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Outline

* Brief intro to Just
 Why we chose LabKey to play a critical role in meeting our goals
* Abacus (focus on Ab Classification & LabKey integration)

» Selection of LabKey-integrated solutions to automating data capture
* Bioreactor sample generation
* DNA sequencing assay
e Cell line development automation

* JStruct

* Using data to create predictive models
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Just. was formed in 2014 to expand global access to important
biotherapeutics

* Over 80% of the planet cannot afford
most of the breakthrough therapeutics
of modern biotechnology

* Just was formed to reduce the cost of
biologics by at least 10x, making these
therapeutics more accessible to a global
population

* This will help expand markets for
current therapies and lay a foundation
for new therapeutic approaches
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J.Design will accelerate development, improve product throughput
and reduce the over cost of biologics

Process and Product Design

DNA & Raw
Materials

e

Computational &
Predictive Modeling

Abacus™

Data Storage and Mining
LabKey Software
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About LabKey Biologics ‘

* A collaboration between Just and LabKey, with input gathered from an
advisory council of Pharma & Biotech representatives

e Goal: Build upon the foundation of LabKey Server to develop an application
to support large molecule development

* Core components:
* Entity Registration
* Assay Data Integration
* Querying & Analysis
* Media Registration
 Workflow Management

* Project kicked-off Fall 2015 | Product launched Spring 2017
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LabKey Biologics Registers Entities, Tracks Samples, and
Captures Assay Data

Molecule 85 m = @
$ Ingredients WA

Construct £ ), Automation Analyses

E Media
cell Line (*) B —
s " I%,__I
@ & @ B I oo 6‘
Bioreactor @j

01101

Samples Plates Worklists  Assay Results

€ LabKey Biologics
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Abacus™ is a system for the analysis and engineering of
antibodies and antibody-like molecules

Hot Spot Analysis Sequence Analysis Machine Learning
* Covariance violations (stability) * Structure-based numbering system ¢ Antibody characterization Antibody Fv
(Gunasekaran 2004) (based on Honegger 2001) data utilized with hot spots
* Isomerization/Deamidation * Full alignments with annotations ¢ Wide variety of structure
* Much more... * Positional frequency analysis across attributes calculated
* Issues communicated downstream specified reference antibodies * Paired structure, sequence,
Variant Designs * Clading for diversity assessment and data used to predict/repair
* Utilize structure analysis and sibling engineering characterization
calculations * Germline alignments within or across
* Variants tracked across analyses subclasses
* Combinatorial variant sequence * Structure and stability-based CDR
production grafting / humanization

* Push to registration system to enable ¢ Physical propertles calculations
associated data capture g 2faln e ol
* Full analysis report generation
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Ab domains can be modified and rearranged like building blocks
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BslgG 150 kDa BsAb Fragments
CrossMab* DAF (two-in-one)*  DAF (four-in-one) DutaMab DT-IgG Nanobody* Nanobody-HSA* BiTE* Diabody DART*
150 kDa 150 kDa 150 kDa 150 kDa 150 kDa 25 kDa 33 kDa 50 kDa 50 kDa 50 kDa

VARV

Knobs-in-holes

Knobs-in-holes Charge pair Fab-arm exchange SEEDbody TandAb* scDiabody scDiabody-CH3  Diabody-CH3 Triple Body
common LC 150 kDa assembly 150 kDa 150 kDa 150 kDa 150 kDa 100 kDa 50 kDa 75 kDa 125 kDa 100 kDa
V M V Y Eg) %z ‘}{' mﬁ%‘
Triomab* LUZ-Y Fcab KA-body Orthogonal Fab Miniantibody Minibody TriBi minibody ~ scFv-CH3 KIH Fab-scFv
150 kDa 150 kDa 150 kDa 150 kDa 150 kDa 50 kDa 100 kDa 100 kDa 75 kDa 100 kDa
{ @
A K Py e Uﬂgj UHEU ligj
Rat g g Mouse

