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List of Symbols and Abbreviations

The Photobioreactor can measure/calculate these pameters:

ng
al

Symbol Name Description
F. (Dark) Instantaneous Instantaneous F-yield in dark equajs F
fluorescence in dark F: = Fo(in dark-adapted sample)
F. (Light) Instantaneous Instantaneous F-yield in light that
fluorescence in light results from a dynamic equilibrium of
plastoquinone reducing and re-oxidizi
processes and from non-photochemic
guenching
F: = Fs(in light-adapted sample)
Fu (Dark) Maximum fluorescence in | Maximum F-yield with Q reduced
dark-adapted state (g=0) and non-photochemical
guenching relaxed (NPQ=0)
Fw (Light) Maximum fluorescence in | Maximum F-yield with Q reduced
light-adapted state (g=0) and non-photochemical
guenching active (NPQ@)
Fy Maximum variable Fv=Fu-Fo
fluorescence
QY (Dark) Instantaneous PSII quantunkffective PSII quantum yield
yield in dark QY =Fy, Fu (dark-adapted sample)
QY (Light) Instantaneous PSII quantunkffective PSII quantum yield relaxing
yield in light in light
QY =F,// Fy' (light-adapted
sample)
ODego Optical density at 680 nm Optical density represgnight
scattering and chlorophyll absorption
OD73s5 Optical density at 735 nm Optical density represeriight
scattering
pH pH Negative decadal logarithm of hydrog
ion concentration in the medium
[O4] Oxygen concentration Concentration of dissolvedgexy
[H2] Hydrogen concentration Concentration of dissolvgdibgen




Safety Precautions

LED RADIATION
USE PROTECTIVE GLASSES
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GENERAL ELECTRICAL SAFETY GUIDELINES:

Routinely check the devices and their wiring.
Replace worn or damaged cords immediately.
Use electrical extension cords wisely and do netload them.

Place the devices on a flat and firm surface. Kibepn away from wet floors

and counters.
Avoid touching the device, socket outlet or switichour hands are wet.

Do not perform any alterations to the electricatt paf the devices or its

components.



Description and M aintenance of the Device

I.A. General Description

The Photobioreactor combines a cultivation vess#i we built-in fluorometer and
densitometer. It is designed for high-contentcim® phototrophic cultivation of algae,
cyanobacteria and bacteria.

Light power and spectral composition as well as tdmaperature and aeration gas
composition can be set with a high accuracy. Initemtg cultivation conditions can be
dynamically varied according to a user defined guoL Light, temperature, and gas
composition can oscillate with various amplituded &equencies.

Culture growth is monitored by the integrated demmseter that measures light
scattering at 735 nm (OD 735). Chlorophyll conteftthe culture can also be
monitored continuously by the differences of ogdtidansities at 735 nm and 680 nm
(OD 680). The instantaneous physiological statehef culture is measured by the
Photosystem Il quantum yield (Fm’-Ft) / Fm’.

The Photobioreactor body consists of a cultivatieasel and of a base box containing
instrument electronics circuitrfFig.1A). The cultivation vessel is a flat, rectangular
container with a capacity of 400 ml. Its front aback windows are made of glass
plates. The bottom part contains a thermal brithge fiacilitates heat transfer between
a Peltier cell in the instrument base and the rbiatosuspension. The detachable
vessel top is equipped with two Luer connectordJtshaped tubing releasing air
bubbles inside the vesqélig.1C). One of the two central Luer connectors is for gas
medium exhaust. The other one can serve for sapofikction or medium supplement
(Fig.1C). The two ports accommodate temperature sensor Hsasve@n additional
connector that can, in diverse configurations, hadous sensors, e.g., pHp,GH
(Fig.1C).

The vessel is placed adjacent to an array of hakep light emitting diodes that

generate a highly uniform irradiance flux that da@ controlled in the range O-

2,500mmol (photons).nif.s* PAR. The irradiance can be dynamically modulatgd b
the instrument control unit or by an external cotep(Fig.1B).

Adjacent to the bottom corner of the vessel is misenductor light sensor for
measuring fluorescence emission and suspensiocabpgnsity by attenuation of light
that was emitted from the LEOBig.1E).

The Photobioreactor can also control external mexisluch as peristaltic pumps and
solenoids conditioning the composition of the buddplgas (shown schematically in
Fig.1F andFig.2). The solenoid valves can be used to switch adflibbbling during
optical measurements. Peristaltic pumps can be usddrbidostat and chemostat
modes.

