1 tanezumab mAb #1 
Pro-cNGF_tanezumab library 1 51 2.9% 2.4% 3.1% 2.7% 
Pro-cNGF_tanezumab library 2 52 3.3% 3.1% 2.8% 2.8% 
ProΔ1,2-cNGF_tanezumab 56 3.3% 3.6% - - 

 

Supplementary Table S2. Summary of Average Dissociation Constant, KD values using Surface Plasmon Resonance (SPR) for 
human pro-NGF and canine NGF and Yeast Surface Display (YSD) for pro.v4-cNGF, and sorting conditions for library screening 
using pro.v4-cNGF. The KD values from SPR were obtained using the 1:1 biding model.  Error bars represent 1 standard deviation of 
the regression. One tail t-test assuming unequal variances was used to calculate p-values for Hill coefficients. (n ≥ 3)  

 

 
 

Surface Plasmon Resonance Data 
 

Yeast Surface Display Data 

mAb 

Human Pro-NGF Human NGF Canine NGF Average KD 
values with 

Hill 
coefficient, 
H=1 [pM] 

Labeling 
Concentrations 
for Screening 

Libraries [pM] 

Average KD 
values varying 
Hill coefficient, 

H [pM] 

Hill 
coefficient 

values  

p- values 
for Hill 

coefficient Average 
KD values 

[pM] 
Chi2 

Average 
KD values 

[pM] 
Chi2 

Average 
KD values 

[pM] 
Chi2 

tanezumab 1610 0.01 15.9 1.26 19 0.77 801 ± 164 400.6 1319 ± 200 0.66 ± 0.05 0.0033 

mAb #1 286 0.22 0.243 2.32 0.118 1.92 209 ± 65 104.6 189 ± 36 0.70 ± 0.18 0.0103 

mAb #2 48 0.05 0.308 1.47 0.074 1.29 307 ± 173 153.6 461 ± 300 0.62 ± 0.09 0.0003 

mAb #3 2500 0.07 1.24 5.36 0.179 4.92 143 ± 44 71.6 325 ± 328 0.58 ± 0.19 0.0106 



Supplementary Table S3. FACS collection statistics for cNGF libraries. 

mAb  
  

Amount of collected cells 
cNGF 

Library 1 
(90 aa’s) 

Library 2 
(90 aa’s) 

tanezumab 250,000 8.01% 6.10% 
mAb #1 250,000 7.36% 6.33% 
mAb #2 250,000 7.28% 6.60% 
mAb #3 250,000 6.59% 8.48% 

 

Supplementary Table S4. Primers set for deep sequencing. L1: library 1, L2: library 2, Blue: Illumina Universal Sequence, 
NNNNNN: Indexing Barcode, and Green: Illumina Adapter 

Name Sequence 
Inner Primers 

Pro-cNGF_L1_FWD  5'- GTTCAGAGTTCTACAGTCCGACGATCGATGACGACAAGCATATG -3' 
Pro-cNGF_L1_REV  5'- CCTTGGCACCCGAGAATTCCAAACTTTGGATCAACTGTGAT -3' 
Pro-cNGF_L2_FWD  5'- GTTCAGAGTTCTACAGTCCGACGATC TTACAGGTCAAACTAGAAAC-3' 
Pro-cNGF_L2_REV  5'- CCTTGGCACCCGAGAATTCCAAACTGGATGAGATGAAGA -3' 
ProΔ1,2-cNGF_FWD  5'- GTTCAGAGTTCTACAGTCCGACGATCGATGACGACAAGCATATG-3' 
ProΔ1,2-cNGF_REV  5'- CCTTGGCACCCGAGAATTCCAAACTGGATGAGATGAAGA -3' 
cNGF_L1_FWD  5'- GTTCAGAGTTCTACAGTCCGACGATCAACTGGATGAGATGAAGA -3' 
cNGF_L1_REV  5'- CCTTGGCACCCGAGAATTCCAATCAACTGGAGTTGG -3' 
cNGF_L2_FWD  5'- GTTCAGAGTTCTACAGTCCGACGATCCTTTTTTGAAACAAAATGTAGAGAT -3' 
cNGF_L2_REV  5'- CCTTGGCACCCGAGAATTCCAGCCTCCTCCACC -3' 

Foward Outer Primer 
Illumina_FWD  5’- AATGATACGGCGACCACCGAGATCTACACGTTCAGAGTTCTACAGTCCGACGATC - 3’ 

