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a Abstract N

The Compact Automated Bioreactor box (CAMboOX) Is an
autonomousmicrobioreactordesignedto culture, sanitize,and
measure different samplesfor six different well plates and 2
different conicaltubesin the smallestsizepossible The CAMbox
hasa steelenclosuredesignedo fit all theseoperationsthrough
the most efficient use of space,leavinga small footprint. The
compactdesignallows this deviceto be able to reach setpoint
temperatureswith speedand cost efficiency With the addition
of the highpowered Siefert thermoelectric cooling system
and the Omega300W Compactenclosurdan heaterfor climate
control. For measuring the vitals, using optical density and
fluorescencantensity, the sampleswill be ableto be measured
In real time, requiring no interreference To allow an incubation
period of two weeksthere is a liquid handlingsystemwhich can
add/subtractliquid into the cell culturesand disposeof waste by
using a stepper motor, pipette and disposablepipette tips to
avold cross contamination The device also includesa shaker
systemwhichimplementsa rail and bearingsystemin both the x
andy direction with motors that canrun either individually,for
linear motion, or simultaneously, for circular motion.
Additionally, various gasescan be added into the environment
using solenoid valves Our device performs these operations
while still beingcompactthrough efficient use of space Thegoal
to achieve the smallest size possible allows for unigque
marketabilitydueto lower cost,size,andtransportability /

Overall Cost of System: $6074.39
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Functionality N

The microbioreactoris split into 7 different subsystemghat all operate

andsynergizevith eachother.

AEnclosure- the main frame of the systemholds all other subsystems
with a steelouter andinner shellwith optimalinsulation

AClimate Control - the entire systemcan be cooledor heatedin a quick
mannerto culture the samplesat their desiredenvironment

AUser Interface ¢ cell vitals, humidity, temperature, gas levels, and
desired sample setup are fully programmable An immediate stop
button and LED screen allows for the notification of an error or
Immediatesituation

AWell Plate Shakerc All desiredwell plate and conicaltube sizecanbe
accommodatedand shakenin three different patterns An integrated
white light illuminationnestsunderthe well plate.

AGasControl ¢ five different gasescanbe injected and monitored within
the system

ALiquid Handlingg samplescan be cultured and sanitizedquicklywith a
gantry liguid handling system Automatic disposabletips and waste
storageis available

UF [Univer sity of Florida

CENTER for UNDERGRADUATE RESEARCH

EXPLORE
DISCOVER
CREATE

™

L3
—=
L

-
-

Time to Reach Setpoint [(s5)
CEO OO D D0 OO D0 0 [ [ L3

= B3 L s LN O =] [ LD
L O o O o o L a0

AOD/FI¢ Both ODand Flcanbe measuredsimultaneoushalongwith the/
liguid handlingprocessesallowingfor quickprocessimes.
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Temperature Differential vs. Time to Reach
Setpoint
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temperatures, users will save a lot of money on energy

/

This graph shows the time it takes for the CAMbox to reach a
certain temperature within the enclosure. This shows how
small enclosure benefits heating and cooling processes, @
the selected thermoelectric heater. With quick set point
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C3: Moveable by one person after disassembly

C4: Fits on a research benchtop,

M3A: Each unassembled component weighs under 50 pounds
M4A: Less than 36 inches wide
M4B: load of assembly IS lower than 600 pounds
C6: Has an easily accessible interior for cleaning

M4C: Bottom face dimensions must be smaller than 24 inches wide and 60 inches long
C12: Only nonreactive materials contact lab chemicals

M6: Access hole must allow two hands to fit through at least 20 inches long, 5 inches

M12: Signs will be posted to the device warning users about volatile materials and to
C13: Appropriate for operation in a BSL-2 space

M5: Operate with a 120V AC C5: Runs from a single standard 120 VAC wall outlet
—— Enclosure
ade e ; m M17: Independently control at least 3 separate environments C17: Maintains environmental conditions independently for each well plate or tube
keep them far from the reactor : M20: 4-70 degrees Celsius range from 4C to 70C
Climate Control =
- M21: 2.5 degree difference
M13: Waste will be stored and made safe until waste can be fully disposed of &
. . M14: Exteri i t al inatat t der 44 Celsi 111

C14: Has an exterior surface that is not too hot to comfortably touch XEerior casing must aliways remain at a temperature tncer S -