The Photobioreactor can be connected to an exteroalputer that can define

experiment settings: duration of the experimenpi¢@lly days), data collection cycle

(typically minutes), temperature or temperatureagits, blue irradiance and orange
irradiance, light/dark cycle or other irradiancendsnics. The external computer can
also collect the measured data in real time antithesn on world-wide-web.



Fig.1: (A) The Photobioreactor body consists of a flat vesstling the suspension and of a
base box with electronics circuitry(B) The block scheme of the instrument involves the
Control Processor Unit to exchange data and protaedihn external computer (PC) and
auxiliary external modules. The Control Unit gove&the measuring as well as the actinic light
sources, temperature sensor and reads also thedehattor as well as auxiliary senso(€.)
Detail of the vessglD) Uncorrected optical density spectrum of cyanobadtsuspension.
The lines and arrows indicate dominant wavelengtharious light sources that are integrated
in the instrument as well as the detection rangefphotodiode.(E) Detail (rotated top-to-
bottom view) of the fluorometer and densitomet&). Symbolic representation of gas flow
and adjustment modules that are used to stabiiragian and set C{xoncentration level.
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Fig.2:Block scheme of the Photobioreactor, its moduled,ramote control.
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|.B. Description of the Cultivation Vessel

The standard cultivation vessel has a capacityoof @l and weighs about 3 kg. It is
made from flameproof glass (thickness 3.3 mm)nias steel (AISI316L), duralumin
with black eloxal coating, silicone sealing, anckbpren S6410T glue.

Each vessel was tested and autoclaved (20 minut&20a°C) by the manufacturer
before distribution.

Fig.3: Vessel description(1) Clips to lock the vessel in a stable positi¢l) Holders
for easy vessel manipulatio(8) Screws to fasten the top part to the veqg@lGas
inlets. (5) Connector for an optional sensqi6) Sampling tube.(7) Gas or medium
outlet. (8) Optional sensor (here,@etector).

|.C. Cultivation Vessel Maintenance

The whole vessel is fully autoclavable, includiihg tdetachable top part, connectors,
sensors, and silicone tubing. However, keep in nmirad most materials deteriorate
after repeated autoclaving. We recommend that ymp kautoclaving to a reasonable
minimum. For most cases, hot water (60 — 70 “@Gnddrd detergent and thorough
mechanical cleaning are enough to keep the equipolean and non-contaminated.

When cleaning the cuvette, it is very importantitse off any residue of detergent or
medium and to dry the cuvette with a soft clothhis will help to prevent the cuvette

corrosion. The cuvette should not come in contattt gtrong acids or acidic vapors.

The Q sensor and pH sensor may be autoclaved or sterilipeto 140 °C; the CO
sensor may be autoclaved or sterilized up to 130 °C



Installation

I.D. Checking the Package

Check the contents of the package and comparetht tive enclosed package
list.

Make sure that the serial number of the PhotobatoedFig.4) is the same as
the serial number on the label of the power sufipiy.5).

Fig.4: Back panel of the Photobioreactor with the senahhber (blue arrow).
Note: See the service cable warning (red arrowjlannext page.
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|.E. Devicelnstallation

To install the device properly, it is necessarfolow the proper sequence of stegss
described below.

I.E.1 Connecting the Power Supply to the Photobioreactor
Make sure that both the Photobioreactor and theepsupply are switched off.

Connect the thick power cord of the power supplthtoround connector of the
PhotobioreactofFig.6).

Fig.6: Connection of the Photobioreactor and the powerplyupgnserted is the
detailed view of the back panel of the Photobici@ac

Photobioreactor = an}er suppiy'
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I.E.2 Vessel Assembly
Fill the vessel with medium.
Connect the tubes to the lid.

Screw tightly the lid to the vessel using providexzkagonal keyFig.7). Make
sure that the rubber gasket is inserted propethyden the lid and the vessel.

If needed, autoclave the assembled vessel. Douiotlave the sensors. See
Chapter I.C. of this Manual for vessel maintenance.

Insert the vessel into the Photobioreactor and libaksing the metal clips
(Fig.8).

Fig.7Screwing the vessel lid to the vessel.
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|.E.3 Magnetic Stirrer Installation

Screwthe magnetic stirrer to the Photobioreactor fraant @s shown ofig.9
andFig.10. Use the four screws provided.

Fig.agnetic stirrer.
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Connect the stirrer cable to AUX1 connector on Bt@tobioreactor rear part
(Fig.11).

Fig.11Cable connection to AUX1.

TEMP.SENSOR QPTIONAL
PH SENSOR SENSOR SERVICE

POWER

P

Insert the stirrer into the Photobioreactor culima cuvette as shown on
Fig.12.

