
Illuminating photosynthesis in single cyanobacterial cells
Jian Wei Tay1,* and Jeffrey C. Cameron2

In
te

ns
ity

Depth

G
ro

w
th

Time

Motivation

Growth light

Irradiation
and imaging
light

Agar pad

100x

Intensity

D
ur

at
io

n

Functional
PSII

Damaged
PSII

Protein
synthesis Degradation

Photo-
damage Repair

hν

Light-harvesting systems continuously damaged and repaired

Cell-cell shading makes ensemble measurements inaccurate

G
ro

w
th

TimeTypical bubbling culture

Nikon Ti-E Widefield Cells grown in 2D layer allow uniform lighting

Imaging protocol

30 min.Growth 
light

Acclimation

Image
Analysis

Recovery
UV-A irradiation

to induce damageInitial growth

10 hrs. 22 hrs.

N
or

m
al

iz
ed

 In
te

ns
ity

Motivation

Results

C

B

A

D

Hours
0 5 10 15 20 25 30 35

WT

Irradiation

Chl

Pcb

2 μm

C B

A

D

D

0 8 16 24 32
Hours

Δcpc

Hours
0 5 10 15 20 25 30 35

Irradiation
2 μm

Chl

Pcb

0 8 16 24 32
HoursM

od
er

at
e 

irr
ad

ia
tio

n 
(a

sy
m

m
et

ric
 s

ur
vi

va
l)

H
ig

h 
irr

ad
tio

n 
(p

ho
to

in
hi

bi
te

d)
Irradiation

0 8 16 24 32
HoursHours

0 5 10 15 20 25 30 35

WT

Δcpc

Chl

Pcb

2 μm

Chl

Pcb

2 μm
Lo

w
 ir

ra
di

at
io

n 
(N

or
m

al
 g

ro
w

th
)

Hours

WT

0 5 10 15 20 25 30 35

Irradiation

Δcpc

2 μm

Chl

Pcb

0 8 16 24 32
Hours

4 μm
Chl

Pcb

0 6 12 17 23
Hours

*Email: jian.tay@colorado.edu

1

1BioFrontiers Institute, University of Colorado Boulder, CO 80309
2Renewable and Sustainable Energy Institute and Department of Biochemistry, University of Colorado Boulder, CO 80309

Setup

Automation of different
irradiation intensities Representative images

Light

Light harvesting
antennae

PSII

High Photochemistry

Low
Fluorescence

En
er

gy
 tr

an
sf

er

Light

Light harvesting
antennae

PSII

Low Photochemistry

High
Fluoresence

En
er

gy
 tr

an
sf

er

(a) High photosynthetic capacity (b) Low photosynthetic capacityExplanation of fluorescence

9.5h 22h

Chl

Pcb

BF9.5h 12.5h

Chl

Pcb

BF
Wild-type �cpc

Repair vesicles

Acknowledgements

Dr. Nick Hill (CU Boulder): Segmentation code
U.S. Department of Energy (DOE) DE-SC0019306

Dr. Kristin Moore (CU Boulder): �cpc strain

Conclusions
Photoinhibition can be induced without 
antibiotics
Experiment and control strains can be grown 
simultaneously, increasing reproducibility

Imaging revealed that some colonies exhibited 
asymmetric survival despite being genetically 
identical - new bet hedging mechanism?

Important to understand how cells grow 
optimally in fluctuating light environments
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When photodamage >> repair
cell becomes photoinhibited

Photoinhibition usually studied
using antibiotics to stop repair
and light to induce damage but
antibiotics can cause other 
effects
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Compared to wild-type, the �cpc mutant is less able
to collect light but is also less susceptible to 
photodamage