Fahrenheit
M7: Quantified by how long to takes to stop all function, a minimum of 0.5 seconds
C7: Includes an easily actuated emergency shut-off that safely that stops all functions Q y g p_ : :
will be used and a maximum of 1 second
C8: Has an intuitive user interface
C9: Has a visual indicator that is easily seen by the user and nearby personnel

C20: Maintains cultures in a well plate or tube at a constant temperature within a
M22: 5 degree difference

than £2.5C
M8: There will be a minimum of 1 setting per number of subassemblies of the system

and a maximum of 2 settings per number of subassemblies, making the minimum
C10: Is programmable: control parameters can be changed by the user, and more

C21: Maintains internal setpoint temperature with time and spatial variation less
settings on the interface 8 and the maximum 16
complex processes can be added

M24: 15 minutes

User Interface
M9: This need will be quantified by the brightness of the interface display or flashing

M23: Covers less than .10 of surfaces on well plates or conical tubes
of the buttons on a scale of 1-5, 1 being the dimmest and 5 being the brightest

C22: Uniformly heats/cools wells/tubes within the desired temperature range
M10: Each subsystem can be controlled individually, quantified by the number of

C23: Mitigates condensation on cooled well plate and tube surfaces
controls on the interface, a minimum of 8 to allow control of different subsystems

C24: Reaches setpoint culture temperature in less than 15 minutes
C1: Operational lifetime of at least 10 years

C18: Is capable of safely injecting, measuring, and regulating the composition of the
following gases in each compartment holding a well plate or tube: N2, 02, CO2, CH4,

M1: 10 years

H2
C19: Is capable of incubation periods long enough to permit 1,000 E. coli culture

M18: Inject 5gases ————__

generations (~two weeks)

511: DIEP:EE!blE tips will be made of nonperous materials. 1 disposable tip per liquid E14: Dy ssonporons materals contace cel ot
i €INg used.
. Gas Control
M15: Waste will b tralized by bei laced i i taining 0.10 of th
M19: 2 weeks —— vulum:'lil Z::elmh s e R e o orHE C15:. Is capable of sequestering and neutralizing its own liquid and solid waste
M34: tified by th b f st th bsyst ire t lete th
Quunti IE, e jEr ﬂ, 2 ?PE G b reqmrfz Sl R : C34: Is capable of automated liquid handling with fluid addition/subtraction from
_—— process of adding or subtracting liquid. The number of steps this subsystem takes will anch wel or tiba
s A be between 3 and 6.
Liquid Handling 1;1
'-..h .--_. -II -..\. H\"'\.\_ . - 5
. . AN M35: To determine whether aerosols will be created the Reynolds number will be
C2: Prototype production cost does not exceed $10,000 M2: 510,000 “— calculated. The Reynolds number will have a maximum of 2300 in order to avoid
".I creating aerosols
C27: Includes a photobioreactor mode to illuminate photosynthesis-capable cell ; |
) ) § P M27: llluminate from 400nm640nm at 1kW/cm3 —_ AREAY
cultures (e.g., cyanobacteria) with white light ‘ |
C30: Measures optical density (OD) in all individual wells and conical tubes M30: Measure OD at 600nm N\ A
S OD/FI |
C31: Measures fluorescent intensity (Fl) in all individual wells and conical tubes M31: Excite fluorescence up to 640nm and detect emission up to 740 nm
C32:. For OD/FI measurement, sustains adequate light intensity to make i - ) )
M32: Maintain Light intensity of 640nm
measurements at wavelengths not lethal to cells
C33: Processes a 384 well plate through OD/FI measurements in less than 6.5 minutes

- M36: Dispenses fluid from 225 ul/s to 300 ul/s

M37: Deposit from 5-20000 ul of aliquot fluid velume
M33: 6.5 Minutes

C35: Dispenses fluid without creating aerosols

M38: Velume accuracy 0.01 ul

— (36: Achieves dispense rates from 225 ul/s to 300 ul/s
"~ M39: Volume accuracy 0.07 ul

C37: Deposits a minimum/maximum aliquot fluid velume frem 5-20,000 pL

C38: Achieves dispensing velume accuracy of 0.1 plL

M40: Cross contamination will be avoided by using disposable tips. The number of tips
used will depend for the number of pipettes, a minimum of 1.

C39: Achieves dispensing velume precision £0.01 plL
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