Fig.12Stirrer position in the cultivation cuvette.
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The stirrer function is controlled manually via tihotobioreactor control
display as shown oRig.13.

For stirrer control, go to menu Settin®WM_Mode. Here the stirrer can be
turned ON/OFF and its performance can be adjustedercentage of total
power (10 % low power, 90 % high power).

Fig.13tirrer control via the PWM_Mode.
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|.E.4 Peristaltic Pump Installation

The Peristaltic Pump consists of two main partee-Reristaltic Pump PP500 and the
small stabilized power supply. These two parts @nedPhotobioreactor are connected
with tubing and wiring. First install the tubingrmnection:

Attach provided short tube to the Peristaltic PUPRH00. Insert one end of the
tube in the holder and wind the tube around theecirame Fig.12). Insert the
second end of the tube into the hol(feg.13).

Attach provided connecting adapter to the prop@nector(#7 in Fig.3)of the
vessel top paitFig.14).

Figs.12, 13Attaching the short tube to the Peristaltic Pump.

Fig.14: Attaching the adapter to the connector (viewedftbe
Photobioreactor’s back).
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Slip one end of the provided silicone tube on ttepéeron the vesseabp part
(Fig.15).

Slip the second end of this tube on another pravatapterkig.16).
Attach this adapter to the short tube on the RatistPump(Fig.17).

Fig.15:Slipping the tube on the vessel connector adapter.

Figs.16, 17:Slipping the tube on the adapter and attachingubiag to the Peristaltic
Pump PP500
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Slip a new strip of provided tubing on a small adamnd attach it to the
second part of the short tube on the Peristaltrofirig.18).

Place the end-point of this tube into suspengiig.19).
SeeFig.20for complete installation of the Peristaltic Puraping.

Figs.18, 19Finishing the installation of the Peristaltic Putaping

Fig.20: Fully installed Peristaltic Pump tubing.
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Now install the wiring connection of the Peris@aBump:

Connect the Photobioreactor and the Peristaltic fPuming a provided
communication cable.

Plug one end-point of the cable into the “AUX INgrmector of the Peristaltic
Pump(Fig.21).

Plug the second end-point of the cable into the XA2J connector at the rear
part of the PhotobioreactdFi.22).

Fig.21Rear part of the Peristaltic Pump: plug into “AUX’Iconnector.

Fig.22 Rear part of the Photobioreactor — plug into “AUXc@nnector.
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Connect the Peristaltic Pump and the small stauiligower supply. Plug the
power cord into the “POWER +24V DC” connector o€ tReristaltic Pump
(Fig.23).

SeeFig.24for complete wiring of the Peristaltic Pump.

Fig.23: Rear part of the Peristaltic Pump - plug into “PBRV+24V DC” connector.

Fig.24: CompletePeristaltic Pump wiring (viewed from the back).
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|.E.5 GasLinelnstallation

The bubble humidifier consists of four main partpressurized gas source (here air
pump), bubble humidifier, control valve, and gaspénser tube. All parts are
connected with flexible tubing. The control valvedathe Photobioreactor are also

connected with an electric cord.
Tubing: Connect all parts with flexible tubes as showfigs.25and26.

Control valve wiring: Connect the control valve cord to the Aux 1 conmec
of the back panel of the Photobioreadtéig.27).

Fig.25: Gas line arrangement.

Fig.26:Slip-on system. Fig.27: Back panel of the Photobioreactor.
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|.E.6 pH and O, Electrode I nstallation

IMPORTANT NOTES:
It is strongly recommended not to autoclave pHtebele. The manufacturer states
that autoclaving deteriorates it rapidly. Use wavater with a detergent or chemical
disinfectants for its cleaning.

O electrode is made of high-quality stainless sigelde 316, which is autoclavable.
Yet, we recommend you to keep autoclaving to aom@sle minimum.

Be aware that, although the, @lectrode is made of high-quality stainless stae
very aggressive growth medium can cause its camosConsult your specifi
conditions with the electrode manufacturer.

<)

pH Electrode Installation:

Insert the pH electrode into the appropriate vesseinector and secure it
tightly — seeFigs.28and29.

Attach the cable labeled “pH” to the electrdéég.30).

Attach this cable to the connector at the back lpainthe Photobioreactor. See
the blue arrow irFig.31.

Fig.28: Positioning theoH electrode. Fig.29: Securing theH electrode.
Fig.30: Attaching the cable tthe Fig.31: Attaching the cable to the back
positioned pH electrode. part of the Photolzoter.
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O, Electrode Installation:
Insert the @ electrode into the appropriate vessel connectar sgcure it
tightly — seeFig.32andFig.33.

