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Executive summary

This document is the central repository both for specifications of requirements and for interface-control information for the G3 Environmental Sample Processor (ESP) Analytical Module(s) being developed at ASU’s Institute of Biodesign.  This project is funded by a 4 year grant by the Moore Foundation, running from Nov 8, 2010 until Dec 31, 2014. The main section is Requirements specifications for the Analytical Module, which documents requirements for the module that ASU is developing for MBARI. This includes electrical, electronic, software, mechanical, thermal, and optical aspects. Another section is Requirements for the ESP fluidics related to , which will help MBARI configure and operate the G3 ESP to use the module effectively. 

Since this is the authoritative repository of requirements and interface information, any substantial changes to the document after release Version 1.0 need to be made through a change request and approval process. 
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Table : Document revisions. 

	Date
	Version 
	Major changes

	2011_10_31
	0.6
	First draft begun 

	  2011_11_22
	0.7
	First comments from MBARI & ASU merged.


1. Introduction

1.2. Document content 

This document is the central repository for specifications of requirements and interface-control information for the G3 Environmental Sample Processor (ESP) Analytical Module. The main section, ‘Requirements specifications for the Analytical Module’, documents the module that ASU is developing for MBARI.  Another section is ‘Requirements for the ESP fluidics related to , which will help MBARI configure and operate the ESP to use the module effectively. To force clarity and make changes easier to track, information should appear in either one section or the other, not both. 

This document will evolve continually up to the preliminary design review (PDR). After that point, the plan is to have an approved version of the document that is only changed by agreement of both ASU and MBARI through documented change requests. 

1.3. ESP and Moore Foundation background 

The Analytical Module is being developed by ASU for MBARI using funding from a four-year grant from the Moore Foundation.  This grant was part of the Marine Microbiology Initiative
, and was focused on supporting the miniaturization and enhancement of the ESP.  Funding would be used to increase the analytical throughput (reaction speed and total number of samples) by an order of magnitude to enable new knowledge of specific marine microbes and how they function in natural environments.

ASU is participating as a co-investigator on the project with responsibility for delivering Analytical Modules for the project. 

1.4. Goals for Analytical Module project 

The overall objective is to develop an analytical module for oceanographic microbiology to function in MBARI’s third generation Environmental Sample Processor (3G ESP). This analytical module will be used in the ESP to perform in-situ, real-time genetic analyses. The plan includes demonstrating qPCR  and microarray processing in a prototype in 2012.

The general and specific goals for the module that feed into its requirements include 

· Have performance similar to bench-top machines: appropriate thermal range, fast heating and cooling rates, et cetera. 

· Be usable in the 3G ESP: small size, low power, moderate energy per reaction, compatible electronic interface, compatible fluidic interface, readily programmable, et cetera. 

As part of this project, MBARI will provide guidance to help ASU configure and operate the ESP to use the Analytical Module effectively. 

1.5. Intended use of the 3G ESP/ASUAnalytical Module onboard a long range AUV (LRAUV)

MBARI has developed a new class of autonomous underwater vehicle (AUV) known as the long range (LR) AUV.  The LRAUV is capable of multi-week missions in the upper 200m of the water column running at speeds up to 1 m sec-1.  The vehicle is also equipped with a buoyancy compensator and can trim to neutral density so that the platform can act as a drifter or profile vertically without active forward propulsion (http://www.mbari.org/auv/LRAUV.htm). 

The overarching objective of this project is to install the 3G ESP fitted with ASU analytical modules onto the LRAUV for operations in coastal and oligotrophic ocean waters in support of investigations of microbial mediated biogeochemical cycling.  Generally, the LRAUV will spend most of its time underwater, will operate 24/7, and it is highly likely that real-time communications with shore side personnel will be very limited.  Thus, the instrument payload must accommodate long periods of operation absent any human intervention. A typical use case scenario for the 3G/LRAUV combination is expected to be as follows:

a. The LRAUV will locate a target parcel of water to sample as defined either by pre-determined location/depth/time of day coordinates (i.e., strictly “hard coded”), or by an adaptive sampling process where water characteristics are determined in real-time using onboard sensors (e.g., CTD, optical sensor package, etc.) which, in turn, trigger the initiation of a sampling event when appropriate conditions are met.  Sampling may also be initiated adaptively via real-time inputs form a larger, extended networked sensor array that informs the LRAUV as to when or where samples should be collected from.

