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a term coined by Stephen Wolfram and Brian Frezz
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ain 2011,
complete with criteria to separate cloud labs from other lab
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A physical laboratory which
scientists can access remotely via
software over the internet which

provides the same level of control
as a scientist would have in a
traditional lab environment

automation and incremental modernization efforts
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1. Remote, On-demand Experimentation

A Cloud Lab must allow customers to remotely conduct
experiments on-demand, 24/7/365 via a computer
interface without ever requiring the customer to physically
visit the lab or communicate additional instructions outside
of the computer interface.

/4

z il Emerald Cloud Lab

A\



2. On Demand Control of Every Experiment

A Cloud Lab must allow customers to fully specify any and all
aspects of experiments conducted remotely, providing the same
flexibility they would have standing in front of the instrument itself,
without any lead time or the involvement of software or automation
engineers to reconfigure programs or hardware.
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3. Comprehensive Instrumentation

A Cloud Lab must provide customers on-demand access
to instrumentation covering the full scope of laboratory
work they will be performing, obviating the need to perform
any of your daily lab work outside of the cloud laboratory.
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4. Comprehensive Sample Preparation

A Cloud Lab must allow customers to perform all aspects of sample preparation,
storage, and handling remotely. At a minimum, sample preparation capabilities
must include liquid handling ranging from microliter to liter scale, solid handling

from grams to kilograms, interoperability with any container form factor,
indefinite sample storage in typical storage conditions, and operations in specific
environments such as biosafety cabinets, fume hoods and glove boxes.
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5. One Software Interface for the Entire Lab

A Cloud Lab interface must allow customers to script experiments
(including connecting multiple experiments) as well as process,
analyze, visualize and interpret all of the data generated by the
interface without requiring third party software or involvement of

software or automation engineers to reconfigure software or hardware.
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McKinsey & Company
March 8, 2023 Article

From bench to bedside: Transforming R&D
labs through automation

March 8, 2023 | Article

Laboratory technology has been a steady runner in the world of
pharmaceuticals, rather than a racing star—until now. A series of
innovations points toward exponential gains in R&D productivity.

o McKinsey & Company - Listen to the article: Ffrom bench to bedside: Transforming R&D labs through automation il



McKinsey & Company
March 8, 2023 Article

Exhibit 1

US R&D spending more than doubled from 2001 to 2019, but the number of
newly developed drugs has increased only marginally.

Annual R&D spending by PhRMA' member firms, $ billion

Approvals of new drugs (5-year moving average),” number of NME?® approvals
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Exhibit 2

Software capabilities can be integrated into a holistic lab software
architecture.

-> Secondary data flows [l User interface

Other operative systems Lab automation architecture Advanced analytical systems

Overview |
Sample, reagent, !
and consumable orders

Warehouse and <
ordering system

Analytical Process i | Analytical and

Instructions . : . < ] : .
(eg, workflows) information information i | process information
g (results data) (raw data) i | (raw data)
v
Dewcest;rscli;:tranon Datafake
I | Analytical '\
Instructions iné;?n):;icoan information | Process information
F ! raw data i (raw data)
(eg, parameters) i (o date) ( ta) H

Hardware
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Design Experiments
Organize and Connect Data
Ship (or drop off) samples and

design your experiments in Both primary and ancillary
software using the Command data is automatically Explore, Analyze, & Share
C_enter application. All activities Run Experiments Ors%?:rﬁi?iim:g T]ZZ?;%r;aSt:e Command Center includes an
in the lab can be orchestrated The shared cloud lab facility ientitic grap . extensive suite of tools for data
by a series of commands. . with fixed ontologies for IVsi d visualizati I
remotely executes your experiment analysis and visualization as we
_ every type of data generated .
commands in parallel, to your exact as tools for sharing notebooks and
specifications, in a 24/7 database access to experimental
environment (without you ever programs with other users

needing to set foot in it) 10
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Automating the Lab of the Future

Classifying levels of automation in the lab and providing
examples of the capabilities they enable

Comprehensive Data Capture Enables Automation

Proceduralization and capture of all steps performed in the
laboratory directly drive degree to which a lab can be
automated

Closed-loop Experimentation

Creating a full-featured cloud lab enables real closed-
loop experimentation that can be driven autonomously
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Level 0: Manual Unit Operations

Manual Sample Handling / Prep

Level 1: Automated Unit Operations

Automated Sample Handling / Prep

Instrument

Data Analysis

HPLC:
DIONEX
ULTIMATE

3000

HAMILTON
STAR
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Level 2: Semi-automated Experiment

Automated Sample Handling / Prep

Instrument

HAMILTON
STAR




Reproducibility

Codifying experiments provides push-button reproducibility of any
experiments run on the ECL

Selected how?
Criteria for sequence selection?

?
With what rotor? Prepared how:

Agitation?

. . 5
Container type? Stirring? Stprage conditions? Resin type
Single I1uc|e otide ponmI:rphis .5 uM|solid-phase!

Onjwhat instrumgnt? )
Syringe material?

Aspiration rate?

Cuvette material?

Wavelength?
Removed how?

Left, center, or right averaged?

o
1
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ECL Codifie:
Experiment:

ExperimentFluorescenceKinetics[

“Reaction Mixture”,
PreparatoryUnitOperations->{
Transfer[

Source->Model [Sample, StockSolution, "IDE Buffer”],

Destination-> Model[Container, ”2mL Tube”],
Amount->20 Microliter,
Label->"Reaction Mixture”

1.

Transfer[
Source->Model [Sample,”7.5uM HCV Translator”],
Destination->"Reaction Mixture”,
Amount->18 Microliter,
AspirationMixVolume->10 Microliter,
NumberOfAspirationMixes->10,
AspirationMixRate-> 100 Microliter/Second

1.

