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Detection of Rhythmic Bioluminescence
From Luciferase Reporters in Cyanobacteria
Shannon R. Mackey, Jayna L. Ditty, Eugenia M. Clerico,
and Susan S. Golden
Summary
The unicellular cyanobacterium Synechococcus elongatus PCC 7942 is the model
organism for studying prokaryotic circadian rhythms. Although S. elongatus does not
display an easily measurable overt circadian behavior, its gene expression is under circadian control; hence, a “behavior” is created by linking a cyanobacterial promoter to
either the bacterial luxAB or firefly luc luciferase genes to create reporter fusions whose
activity can be easily monitored by bioluminescence. Numerous vectors have been created in our lab for introducing luciferase reporter genes into the S. elongatus chromosome. A choice of methods and equipment to detect light production from the luciferase
fusions provides a means for high-throughput, automated mutant screens as well as testing rhythms from two promoter fusions within the same cell culture.
Key Words: Synechococcus elongatus PCC 7942; cyanobacteria; luciferase; bioluminescence; circadian rhythm; neutral site.

1. Introduction
Cyanobacteria are among the growing group of organisms that have been
shown to exhibit 24-h rhythms under the control of a central biological clock.
Synechococcus elongatus PCC 7942 is the model organism for studying
prokaryotic circadian rhythms because of its small genome size (2.7 Mb), the
ease with which it can be manipulated genetically by transformation (1) or
conjugation (2) from Escherichia coli, and the availability of vectors for genetic
and molecular manipulations (3). S. elongatus does not display an overt circadian rhythm of behavior that can be easily monitored; however, it exhibits circadian control of expression of its genome. The organism has been genetically
engineered to produce light, using genes that encode a luciferase enzyme, as a
readily measurable reporter of circadian gene expression. Luciferase is ideal
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for this purpose because it does not affect cellular growth and its short half-life
accurately reflects real-time expression from promoter fusions because its protein product does not accumulate and obscure troughs of expression. In addition, luciferase reporting provides an opportunity to measure the circadian
rhythm of S. elongatus gene expression in a high-throughput and automated
manner. We are able to utilize luciferases from both Vibrio harveyi and the
firefly to study circadian rhythmicity through mutant hunts and specific gene
inactivations (see Chapter 11). This chapter describes the luciferase vectors
and monitoring devices that we use to identify and characterize elements of the
cyanobacterial circadian system.
2. Materials
1. Neutral site vector that harbors a promoterless luciferase reporter gene.
2. Modified BG-11 (BG-11M) liquid medium (4): 1.5 g/L NaNO3, 0.039 g/L
K2HPO4, 0.075 g/L MgSO4·7H2O, 0.02 g/L Na2CO3, 0.027 g/L CaCl2, 0.001 g/L
EDTA, 0.012 g/L FeNH4 citrate, and 1 mL of the following microelement solution: 2.86 g/L H3BO3, 1.81 g/L MnCl2·4H2O, 0.222 g/L ZnSO4·7H2O, 0.391 g/L
Na2MoO4, 0.079 g/L CuSO4·5H2O, and 0.0494 g/L Co(NO3)2·6H2O.
3. BG-11M solid medium (5): equal volumes of twice-concentrated (2X) BG-11M
liquid medium and Difco agar solution (3% in sterile water), mixed together with
filter-sterilized Na2SO3 added last (final concentration of 1 mM).
4. 10 mM NaCl.
5. Antibiotics (spectinomycin, streptomycin, kanamycin, gentamycin, and/or
chloramphenicol).
6. Laminar flow hood with ultraviolet (UV) light.
7. Packard TopCount Microplate Scintillation and Luminescence Counter
(PerkinElmer Life Sciences, Boston, MA).
8. Black 96-well microtiter plates and clear plastic lids (ThermoLabsystems,
Franklin, MA).
9. Clear 96-well plates (ThermoLabsystems).
10. Packard Topseal (Perkin Elmer Life Sciences).
11. D-Luciferin sodium salt monohydrate (Biosynth, Naperville, IL).
12. Decanal (decyl aldehyde; Sigma, St. Louis, MO).
13. Canola oil.
14. Fluorescent light bulbs (25 W), compact fluorescent light bulbs (40 W), and corresponding fixtures.
15. Cooled charge-coupled device (CCD) camera equipped with a liquid nitrogen/
CCD Detector (Roper Scientific, Trenton, NJ) and liquid nitrogen cooling system, Liquid Level Instrument (American Magnetics, Oak Ridge, TN).
16. Programmable timer and controller to regulate lighting for the CCD camera system (VWR, West Chester, PA)
17. Liquid scintillation counter.
18. 6-mL Scintillation vials.
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Fig. 1. Schematic drawing of promoterless luxAB NS1 vector, pAM1414. This vector contains restriction sites (NotI, BamHI) for cloning a promoter of interest upstream
of V. harveyi luxAB genes. The luxAB genes and selectable Spr/Smr Ω cassette are
bordered by Synechococcus elongatus NS1 sequence to allow for homologous recombination, which transfers the reporter cassette into neutral site I of the S. elongatus
chromosome.