b. Once at an appropriate location, the LRAUV will signal the 3GESP to initiate sample collection.

c. After the sample is collected, the core ESP will pass appropriate material to one or more analytical modules for analysis.

d. Based on results of those tests, the ESP may deliberate on further action necessary to process remaining sample (e.g. initiate an additional analysis on material already collected, such as a probe array hybridization following selective qPCR), and/or may “inform” the LRAUV platform of its findings so that the platform can modify its search/operations behavior accordingly.

1.6. Analytical Module scope definition 

The 3G ESP will be a host platform capable of mating with various “analytical modules”. In typical use, the Analytical Module will receive electrical power, electronic commands, and a fluid sample from the G3 ESP. The Analytical Module will execute real-time PCR thermal protocols, perform fluorescence measurements, and return optical results. 

Real-time PCR will be performed on both DNA and RNA samples, utilizing microfluidic chips patterned with embedded microwells, or the use of droplet based emulsion methods as reaction chambers.

The module will perform its own fluidic functions (e.g., pumping, valving) and will be responsible for it’s own reagent storage, waste containment, and data collection.

1.7. Overall architecture

The 3G ESP and analytical module will interface according to the block diagram in Fig. 1.  All control of the analytical module, power, and data will be via the ESP controller, which will then interface to the platform (AUV or mooring).  In this design, the platform contains or acts as the ‘mooring controller’ guiding the communications and power to any/all contextual sensors as well as the ESP/analytical module.
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2. Requirements specifications for the Analytical Module (AM)

2.1  Voltage 

Operate at a nominal 10 – 18V.
Absolute Maximum 10 – 24V.
2.2 Current 

Maximum 2 A continuous.
Inrush 3A upon contact closure.

2.3 Energy

We must calculate a W-Hr per sample number, which is dependent on a variety of use-case scenarios.
Regardless, Analytical Module is limited to a nominal 20W continuous.

2.4 Power Switched

Analytical module power will be under control of the ESP and may be turned on and off

2.5 Data interface standard 

Physical protocol: 5 wire RS-232.

                A.  Naming convention is from ESP perspective

                                TX
Transmit Data
ESP Drives

                                RX
Receive Data
AM Drives

                                HSO
Handshake out
ESP Drives

                                HIS
Handshake in
AM Drives

                                SGnd
Signal Ground

                B.  Handshake function

                                HSO signals AM that ESP is ready to receive

                                HSI signal ESP that AM is ready to receive

                C.  Baud Rate 1200,2400,4800,9600,19200,38400,57600,115200

Handshake signals are required for analytical modules supporting baud rates faster than 9600.

Handshake signals are optional (but still recommended) for analytical modules that always communicate at rates of 9600 baud or slower.

Analytical Modules serial data must consist of 8 data bits with no parity.

2.6 Message syntax 

Analytical Module messages may consist of conversational ASCII encoded commands and responses or may be in the form of binary packets.   ASCII commands have the advantage of being human readable and allowing for easier debugging with commonly available tools.  Binary packets have the advantage of being more compact and may include standard data integrity checking mechanisms like CRCs or checksums.

ASCII commands are generally to be preferred over binary packets.  However, an ASCII command protocol may optionally embed data packets within it to facilitate the transfer of large volumes of data.

Any communication protocol employed by an Analytical Module should define a reset sequence that always will interrupt any ongoing message processing.  This is especially important if the protocol includes binary data.  If the RS-232 “Break” signal (e.g. a long spacing condition) is used for such a (out of band) reset, analytical modules should, on receipt of “Break”, echo the break back to the ESP for as long as the ESP asserts it.  When the ESP removes the “Break” signal, the analytical module should respond by de-asserting its “Break” and it should reset command processing to its base “newly powered on” state.  Typically, it would return to ASCII mode and await the start of a new message.   Note that resetting in this way does not necessarily mean that the module should abort operations in progress, only that any messages being received should be discarded. 