Attach the cable labeled “Oto the electrod€Fig.34).

Attach this cable to the connector at the back lpainthe Photobioreactor. See
the blue arrow irFig.35.

Fig.32: Positioning theD, electrode Fig.33: Securing théd, electrode

Fig.34: Attaching the cable tthe Fig.35: Attaching the cable to the back
positioned Q electrode. part of the Photobioreactor.

23



|.E.7 pH and O, Electrode Calibration

pH Electrode Calibration:
In the Operation Menu*, go to Setting Calibration Calibration pH.
Plunge the electrode in pre-mixed pH calibratioltson pH = 7(Fig.36).
Read the signal valu€&ig.37)and confirm this value by pressing the “S” key.
Repeat the same procedure with pH calibration swiygH = 10.

Calibration accuracy may be verified by plunging thlectrode to the pre-
mixed solution of known pH (pH value in betweennd 4.0).

Fig.36Calibrating pH electrode in pre-mixed solution pH =

Fig.3Reading the signal value for pH =7

* For more information see Chapter Il of this Maaiu

24



O, Electrode Calibration:
Minimum polarization time required for proper ekecte functioning is 1 hour

It is very important to make the temperature sefilgit compensation/calibration of the
electrode as th®;, electrode signal is quite sensitive to working tenagure.

If planning to run anexperiment under constant temperature the calibration
procedure is as follows:

Fill the Photobioreactor cuvette with media. [tésommended to use the same
media as in the planned experiment (because ofippesslinity dependence).

Set the temperature regulation for desired temperafthe same as the
temperature of the planned experiment) and waiteimperature stabilization.

Bubble the media with fresh air to get 20.9 % dis=sth G, (dO;,) calibration
point. For 25°C the ©signal should be around 700 (higher with higher
temperature). This step takes approximately 15-8tutes (depending on the
bubbling rate and optional stirring).

To get zero point for the electrode calibrationblble the cuvette with 100 %
N2to bubble out all oxygen. At this point, you showtad the signal around 15.
If you do not have a Nank, use value 15 for zero calibration point. (few
possibility how to get rid of measurable oxygentasuse Sodium dithionite.
However, the manufacturer cannot recommend sucbcegure.)

Now you have two points of the calibration curve particular temperature
and media composition. As there is linear relatérthe Clark type electrode
signal to d@ concentration, you can easily estimate actual eatnation by the
following equation:

O, percentage = 0.209 * (Osignal - Q_0)/ (G,_21-Q_0),

Where Q_percentage is actually dissolved, @oncentration in percent;
O,_signal is actually measured signal in the Photeldictor; Q 0 is zero
calibration point (ca 15); and,Q21 is “ambient air” point calibration.

If planning to run arexperiment in variable temperature profile, you will need to
repeat the first three steps for several tempegatirom the profile. Depending on the
temperature range, you will need to calibrate onimmim point, maximum point and
at least on one more point between minimum and mmaxi. From these
measurements you can make the calibration curve camdpensate for variable
temperature sensitivity. This sensitivity compermsaturve differs from one electrode
to another and cannot be therefore provided byrtheufacturer.
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|.E.8 Additional Light Source I nstallation

The Photobioreactor can be supplemented with aiti@wlal Light Source that helps to
accommodate specific needs of different organishie installation of the Light
Source requires a cross-point screwdriver.

Attaching the Light Source Holders:

Unscrew eight screws (M2.5) from the front parthed Photobioreactor. They
are marked with red arrows kig.36. Important Note: Do not remove the
screw that is marked with a yellow circle in thguiie!

Using the new longer M2.5 screws, attach the ledt @ght holders to the
Photobioreactor front part — se&gy.37.Important Note: Always use the new
(longer) screws that are provided in your Additionght Source Kit.

Be aware that the slots for pivot joints must poipivard. See the proper
position of the holders iRig.38.

Fig.36: Fig.37:

Fig.38:
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Positioning the Light Source:

Position the Light Source by inserting its pivanjs into the respective slots in
the holders — sdiéig.39.

Fig.40 shows the proper position of the additional Li§ource.

The Light Source can be locked by two screws. Tipesition is marked with
red arrows irFig.41.

Fig.39: Fig.40:

Fig.41:
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|.E.9 Photobioreactor and Computer Connection
Use the serial cord to connect the Photobioredottite computefFig.42).

Fig.42:Back panel of the Photobioreactor.
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Operation

Plug the power cord into an electrical outlet.

Switch on the power supp(¥ig.43).