3. Methods
3.1. Description of luxAB, luxCDE, and luc Vectors
We have constructed a number of vectors that contain the promoterless V.
harveyi luxAB genes, which encode the luciferase enzyme, and an antibioticresistance marker, flanked by the sequences from one of two identified “neutral sites” of the cyanobacterial genome (Fig. 1). These neutral sites are regions
of the S. elongatus chromosome that can be disrupted without any discernable
phenotype (neutral site I, NS1, GenBank accession number U30252; neutral
site II, NS2, GenBank accession number U44761). Vectors for NS2 target two
adjacent regions of the chromosome (NS2.1 and NS2.2) based on the location
of the antibiotic resistance cassette and cloning site for insertions within neutral site DNA on the plasmid. Because these vectors can replicate in E. coli but
not in S. elongatus, a homologous recombination event (an apparent double crossover in which the trans-gene and selective marker are inserted into the neutral
site and the vector sequence is lost) must occur between the neutral site vector
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and the chromosome in order for genes to be expressed in the cyanobacterium
(5,6). A number of unique and compatible restriction sites are available in each
vector for ease of cloning luxAB transcriptional promoter fusions or translational fusions by standard recombinant DNA methods (7). Upstream of the
multiple cloning site is a transcriptional terminator to eliminate expression of
luxAB from transcriptional elements other than the promoter being tested.
The product of a luxAB transcriptional or translational fusion is bioluminescent in the presence of its long-chain aldehyde substrate (see Note 1). Because
it is difficult in some monitoring environments to add exogenous substrate to
cell cultures (see Subheading 3.4.), other neutral site vectors have been designed
to express the luxCDE genes from Photorhabdus luminescens, which encode the
enzymes required for the synthesis of the long-chain aldehyde. We typically
use the strong promoter of the psbAI gene (PpsbAI) to maintain a high level of
expression from the luxCDE genes. Strains that express both luxAB and
luxCDE are autonomously bioluminescent. The rhythm of light production
reflects the transcriptional patterns of the promoter driving luxAB, even when
levels of luxAB peak 12 h out of phase with the peak level of luxCDE expression, which suggests that the necessary reaction substrates for the luciferase reaction (FMNH2, O2, and long-chain aldehyde) are present in saturating levels
throughout the circadian cycle (8). Features of the available neutral site vectors
and those vectors that harbor luxAB and luxCDE are described in Table 1.
In most of the autonomously bioluminescent strains, both NS1 and NS2 are
occupied by the luxAB and luxCDE constructs, respectively, making it difficult
to introduce other trans-genes into the chromosome. We have developed two
methods that leave one neutral site unoccupied for complementing a mutation
or overexpressing a gene. In pAM2195, the PpsbAI::luxAB and PpsbAI::
luxCDE constructs are both cloned into NS2.1, leaving NS1 (and NS2.2) available for genetic manipulation. We also developed the use of an engineered
allele of firefly luciferase, luc. Here, as in the luxAB system, a promoter of
interest can be cloned upstream of the promoterless luc gene (Promega, Madison, WI; Table 1), subcloned to a neutral-site vector, and crossed to the chromosome of the cyanobacterium. The resulting strain will produce light in the
presence of exogenous 5 mM D-luciferin substrate, and has one neutral site
available for introduction of other genes.