Analytical modules supporting ASCII commands should initially, at power on, operate in a mode that echos characters immediately as they are received (to facilitate use of terminal emulators).  ASCII command lines should end with either the ASCII line feed (0x0a)  or carriage return (0x0d) characters.  Either should echo a carriage return followed by line feed.  Modules may optionally support additional control characters to ease line editing, such as backspace or delete.

All echoing of characters received should be easily disabled and enabled by separate, simple ASCII commands.    Do not define a command that merely toggles the echoing of received characters.  The ESP will typically disable command echoing after establishing communication.

2.7 Commands and Responses 

2.7.1 Protocol

Commands often will initiate processing that may take the module minutes or even hours to complete.  In spite of this, the Analytical Module should never become unresponsive for more than one second.  Therefore, commands that do not yield an immediate result must return at least an acknowledgment that the specified processing has been begun or an error indicating why it could not be started.

During long-running processes, serial protocols that require the ESP to repeatedly poll analytical modules for status waste power and computing resources.  Instead, design command protocols such that long running processes advertise their status changes without requiring explicit polling.  Such status updates can be output by analytical modules whenever they are not actively receiving a new command.  Any status changes that occur during the receipt or processing of a command must be queued and output as soon as that command is completely processed.  (recall that no command shall take more than one second to process) 

2.7.1.1 Required commands

Analytical Modules should accept at least the following commands from the ESP:


ECHO  ON  →  turn command echoing on


ECHO OFF → turn command echoing off


MODULE?  → responds with the module type, firmware version, serial id, and description


The response shall be a line of comma delimited fields.  Module type is a short unique identifier assigned by MBARI.  Other fields are assigned by the module developer.


Example bring up sequence:


ESP asserts  RS-232 break condition


Module responded by echoing the  RS-232 break condition


ESP deasserts  break


Module deasserts  break


ESP sends:  ECHO  OFF<CR>


Module echos:  ECHO OFF<CR><LF>


ESP sends:  MODULE?  <CR>


Module responds:   <LF>CorkscrewPuller,  v1.0, #00081, left handed<CR><LF>

Note that, as the ESP is sending the initial echo off command, the module is echoing each character individually as received.  Subsequent commands are not echoed.  When command echo is off, the module acknowledges each command's receipt, after receiving its terminating carriage return from the ESP, by sending back a line feed character.  Any response to the command follows immediately in a single (logical) line terminated by <CR><LF>.  The reversed sequence <LF><CR> may be used to terminate all but the last line in a response that spans multiple text lines.

2.7.1.2 Details of commands and responses 

These will be determined by the module developer working in MBARI within the syntax framework detailed above.  As a general rule, only commands ending in '?' will send a response back to the ESP.  Others will merely send back a line feed character to acknowledge receipt.

2.7.1.3 Module-specific Details

The Analytical Module will accept the following types of commands from the Host. 

Initiate

Concentration (abundant, medium, low)

Volume

Flow rate

Pressure

Primer#

Temp

Time

PCR protocol #

Microarray protocol#. 

The Analytical Module will provide the following types of responses to the Host. 

PCR results

Microarray result

Line open

Flow

Stop flow

Flush

Ready

Stdby 

Error State

The AM needs to initiate sample read and specify conditions and needs to communicate flow, pressure, etc.

2.8 Size 

The volume the module requires in deployment configuration shall be managed by designers to be less than or equal to the target allotted. MBARI shall maintain a G3 ESP volume budget, and ASU shall coordinate as needed with MBARI for volume allotment(s). 

