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96 WELL PLATE
makes 1 gene

121 devices per cluster

TWIST SILICON PLATFORM
can make 9,600genes

Developing Game-Changing Throughput and Cost through Quality and Speed at Scale

Rewriting DNA with the Power of Silicon –
Our One Thing!
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The Use of Oligo Pools to Build Unprecedented 
Libraries Our One Thing for Antibody Libraries

• Oligo pools are designed to match the natural CDR repertoire
• Liabilities can be removed, e.g. isomerization, cleavage, deamidation, glycosylation sites
• Rational sampling from desired sequence space
• Accurate representation, e.g. motif sequences can be explicated encoded in oligos

Antibody variable domain, e.g. Hc or Lc

CDR1 CDR2 CDR3

~103 ~103 ~104

~1010 theoretical diversity

EXAMPLE:
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Oligo Technologies to Generate CDR Diversity
The Advantages of Oligo Pools for Library Generation

TECHNOLOGY
FULL CONTROL 

OVER AMINO ACID 
DISTRIBUTION

NO STOP 
CODONS 
OR CYS

LACK OF 
OUT-OF-FRAME 

MUTATIONS

NO LIABILITY 
DIPEPTIDE MOTIFS

MATCH NATURAL 
CDR REPERTOIRE 

OR CONTAIN 
SEQUENCE MOTIFS

NNS/NNK

TRIM

Twist 
Oligo Pools

Twist Synthetic libraries have significant 
technical advantages over NNS/NNK and TRIM
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Twist Biopharma Strategic Areas

Multiple Antibody Discovery Tools to Ensure a Successful Campaign

TWIST ANTIBODY DISPLAY LIBRARIES
• Wide range antibody library scaffold libraries (Fab, scFv, VHH) 
• Virtual target specific synthetic libraries enabled by modeling or 

immunization

GPCR ANTIBODY LIBRARY
• Unlock and enable the discover of antibodies to this difficult target 

class

TWIST ANTIBODY OPTIMIZATION (TAO)

HIGH THROUGHPUT ANTIBODY PRODUCTION
• Enabled by HT Gene Synthesis and Automation

Our Competitive Advantage
Utilize “writing” of precisely defined libraries to create unprecedented synthetic antibody libraries 

that are devoid of liability issues and can match the natural CDR repertoire or contain specific 
sequence motifs 

IgG, scFv, VHH

Fab 
~50 kD

scFv Single chain 
Fv fragment

~25 kD

Human IgG Immunogloulin
~150 kD

Llama Immunogloulin
~80 kD

VHH single 
domain antibody

>15 kD

Light chain heavy chain
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Building a Library of Libraries

Writing the Future of Biologics

1 library

100s of libraries

Pan hundreds of libraries 
against every target

OR
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GPCRS ARE ATTRACTIVE DRUG TARGETS
• 30-50% of current drug targets are GPCRs
• Broad indications

GPCRS ARE HARD-TO-DRUG: 2 FDA 
APPROVED ANTIBODIES
• Current antibody drug development methods do 

not work
• GPCR antigens immunizations produce binders 

to epitopes not available biologically 
• Panning with random mutagenesis libraries is 

too inefficient to explore the effective sequence 
space

SYNTHETIC LIBRARY ADVANTAGE
• No immunization required 
• Design and synthesis of explicit mAb libraries to 

focus on effective sequence space
• Simultaneous screening against multiple targets

Twist Biopharma Initiative to Discover 
Anti-GPCR Antibodies
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Initial GPCR Library Concept from Literature

Liu, Tao, et al. "Rational design of CXCR4 specific antibodies with elongated CDRs.
" Journal of the American Chemical Society 136.30 (2014): 10557-10560.

CVX15-CXCR4
complex

Bovine BLV1H12
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Known GPCR Interacting Partners: Source of Motifs

Anti-GPCR antibodieschemokine Helical peptide looped peptide GPCR ECD1 & ECL2

ECD1

ECL2

ECL2 ECD1

Increasing diversity: These motifs were introduced into our
library heavy chain CDR3 (HCDR3)
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Database of Long HCDR3 Antibodies, Including 
Anti-GPCR Antibodies: Templates for Library
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Final GPCR Library > 10 Billion Different Antibodies 
with Motifs Incorporated into HCDR3 Loop

• Completed detailed “displayability” analysis
• Completed computational structural modeling
• Final library design leveraging rules of human repertoire
• Synthesis of 1010 high variation libraryGPCR Crystal Structure to 

Antibody Scaffold 

First Library for Proof of 
“Displayability”

Second Library with Hyper-
Variation for Screening

Done

Done

Done

>1e10
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GPCR Design for Creating Over-expressing Lines

Twist Biopharma is also partnering with 
other GPCR target companies that can 

provide access to high quality antigens!