3.2. Transformation of S. elongatus PCC 7942
The following section describes the conditions typically used to transform
S. elongatus with the bioluminescence vectors and the propagation of positive
clones (adapted from ref. 5).
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Table 1
Plasmids Engineered for Expression of Bioluminescent Reporters
in S. elongatus PCC 7942
Plasmida

Promoter lux/luc genes Markerb

NSc

pAM1303 None
pAM1411 None
pAM1414 None

None
None
luxAB

1
Spr/Smr
Cmr (Apr)d 2
Spr/Smr
1

pAM1504 None

luxCDE

Spr/Smr

1

pAM1518 PpsbAI

luxCDE

Spr/Smr

1

pAM1573 None

None

Cmr (Apr)

2

pAM1579 None

None

Kmr (Apr)

2

pAM1580 None

luxAB

Cmr (Apr)

2

pAM1607 None

luxCDE

Kmr (Apr)

2

pAM1619 PpsbAI

luxCDE

Kmr (Apr)

2

pAM1667 None

luxCDE

Cmr (Apr)

2.1

pAM1706 PpsbAI

luxCDE

Cmr (Apr)

2.1

pAM1850 PpsbAI

luxCDE

Cmr (Apr)

2.2

pAM2314 None

None

Spr/Smr

1

pAM2195 PpsbAI
PpsbAI
pSP-luc
None
+NF

luxAB
luxCDE
luc

Cmr (Apr)

2.1

(Apr)

None

a

Description
Cloning sites NotI, BamHI, and SmaI
Cloning site SmaI
Derivative of pAM1303; cloning sites
NotI and BamHI
Derivative of pAM1303; cloning sites
NotI and BamHI
Derivative of pAM1504; synthesizes
luciferase substrate in S. elongatus
Cloning sites NheI, XhoI, SmaI, XbaI,
StuI, SalI, and EcoRV
Cloning sites NheI, XbaI, StuI, SalI,
and EcoRV
Derivative of pAM1573; cloning sites
NheI, XhoI, SmaI, XbaI, StuI, and SalI
Derivative of pAM1579; cloning sites
NheI, StuI, and SalI
Derivative of pAM1607; synthesizes
luciferase substrate in S. elongatus
Derivative of pAM1573; cloning sites
NheI, XhoI, SmaI, StuI, and SalI
Derivative of pAM1667; synthesizes
luciferase substrate in S. elongatus
Derivative of pAM1411; synthesizes
luciferase substrate in S. elongatus
Derivative of pAM1303; cloning sites
NotI, SacII, BglII, SnaBI, BsiWI,
MluI, EcoRI, XhoI, StuI, SpeI, and
BamHI
Derivative of pAM1580; synthesizes
luciferase and substrate in S. elongatus
pSP-luc+NF Fusion Vector
from Promega; cloning sites KpnI,
NheI, BglII, AvrII, HindIII, NcoI, and
BstEII

All neutral site vectors are based on a pBR322 replication origin.
Antibiotic markers are used for the selection of cyanobacterial transformants after homologous recombination event at either NS1 or NS2.
cNeutral site.
dMarkers shown in parentheses are additional markers used for selection of plasmids in E. coli.
Ap, ampicillin; Cm, chloramphenicol; Km, kanamycin; Sp, spectinomycin; Sm, streptomycin.
pAM1303 and its derivatives contain an Ω cassette that is Spr/Smr and carries transcription and translation
terminators at either end (16).
b
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3.2.1. S. elongatus Transformation
1. Grow 100 mL of S. elongatus PCC 7942 at 30°C in BG-11M liquid medium (4),
shaking at 250 rpm with constant light of about 300 µE/m2/s (see Note 2). Cells
will reach an optical density at 750 nm (OD750) of 0.7 in 4 to 7 d depending on the
inoculum used (typically 5–10 mL of a fully grown culture into fresh medium).
Cells used for transformation are typically used in log or early stationary phase.
2. Collect cells from 15 mL culture by centrifugation at 6000g for 10 min. Discard
medium.
3. Resuspend collected cells in 10 mL of 10 mM NaCl. Repeat centrifugation at
6000g for 10 min.
4. Resuspend pellet in 0.3 mL of BG-11M liquid medium. We usually concentrate
cells to between 5 × 108 to 1 × 109 cells/mL as the transformation efficiency (per
input DNA) increases linearly with increasing cell concentration (5).
5. Add plasmid DNA (50 ng to 2 µg) to cells (see Note 3). Wrap tubes in aluminum
foil to keep out light and incubate at 30°C for 15 to 20 h with gentle agitation.
6. Plate the entire 0.3-mL cell suspension on BG-11M agar that contains the appropriate selective antibiotic. The concentrations of antibiotics typically used are as follows: 2 µg/mL gentamycin, 5 µg/mL kanamycin, 2 µg/mL spectinomycin + 2 µg/
mL streptomycin, and 7.5 µg/mL chloramphenicol (see Note 4). After 7 to 10 d of
incubation under standard light conditions, transformed colonies will appear.