The volume consumed by a module is defined as the smallest rectilinear or cylindrical “box” a complete deployment-ready module can fit and function within. This includes all support equipment and open “swept” spaces needed for motion. There is a maximum size of the fully assembled G3 ESP instrument, including all modules and support equipment. If module volume is expected to be much less than allotted (<60%) then please coordinate with MBARI as that allotment may relieve significant design problems with other systems, or extend the capability of the instrument.

The LRAUV can be extended a maximum of 24” to incorporate a G3 ESP payload. MBARI is planning for an 11” diameter instrument to fit inside the current housing geometry. With the hemispherical nose, this forms a bullet shaped volume 23.5” long, encompassing 2060 cu-in (33.7L). To ensure a deployable instrument is developed, MBARI will be reserving a volume margin, decreasing as the instrument design progresses. The following table describes the margins and the “design to” volumes of each stage of development. The final 20% margin will be held as reserve to resolve critical issues during instrument validation, and allow space for future capability and improvements.

	 Design Stage
	Reserve Margin
	G3 “Design To” Volume
	ASU Module “Design To” Vol

	Pre-PDR, PDR
	40%
	1220 cu-in (20L)
	110 cu-in (1.8L)

	Pre-CDR, CDR
	30%
	1465 cu-in (24L)
	128 cu-in (2.1L)

	1st Article Build
	20%
	1830 cu-in (30L)
	146 cu-in (2.4L)



 
2.9 Mass 
Module mass shall be managed by designers to be less than or equal to the target allotted. The module size and mass constraints are linked as the instrument shall be deployed on a neutrally buoyant platform. It is expected that the module size will be more limiting than mass, so a general mass budget is provided as a density function of the module’s rectilinear box volume as defined above. The module density shall not exceed 0.70 kg/L. 
2.10 Orientation, Accelerations 

The module shall operate under accelerations up to .5g in any direction at a tilted angle 30º from horizontal. The module shall not be damaged, and shall normally execute future analyses after exposure to acceleration of 1g in any direction, or orientation in any direction. The module shall function within specifications after multiple exposures to accelerations of 3g in any direction encountered while shipping or in transit for deployment.

2.11 Pressure housing surface area 

Access to the pressure housing may be limited. ASU shall coordinate with MBARI if the module requires direct access or contact with the pressure housing. Under the current arrangement, there will be no access to forward bulkhead.  Will Analytical Module need a heat sink on the pressure housing?
2.12  Sample delivery

ASU and MBARI shall coordinate and define the standard for sample delivery from the G3 to the module.  Sample volume delivered to A.M. may range from 10-250uL.  The sample stream will consist of purified DNA and/or RNA which will be passed from the core 3G ESP to the Analytical Modules via a multi-pot injection loop valve. This should be discussed further to define the range of nucleic acid concentrations, criteria for sample stream purity/consistency with Analytical Module operation, and to determine where the AM distribution valve resides (core side or AM side).

Note – should we include here our process flow charts for showing the various us cases where sample is delivered to the AM?  I think we should – needs discussion

2.13 Inter-sample contamination

ASU and MBARI will coordinate and define the cleaning procedure of the sample delivery loop depending on design (TBD).

2.14 Waste


The module shall contain any waste fluids it generates during normal operation. The waste storage(s) shall be appropriate for the chemistry, temperature and orientation extremes of both deployment and shipping. The volume of waste storage(s) shall be sized to not be a limiting aspect during deployments. ASU shall advise MBARI of the preferred waste empting and disposal methods, and of any off gassing or vapors from waste that may affect the atmospheric environment inside a sealed pressure housing.
2.15 Reagents

Only the sample for analysis shall be passed to the analytical module. The module shall contain all of the reagents necessary for its operation, including any decontamination or flushing required. The reagent storage shall be appropriate for the chemistry, temperature, light sensitivity, and orientation extremes of both deployment and shipping. ASU shall advise MBARI of the preferred storage filling methods, and of any off gassing or vapors from reagents that may affect the atmospheric environment inside a sealed pressure housing.  
2.16 Thermal environment 

The module shall function in temperature from 2 to 40 ºC.  The module shall function within specifications after exposure to temperatures of 0 to 50 ºC encountered while shipping or in transit for deployment.  ASU will advise on waste heat that must be dissipated.  Maximum heat waste will be 200W over some prescribed time.