Appended IgG >150 kDa

DVD-IgG* IgG(H)-scFv* scFv-(H)IgG IgG(L)-scFv scFv-(L)IgG scFv-CH-CL-scFv F(ab’)2 F(ab’)2-scFv2 scFv- KIH Fab-scFv-Fc
200 kDa 200 kDa 200 kDa 200 kDa 200 kDa 50 kDa 100 kDa 150 kDa 100 kDa 125 kDa
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19G(L,H)-Fv 1gG(H)-V V(H)-1gG IgG(L)-V Tetravalent HCAb  scDiabody-Fc Diabody-Fc  Tandem scFv-Fc Intrabody
175 kDa 175 kDa 175 kDa 175 kDa 200 kDa 100 kDa 150 kDa 150 kDa 150 kDa 150 kDa
Bispecific Fusion Protein
KIH IgG-scFab 2scFv-IgG 1gG-2scFv scFv4-Ig Zybody Dock and Lock* ImmTAC* HSAbody* scDiabody-HSA Tandem scFv-Toxin
200 kDa 250 kDa 250 kDa 200 kDa 180 kDa 160 kDa 75 kDa 120 kDa 120 kDa 120 kDa
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H BsAb Conjugates
DVI-IgG (four-in-one) IgG-1gG* Cov-X-Body* scFv1-PEG-scFv2
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Antibody Classification Steps

Initial detection performed with region (domain) PSSMs
Second pass matches to ASN-aligned germline sequences™
Region alignment tuning (i.e. CDR gapping)

Resolve region overlaps if present

A A

Attempt to assign unrecognized regions to unstructured regions (hinge) and
seguence parts

6. Assignment of a chain format based on the region pattern

*Available germlines include human, mouse, rat, rabbit and 6 other species with partial coverage.
Users can provide their own:
* Germline data as XML
* Custom sequence parts for classification
e Chain and structure formats.

Result is a structurally-aligned sequence with region and feature annotation
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Ab Classification Results
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ASN (Antibody Structural Numbering)

gggcil)s upon AHo variable region numbering (Honegger

Unique assignment for every residue in the sequence

Constant region Ig domains built initially from SCOP
structure-based alignments

Allows for insertions when necessary
Allows for flexible arrangement of regions and multiple

regions of the same type
HV#2:141.1
/ f \
Region prefix Aligned position

Region instance # Aligned sub-position

Structure-based alignment allows for the comparison of positions across multiple proteins
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Molecules and their variants can be
pushed to LabKey Biologics via the API

e Works in bulk

* Registers nucleotide and protein
sequences as well as molecules

* Sequences registered once by
identity

* Light and Heavy chains are associated
* Antibody features are auto-detected
e Parental lineage is maintained

e LKB then allows registration of
constructs, expression systems, etc.,
with associated data

2017 LabKey User Conference

@ LabKey Biologics ~ Search | Registy | Samples | Assays | Meda | Workfow a

Registry / Molecules

85 M-206

Alias 10-1074_Xtend
Identity im:1899
Molecule S MS-194
Structure Format 1gG1

Avg, Ma: 15576

Just. Abacus

@ Ab Structures

A Analysis v E Action v

[[] Name

ramucirumab
ustekinumab
denosuma b
10-1074
ramucirumab.001
ramucirumab.002

10-1074.001

SOoOoROOE O

Abacus Demo

G Import [ Export ~ % O

LabKey

QB HEWY

Sequences...

Parer|
Export Grid Data to Excel
Cloning Aid
Numbering Sheet
Engineering Report

i

Covariance XML

ramy|
Export Ab Structures to LabKey Biologics

ramy|

Ldr AV IGIG2 / Ldr FW IGHGTSM 10-1

%S seen in molecule set
%O MS-194

no regist
& related to p!
4
14 PS-467, PS-~

gistered nucleotide sequences
rotein sequences
471

Created 24 days ago

¢
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Simple Assay Data Import: Folder Monitor Daemons

o

Vi Cell

b Folder

Hank Monitor
LabKey
> é Vi Cell Biologics
Folder

Monitor

A O -—
— 0
Folder LR
M 'to r 01101
H oni
Sinbad
Sample ID Day VCD (E6 cells/ml) Total Cell Conc. (E6 cells/ml) Viability (%) Avg. Diameter (microns) Run Date Operator Name
S-20170331- 3.398 3.575 95 16.81 2017-03-31 Hank