Switch on the Photobioreact(ig.44).

Plug the air pump into an electrical outlet to tshaubbling.

Plug and switch on all the optional sensors (pH,p@ristaltic pump)

Fig.43Power supply back panel.

Fig.4#£hotobioreactor front panel.
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II.A. Photobioreactor Front Panel Explanation

The device is controlled via the front panel of Btetobioreactoffig.45).

Fig.45: Front panel of the Photobioreactor

The left display shows the temperature reading ooremessages (if
applicable).

The LED indicator “READY” lights up when the desirdemperature is
reached.

The LED indicator “HEAT” lights up when the Peltieell is operating as a
heater.

The LED indicator “COOL” lights up when the Pelte=ll is cooling.

The LED indicator “OVERLOAD” lights up when the negsted temperature
cannot be reached.

The right display reveals two lines of the menthviite actual selection shown
in the first line (indicated by the “>” mark). Thsecond line shows the next
menu option.

The “M”, “S” and “SCROLL" keys serve to move andles# in the device
menu. See more information in the Step-by-Step &jmer Scheme in the next
chapter.

The “MAINS” key switches the device on/off.

ERROR REPORTING:
Er 5: Temperature sensor is not connected.
Er 7: Temperature sensor defect.
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11.B.

Operation Scheme

The following pages bring the graphical presentatio of the operation scheme of
the Photobioreactor. This scheme is structured intéour levels:

1.

Main Menu

2. Four Sub-Menus (Measure, Lights, Thermoregulatgetting)
3.
4. Second-level nested structures

First-level nested structures

I1.B.1 Explanation of Control Keys and Used Symbols

The Photobioreactor is operated by five keys:

The“MAINS” key switches the device on/off.

The"S” key allows moving forward to a lower-level menuwanis also used
as a “Confirm Selection” key. Long press&f key (= ‘HS”) is mostly used
for moving inside the single menus (scrolling).

The“M” key allows moving back to a higher-level menu.
The two“Scroll” keys allow moving up and down inside the singlenuse

Explanation of symbols and color differentiation ugd in the scheme:*

@ - SET key (short press)
@ -MENU key (short press)

Q - UP/DOWN key

@ - Hold SET key =SET key (long press)
@ - SET key (short press or long press)

@ - Hold MENU key =MENU key (long press)

@- MENU key =(short press or long press)

Full-line arrows are used for th8” key. —_—
Dashed-line arrows are used for t' key. -_-_-—
Dotted-line arrows are used for tHéP/DOWN” key.  resserersens >

Blue color represents thdain Menu.
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Yellow color represents tifeub-Menu items.
Green color corresponds to thiest-level nested structures
Pink color corresponds to tlsmcond-level nested structures

* The display of the Photobioreactor does not refleist color differentiation.
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11.B.2 Graphical Presentation of the Operation Scheme
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I1.C. Detailed Explanation of the Pulse Light Control
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[1.D. External PumpsControl

This chapter brings thorough explanation of howctmtrol the Photobioreactor’s
external pumps. Reading this chapter is particplescommended to the customers
who plan to use the Photobioreactor intilmbidostat mode or intelligent chemostat
mode

11.D.1 Explanation of Control Keys

(Abbreviated key forms are used in the Scheme II.)

@ - SET key (short press)
@ -MENU key (short press)

Q - UP/DOWN key

@ - Hold SET key =SET key (long press)
@ - SET key(short press or long press)

@ - Hold MENU key =MENU key (long press)

@- MENU key =(short press or long press)

Fig.46:Peristaltic Pump PP 500 — a rear view with 4 valvenectors.
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11.D.2 Explanation of the Commands

1. Set Pump

Using the UP/DOWN key, select the pump for whiclu yawe going to set the control
parameters. Be sure that your setting correspamdiset actual number of the pump.
You may adjust the setting for up to 7 external pam

2. Set Type

Using the UP/DOWN key, select the type (mode) af tontrol executed by the
selected peristaltic pump. You may select eitherM@®, which means control of the
fluid flowing through the pump. Or, you may selecte of the four valves on the
peristaltic pump.

Important Note: Valve 1-4 control applies only to the Peristaltiar®p PP500 that
includes a special valve control module and 4 valwenectors — sefeig.46.

Important Note: The Photobioreactor valve (12 V, connector AUXIAQIX2) is not
compatible with the Peristaltic Pump valve (24 V).

3. Set Parameter

Using the UP/DOWN key, select one of the parametetswill be used for the control
of the chosen external pump. For instance, fortaheidostat mode, opt for OD_680
and OD_735.