2.17 Humidity 

The use of some lyophilized reagents promoting long term storage is being investigated and if utilized these reagents should be isolated from a humid environment.  The use of desiccates will be investigated to stabilize humidity levels.  The module shall function in relative humidity from 0 to 90%.  ASU shall advise MBARI of any vapors from waste or reagents that may change humidity inside a sealed pressure housing.
2.18 Serial numbers 

Every unit shall have a unique serial number, and the number should be accessible across RS232.

2.19 Documentation 

Documentation for AM operation shall be provided.

3. Examples of Analytical Module protocols and their implementation 

3.1 Introduction 

This section contains examples of Analytical-Module-specific protocols and their implementation as related to qPCR. 

3.2 Real-time PCR 

Real-time PCR protocol consists of storing reagents at specified temperatures until deployment.  It is recommended that reagents are maintained at these temperatures until as close to deployment as possible.  Nearing deployment the reagents should be transferred to the AUV and dispensed appropriately.  Once loaded the reagents should be maintained in the dark between 4˚C and 37˚C.  Reagents are stable at 4-25˚ for one month.  At 37˚C Taq polymerase has been shown to degrade between weeks 2 and 3.  It is recommended to not exceed room temperature for prolonged periods inside of the AUV.  Use of a lyophilized Taq enzyme or lyophilized PCR components will also be explored which prolongs shelf life but possess more challenges for integration into the microfludic device.  qPCR reactions will take place onboard the AUV as specified by the user.  The starting DNA template will be divided into a low and high copy number chambers where the suspected high copy number DNA may be diluted.  Once the template DNA is portioned to specific areas based on relative copy number abundance droplets will be formed.  The proposed oil emulsion based system has the advantage of limiting contamination in the microfludic device while allowing droplets with different primers to be run simultaneously.  In the proposed system the droplets will be “color coded” upstream of the thermocycler perhaps with fluorescent dyes to designate those with different primers.   An optical system upstream of the thermocycler will identify each droplet and assign it to the specific primer.  During each run the system will integrate both positive and negative controls in order to test for contamination and efficiency.  After new template DNA is extracted onboard the system will be flushed with a bleach/water solution.  Thus multiple reactions will be carried out with each DNA extraction utilizing a variety of primers followed by flushing the system to prepare for the new DNA template.  The microfludic lines may also be flushed with a coating such as BSA???? in order to prevent enzymes or DNA from sticking to the surface.  An appropriate volume of template and sample will be released from the component storage area and the PCR mixture and template DNA will combine to form a droplet.  Droplet size can be determined by flow rate and methods are being exploredto give the appropriate PCR reaction vs. template volume per droplet (typically a 80:20 ration respectively).  Droplet formation of the current emulsion system consists of passing the droplet into an oil emersion with surfactant.  After the droplets are formed they will travel downstream to the thermocycler and cycled through the two temperature zones listed in section 2.14.  During the cycling between the two temperature zones droplets will be optically detected to generate quantitative data.  The qPCR reactions and oil used in the emulsion system will be flowed to a waste container for later disposal.

3.3 Thermal calibration 

An active feedback control mechanism would be used to control the temperature profile of the thermocyclers for both the PCR and the Microarray module. We are planning to use flexible thin film heaters to heat the thermal blocks, which would be controlled using a microcontroller based on the feedback provided by a number of thermocouples for thermal calibration.  
The microarray protocol is currently being developed to be compatible with the ESP analytical module.  Standard bench top protocols are being modified for a small, enclosed environment.  We are also developing microarray slides using various treatments and conditions that will be optimal for the target organisms.
4. Requirements for the ESP fluidics related to Analytical Module 

4.1 Introduction 

This is the place to put requirements for the ESP fluidics related to the Analytical Module that are not specifically addressed by specifying requirements for the module, above. There should be no redundant information here, meaning no information should appear both here and above. 