Reverse Outer Primers 
Pro-cNGF_L1_Unsel  5’- CAAGCAGAAGACGGCATACGAGATTGACATGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
Pro-cNGF_L1_Display  5’- CAAGCAGAAGACGGCATACGAGATGGACGGGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
Pro-cNGF_L1_tanezumab  5’- CAAGCAGAAGACGGCATACGAGATCTCTACGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 



Pro-cNGF_L1_mAb #1  5’- CAAGCAGAAGACGGCATACGAGATGCGGACGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
Pro-cNGF_L2_Unsel  5’- CAAGCAGAAGACGGCATACGAGATTTTCACGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
Pro-cNGF_L2_Display  5’- CAAGCAGAAGACGGCATACGAGATGGCCACGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
Pro-cNGF_L2_tanezumab  5’- CAAGCAGAAGACGGCATACGAGATCGAAACGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
Pro-cNGF_L2_mAb #1  5’- CAAGCAGAAGACGGCATACGAGATCGTACGGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
ProΔ1,2-cNGF_Unsel  5’- CAAGCAGAAGACGGCATACGAGATCCACTCGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
ProΔ1,20-NGF_Display  5’- CAAGCAGAAGACGGCATACGAGATGCTACCGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
ProΔ1,2-cNGF_tanezumab  5’- CAAGCAGAAGACGGCATACGAGATATCAGTGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
ProΔ1,2-cNGF_mAb #1  5’- CAAGCAGAAGACGGCATACGAGATGCTCATGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
Pro-
cNGF_L1_S2_tanezumab 

 5’- CAAGCAGAAGACGGCATACGAGATAGGAATGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 

Pro-cNGF_L1_S2_mAb #1  5’- CAAGCAGAAGACGGCATACGAGATCTTTTGGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
Pro-
cNGF_L2_S2_tanezumab 

 5’- CAAGCAGAAGACGGCATACGAGATTAGTTGGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 

Pro-cNGF_L2_S2_mAb #1  5’- CAAGCAGAAGACGGCATACGAGATCCGGTGGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
cNGF_L1_Unsel  5’- CAAGCAGAAGACGGCATACGAGATCGTGATGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
cNGF_L1_Display  5’- CAAGCAGAAGACGGCATACGAGATACATCGGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
cNGF_L1_mAb #1  5’- CAAGCAGAAGACGGCATACGAGATGCCTAAGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
cNGF_L1_mAb #2  5’- CAAGCAGAAGACGGCATACGAGATTGGTCAGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
cNGF_L1_mAb #3  5’- CAAGCAGAAGACGGCATACGAGATCACTGTGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
cNGF_L1_tanezumab  5’- CAAGCAGAAGACGGCATACGAGATATTGGCGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
cNGF_L2_Unsel  5’- CAAGCAGAAGACGGCATACGAGATCTGATCGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
cNGF_L2_Display  5’- CAAGCAGAAGACGGCATACGAGATAAGCTAGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
cGF_L2_mAb #1  5’- CAAGCAGAAGACGGCATACGAGATGTAGCCGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
cNGF_L2_mAb #2  5’- CAAGCAGAAGACGGCATACGAGATTACAAGGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
cNGF_L2_mAb #3  5’- CAAGCAGAAGACGGCATACGAGATTTGACTGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 
cNGF_L2_tanezumab  5’- CAAGCAGAAGACGGCATACGAGATGGAACTGTGACTGGAGTTCCTTGGCACCCGAGAATTCCA - 3’ 

 

 

 



Supplementary Table S5. Library Statistics Results. 

 Pro-cNGF ProΔ1,2-
cNGF 

NGF 
 Tile 1 Tile 2 Tile 1 Tile 2 

Percent of possible codon 
subsititions observed in the 

unselected population: 
     

1-base substitution 96.50% 95.10% 94.20% 98.70% 99.80% 
2-base substitutions 59.50% 52.80% 53.20% 55.70% 60.00% 
3-base substitutions 47.40% 43.20% 44.80% 44.50% 47.90% 

Percent of unselected reads with:      
No nonsynonymous mutations: 35.20% 30.80% 28.60% 39.50% 34.50% 
One nonsynonymous mutation: 56.00% 61.80% 56.60% 55.40% 57.10% 

Multiple nonsynonymous mutations: 8.80% 7.40% 14.80% 5.10% 8.50% 
Coverage of possible single 
nonsynonymous amino acid 

mutations: 
85.50% 83.20% 84.20% 92.90% 98.20% 

 

	

	

	