Transfer[
Source->Model [Sample, ”30uM HCV RNA”],
Destination->"Reaction Mixture”,
Amount-> 3 Microliter

1.

Incubate[
Sample->"Reaction Mixture”,
Time->5 Minute,
Temperature->Ambient,
MixType->Pipette,
NumberOfMixes->10,
MixVolume->30 Microliter,
MixRate-> 100 Microliter/Second

1.

Centrifuge[
Sample->”"Reaction Mixture”,
Intensity->800G,
Rotor->Model [CentrifugeRotor,”20R FA361.5"],
Time->10 Second
]
3,

AliquotVolume->25 Microliter,
AliquotContainer->Model[Container, Cuvette,”2mL UV
Quartz”],

AssayVolume->2 Milliliter,
ExcitationWavelength->355 Nanometer,
EmissionWavelength->420 Nanometer,

ReadTime->1 Second,

RunTime->1000 Second



Level 3: Automated Experiment

Manual Sample Handling / Prep

Instrument =1 Data Analysis

Automated Sample Handling / Prep 0 o

HPLC:
DIONEX
ULTIMATE

3000

HAMILTON
STAR
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Primary data are the tip of the iceberg

Complete capture of experimental parameters, primary data,

analysis, and metadata

Object[Data, Chromatography, "id:D8KAEvKEBvgk"]

Absorbance (mAU)

Time (Min.)

o TH0  zo0 300 400

Time (mSeconds)
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Storage log Process

. [ Wed 7 Sep 2022 15:20:40 GMT-4, Out Null
recording -

[ Wed 7 Sep 2022 15:20:40 GMT-4. in Object{Container, Vessel, id:n0kImGkYSY8k]

{4 Thu 22 Sep 2022 06:54:04 GMT-4.  Out Object{Container, Vessel, id:n0k9mGKYSY8k]
Peaks analysis

B Thu 22 Sep 2022 06:54:04 GMT-4. In Object{Container, Vessel, id:081aEB1Pdmqp]
Cover log

Ambient temp

Injection Gradient
volume

Ambient RH

Pressure

Absorbance

Sample
B appearance

appearance

Autosampler
temp

Sample volume
Aspiration /

Dispense pressure

Buffer volume




Automating metadata analysis

ML-driven scoring of pipetting success by aspiration/dispense pressure

Automated Sample
Handling / Prep

-
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Automating metadata analysis

ML-driven scoring of pipetting success by aspiration/dispense pressure

Automated Sample
Handling / Prep
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Level 4: Full Lab Automation

e Cloud lab enabled

o Unified software application allows
users to design experiments, run
them, automate the analysis

o Scripts can be written to run an
experiment, process the data and,
using logic statements, select the next
run’s conditions and queue the
experiment

o Universal data format required by a
cloud lab drives interoperability

between disparate experiments

C £merald Cloud Lab



Example: - Stability study

Scientists can quickly transfer new methods to the ECL and combine any number of individual experiments using

scripts. This allows for complete, multi-armed, multi-timepoint stability studies, with automated analysis of analytical
data, and custom reporting to be controlled from a few blocks of code.

Manage and queue your entire stability .
protocol from a single script

,P}eparation and Storage

.Intake of materials

» Ship materials to ECL

ContainerModel — Hodel[Container, Vessel, "SénL Tube"],
Volume - 20 Milliliter
1

. Generate aliquots (one per time point per condition)

. Retrieve and name shipped samples

ipment | 1

Uploadians[ shippedSanples, {"Stability Formulation 1 Ssmple 17}]
.+ Aliquot each received sample

Make 12 afiquots, ene for each stabillty condition (3) and time point (4) combingtion.

aliquotProtocol = ExperimentAliguot(|
Repeat[object[sample, “Stability Farmulation
Anount + 1 #i1lititar

]

14, 121,

[samg

, Store aliquots in each of the conditions

aliquots4c = aliquotedsamples[[1 5; 4115
aliquots2sc = aliquotedsamples] [5 ;3 8]1;

aliquots3TC = aliguotedSamples (9 ;; 12]];

storesamples|
o

B
1

Zz
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Automated data analysis and fully customizable

Samples are stored, pulled and analyzed
. 3 Y . reporting to close out your study quickly

automatically in the ECL

1. Ship to ECL

Object[Data, Western, “id:01GEnyWIL1XK"] Object{Data, Western, “id:1ZA60VLZEZq8"]
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Level 5: Closed loop experimentation

e Building on a fully automated lab, the integration
of Al/ML tools will allow scientists to close the
loop on experimentation

e Allows scientists to focus on the direction of their

research instead of the minutae

e Scientists define optimization objectives, direction,
constraints

e AIl/ML tools to manage the details — determining the series
of experiments, automating data analysis, identifying
outliers or abberant data, leveraging historical data,
updating models as data is generated

e Example
o Target to maximize peak separation on an HPLC

o Variables — gradient concentration, column temperature, column
type

o Directly integrate machine learning models to explore the
parameter space to help make better decisions on what to run
next

o Data is added to the model as experiments are run which can
minimize the number of experiments needed to meet an
objective
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Unique Features of ECL

e Every piece of data is captured,
organized in ECL Constellation, and
associated with relevant experiments

e Scientists are assisted to fully define their
method or protocol up frontin ECL
Command Center, and the system
ensures the instruction set is not
ambiguous

e Experiments can be scripted together

e Command Center is a complete
programming language built on
Mathematica, so logic can be inserted in-
line with scripted experiments
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Louis Sintasath
Senior Director, Business Development
Louis.Sintasath@emeraldcloudlab.com

858-344-8398
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|

_._.
.=

ﬁ@r@gﬁﬁf

O Emerald Cloud Lab

=