4. Set Level
Using the UP/DOWN key, set the level value for seéected parameter — see Scheme
.

5. Set Range
Using the UP/DOWN key, set (in %) the range of oalrfor the selected parameter.

Note: One half of the selected range is above the préesel and the second half is
below the pre-set level. For instance, if the rangeontrol is 5 %, then approximately
2.5 % will be above the level and approximately &5vill be below the level - see
Scheme Il

6. Set Regulation

Using the UP/DOWN key, select either the Over GaniMode or Below Control

Mode — see Scheme Il. You are advised to choosétlee Control Mode for the
turbidostat control or for pH 0 — 7 control. For pH, select the Below Control Mode.

7. Set State
Confirm all previously selected settings by pregs@@N. Cancel your previously
selected settings by pressing OFF.

Important Note: All parameters are measured and regulated once miute (not
continuously).
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11.D.3 Operation Schemes

Scheme I: Operation scheme for the control of exteal pumps.
Red numbers (1 — 7) correspond to the numberseidécription on the previous page.
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Scheme II: Schematic explanation of the Over Control and BelowControl Modes
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[11. Softwarelnstallation and Use

The computer for the Photobioreactor control ipgld with a pre-installed operating
system as well as with the Photobioreactor softwaheis, no installation by the user

is, typically, required.

If needed, however, it is possible to update tretesy to a newer version or recover
the present system using a bootable installatiorti@Dis enclosed in the delivery box.
As an alternative, it is also possible to downltdas system from PSI via internet. See

Appendix A for details.
The controlling software consists of two parts:

The core software controls the Photobioreactor mms in the background
without direct communication wit the user.

The graphical user interface (GUI) connects locatlyemotely to the core and
facilitates the communication with the user.
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[11.A. Graphical User Interface (GUI)

Starting the GUI Locally:

After the operating system boots up, you can lowithh the usernamgbio-reactor”
and the passwortteactor” . This will lead you to the GUI that will first @m in the
Devices tab:

Fig.A: The Devices tab in an idle mode

There may be multiple connected Photobioreactaiec8on of the connected devices
as well as starting the experiments is done froms téib. Each instrument that is
connected to a computer port is represented bydadu These tabs appear/disappear
as you plug/unplug serial ports (Fig.A, arrow 1lfEach tab represents a particular
device that is connected and turned on. The cdeddthotobioreactors can be idle or
running an experiment.

Idle Mode:

Figure A represents a Photobioreactor in an idledenm which it autonomously
measures every minute the culture optical densibgtantaneous chlorophyll
fluorescence emission (Ft), temperature T, pH dinthe respective electrodes are
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present, the concentration of dissolvegiH). These are parameters that typically do
not perturb the culture growth and we call themn4alisturbing”. When there is no
experiment running, the software shows the lagtetours of the measurements. The
older data are not recorded in the idle mode.

The arrow 1 in Fig.A points to the ports to whiotultiple Photobioreactors are
connected. The arrow 2 shows a short info on &cpéar Photobioreactor. The user
may change the name of the particular device foeasier navigation among devices
and experiments. The arrow 3 points to a panel \lign most recent measured
parameters. The arrow 4 shows the control panetenthe user can change the current
measuring parameters, manually measure QY or ataexperiment (see below). The
arrow 5 in Fig.A points to the controls to changghility of data series in the graph.
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[11.B. Setting Up an Experiment

Setting up of an experiment can be started fromdieemode by pressing the “Start
experiment” button (arrow 4, Fig.A)

Fig.B: The Protocol window.

The experimental protocol defines the dynamicdefdultivation conditions and what,
when and how is measured. The protocol may bergsesas having fixed cultivation
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parameters for the entire period of the experimenit may involve more elaborate
settings to simulate, for example, diurnal cycles flactuating light/temperature
environment, combined with complex measuring protgcThe protocol may be
saved, loaded, or useffom a previous experiment (arrow 1 in Fig.B).

Protocol Definition:

Fig.B illustrates an example of a protocol defomti The protocol defines cycles for
control parameters, in this example, for the reithation light (arrow 3), white light,
and for the thermoregulation.

Each cycle can consist of one or more phases thatm different for different control
parameters (although the total cycle duration, 24gh, must always be the same for
all). The arrow 4 in Fig.B points to the definitiah the first phase of a cycle for the
red light. The definition specifies the phase ty@®ntinuous, Sine and Off for the
light and thermoregulation phases, QY and Ft foasneing phases) and the phase
duration (arrow 5). The protocol is graphicallypmesented in the panel top chart
(under the arrow 2).