3.2.2. Chromosome Segregation and Clonal Propagation
1. Pick single transformants using a sterile toothpick and patch onto a fresh BG11M agar plate that contains the selective antibiotic to ensure that all chromosomes have incorporated the trans-gene (S. elongatus carries multiple copies of
its chromosome). Many single colonies can be streaked onto one plate if patches
are kept to areas less than 1 cm2.
2. After 5 to 7 d of growth, the cyanobacteria can be used to inoculate a BG-11M
liquid culture that contains the selective antibiotic(s), or used directly for the
measurement of bioluminescence by any of the methods described in Subheadings 3.3. through 3.5.

3.3. TopCount Measurement
The Packard TopCount Microplate Scintillation and Luminescence Counter
utilizes single photomultiplier tubes to measure the light produced from recombinant luxAB or luc reporter cyanobacteria in counts per second (cps). The
advantage of using the TopCount to measure circadian bioluminescence is
multifold: one can screen hundreds of strains at a time, and the automated
counting protocol allows for rhythms to be monitored 24 h a day, for weeks at
a time, with little attention from an otherwise sleep-deprived worker.
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3.3.1. Plate Preparation
1. Sterilize a black 96-well microtiter plate (ThermoLabsystems; see Subheading
3.3.3.) and clear plastic lid with 70% ethanol (EtOH; see Note 5). Evaporate the
EtOH in a laminar flow hood under UV light for at least 30 min before use.
2. Prepare 50 mL of BG-11M-2X agar. Place in 65°C water bath to bring to temperature and add 50 mL of BG-11M-2X salts that have been warmed to 65°C.
Add antibiotics directly to melted mixture and mix well.
3. In a laminar flow hood, use a multichannel micropipet to add 300 µL of agar
medium to each well of a 96-well black plate. Cover with lid and let solidify at
room temperature for at least 30 min.

3.3.2. Sample Preparation
1. Inoculate each well with test strains. If using liquid culture, add 20 to 40 µL of
cell suspension (recommended OD750 = 0.7) to desired wells. Alternatively, cultures growing on solid medium may be streaked onto the agar pad of each well
using a sterile toothpick. If using luc strains, we have found that inoculation of
TopCount sample plates with liquid cultures provides superior traces.
2. Lay a flat toothpick on either side of the black plate immediately outside the
outer wells and place the clear lid on top of the toothpicks to prevent the lid from
directly contacting the samples. This will prevent mixing of cell cultures from
adjacent wells.
3. Incubate in constant light at 30°C overnight. To synchronize the cells’ clocks, a
12-h dark treatment is typically used (see Note 6).
4. After dark treatment, in a laminar flow hood, replace the clear lid with a plastic
Packard TopSeal (PerkinElmer Life Sciences), being careful not to have any
tape hang over the edges of the plate (see Note 7). If using luc reporter strains,
add 10 µL of a 5 mM D-luciferin solution to each well before applying the
TopSeal.
5. Using a 16-gage sterile needle, poke a hole in the plastic seal above each well
that contains a sample to allow gas exchange throughout the TopCount run, being careful not to touch the samples with the needle.