FLAG TAG

GFP for Sorting

High Cell 
Surface 
Expression
Population
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Cell-based 
Selections

NGS & 
Sanger Clone 
Sequencing

Reformatting 
to IgG and 

DNA scale-up

High-
Throughput 

IgG 
Purification

Binding and 
Functional 

Assays

2 weeks 1 week 4 weeks 2 week 2-6 weeks

Twist Biopharma’s 2 Month Discovery Cycle

High affinity and potency 
target specific IgG

GPCR-focused 
scFv phage library

(Library diversity: >1 x 1010)
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Over 15 FACS Positive Antibodies Found

Example: 8 of 15 antibodies

EC50: 10.4 nM
GLP1R-3

EC50: 1.1 nM
GLP1R-8

EC50: nd
GLP1R-26

EC50: 10.5 nM
GLP1R-56

EC50: nd
GLP1R-58 GLP1R-10

EC50: nd

GLP1R-25
EC50: 23nM

EC50: nd
GLP1R-60
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Multiple Antibodies Show Negative Allosteric 
Inhibition of GLP 7-36 peptide in cAMP Assay!

100nM 27nM 100nM

100nM 100nM 2.2nM

100nM 100nM
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Large Number of GLP & GLP 2 Motifs:
FACS Positive GLP1-R Hits

15 positives: GLP1R 2, 3, 8,10, 25, 26, 30, 56, 58, 60, 70, 72, 83, 93, and 98

There are three unique sequences, GLP1R 2, 10 and 26 that are also identified positives

Positives include the GLP-1 motif (Yellow), and GLP-2 motif (             ) Orange

1

2

3


Sheet1

		FACS +		HCDR3

		GLP1R2		CARDMYYDFETVVEGIQWYEALKAGKLGEVVPADDAFDIW

		GLP1R3		CAKHMSMQEGAVTGEGQAAKEFIAWLVKGRVRADLVGDAFDVW

		GLP1R8		CARDGRGSLPRPKGGPQTVGEGQAAKEFIAWLVKGGLTYDSSEDSGGAFDIW

		GLP1R10		CARANQHFFVPGSLKVWLKGVAPESSSEYDSSEDSGGAFDIW

		GLP1R25		CARANQHFLSHAGAARDFINWLIQTKITGLGSGYHYYGMDVW

		GLP1R26		CAKHMSMQEGVLQGQIPSTIDWEGLLHLIRADLVGDAFDVW

		GLP1R30		CARDMYYDFLKIGDNLAARDFINWLIQTKITDGTDTEVVPADDAFDIW

		GLP1R56		CARANQHFFSGAEGEGQAAKEFIAWLVKGIIPGYHYYGMDVW

		GLP1R58		CARANQHFGLHAQGEGQAAKEFIAWLVKGSGTYGYHYYGMDVW

		GLP1R60		CAKHMSMQDYLVIGEGQAAKEFIAWLVKGGPARADLVGDAFDVW

		GLP1R70		CARDGRGSLPRPKGGPPSSGRDFINWLIQTKITDGFRYDSSEDSGGAFDIW

		GLP1R-72		CARDMYYDFHPEGTFTSDVSSYLEGQAAKEFIAWLVKGSLIYEVVPADDAFDIW

		GLP1R-83		CAKHMSMQEGAVTGEGQAAKEFIAWLVKGRVRADLVGDAFDVW

		GLP1R-93		CARANQHFLSHAGAARDFINWLIQTKITGLGSGYHYYGMDVW

		GLP1R-98		CARDMYYDFGYFTGMNTILDNLAARDFINWLIQTKITDRGGGSGGSGGSGGSGGSGEVVPADDAFDIW
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GLP1R IgGs bind to human pancreatic precursor cells expressing 
endogenous GLP1R

TB59-243
(LP scale up)

TB59-241
(LP scale up)

TB01-3
(LP scale up)

TB59-2
(in house)

No IgG (only 2ºAb) 
+appropriate IgG

@ 400nM

Titration curves of these four IgGs: 400 - 200 -100 - 50 - 25- 12.5 - 6.25 - 3.125 nM IgG 

R&D GLP1R Ab
(MAB2814)

R&D Ab

Twist anti-GLP1R antibodies show 
significantly better binding to natively 
expressed target on primary cells (vs. 
control R&D antibody)
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GPCR Library POC

The GPCR library is performing very well 
against a panel of class A and B GPCR 
targets.
The antibodies derived from this library are 
well behaved and can potentially be drug 
candidates.
For the anti-GLP1R antibodies, they also 
bind their target on primary cells.