4.2 Reagents 

The initial volume of DNA template supplied by MBARI for qPCR is expected to range between 30-60ul.  In qPCR with environmental samples there has been inhibition of high copy number targets while validating on the commercial instrument.  Therefore a high copy number sample may need to be diluted in order to process downstream.  ASU has designed a parsing scheme to differentiate between high copy number which may require dilution and low copy number which would remain undiluted.  In high copy number situation the template may require a 10x to 100x dilution.  In low copy number situations the template is expected to remain undiluted at a 1x concentration.  In qPCR on a commercial system the current reagent components and the reaction volumes are shown in table 1.  The reaction volume will be scaled down in the microfludic device but the concentration is expected to be maintained at optimal concentrations.  Other reagent components may be added accordingly or the reagents may be adjusted to prolong shelf life or aid in an emulsion based system.  

Table 1:  Reagents required for ESP microfludic qPCR device.  Volume based on a 10ul Standard reaction volume used on commercial system which are compatible with current emulsion system.

	Reagent
	Source
	Volume
	Initial Concentration

	Universal Taqman Mastermix
	Applied Biosystems
	5ul
	4x

	Taqman MGB probe (mixture of forward primer, reverse primer, MGB probe, 6FAM dye
	Applied Biosystems
	0.5ul
	20x

	Bovine Serum Albumin
	Applied Biosystems
	1ul
	100x

	Taq DNA Polymerase (recombinant)
	Fermentas
	0.1-0.35ul
	5u/ul

	Deionized, diethylpyrocarbonate treated water (DEPC)
	Ambion
	2.15-2.4ul
	N/A

	DNA Template
	Environmental Sample
	2ul
	Undetermined


Oil phase solutions:

Light Mineral oil w/ surfactants (Abil EM90, Triton X-100)

Silicone oil w/ surfactants (Fluid 749, DC 5200)

HFE/FC oil: FC-40 or Novec HFE 7500 w/ surfactants (Fluorosurfactant)

PCR mastermix w/ additives (BSA, Betaine, possibly oil compatible surfactants)

Microarray reagents will likely be SSC buffers at various concentrations, and containing 0.1% SDS.

4.3 Valves 

Based on the fluidics schematic Fig XX, we believe that we will be using the following valves:

· Selection valves from Rheodyne, P/N MHP7900-500-1 (24V, 1A, 450nL swept volume)

· Fluid line valves from Lee Company, P/N INKA2525212H (24V, 500mW (max), nL swept volume)
4.4 Pumps 

At this juncture we are considering an entirely pressure driven system, the following components are what we believe we will need:

·   A canister of air or Nitrogen pressurized to 100 psig (approx. 1.5” diameter, 3” long)

· Pressure control devices, Marsh Bellofram P/N 110TE0G010P0000 (24V, 250mA max, 0-10 psi)

· Flow metering device, TBD
4.5 Tubing 

The tubing in the system is expected to be some combination of glass capillary with Kapton coating, PEEK tubing and stainless steel where appropriate
4.6 Fluidics protocols 

Mix reagents

Store reagents

Meter reagents

Emulsify reagents

Isolate reagents

Microarray hybridization

5. Appendix

5.1 Optical data 

PCR:

Linear Array PMT with fiber optic coupling to device having real-time data obtained for each thermocycle.

Microarray:

1 cm2 CCD sensor and wide field optic to visualize microarray.  

Filter sets:

Fam/Fitc

Excitation: 485 ±10 nm

Emission: 524 ±12 nm

Rox/Tritc

Excitation: 543 ±11 nm

Emission: 593 ±20 nm

Output will be intensity measurement for each filter wavelength along with capture conditions, i.e. time, gain, gamma, etc..  Output will also include excitation wavelength, power, etc.

Use filtered LED for excitation.