3.3.3. TopCount Protocol and Interpretation of Results
S. elongatus is an obligate photoautotroph, so constant light conditions are
used for circadian monitoring. A frame that surrounds the TopCount stackers
was designed by D. Denke (see Note 8) to provide light to the samples. We use
a light source consisting of eight 40 W compact fluorescent bulbs (four bulbs
on each side) that create a light intensity of about 1300 µE/m2s at the outer
edge of the stacker and about 1000 µE/m2s in the middle of the stacker, which
maintains a light gradient within the wells of the sample plate that ranges from
about 230 µE/m2s in the outer wells that are closest to the light source to about
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Fig. 2. Schematic drawing of the Packard TopCount Microplate Scintillation and
Luminescence Counter. A set of four compact fluorescent light bulbs lines each side
of the TopCount stackers. Stackers hold black sample plates separated by three clear
plates to allow sufficient light penetration into sample wells. To reduce the heat supplied by the lights, a fan is placed in front of the stackers to maintain a temperature of
30°C. Each black sample plate is taken into the machine approximately every 2 h and
bioluminescence is measured for each well. Data are stored on the TopCount computer until retrieved; rhythmic data can be interpreted using the Import and Analysis
program.

50 µE/m2s in the inner wells (9). Because the high-intensity lamps cause an
increase in temperature, we place a fan in front of the stackers, set at its lowest
speed, to maintain a temperature of 30°C across the stackers. The temperature
within the measuring chamber is controlled automatically.
Black sample plates are necessary so that luminescence from neighboring
wells does not interfere with measurements. We place 6 to 8 sample plates in
the TopCount stackers and separate each black sample plate with three clear
96-well plates to allow sufficient light to reach the cells (Fig. 2). Each plate is
read every 1.5 to 2 h depending on the number of plates used. The plates enter
the machine and are kept in darkness for 3 min at 30°C to allow fluorescence
from the photosynthetic apparatus to dissipate before measuring bioluminescence. It takes approx 10 min for the TopCount to count and record bioluminescence from each 96-well plate, thus placing the cells in the dark for a total
of 13 min every 2 h, if using eight sample plates. This brief introduction to
darkness does not have an effect on the rhythms of gene expression (as far as
synchronization, entrainment, or resetting of the cultures) as displayed by the
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Fig. 3. Characteristics of the Synechococcus elongatus PCC 7942 circadian rhythm.
Negative time denotes time during light–dark (LD) cycles that synchronize the cells.
The black bar indicates time in darkness during the LD cycle; hatched bars indicate
“subjective” dark during constant light (LL) conditions. Properties of the curve that
are typically measured are the period (the time between occurrence of peaks or
troughs), phase (the relative positioning of the curve with respect to time entering LL),
and amplitude (the expression level measured from the midline of the curve to either
the peak or trough) of the rhythm. Time points from a PkaiBC::luxAB reporter
(AMC462; closed squares) show a class 1 phase rhythm, peaking at the light to dark
transition, or subjective dusk. PpurF::luxAB (AMC408; open squares) represent a class
2 phase reporter that peaks at subjective dawn, 12 h out of phase from class 1 rhythms
in constant conditions.

bioluminescent reporters. Very clear rhythms have been recorded from both
lux and luc reporters by the TopCount for more than 2 wk (10) with no detectable change in rhythm characteristics.
Measurements recorded by the TopCount can be downloaded and interpreted
using the Import and Analysis (I&A) program designed by the S. A. Kay laboratory (available at www.scripps.edu/cb/kay/shareware/) (11). The I&A program creates a Microsoft Excel worksheet that displays the bioluminescence
cps for each timepoint collected for each sample in the 96-well plate. From this
worksheet, the bioluminescence emitted from the culture in each microtiter
well can be graphed. Each graph displays circadian properties that can be analyzed to determine if a particular mutation or environmental cue has caused an
alteration of the rhythm (Fig. 3). The period of the circadian rhythm is defined
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Fig. 4. Synechococcus elongatus circadian behavior obeys Aschoff’s rule. Bioluminescence traces from a PpsbAI::luxAB reporter (AMC393) display a shorter period
under high light (closed triangles) than under low light (open triangles).

as the amount of time between two adjacent peaks or troughs; the wild-type
period for S. elongatus is between 23.5 and 25 h, depending on light intensity.
This difference in periodicity occurs because the cells obey Aschoff’s rule, a
phenomenon of the circadian clock wherein the period of the circadian rhythm
of diurnal organisms shortens with increasing light intensity (12,13). Following Aschoff’s rule, the cyanobacterial cultures in the outer wells of the 96-well
plate, that are closer to the light source, show consistently shorter periods than
cultures in the inner wells (Fig. 4). Another noticeable element of the rhythm is
relative phase, which is the positioning of the rhythm peak with respect to a
reference point, such as when the culture was placed into constant light. A
third characteristic is amplitude, the distance from the midline of the curve to
either the peak or the trough of the rhythm. This property, though important, is
the most variable of the three even among wild-type samples. These characteristics can be analyzed using the I&A computational interface fast Fourier transform–nonlinear least squares, which provides statistical period, phase, and
amplitude information.