Conclusion: The motif guided library 
approach is a robust path to finding 
functional GPCR antibodies.
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The Hyperimmune Library Series

CDR1 CDR2 CDR3
N- -C

CDR1 CDR2 CDR3
N- -C

VH3-23

• VK1-39

~3 million
HCDR3 (NGS 
from Naïve & 
Memory B-cells)

• Create combined Fab expression cassette and clone into Fab phagemid vector
• Target diversity > 1010

• VH CDR1/2, VH CDR3, and Lc sub-libraries will be available for further shuffling for affinity 
maturation.
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KV1-39 (KJ-4) CL

L1 L2 L3 H1 H2 H3

HJ-1HV3-23 CH

1.7 x 108

(2481511)

2.2 x 1012

3.8 x 1020

HyperImmune Lib 1:  IgHV3-23 (HJ-1) / IgKV1-39 (KJ-4)

Tony Cox/Qiang Liu
LIBRARY DESIGN
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Carterra SPR kinetic analysis, CD3e

Two cross-reactive human/cyno CD3e antibodies, will need further optimization

Anti-Fc immobilized to HC30M chip, antibodies arrayed at 20 ug/ml
Antigen flow at 1:3 serial dilution (1 uM – 0.5 nM) in HBSTE + 0.5mg/ml BSA
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Hyperimmune Library POC

Hyperimmune library does yield panels of 
antibodies to CD3e with human/cyno cross-
reactivities
Additional POC selections are underway 
against additional soluble targets as well as 
GPCR targets.

Conclusion: More robust validation data is 
required to prove the usefulness of this library
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Single Domain Antibody Libraries (VHH)

Explore VHH sequence space with three new antibody libraries –
no immunization required

Why are synthetic single domain antibody libraries 
important?
• Small & modular antibodies
• Stable & robust 
• Full antigen binding capacity
• Easier to engineer & manufacture
• Access to epitopes usually sterically hindered by an IgG
• Create building blocks for biospecific antibodies
• Faster than traditional approaches – no immunization 

required
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Three Single Domain Antibody Library Options

Explore VHH sequence space with three new antibody libraries – no immunization 
required

VHH Ratio: Specific oligo 
pools model the natural 
VHH repertoire

VHH Shuffle: Natural 
llama CDR sequences in 
the context of a llama 
consensus framework

VHH hShuffle: Natural 
llama CDR sequences in 
the context of a humanized 
Trastuzumab VHH 
framework

CDR3CDR2CDR1
N C

N C
CDR3CDR2CDR1

1239 unique CDR1s 1600 unique CDR2s 1608 unique CDR3s

1239 unique CDR1s 1600 unique CDR2s 1608 unique CDR3s
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+ Loop length 0–13 amino acids. 
All amino acids. All amino 
acids except Cys and Met.

All libraries transformed at 1010 diversity
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VHH hShuffle HI: High diversity human CDR3 with natural llama 
CDR1/2 sequences in a humanized DP-47 VHH framework

VHH hShuffle HI

• More than two million HCDR3 sequences were gathered from a database of 
human naïve and memory B-cell receptor sequences

• The HCDR3s were incorporated into the VHH hShuffle library 
• Final library diversity: 1.3 x 1010

N C

1239 unique CDR1s 1600 unique CDR2s

CDR3CDR2CDR1

>2 million unique HCDR3s
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Mapping the CDR3 Length Diversity of VHH libraries by NGS
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VHH Libraries: Proof of Concept

VHH target-specific antibodies can be identified, reformatted to VHH-Fc, and 
characterized in the span of only a few months

Panning
& Screening

• VHH Ratio
• VHH Shuffle
• VHH hShuffle

Reformatting 
to IgG and 

DNA scale-up
Sequencing

Affinity 
Determination 

and 
Developability

• 5 successive 
rounds against 
protein target

• Phage ELISA 
screen

• NGS clonal 
enrichment 
monitored at 
each round

• All unique ELISA 
positive clones 
synthesized as 
VHH-Fc

• VHH-Fc affinities 
determined using 
Carterra LSA platform

• VHH-Fc developability 
assessed using a 
panel of assays
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Anti-TIGIT clones from VHH libraries encompass
a range of affinities and diversity

Library Round 3 Round 4 Round 5 Uniques
VHH Ratio 58 85 188 47

VHH Shuffle 128 211 287 58

VHH hShuffle 82 222 255 56
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VHH RATIO
CDR3 Counts Per Length