33

13
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© Sign-off
=] on Results

€

Waters
Empower™

Lo

0110 - ‘
0001 o
01101
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CDS Broker — Taps into the Existing
dl Empower™ Chromatography Data System

O Extract
Assay Data

Broker

Sample set name ple ID le Assay Date Sample

RP 510 M220170120 S-20170120- 2017-01-20 Reactor
8056.1

RP 510 M220170120 S-20170120- 2017-01-20 Reactor
8056.2

RP 510 M220170120 S-20170120- 2017-01-20 100710

O Submit
Work Request

EEEN
T~

01
0110
0001 O . .
Biologics
Description Dilution Inje Empower Result ID Conc. mg/ml Assay Request Slop
Draw 1 0.99 5762 0.38 Transient CHO-S,
32C, 2-feed: 20mL
3BNC117v27 111,
full DNA, d10
Draw 2 0.99 5772 0.429 Transient CHO-S,
32C, 2-feed: 20mL
3BNC117v27 111,
full DNA, d10
0.99 5 5781 0.381 Transient CHO-S,

32C, 2-feed: 20mL

Assays:

Titer, AAA, SEC, HILIC, CE, ...

14
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Simplifying Bioreactor Sample Generation

A LKH (LabKey Helper) v0.25 S & e

Experiments © New Bioreactor Samp|e Generation [ Create CSV » Edit ™ Clone
Filter Text... Y x Status: & CLOSED Exp ID: 1002
Run Type: Perfusion Start Date: 2017-07-07 Molecule Set: JML111 Label Printer: CAB MACH4/600 v Label Count: 3 v

+ Open Experiments
+ Closed Experiments
Deleted Experiments

Reactor Label Template: JML111 D@Day
Permeate Label Template:

Comments: JML111 DOE#3

& JML111 2017-07-07
JML111 DOE#3
[ola} falo] falal o]
8 JML111 2017-06-26 ol slot S$-20170707-21 o] slot S$-20170707-22 o] slot S$-20170707-23 ol slot S-20170707-24
Engineering run #3 satellites - in... 1 3 JML111-20170707-R13 14 JML111-20170707-R14 1 5 JML111-20170707-R15 1 6 JML111-20170707-R1
Experiment Definition Template
Generate Generate Generate Generate Generate Generate Generate Ger
Reactor Permeate Reactor Permeate Reactor Permeate Reactor Perr
Sample Sample Sample Sample Sample Sample Sample Sal
day  BR $-2017071441 G $-201707142 G $-20170714-3 G $-20170714-4
7 7:07 AM 7:07 AM 7:07 AM 7:07 AM
JML111 D7 JML111 D7 JML111 D7 JML111 D7
$-20170714-23 5% $-20170714-24 5& §-20170714-25
9:40 AM 9:40 AM 9:40 AM
JML111 D7 JML111 D7 JML111 D7
day oo oo
:  S$-20170713-1 S$-20170713-2 gm S$-20170713-3 Gm $-20170713-5
6 7:30 AM 7:30 AM 7:44 AM 7:47 AM
JML111 D6 JML111 D6 JML111 D6 JML111 D6
$-20170713-4 $-20170713-14 G $-20170713-15 fHn $-20170713-16
7:47 AM 10:05 AM 10:05 AM 10:05 AM
JML111 D6 JML111 D6 JML111 D6 JML111 D6
~ Show Labels ~ Verbose Generation Mode display XML refresh XML from LabKey

2017 LabKey User Conference
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DNA Sequencing Assay

A LKH (LabKey Helper) v0.25 O &2 e
DNA Sequencing

[1] Input/Review =

Sequence Input

Nucleotide Sequences:  "Ng 1062 Clones per Sequence: 4
(@NucSeq)  Ns-1063
NS-1064 Vector: 'y 45 -
NS-1065
NS-1066 Fwd Sequencing Primer:  CMV-Forward
mg::" ggg Rev Sequencing Primer:  10-336528137