3.4. Cooled CCD Camera Measurement
Even though the TopCount is an excellent system for measuring bioluminescence, it does have its drawbacks. The TopCount system can be very laborintensive, as each sample must be transferred to the well of a 96-well plate for
analysis. And although the TopCount is a valuable asset for measuring luxAB
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strains that are autobioluminescent, it cannot be used to measure luxAB strains
that lack luxCDE, as it is difficult to add exogenous decanal to the TopCount
system. The decanal substrate is extremely volatile and, therefore, must be
administered in the vapor phase; the vapor affects the ability of the TopSeal to
adhere to the 96-well plate and causes plates to become stuck inside the machine.
The use of a cooled CCD camera is ideal in these situations. Because rhythms
can be measured directly from an agar plate in this system, mutant bioluminescence rhythms can be detected from a culture that has been mutagenized and
plated on BG-11M medium. Either type of luciferase reporter can be used
because the cooled CCD camera system is not limited by TopSeal issues, and
can therefore measure bioluminescence from luxAB with the addition of the
decanal substrate. This capability has led our lab to develop the detection of
two different rhythms from the same strain by utilizing both the lux and luc
systems for bioluminescence reporting. By creating strains that contain both
lux and luc reporters, and providing these recombinant strains with either
decanal substrate or luciferin, two different promoters can be analyzed from
the same strain.
To examine existing strains, as opposed to colonies that have arisen following a mutagenesis protocol, patch transformants in 1-cm2 sectors on BG-11M
plates that contain the appropriate selective antibiotics for 4 to 7 d until cells
have formed a thick mat. For luc strains, add 10 µL 5 mM D-luciferin directly
to patches and seal the Petri plate with Parafilm. For lux strains, add 200 µL of
a solution of decanal dissolved in canola oil (3% v/v) to a small receptacle (the
cutoff cap of a microcentrifuge tube works well) (14). Lay the cap, open side,
up on the BG-11M agar plate, being careful not to cover any of the cell patches.
Seal the plate with Parafilm to prevent the gaseous decanal from escaping.
Synchronize the cells’ clocks with 12 h of darkness and then place up to four
plates, lid side up, in a dark box with lights on. We use two work lamps, each
having a 25 W fluorescent bulb, that provide an intensity of about 300 µE/m2s
under the control of a programmable timer (VWR) that regulates turning the
lights off for 5 min every hour for the duration of screening. Within every 5-min
period of darkness, a 2-min period of darkness allows any autofluorescence to
dissipate before the cooled CCD camera takes a picture with a 1-min exposure
(Fig. 5). The cells then remain in darkness for an additional 2 min; this extra
period of darkness is precautionary in the event that the camera and light timer
become slightly out of phase with one another, as it can be harmful to the
camera if too much light enters during exposures.
The MetaMorph v4.6 program (Universal Imaging Corporation,
Downingtown, PA) is used to set up the parameters for camera exposures, as
well as to save and process the data. Within MetaMorph, the area of each
microbial patch is designated, and bioluminescence in counts per minute is
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Fig. 5. Bioluminescence from the dual-reporter stain, AMC1127, was measured using a cooled charge-coupled device camera. AMC1127 carries two promoter fusions in
its chromosome: PpsbAI::luxAB in NS1 and PkaiBC::luc in NS2. Cells were patched
onto duplicate BG-11M plates. The upper plate was provided with gaseous n-decanal
to monitor transcription from the psbAI promoter, whereas the lower plate received 5 mM
luciferin to examine the bioluminescence from the kaiBC promoter. Light produced from
the luciferase reaction was detected by the camera during a 1-min exposure when the
lights were turned off (right). Data were saved and processed by the MetaMorph program. The intensity of light produced over time can be plotted to display the circadian
rhythm of each patch of cells in counts per minute.

calculated for each exposure throughout the experiment. These data can then
be exported to Microsoft Excel and analyzed by graphic representation.