Schott glass filter for diffuse/wide angle measurements, interference filter sets for collimated filter sets.
5.2 Thermal data 

PCR

2-temp or 3-temp thermocycling: currently 2-temperature cycling

Cycle time: flow rate dependent, fixed 2:1 ratio for 60C:95C 

Hot start temp, time: 95C 20-30 s

High temperature temp,time: 95C for 15-30 s

Low temp, time: 60C for 30-60 s 
Thermal ramp rates of 2-10 C/s

72 C zone or not: currently not available, can modify design to provide both

# of cycles: Currently 35-40

Ramp rates: contingent on flow rate, contingent on thermocycling times

80W maximum power draw on resistive heating elements.   

Warm-up time of 5-10 min.

On-time of 1-1.5 hours per run

Microarray:

40C & 70C hold times

10W maximum power draw using resistive heaters

On-time of 10-15 hours/run

Need hull temperature not to exceed 37C
5.3 Reaction temperatures  

The qPCR module utilizes highly specific Taqman detection technology and standard reaction temperatures of 95˚C to denature DNA and 60˚C for annealing and extension.  The current qPCR protocol has eliminated the need for pre-heating of reagents as the Taq enzyme is bound to an antibody and released during the initial 95˚C cycle allowing the PCR reaction to cycle through the two temperature zones.  Eliminating the pre-heating step is beneficial as it lowers power requirements which can be used for other applications.

Hybridization of microarrays would have an optimal temperature of 60oC for 14-16 hours (overnight).
5.4 Heating rate

For qPCR the rate of cooling in a commercial Applied Biosystems Step One instrument is 1.6˚C per second in standard mode.  

PCR:

Ramp rate to temperature: 0.25 °C/s= 10-20 °C/min. for ramping up of heating elements

Thermal cycling rate: 2-10 °C/s for PCR thermocycling ramp rates depending on flow

Not applicable for microarray

5.5 Cooling rate 

For qPCR the rate of cooling in the commercial Applied Biosystems Step One instrument  is 1.6˚C per second in standard mode.  

Thermal cycling rate: 2-10 °C/s

Not applicable for microarray
5.6 Number of optical channels 

Sample detection (LED and sensor)

Turbidity measurement for microarray (LED and sensor)

Microarray: 1 Fitc filter set

PCR: 1 Fitc filter set, 1 Tritc filter set

Filter sets:

Fam/Fitc

Excitation: 485 ±10 nm

Emission: 524 ±12 nm

Rox/Tritc

Excitation: 543 ±11 nm

Emission: 593 ±20 nm
5.7 Reaction volume 

Standard qPCR reaction volume used on the commercial Applied Biosystems Step One instrument is 10ul.  Droplets will be produced from an initial 30-60ul DNA template of which the volume will be divided between samples expected to be high or low copy number.  Low copy number targets will have  larger initial reaction volumes versus high copy number targets which can utilize smaller reaction volumes and still be detected according to Poison distribution.  Starting reaction volume diverted to high or low copy number is anticipated to be extremely variable and dependent upon the copy number targeted while reaction volume of individual droplets will be exceedingly consistent and expected to be either nanoliter or picoliter size of which will later be determined.  

Currently, we are targeting a reaction volume of around 50nL, which would be the size of the droplets generated. But, this might change later based on different target copy numbers being analyzed.

10-250 µL volume from ESP

PCR sample:

Microarray sample: Reaction volume for microarray hybridization is currently 200 ul using a hybridization chamber coverslip on the microarray slide.
5.8 Tubing outer diameter 

Currently we are looking at standard 1/16th inch (~1588microns) OD tubing for our reagent transport tubing. And for the tubing for our thermal cycler we are looking at a tubing of about 680microns outer diameter.

Peek tubing

Capillary tubing

Other tubing

Connectors needed?

Figure 1.  The ESP connects the analytical module to the mooring controller within the platform (e.g., LRAUV or mooring).  Multiple Analytical Modules may be attached to the ESP core via the ESP controller, but there is a total of 2A current available for all modules.








Figure 2.  Payload volumes.  Goals will gradually eat up reserve as design approaches 1st article build.











�Must change this to the new name


�Will A.M. have it’s own waste, or will they share with the core?
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