Sample Label Template: Dna seq. sample for @NucSeq, Clone: @Clone

Notes:
Review - Create Samples
Protein Seq. Ab Chain Format Nucleotide Seq. Nuc. Sequence Length Genewiz Primer(s)* Sample Label Notes
PS-1493 IgG1 Heavy Chain NS-1062 1395 CMV-Forward;10-336528137 02 69 /soan";f'r?ugzgg'1°62’
PS-1495 Kappa Light Chain NS-1063 696 CMV-Forward Dna seq. ﬂgﬁ’fﬁ;gﬁms&
PS-1496 IgG1 Heavy Chain NS-1064 1404  CMV-Forward;10-336528137 012 69 /soanrgflr?umgs-msm
PS-1498 Kappa Light Chain NS-1065 696  CMV-Forward e AP o 100
PS-1499 IgG1 Heavy Chain NS-1066 1407 CMV-Forward;10-336528137 Qe 50 sample for NS-1066,
PS-1501 Kappa Light Chain NS-1067 699  CMV-Forward Eibes Gt
PS-1502 Ig61 Heavy Chain NS-1068 1404 CMV-Forward;10-336528137 Qe 509 sample for NS-1068,
Click and drag rows to re-order *Rev Primer used if Nuc. Seq. length excedes 900 base pairs
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DNA Sequencing Assay

— O Generate
=] Sequencing = —
—1 Request Data v (5 C.Ic_)ne. 0
Verification
O Trimming &
Contig Assembl
® Upload 8 y
Request to
Vendor

Cerm=l DNA Daemon

N
A

A, L.
[N / / \ /
T / / \ /
\ ‘, AN - |

© Import DNA
trace files into
LabKey Server

O Register
Nucleotide Seqs
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Liquid Handler Worklists for Cell Line Development Automation
# LKH (LabKey Helper) v0.23 O & O AexTaylor o

CLD Automation 2 Reset

> < [3] Download Worklists =

Download Worklists

Derive new LabKey Sample IDs in destination plate(s)

+ Review and Configure *+ Register Plates and Download Worklists
Protocol: 96-96 Cell Transfer Tip: DiTi 1000uL SBS LiHa Min/Max Capacity: 25 pL / 940 pL
Compact? false Media Transfer Tip: DiTi 1000uL SBS LiHa Min/Max Capacity: 25 pL / 940 pL

Worklist Display Destination Plates/Samples

C;Passaging Protocol

C;Generated 2017.09.15 15:05 PM
C;*****************************************************
C;Setting tips for the media transfer

B;

S;7

C;Media transfer

C;Place reagent at deck position Reagent-1

C;Place dest at deck position Dest-1
Aj;Reagent-1;;Trough 350ml;1;;133;Trough detect 1ltip;;
D;Dest-1;;96 Well DeepWell;1l;;133;Trough detect 1ltip;;
W;

Aj;Reagent-1;;Trough 350ml;2;;93;Trough detect 1ltip;;
D;Dest-1;;96 Well DeepWell;3;;93;Trough detect 1ltip;;

2017 LabKey User Conference
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Barcoding and scanning

(§.20170906-105

E E Engineering Run Lot #2

L
kE . J

e Barcode everything!
* LabKey Inventory module can generically store plates as “boxes” and

track sample well locations
* Currently using BarTender to construct label templates and as a

generic printing webservice
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Raw data interpretation can be subjective, so we are automating data
analysis to improve results from characterization assay data

* Develop analysis methods that process raw assay results into values that are

o 1 . . Chemical Unfolding Data Fields
Defined Chemical Unfolding: Extract Relevant Data ,
. . The user is prompted to enter data valy|
hd O bJ ective 3600 Raw Data 00100 Ratioed and Scatter-Corrected Name
[¥) % samplelD
. 2 ° 2 00100 ° o0 [#) ) % NormalizedData
* Consistent [ S DO x ¥
o 3200 ® ® o 00096
. g ° o g @AE x nF
hd REIIabIe 8 ;./Lis'—-—-q S 00094
g ol e e o ' 5omm Improved @0x
3 ¢ [ * 3 0.0090 : : BB x mu
) Curated 15 2800 % quant'ltat'lve @6 x <46
£ 26002 5 © rESUltS AEx m
° z Z 00086 ® e
Structured T et B@x Frawiy
] 2400 . L ) 3 4 5 6 ' 0 1 2 3 4 5 6 [#) ) % InflectionPoint
° I nfo rm atl Ve [Guani dine HCI] (M) [Guanidine HCI] (M) @ % Plot