3.5. Scintillation Counter Measurement
A third method for detecting bioluminescence is the use of a liquid scintillation counter. This method is the most labor-intensive of all bioluminescence
measurement techniques used in our laboratory, but allows monitoring of circadian rhythmicity in growing liquid cultures of cyanobacteria that are being
sampled for molecular rhythms in cyanobacterial extracts by RNA blots or
immunoblot analysis, respectively (see Chapter 26).
1. Record the OD750 of a 3-mL liquid cell culture.
2. For luc strains, add 400 µL water, 20 µL 5 mM D-luciferin, and 10 µL liquid cell
culture to a 6-mL scintillation vial. Let the reaction sit for 3 min. Use 410 µL
water with 20 µL luciferin as the negative control sample for background emission. For luxAB strains, use 420 µL water and 10 µL liquid cell culture for
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samples, and 430 µL water for the control. This volume of liquid is just enough to
form a confluent layer along the bottom of the vial.
3. Measure the light production for the control and each sample. Subtract the background value from the sample and then divide that value by the OD750 to obtain
counts/OD unit value (see Note 9).

4. Notes
1. We use a commercially available 10-carbon aldehyde, decanal, to provide exogenous substrate to S. elongatus luxAB reporter strains for bioluminescence assays.
2. 1 Einstein = 1 mol of photons.
3. The efficiency of transformation depends on the properties of the donor DNA,
including the conformation of the DNA (linear vs circular). The efficiency of
chromosomal recombination depends on the extent (number of uninterrupted base
pairs) of identity between the trans-gene (or neutral site arms in the vector) and
the chromosome, and the distance between the selectable marker and the end of
the donor DNA fragment (1,15).
4. The concentrations of individual antibiotics may need to be reduced when two or
more are used in combination to select for multiple recombination events to the
cyanobacterial chromosome. The usable ranges of antibiotics for transformed
cells that carry resistance cassettes are: 5–20 µg/mL kanamycin, 1–2 µg/mL
gentamycin, 7.5–10 µg/mL chloramphenicol, and 5–20 µg/mL spectinomycin.
To avoid spontaneous spectinomycin resistance, we use equal amounts of
spectinomycin and streptomycin, e.g., 2 µg/mL spectinomycin + 2 µg/mL streptomycin; the Ω cassette confers resistance to both (16).
5. Black 96-well plates may be reused to cut costs. Remove agar pads from each
well with a spatula. Soak plates overnight in 50% bleach and wash thoroughly
with water to remove residual bleach. Soak plates in 70% EtOH overnight. Evaporate the EtOH in a laminar flow hood under UV light for 30 min before use.
6. The synchronization of cells may be conducted on or off of the TopCount machine.
Off of the TopCount, simply place your prepared sample plates in any dark, 30°C,
temperature-controlled chamber for 12 h. If you want to synchronize cells on the
TopCount, or want to examine rhythms of bioluminescence during light–dark
cycles, a dark box can be constructed to fit over the TopCount stackers. The box
should fit snugly but not disrupt the movement of the plates within the stacker or
into and out of the machine. It is not necessary to diligently obscure small light
leaks; a cardboard box is sufficient.
7. Excess adhesive from the plastic TopSeal can cause black sample plates to become
stuck in the TopCount machine. Ensure that no TopSeal is hanging over the edge
of the 96-well black microtiter plate by removing it with scissors or a razor blade.
To safely remove excess adhesive stuck to the plate, use 100% EtOH on a paper
towel to gently remove the adhesive without damaging the adhered TopSeal. If
the plate continues to stick in the machine, or a clear plate is sticking, use a paper
towel dampened with a very small amount of WD-40 to rub the edges of the
plates to prevent further complications.
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8. Designed by D. Denke, Instrumentation Shop, Department of Biology, Texas
A&M University, College Station, TX.
9. A scintillation counter can be used to determine saturating amounts of luciferin
required for an individual reporter fusion. Follow the procedure in Subheading
3.5., except use 20 µL of a static cyanobacterial culture and add decreasing volumes of luciferin to each of several test vials. Measure the amount of bioluminescence. A noticeable adjustment in the counts of detection shows that the amount
of luciferin is not saturating, and therefore not sufficient, for accurate measurements. The smallest volume of luciferin that gives consistent counts can be used
for your TopCount and cooled CCD camera measurements.
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