VHH SHUFFLE
CDR3 Counts Per Length

VHH hSHUFFLE
CDR3 Counts Per Length

Out of 140 VHH binders
• 51 variants <100 nM
• 90 variants <200 nM

45

40

35

25

10

20 40 60 80 100 300 400 500 700

AFFINITY THRESHOLD (MONOVALENT KD) IN nM

C
O

U
N

T

200 600

30

20

15

5

800 900 1000 4000
0

ELISA+ colony count: 1 ✕ 384 well plate picked per library per round Array SPR Binding Analysis
TIGIT AFFINITY DISTRIBUTION – VHH LIBRARIES

VHH RATIO VHH SHUFFLE VHH hSHUFFLE
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VHH-Fc demonstrate a range of affinities for TIGIT

IgG2 captured to HC30M chip, HBSTE + 0.5 mg/ml BSA run buffer, 0.46 – 333 nM, 3 fold dilutions

Range of 12 – 1685 nM KD, most express over 200 ug/ml at 1 ml scale
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Carterra SPR binding analysis

51 variants with binding affinity < 100 nMVHH hShuffle

VHH Shuffle

VHH Ratio

Clone ELISA Library
ProA

(mg/ml) KD (nM)
TB31-1 5.7 VHH hShuffle 0.29 12
TB31-6 9.6 VHH hShuffle 0.29 14

TB31-26 5.1 VHH hShuffle 0.31 19
TB30-30 8.0 VHH Shuffle 0.11 23
TB31-32 8.0 VHH hShuffle 0.25 27
TB29-10 5.0 VHH Ratio 0.19 32
TB29-7 7.3 VHH Ratio 0.28 41

TB30-43 13.5 VHH Shuffle 0.18 44
TB31-8 12.7 VHH hShuffle 0.29 45

TB31-56 11.7 VHH hShuffle 0.26 46
TB30-52 4.2 VHH Shuffle 0.22 49
TB31-47 8.8 VHH hShuffle 0.23 53
TB30-15 9.3 VHH Shuffle 0.26 55
TB30-54 5.5 VHH Shuffle 0.30 58
TB30-49 10.3 VHH Shuffle 0.26 62
TB29-22 3.4 VHH Ratio 0.27 65
TB29-30 9.2 VHH Ratio 0.28 65
TB31-35 5.7 VHH hShuffle 0.24 66
TB29-1 10.4 VHH Ratio 0.09 68
TB29-6 6.8 VHH Ratio 0.29 69

TB31-34 6.0 VHH hShuffle 0.32 70
TB29-12 6.2 VHH Ratio 0.23 70
TB30-1 5.4 VHH Shuffle 0.39 71

TB29-33 3.9 VHH Ratio 0.15 74
TB30-20 4.6 VHH Shuffle 0.19 74
TB31-20 6.6 VHH hShuffle 0.37 74
TB31-24 3.1 VHH hShuffle 0.15 75
TB30-14 9.9 VHH Shuffle 0.19 75
TB30-53 7.6 VHH Shuffle 0.24 78
TB31-39 9.9 VHH hShuffle 0.32 78
TB29-18 10.9 VHH Ratio 0.19 78
TB30-9 8.0 VHH Shuffle 0.40 79

TB29-34 8.6 VHH Ratio 0.21 80
TB29-27 8.6 VHH Ratio 0.18 82
TB29-20 5.9 VHH Ratio 0.26 83
TB30-55 6.0 VHH Shuffle 0.41 85
TB30-39 6.1 VHH Shuffle 0.07 88
TB31-15 6.2 VHH hShuffle 0.32 88
TB29-21 4.3 VHH Ratio 0.23 88
TB29-37 5.3 VHH Ratio 0.26 89
TB29-40 6.6 VHH Ratio 0.31 90
TB31-30 3.2 VHH hShuffle 0.33 93
TB31-10 12.3 VHH hShuffle 0.31 94
TB29-3 13.6 VHH Ratio 0.11 94

TB30-57 5.2 VHH Shuffle 0.24 95
TB29-31 4.4 VHH Ratio 0.18 96
TB31-27 8.1 VHH hShuffle 0.31 96
TB31-33 6.0 VHH hShuffle 0.32 96
TB30-40 7.1 VHH Shuffle 0.21 99
TB31-18 4.1 VHH hShuffle 0.36 99
TB30-5 9.3 VHH Shuffle 0.05 100
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VHH Libraries POC

All three VHH libraries have been very robust against 
a panel of soluble targets (TIGIT, CD47) as well as a 
large number of GPCR targets.
VHH-Fc and VHH alone express well in mammalian 
cells and are well-behaved in developability assays.

