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Outline


•  Brief	intro	to	Just	
• Why	we	chose	LabKey	to	play	a	cri8cal	role	in	mee8ng	our	goals	
•  Abacus	(focus	on	Ab	Classifica8on	&	LabKey	integra8on)	
•  Selec8on	of	LabKey-integrated	solu8ons	to	automa8ng	data	capture	

•  Bioreactor	sample	genera8on	
•  DNA	sequencing	assay	
•  Cell	line	development	automa8on	

•  JStruct	
•  Using	data	to	create	predic8ve	models	
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          was formed in 2014 to expand global access to important 
biotherapeu2cs


• Over	80%	of	the	planet	cannot	afford	
most	of	the	breakthrough	therapeu8cs	
of	modern	biotechnology	

•  Just	was	formed	to	reduce	the	cost	of	
biologics	by	at	least	10x,	making	these	
therapeu8cs	more	accessible	to	a	global	
popula8on	

•  This	will	help	expand	markets	for	
current	therapies	and	lay	a	founda8on	
for	new	therapeu8c	approaches	
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J.Design will accelerate development, improve product throughput 
and reduce the over cost of biologics


Commercial	
Products	

DNA	&	Raw	
Materials	

Computa8onal	&	
Predic8ve	Modeling	

Abacus™	
Cellular	and	

Molecular	Biology	 High	Throughput	
Robo8cs	

Mul8-A_ribute	
Method	(MAM)	 Flexible,	&	Low	

Cost	Mfg	
J.Pod™	

Data	Storage	and	Mining	

JP3™	

Stability	
Indica8ng	
Analy8cs	

Molecule	
Design	

Cell	Line,	Media	&	
Bioreactor	 Purifica8on	 Analy8cal	

Methods	
Drug	

Product	
Manufacturing	

Design	

Process	and	Product	Design	
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•  A	collabora8on	between	Just	and	LabKey,	with	input	gathered	from	an	
advisory	council	of	Pharma	&	Biotech	representa8ves	

• Goal:	Build	upon	the	founda8on	of	LabKey	Server	to	develop	an	applica8on	
to	support	large	molecule	development	

•  Core	components:	
•  En8ty	Registra8on	
•  Assay	Data	Integra8on	
•  Querying	&	Analysis		
•  Media	Registra8on	
• Workflow	Management	

•  Project	kicked-off	Fall	2015	|	Product	launched	Spring	2017	

About LabKey Biologics
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LabKey Biologics Registers En22es, Tracks Samples, and 
Captures Assay Data


Molecule	

Construct	

Cell	Line	
Media	

Bioreactor	
	

Samples	
	

Analyses	
	

Assay	Results	Plates	
	

Worklists	

AutomaBon	
Ingredients	
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Structure-based	alignments	

Abacus™ is a system for the analysis and engineering of 
an2bodies and an2body-like molecules

Hot	Spot	Analysis	
•  Covariance	viola8ons	(stability)	
(Gunasekaran	2004)	

•  Isomeriza8on/Deamida8on	
• Much	more…	
•  Issues	communicated	downstream	
Variant	Designs	
• U8lize	structure	analysis	and	
calcula8ons	

•  Variants	tracked	across	analyses	
•  Combinatorial	variant	sequence	
produc8on	

•  Push	to	registra8on	system	to	enable	
associated	data	capture	

•  Full	analysis	report	genera8on	

Sequence	Analysis	
•  Structure-based	numbering	system	
(based	on	Honegger	2001)	

•  Full	alignments	with	annota8ons	
•  Posi8onal	frequency	analysis	across	
specified	reference	an8bodies	

•  Clading	for	diversity	assessment	and	
sibling	engineering	

•  Germline	alignments	within	or	across	
subclasses	

•  Structure	and	stability-based	CDR	
graling	/	humaniza8on	

•  Physical	proper8es	calcula8ons	

Machine	Learning	
•  An8body	characteriza8on	
data	u8lized	

• Wide	variety	of	structure	
a_ributes	calculated	

•  Paired	structure,	sequence,	
data	used	to	predict/repair	
characteriza8on	

An8body	Fv	
with	hot	spots	
displayed	

Germline	

Hot	spot	detec8on	

Clading	
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Ab domains can be modified and rearranged like building blocks
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An2body Classifica2on Steps


1.  Ini8al	detec8on	performed	with	region	(domain)	PSSMs	
2.  Second	pass	matches	to	ASN-aligned	germline	sequences*	
3.  Region	alignment	tuning	(i.e.	CDR	gapping)	
4.  Resolve	region	overlaps	if	present	
5.  A_empt	to	assign	unrecognized	regions	to	unstructured	regions	(hinge)	and	

sequence	parts	
6.  Assignment	of	a	chain	format	based	on	the	region	pa_ern	

Result is a structurally-aligned sequence with region and feature annotation	

*Available	germlines	include	human,	mouse,	rat,	rabbit	and	6	other	species	with	par9al	coverage.	
		Users	can	provide	their	own:	

•  Germline	data	as	XML	
•  Custom	sequence	parts	for	classifica9on	
•  Chain	and	structure	formats.	
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Ab Classifica2on Results
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ASN (An2body Structural Numbering)

•  Builds	upon	AHo	variable	region	numbering	(Honegger	
2001)		

•  Unique	assignment	for	every	residue	in	the	sequence	
•  Constant	region	Ig	domains	built	ini8ally	from	SCOP	
structure-based	alignments	

•  Allows	for	inser8ons	when	necessary	
•  Allows	for	flexible	arrangement	of	regions	and	mul8ple	
regions	of	the	same	type	