The first phase of the red light cycle is a sinedoiation with a phase offset O,
meaning here that the red irradiance starts fra@gme minimum towards a maximum
(Fig.C). The first phase sine period is 7 hours #aduration is exactly half of the
period, 3 hours and 30 minutes so that at the étltegphase duration the maximum of
the sine modulation is reached. The red light netcan in the first phase of the cycle
goes from 0% at the beginning (time 0) to 6.5% wif irradiance at the end of the
phase duration (3h 30 min).

Fig.C: Harmonic period definition.

During the second phase of the cycle, the red lightains constant at 6.5% for the
following 8 hours (from 3h 30 min to 11h 30 min).

! Beware if you use protocol from another Photobioreactor that may be of a different hardware
configuration. In that case, some parts of the protocol will remain unfilled.
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The third phase is analogous to the first one, tmyphase offset is half of the period,
so that the light modulation starts at its maxim(8r6%) and declines towards its
minimum (0%).

The fourth phase keeps the light at zero interisit@ hours.

The sum of the four phases is 24 hours (3.5h, S, ®h), during which the culture is
exposed to 15 hours of varying red light and te@rk of darkness.

The white light is modulated in a cycle analogoushie red light, only the maximum
day irradiance is 25.5% of the irradiance full powe

The thermoregulation cycle holds the temperaturestamt at 22°C. By setting the
thermoregulation to “Off” the Photobioreactor wouldt control the temperature.

The protocol also defines the measurement cyclst Fi the light phase of the day

(15h), the Photobioreactor measures every hoyraadmeters including the maximum
fluorescence emission during a saturating lighsHlao determine the effective

fluorescence quantum yield (QY). In the secondhhjghase, one measures only the
“non-disturbing” parameters that do not requireghturating light flash.

As explained above, the bioreactor performs théeckar each parameter by executing
its phases from the protocol top to bottom. Aftee @ycle is completed, the bioreactor
starts over again, until the experiment duratiomof@ 2 in Fig.B) is reached. The
duration of one cycle equals the sum of its phgaasw 5 in Fig.B). Here, it is 24
hours. The cycle duration must be the same fopathmeters, i.e., cycles for all
parameters must always start and end at the same ti

The protocol can be easily modified by using theegr(+) and red (x) buttons at the
right of each phase. The green (+) button insemew phase following the present
phase while the red (x) button removes the pregdrdse from the protocol.

Summary of the Control Modes:

Continuouscontrol mode is used to stabilize the parametasl I@ight intensity
or temperature) for the entire phase duration.

Off control mode means dark for lights and no corftotemperature
Sinecontrol mode means harmonic modulation as defimédg.C.

Summary of the Measuring Modes:

Ft, stands for all “non-disturbing” measurements, luding steady-state
fluorescence emission, optical density, temperatpté, and the dissolved
O,/H, when the electrodes are present.

QY, stands for all measured parameters includingethreguiring saturating
light flash. The “non-disturbing” measurements executed in parallel.

Before starting an experiment, it is practical égard the Experiment info that will
remain appended to the data.
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Fig.D: Experiment info.
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[11.C. Experiment Start

After starting the experiment (top left “Start” bat in Fig.B), the device will be in the
experiment mode. The graph in Fig.E shows the thste days of a running
experiment. You may export the data measured s fdre csv format (usable from
MS Excel or OpenOffice.org Calc), or stop the ekpent (caution: this step is
irreversible!).

Fig.E: Experiment record.
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Recorded Experiments:

Fig.F: Recorded experiments.

In the Recorded experiments tab (Fig.F), you mapldy, delete and export completed
experiments. In the panel shown by the arrow 1,camesee selected experiments. The
experiments are represented by their start timejenaf the device on which the
experiment  ran and the name  from experiment  info eld$i.
The more detailed information on the used prototta, full experiment info fields,
and information about the device used in the expent are in the tabs shown by the
arrow 2.
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Settings:

Under the Settings tab, you may set the time ofsyem. Beware: most of the
internal components rely on timing. Resetting itheetwill reset the components used
for controlling the devices so that any running exkpent would be aborted by time
resetting. Thus, it is advised to reset the timenvho experiments are running.

The "check current bioreactor PC time" button se¢scalendar to the current time of
the connected computer. The "Set Time/Date and seseices"” button sets time and
date from the calendar on the bioreactor computer.