Conclusion: The single domain scaffold may provide 
a surface that is much more amenable to binding 
smaller pockets and unique epitopes on difficult 
targets.
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Twist Antibody Optimization Platform

Quickly generate high-diversity, high quality molecules inspired by the human repertoire

Why TAO?
Use natural human antibody sequence data to create 
an optimization library that exactly matches the human 
repertoire

• Liabilities are removed, e.g. isomerization, cleavage, 
deamidation, glycosylation sites, liability dipeptide 
motifs

• Rational sampling from desired sequence space
• Accurate representation: motif sequences explicitly 

encoded in oligos

“Human Repertoire Inspired”Murine, Chimeric, Humanized or Fully Human Antibody Hits

Murine Chimerization Humanization Human

Input: Output: 

Fully Human 
Optimized Lead
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POC: PD1 Antibody Optimization

# MUTATIONS FROM GERMLINE

Heavy Chain

Light Chain

1 0

0 1 6

Uses NGS database 
from 12 people

1 0 1 0

0 1 1 1

TAO CRITERIA:

natural-fitness-scan distance 1, 2, or 3 (default 1)
min_subjects min number of people with CDR (default 2)
suppress-liabilities default yes
explore-germline distance 1, 2, or 3 (default 1)
amino-scan=H,D,E charge and feature scan
custom_cdrs=mycdrs.txt custom CDRs that the user can force include
perform_h3_scan=0 single amino acid scan of H3 (default yes)



Twist Bioscience Corporation 34

TAO: How it works

Input antibody sequence 
into software

Order oligo pools & 
template DNA

Twist Biopharma creates 
library & screens 
against target1 2 3

4 months

Parental Antibody (325 nM) Optimized Antibody (4.5 nM)

Affinity 
Increase

72 ✕
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TAO Optimized IgGs Bind with Similar or Improved Affinity to 
Commercial PD-1 Antibodies

Commercial Ab Parental AbTop binding Ab

Affinity increased 80x 
Bind leads with higher affinity than control antibodies
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TAO Optimized IgGs Bind with Similar or Improved Affinity to 
Commercial PD-1 Antibodies