HV#2:141.1	
Region	prefix	

Region	instance	#	
Aligned	posi8on	

Aligned	sub-posi8on	

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


•  Works	in	bulk	
•  Registers	nucleo8de	and	protein	
sequences	as	well	as	molecules	

•  Sequences	registered	once	by	
iden8ty	

•  Light	and	Heavy	chains	are	associated	
•  An8body	features	are	auto-detected	
•  Parental	lineage	is	maintained	
•  LKB	then	allows	registra8on	of	
constructs,	expression	systems,	etc.,	
with	associated	data	
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AP
I	

Hank	
LabKey	

Biologics	

Vi	Cell	
Folder	
Monitor	

Champy	

Vi	Cell	
Folder	
Monitor	

Guava	
Folder	
Monitor	

Simple Assay Data Import: Folder Monitor Daemons


Sinbad	
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CDS	
Broker	

�	Close	
Request	

Waters	
Empower™	

	

LabKey	

Biologics	

�	Extract	
Assay	Data	

�	Load	
Assay	

�	Raw	
Assay	
Results	

�	Submit	
Work	Request	

�	Sign-off		
on	Results	

Assays:	Titer,	AAA,	SEC,	HILIC,	CE,	…	
Gorn	 Kale	

CDS	
Broker	

CDS Broker – Taps into the Exis2ng 
Empower™ Chromatography Data System
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Simplifying Bioreactor Sample Genera2on
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DNA Sequencing Assay
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DNA Sequencing Assay


�	Generate	
Sequencing	
Request	Data	

�	Upload	
Request	to	
Vendor	

�	Import	DNA	
trace	files	into	
LabKey	Server	

DNA	Daemon	

�	Trimming	&	
ConBg	Assembly	

�	Clone	
VerificaBon	

�	Register	
NucleoBde	Seqs	
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Liquid Handler Worklists for Cell Line Development Automa2on




2017	LabKey	User	Conference	
19	

2017	LabKey	User	Conference	

Barcoding and scanning


•  Barcode	everything!	
•  LabKey	Inventory	module	can	generically	store	plates	as	“boxes”	and	
track	sample	well	loca8ons	

•  Currently	using	BarTender	to	construct	label	templates	and	as	a	
generic	prin8ng	webservice	

P-20170725-99

Engineering	Run	Lot	#2	
	

S-20170906-105	
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•  Develop	analysis	methods	that	process	raw	assay	results	into	values	that	are	
•  Defined	
•  Objec8ve	
•  Consistent	
•  Reliable	
•  Curated	
•  Structured	
•  Informa8ve	

• Which	leads	to	data	that	is	more	useful	for	machine	learning	
•  Data	analysis	automa8on	also	improves	analysis	throughput	and	capacity	

Raw data interpreta2on can be subjec2ve, so we are automa2ng data 
analysis to improve results from characteriza2on assay data


Chemical	Unfolding:	Extract	Relevant	Data	

Improved	
quan9ta9ve	

results	

LabKey Biologics
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                 - storage and retrieval of public and proprietary 
three-dimensional macromolecular structures


•  JStruct	is	an	open	source	stand-alone	solware	tool	
designed	and	developed	by	Just	Biotherapeu8cs	for	the	
storage	and	retrieval	of	public	and	proprietary	three-
dimensional	macromolecular	structures	as	well	as	
informa8on	parsed	from	their	content.	

•  JStruct	provides	a	robust	and	secure	means	to	store,	
access,	search	and	u8lize	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	calcula8on/storage/retrieval	of	
structure	a_ributes	that	will	be	used	for	machine	
learning.	

•  To	download	or	for	more	informa8on:	
hZp://www.justbiotherapeuBcs.com/jstruct	
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Machine Learning in An2body Engineering Derives from 
Sequence, Structure, Data


Es8mated	Proper8es	
Measured	Physical	Proper8es	

Sequence	

Protein	Synthesis	

Structural	Features	

Recommended	
Sequence	Changes	

Machine	Learning	

(100s	–	100,000s	of	
features	per	variant)	

Devise	new	variants	and	es8mate	the	likely	
proper8es	of	these	new	variants.	
•  Reduced	cost	and	8me	
•  Expanded	experimental	design	
•  Increased	understanding	of	molecular	
proper8es	

Structural	Model	
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Machine Learning being applied to predict molecular 
proper2es across mul2ple an2bodies and an2body variants


Measured	Physical	
Proper8es	

Structural	Features	

Feature	
Selec8on	

Regression	
Modeling	

Non-linear	
Feature	

Genera8on	

Es8mated	
Physical	
Proper8es	

Targeted	ProperBes:	

•  Stable	Titer	
•  Molecular	Stability	(Tm,	

pH,	Chemical	Stability)	

•  Aggrega8on	

•  High	Molecular	Weight	

•  Molecular	Interac8ons	

•  Viscosity	

Pr
ed

ic
te
d	
SI
N
S	

Measured	SINS	

Pr
ed

ic
te
d	
Tm

	F
ab
	

Measured	Tm	Fab	

Structure	AZributes:	
Hydrogen	Bonding	
Van	der	Waals	Interac8ons	

Model	built	and	applied	to	
four	mAb	variant	families	

mAb1 
mAb2 
mAb3 
mAb4 

—	Predic8on	Result	
—	Iden8ty	
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Summary


•  Exper8se	➞	Plauorm	➞	Data	➞	Predic8ve	Models	➞	Speed,	Capacity,	Cost	
•  Capture	all	virtual	en88es	and	associated	data	
•  Democra8ze	all	data	
•  Develop	data	analysis	systems	to	be	Objec8ve,	Consistent,	Reliable,	Informa8ve	
•  Automate	data	capture	and	analysis	
•  Build	machine	learned	predicBve	models	to	select	and	engineer	anBbodies	for	
opBmal	characterisBcs	
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