In the Setting tab, you may also enable or distideservice tunnel. The service tunnel
enables the PSI support to access the system énofgsoblems, for firmware upload
and for diagnostics. None of your data are acclessia this path.
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USB Drives:

When the GUI is started locally, the USB Drives shlows USB flash cards connected
to the system. All drives are automatically mourtethe /usb-drives/usbX directories

when you insert them in the USB slot. Don't forigepress the “Safely remove” button
before physical removal of the device.

Remote Access:
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The graphical user interface is a separate apgitarhich communicates with the
system over network (even when started locally) a¢cess the system remotely, e.g.,
from your office, home or hotel, enter the addmefsthe system in a web browser and
click on the "bio reactor gui” link. The link posto Java Web Start manifest file.
Open this file in Java Web Start Launcher to rien@ul. The launcher downloads and
starts the application which then connects to ttstes. In this way, you may import
the recorded experiments directly to your computdreck the progress of an
experiment, or start new experiments from anywlagoeind the world. Several clients
may be connected to the system at the same tiyoeii§rant them the access.
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V. Appendix A —Installation of the Operating System.

Insert the installation CD into the computer drared boot the system. The following
window will appear on your computer screen.

Next, the installer will ask you to choose betwées installation of the latest version
from internet or the version present on the ingtah CD.

If the network installation is selected, you wi# lhsked to choose a network interface
which will be used for the connection. If your srsthas more than one network card,
you may identify the correct one by the statusdatiid next to the card name (e.qg.,
“dhcp capable” for the right one or “cable discocted” for a non-functional one):
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Optionally, you can set the interface manually:

Finally, the installer checks the connection tordgaote PSI repository.
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V.  Technical Specification

Measured Fluorescence Parameters:
Fo, Ft, Fm, Fm", Fv/Fm. Other parameters can brutzkd

Vessel Capacity / Weight:
400 ml / 3 kg

Precision Controlled Temperature:
15°C-60 °C

Temperature Sensor:

Platinum Pt 1,000 in thermo-well

Cooling and heating system:
Two 200 W Peltier elements

Two Displays:
System control and actual temperature

Actinic and Saturating Light:

Two standard versions: one with blue and red LEI3® (hnm, 630 nm); the other with
white LEDs. Light intensity is adjustable from 0200 pmol(photon)/m2.s. Other
LED colors available as an option.

Light Regime:
Static or dynamic (sinus form)

OD - Optical Density Measurement:
Real time measurement of OD by two IR LEDs (735 689 nm)

Detector Wavelength Range:
PIN photodiode with 665 nm - 750 nm bandpass filter

Controlled Flow and Composition of the Bubbling Air:
Optional

Pumps:

Up to 7 peristaltic pumps (optional)
Ph Probe:

Optional

BIOS:
Upgradeable firmware

Communication Port:
Serial - RS232

Cultivation Vessel Material:
Glass, stainless steel, duralumin, silicone sealing

Size:
50x 25x35cm

Weight:
15.5 kg

Electrical:
90-240 V
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VI. Warranty Conditions

1)

2)

3)

4)

5)
6)

7)

8)

9)

Photon Systems Instruments, Ltd. (PSI) warrantgsalhstruments to be free from
defects in materials or workmanship for a periodoog year from the date of
invoice/shipment from PSI. Warranty term for the@ean Union member states
is two years.

If at any time within this warranty period the inshent does not function as
warranted, return it and PSI will repair or repldicat no charge. The customer is
responsible for shipping and insurance chargesti@@rull product value) to PSI.

PSI is responsible for shipping and insurance aarmeof the instrument to the

customer.

No warranty will apply to any instrument that haseb (i) modified, altered, or
repaired by persons unauthorized by PSI; (ii) sttbpkto misuse, negligence, or
accident; (iii) connected, installed, adjustedused otherwise than in accordance
with the instructns supplied by PSI.

The warranty is return-to-base only, and does nolude on-site repair charges
such as labor, travel, or other expenses assoacithdhe repair or installation of
replacement parts at the customer’s site.

PSI repairs or replaces the faulty instruments wskty as possible; maximum
time is one month.

PSI will keep spare parts or their adequate suibssitfor a period of at least five
years.

Returned instruments must be packaged sufficiesatlgs not to assume any transit
damage. If damage is caused due to insufficierikgmng, the instrument will be
treated as an out-of-warranty repair and chargesiels.

PSI also offers out-of-warranty repairs. Theseumally returned to the customer
on a cash-on-delivery basis.

Wear & Tear Itemsare excluded from this warranty. The tekiear & Tear
denotes the damage that naturally and inevitabdyrscas a result of normal use or
aging even when an item is used competently and wdre and proper
maintenance.

© 2011-11, Photon Systems Instruments, spol. s r.o.
http://www.psi.cz
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