PD1-TAO1
KD = 4.5 nM

PD1-TAO2
KD = 9.8 nM

PD1-TAO15
KD = 7.3 nM

PD1-TAO60
KD = 16.5 nM

Parental
KD = 330 nM

nivolumab
KD = 14.5 nM



Twist Bioscience Corporation 37

Clone KD (nM) ka (M-1 s-1) kd (s-1) KD (nM) Yield (ug/ml) Y R F T S Y G I S G W I S A Y N G N T N Y A C A R D A D Y S S G S G Y W
PD1_TAO1 4.52 6.E+05 2.94E-03 3.37 19.7 Y T F S H Y G I S G W V S A Y S G N T R Y A C A R D A T Y S S G S G Y W
PD1_TAO15 7.29 2.E+05 1.76E-03 11.52 8.8 Y T F T D Y G V S Y T I S P Y S G K T D Y A C A R D A D Y S I G S G Y W
PD1_TAO91 9.17 6.E+05 5.12E-03 4.18 9.7 Y T F A D Y G I S G W I S A Y N G N T N Y A C A R D W D Y S S G S G Y W
PD1_TAO2 9.76 7.E+05 7.29E-03 4.81 30.7 Y S F S N Y G I S G W V S A Y S G N T N Y A C A R D A D Y A S G S G Y W
PD1_TAO7 10.4 7.E+04 7.37E-04 1.23 14.8 Y T F T H Y G I T G W I S A Y S G S T N Y A C A R D A D Y S I G S G Y W
PD1_TAO75 11.1 5.E+05 5.60E-03 ND 8.5 Y P F T N Y G I S G W I S P Y S G N T N Y A C A R D F D Y S S G S G Y W
nivolumab 14.5 2.E+06 2.80E-02 1.30 13.4 Y T F T N Y Y M Y G G I N P S N G G T N F N C A R R D Y R F D M G F D Y
pembrolizumab 16.3 2.E+05 2.96E-03 18.60 21.3 I T F S N S G M H V I W W Y D G S K R Y Y A C A T N D D Y
PD1_TAO60 16.4 3.E+05 5.23E-03 3.46 53.5 Y D F S S Y G I S G W I S A Y S G N T R Y A C A R D A D Y S V G S G Y W
PD1_TAO88 27.5 5.E+05 1.36E-02 4.08 8.1 Y T F N R Y G I S G W I S A Y S G N T R Y A C A R D A D Y A S G S G Y W
PD1_TAO4 31.3 9.E+05 2.67E-02 6.90 15.1 Y T F S T S G I S G W I S A Y N G N T N Y A C A R D F D Y S S G S G Y W
PD1_TAO86 42.6 3.E+04 1.39E-03 ND 10.5 Y T F D D Y G I S G W I S A Y N G N T N Y A C A R D A T Y S S G S G Y W
PD1_TAO54 42.9 8.E+04 3.23E-03 9.18 7.3 Y A F S N Y G I S G W I S P Y S G N T K Y A C A R D A D Y S I G S G Y W
PD1_TAO14 45.8 1.E+07 6.42E-01 ND 10.8 Y P F T N Y G I S G W T S A Y S G N T N Y A C A R D F D Y S S G S G Y W
PD1_TAO82 46.9 6.E+05 2.76E-02 7.46 12.5 Y R F T S Y G I S G W I S A Y N G N T N Y A C A R D W D Y S S G S G Y W
PD1_TAO10 47.3 4.E+06 1.66E-01 1.99 15.4 Y R F T S Y G I S G W I S A Y N G N T N Y A C A R D A D Y A S G S G Y W
PD1_TAO11 48.1 8.E+05 3.97E-02 4.26 10.5 Y T F S N Y G F S G W I S P Y S G N T K Y A C A R D A D Y S I G S G Y W
PD1_TAO76 52.6 7.E+05 3.85E-02 5.27 13.4 Y R F T S Y G I S G W I S A Y N G N T N Y A C A R D F D Y S S G S G Y W
PD1_TAO12 53.5 8.E+08 4.05E+01 3.01 119.7 Y T F N T Y G V S G W I S A Y S G N T R Y A C A R D F D Y S S G S G Y W
PD1_TAO42 53.6 1.E+07 7.55E-01 2.09 9.1 Y T F N N F G I S G W I S A Y N G N T D Y A C A R D M D Y S S G S G Y W
PD1_TAO43 54.4 5.E+05 2.86E-02 4.12 8.4 Y T F S N Y G I S G W I S A Y S G N T K Y A C A R D A D Y A S G S G Y W
PD1_TAO17 60.0 8.E+05 5.07E-02 2.65 9.2 Y T F S K Y G I S G W I S A Y S G H T D Y A C A R D F D Y S S G S G Y W
PD1_TAO89 63.8 9.E+05 5.66E-02 3.37 11.5 Y S F T K Y G I S G W I S A Y S G N T R Y A C A R D A D Y S I G S G Y W
PD1_TAO87 63.9 3.E+06 1.65E-01 2.72 7.7 Y T F D R Y G I S G W I S A Y S G N T R Y A C A R D V D Y S S G S G Y W
PD1_TAO48 64.3 1.E+09 6.43E+01 ND 59.4 Y T F S H Y G I S G W I S P Y S G N T K Y A C A R D A D Y W S G S G Y W
PD1_TAO59 65.9 7.E+05 4.87E-02 8.37 8.3 Y D F S S Y G I S G W I S A Y S G Y T N Y A C A R D A V Y S S G S G Y W
PD1_TAO18 68.4 8.E+05 5.15E-02 2.55 12.6 Y T F N N Y G I S G W I S A Y S G H T D Y A C A R D W D Y S S G S G Y W
PD1_TAO30 68.7 4.E+05 2.61E-02 3.62 8.0 Y T F N N Y G V S G W V S A Y S G N T N Y A C A R D A D Y A S G S G Y W
PD1_TAO23 69.2 2.E+06 1.41E-01 10.76 8.0 Y P F T S Y G I S G W I S A Y N G N T N Y A C A R D V D Y S S G S G Y W
PD1_TAO25 76.0 3.E+05 2.18E-02 5.28 7.3 Y S F T R Y G I S G W I S P Y S G N T K Y A C A R D A D Y G S G S G Y W
PD1_TAO8 78.0 8.E+05 6.39E-02 1.44 9.4 Y T F S H Y G I S G W I S P Y S G N T K Y A C A R D N D Y S S G S G Y W
PD1_TAO36 84.8 1.E+09 8.49E+01 ND 7.1 Y T F S S Y G V S G W I S A Y S G S T N Y A C A R D A V Y S S G S G Y W
PD1_TAO50 87.4 7.E+08 6.21E+01 12.67 15.8 Y T F R N Y G I S G W T S A Y N G N T N Y A C A R D A T Y S S G S G Y W
PD1_TAO27 88.6 1.E+06 1.07E-01 4.33 11.8 Y P F T N Y G I T G W I S A Y N G N T N Y A C A R D W D Y S S G S G Y W
Parental 325.5 9.E+04 2.85E-02 ND 10.4 Y R F T S Y G I S G W I S A Y N G N T N Y A C A R D A D Y S S G S G Y W