@ LabkKey Biologics

 Which leads to data that is more useful for machine learning

* Data analysis automation also improves analysis throughput and capacity
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J.Struck - storage and retrieval of public and proprietary
three-dimensional macromolecular structures

e JStruct is an open source stand-alone software tool
designed and developed by Just Biotherapeutics for the
storage and retrieval of public and proprietary three-
dimensional macromolecular structures as well as
information parsed from their content.

e JStruct provides a robust and secure means to store,
access, search and utilize both public and proprietary
structures within the same system. With JStruct it is
possible to search, calculate and compare structures
across a full set of files while keeping internal sequences
from being publicly exposed.

* The JStruct open source code is available via Bitbucket
and is licensed under the GNU General Public License.

 JStruct will facilitate the calculation/storage/retrieval of
structure attributes that will be used for machine
learning.

* To download or for more information:
http://www.justbiotherapeutics.com/jstruct

2017 LabKey User Conference

Just. ).Struct
l RCSB: aActve only Manual: 2 Favorite Structures
e Recent Structures
Saved Searches
O Wiy Searches
Labels
& Ny Labwts
+ New I
0 A0
125,463
© Schacule 43
Amino Acid 3NF8.pdb JSTRUCT-32403 [3NF8]

Title

STRUCTURAL BASIS FOR A NEW
MECHANISM CF INHIBITION OF
HIV INTEGRASE IDENTIFIED BY
FRAGMENT SCREENING AND
STRUCTURE BASED DESIGN
RCSE Deposit Date

2010-06-02

Classification

HYDROLASE/HYDROLASE
INHIBITOR

EXPDTA
X-RAY DIFFRACTION

Resolution
19 ANGSTROMS.
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Machine Learning in Antibody Engineering Derives from
Sequence, Structure, Data Structural Features _

Structural Model

Sequence

S e oy > = o o«
R I = I I B e =
s = =2 = == === == === = 2
S S = T T = £ £ £ = = = =2 = = =

9 (100s — 100,000s of
1 features per variant)

Recommended
Sequence Changes

S e 3 = o o«

— N 3 W W @ T O O3 w4 4 et e o = =

R R ]
E =2 =2 E =2 =2 = ¥ ¥ ¥ = = = = = =

Machine Learning

Devise new variants and estimate the likely
properties of these new variants.
Estimated Properties * Reduced cost and time

e e ] * Expanded experimental design
* Increased understanding of molecular

properties
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Machine Learning being applied to predict molecular
properties across multiple antibodies and antibody variants

Targeted Properties:

» Stable Titer
* Molecular Stability (Tm,
pH, Chemical Stability)

* Aggregation
* High Molecular Weight

* Molecular Interactions

* Viscosity

Measured Physical
Properties

Structural Features

2017 LabKey User Conference

~ Predicted SINS

— Prediction Result u
Identity

| A Model built and applied to |
,,«' * A four mAb variant families

Measured SINS

Non-linear
Feature
Generation

Feature
Selection

| Van der Waals Interactions

Structure Attributes:
Hydrogen Bonding

o]
L °
E L
|_
o] oo
AR T I’ Ny 2 0 ol
8 e a % A: ’ “ A’
a a 2 oA 4 0t mAb1
b o cees : mAb2
rd mAb3
@n . mAb4
Measured Tm Fab
Regression Estimated
gress m===p>  Physical
Modeling .
Properties
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Summary

* Expertise = Platform — Data — Predictive Models — Speed, Capacity, Cost

Capture all virtual entities and associated data

 Democratize all data
* Develop data analysis systems to be Objective, Consistent, Reliable, Informative
 Automate data capture and analysis

* Build machine learned predictive models to select and engineer antibodies for
optimal characteristics
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just

adjective

based on or behaving according to what is morally right and fair.
"a just and democratic society"

fair, fair-minded, equitable, unbiased,
unprejudiced, open-minded, nonpartisan
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