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Poster Keys: NGPS (Next-Generation Protein Sequencing), ZMW (Zero-mode waveguide), BC (Barcode), PD (Pulse Duration), IPD (Inter-Pulse Duration), GFP (Green Fluorescent Protein)

Single Molecule Resolution of Next-Generation Protein Sequencing (NGPS)
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Abstract

Single-molecule methods provide useful insights into the intermolecular variations and functional differences of individual molecules and have revealed much about the complexity of
biological processes. Today it is possible to monitor binding kinetics at the single molecule level in a highly parallel fashion using zero-mode waveguide (ZMW) arrays. This allows
monitoring the binding/unbinding of fluorescently-labelled molecules on millions of immobilised targets simultaneously, obtaining a full kinetic description of their interactions, offering a
complementary picture to classical techniques but also uncovering important details that are missed in bulk studies. In our work, we use ZMW arrays to study the binding kinetics of
antibody-antigen interactions at the single-molecule level. Moreover, we demonstrate that it is possible to couple these binding kinetics measurements with single-molecule protein

sequencing to multiplex kinetic analysis to panels of nanobodies. This new approach to the study of nanobodies will help us understand the sequence/function relationship in nanobodies
and open new directions in nanobody affinity maturation.

Objective Results
On-chip single-molecule kinetic characterization of multiplexed nanobodies Model Selection Data
1. Single-molecule binding kinetics 2 Expose barcode 3. NGPS barcode B © Simultaneous Imaging of Thousand§ of Read Ali-gnments tg Refe'rence Enrichment of Specific NanoF)?dy-
£ Molecules on a Semiconductor Chip BCs using the QSi algorithm Attached BC vs. Non-Specific
mBC1 mBC2 Pre-selection

Fluorophore- powe 5 2 E T s
labelled target ~ e

1
RS mean PD (s) 33.33% (1)

R L mean aln score = 2.19

oading 064 | 046 | 041 66.67% (2)
168 R L | mean aln score = 2.07 -
0.67 3.03 17582
80
2.5

¥ Protease

3.05 0.73 0.27 0.01 0.01 FLRAADDDK

F L R A A kinetics_db version=1.0 . BC 1 BC2

2.01 0.55 66.17% (2142)
F L mean aln score = 2,15

Barcode Variant

Post-selection

1.94 0.54 1.02 32.22% (1043)
F L R mean aln score = 2.31 5534

Semiconductor chip Excitation @L 26 12 768

5 5 10 T o ’ 15 053 080 0.93% (30)
B r \v F L A mean aln score = 2.25 3237
arcoded Single32.48% Double 18.38% Multiple 9.99%
Nanobody [ k “

1.83 0.52 1.92 274 0.68% (22)
mean aln score 3

1
variants 1 |k, S~ ./ RLEF Nanobody 4 Pre-selection Post-selection m BC1 = BC2

kg

Fluorescence

02 02 06 10

1/Kd = PD, 1/Ka = IPD
100 150 200 Ka (on-rate/association rate constant), Kd (off-rate/dissociation rate constant)

Run=7c3c38d8-db11-44bf-b951-2a244899c89 | Aperture=1092163 | Bleach Steps=1 Pulses=178.0

L ) Pulses of GFP Binding
Nanobody | |

sndngoare N (VLT T E

T T T T T T T T T T T T T T T T T T T T T T T T
0 3 10 15 20 25 30 » 40 45 30 53 60 65 70 7 80 85 El % 100 105 110 115

Methodolog
Peptide Barcodes for Multiplexing

/ inratio
¢
[ ] [ ] -
Va rl a nt 1 Va rl a nt 2 P t d Run=cc89695c-3332-4c80-a4d7-8ee7573385ae | Aperture=1092163 | Bleach Steps=0 Pulses=2416.0
e p I e ] i PS1165 PS1259 i S "
T ! 5T] Ic20)
a A 48

* Barcodes (BCs) are genetically encoded peptides used BC } Sequencing Data | N Pui?;;;:i:?:sgfﬁzers
to barcode Nanobody (Nb) variants. 1mn

 BCs are in one-to-one correspondence with Nb variants.

* NGPS can then be used to identify the barcodes
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Qualitative Analysis: Nanobodies with faster published Koff exhibit shorter PD on the platinum.
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Quantitative Analysis: Some nanobodies show Koff consistent with literature findings.
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the single-molecule level. The ability to multiplex and analyze these nanobodies
individually offers an exciting approach to unravelling the complexities of protein
interactions, thereby revolutionizing single-molecule studies in the field of proteomics.
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