TAO Optimized IgGs have Common Substitutions

CDRH1

Bi
nd

in
g 

af
fin

ity
 (I

gG
)

Asparagine
→ Serine

Polar (+) charged
→ Hydrophobic or uncharged

Common substitutions

Small hydrophobic
→ Bulky hydrophobic

SPR (Carterra) FACS

CDRH2 CDRH3

Uncharged
→ Polar charged

Commercial Ab

Parental Ab

Polar uncharged
→ Polar charged
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Parental

Clone Frequency Mutations KD
PD1_TAO1 0.05% 7 4.5
PD1_TAO15 0.05% 10 7.3
PD1_TAO91 0.09% 4 9.2
PD1_TAO2 2.20% 6 9.8
PD1_TAO7 0.05% 6 10.5
PD1_TAO75 0.16% 5 11.1
PD1_TAO60 0.00% 5 16.5
PD1_TAO88 0.11% 6 27.5
PD1_TAO4 0.09% 5 31.4
PD1_TAO86 0.03% 4 42.6
PD1_TAO54 0.00% 7 42.9
PD1_TAO14 6.10% 5 45.9
PD1_TAO82 0.07% 1 47.0
PD1_TAO10 0.11% 1 47.4
PD1_TAO11 0.38% 8 48.1
PD1_TAO76 0.15% 1 52.6
PD1_TAO12 0.03% 7 53.5
PD1_TAO42 0.16% 6 53.6
PD1_TAO43 0.59% 6 54.4
PD1_TAO17 0.04% 7 60.1
PD1_TAO89 0.10% 5 63.9
PD1_TAO87 0.11% 6 63.9
PD1_TAO48 0.12% 7 64.3
PD1_TAO59 0.03% 5 65.9
PD1_TAO18 0.21% 7 68.4
PD1_TAO30 0.27% 7 68.8
PD1_TAO23 0.14% 2 69.2
PD1_TAO25 0.06% 6 76.0
PD1_TAO8 0.13% 7 78.1
PD1_TAO36 0.02% 6 84.9
PD1_TAO50 0.09% 5 87.5
PD1_TAO27 0.25% 4 88.6
PD1_TAO21 0.96% 5 92.0
PD1_TAO32 0.03% 5 92.2
PD1_TAO56 0.08% 7 94.8
PD1_TAO58 0.01% 6 96.7
PD1_TAO51 0.35% 3 98.8
PD1_TAO16 0.08% 1 100.8
PD1_TAO77 0.08% 3 100.9
PD1_TAO5 0.02% 7 101.0
PD1_TAO84 0.09% 4 101.2
PD1_TAO53 0.00% 7 102.8
PD1_TAO83 0.06% 7 105.7
PD1_TAO13 0.57% 6 106.4
PD1_TAO3 0.07% 6 107.3
PD1_TAO20 0.24% 6 109.4
PD1_TAO66 0.03% 3 118.9
PD1_TAO80 0.04% 6 125.2
PD1_TAO63 0.08% 5 125.8
PD1_TAO79 0.12% 6 129.2
PD1_TAO19 0.10% 7 129.5
PD1_TAO22 0.21% 5 132.5
PD1_TAO81 0.04% 5 134.0
PD1_TAO46 0.12% 7 136.4
PD1_TAO26 0.10% 7 137.5
PD1_TAO35 0.05% 6 139.1
PD1_TAO47 0.70% 5 139.1
PD1_TAO9 0.30% 5 148.4
PD1_TAO55 0.07% 7 149.3
PD1_TAO52 0.06% 1 149.4
PD1_TAO78 0.07% 5 152.0
PD1_TAO71 0.73% 7 160.9
PD1_TAO64 0.10% 7 166.9
PD1_TAO73 0.11% 4 170.5
PD1_TAO67 0.03% 6 171.5
PD1_TAO68 0.07% 6 173.2
PD1_TAO33 0.10% 3 173.6
PD1_TAO90 0.09% 7 174.3
PD1_TAO72 0.18% 7 188.1
PD1_TAO24 1.10% 6 189.8
PD1_TAO31 0.03% 5 194.5
PD1_TAO61 0.06% 4 194.5
PD1_TAO37 0.13% 6 198.6
PD1_TAO49 0.03% 7 201.4
PD1_TAO69 0.43% 4 201.5
PD1_TAO38 0.06% 6 203.6
PD1_TAO57 0.76% 5 204.3
PD1_TAO85 0.11% 6 209.6
PD1_TAO44 0.17% 6 226.5
PD1_TAO92 0.09% 8 235.8
PD1_TAO62 0.09% 3 240.2
PD1_TAO39 0.13% 4 240.5
PD1_TAO45 0.11% 5 242.9
PD1_TAO65 0.05% 4 260.6
PD1_TAO28 0.02% 8 267.0
PD1_TAO74 0.16% 6 285.7
PD1_TAO95 0.05% 0 325.5

>90% of clones contain unique light chains that are never repeated

TAO-Optimized IgG binders are Derived from a Wide 
Sequence Space
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TAO Proof of Concept

TAO Optimized igGs Block PD-1/PD-L1 Interaction

Clone
SPR KD

(nM)
IC50 
(nM)

Bmax
(RU)

PD1_TAO1 4.5 0.434 693
PD1_TAO15 7.3 0.562 634
PD1_TAO91 9.2 0.868 664
PD1_TAO2 9.8 0.848 661
PD1_TAO7 10.5 0.896 642
PD1_TAO75 11.2 0.418 614
Nivolumab 14.5 1.345 628
PD1_TAO60 16.5 1.614 776
PD1_TAO8 78.1 1.968 436
PD1_TAO58 96.7 3,384 446
Parental 325 4.122 449

• After Twist Antibody Optimization:
• Binding affinity went up 72×
• Function increased by 9.5×
• Six antibodies identified with higher binding 

affinity and function than nivolumab

Addition of anti-PD1 antibody blocks the 
PD-1/PD-L1 interaction, releases inhibitory 

signal and results in TCR activation and 
NFAT-RE-mediated luminescence (RU)

Multiple Optimized Leads

PD-1/PD-L1 Blockade Assay v. Monovaient Binding Affinity

IC
50

 (n
M

)

KD (nM)

Optimized 
PD-1 Leads

Nivolumab
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Ways to Work with Us

License libraries

Partnership around generating new 
leads against any of interest

Partnership around optimizing existing 
leads with Twist Antibody Optimization

Partner/Collaborate around select 
leads generated from initial POC

1

2

3

4


	Slide Number 1
	Rewriting DNA with the Power of Silicon – �Our One Thing!
	The Use of Oligo Pools to Build Unprecedented Libraries Our One Thing for Antibody Libraries
	Oligo Technologies to Generate CDR Diversity�The Advantages of Oligo Pools for Library Generation
	Twist Biopharma Strategic Areas
	Building a Library of Libraries
	Twist Biopharma Initiative to Discover �Anti-GPCR Antibodies
	Initial GPCR Library Concept from Literature
	Known GPCR Interacting Partners: Source of Motifs
	Database of Long HCDR3 Antibodies, Including �Anti-GPCR Antibodies: Templates for Library
	Final GPCR Library > 10 Billion Different Antibodies with Motifs Incorporated into HCDR3 Loop
	GPCR Design for Creating Over-expressing Lines
	Twist Biopharma’s 2 Month Discovery Cycle
	Over 15 FACS Positive Antibodies Found
	Multiple Antibodies Show Negative Allosteric Inhibition of GLP 7-36 peptide in cAMP Assay!
	Large Number of GLP & GLP 2 Motifs:�FACS Positive GLP1-R Hits
	GLP1R IgGs bind to human pancreatic precursor cells expressing endogenous GLP1R
	GPCR Library POC
	The Hyperimmune Library Series
	HyperImmune Lib 1:  IgHV3-23 (HJ-1) / IgKV1-39 (KJ-4)
	Carterra SPR kinetic analysis, CD3e
	Hyperimmune Library POC
	Single Domain Antibody Libraries (VHH)
	Three Single Domain Antibody Library Options
	VHH hShuffle HI: High diversity human CDR3 with natural llama CDR1/2 sequences in a humanized DP-47 VHH framework
	Mapping the CDR3 Length Diversity of VHH libraries by NGS
	VHH Libraries: Proof of Concept
	Anti-TIGIT clones from VHH libraries encompass�a range of affinities and diversity
	VHH-Fc demonstrate a range of affinities for TIGIT
	Carterra SPR binding analysis
	VHH Libraries POC
	Twist Antibody Optimization Platform
	POC: PD1 Antibody Optimization
	TAO: How it works
	TAO Optimized IgGs Bind with Similar or Improved Affinity to Commercial PD-1 Antibodies
	TAO Optimized IgGs Bind with Similar or Improved Affinity to Commercial PD-1 Antibodies
	TAO Optimized IgGs have Common Substitutions
	TAO-Optimized IgG binders are Derived from a Wide Sequence Space
	TAO Proof of Concept
	Ways to Work with Us

