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Connecting Online & Poster Session Format 
This year’s meeting will be hosted on Zoom due to the ongoing public health concerns related to 
COVID-19. A link to connect to the meeting will be sent to all registered individuals at least 72 
hours prior to the start of the meeting. If you do not receive this information, please contact the 
organizers at ducatdan@msu.edu – this email will be carefully monitored during the meeting and 
in the hours preceding in order to deal with any Attendee concerns and troubleshoot any 
technical problems that may arise during the Meeting. 
 
Attendees to the meeting are encouraged to update their Zoom client version to 3.5.0 or higher 
in order to participate in the events in the most seamless way. The 2020 Midwest/Southeast 
Photosynthesis Meeting will take advantage of Breakout Rooms in order to conduct a number of 
events. This is particularly the case for Poster Sessions and for social interaction sessions. Recent 
updates in the Zoom software enable features of Breakout Rooms that will allow a somewhat 
more organic transitioning between different segments of the Meeting. This includes the capacity 
for Attendees to direct themselves to the target Posters they would like to visit, or to the most 
relevant social room for interacting with their colleagues. 
 
To update your Zoom version to the latest version, please follow the guidance at: 
https://support.zoom.us/hc/en-us/articles/201362233-Upgrade-update-to-the-latest-version  
 
Additional, step-by-step, instructions will be covered in the meeting.  
 
We recognize that an online experience cannot replace the collegiality and social engagements 
that occur in an in-person meeting. While we certainly hope to be back to an in-person format for 
2021, the events of this year have highlighted how we may improve our interactivity as a 
scientific community by integrating more options for virtual attendance. Therefore, it is possible 
that the experience from this year will inform our use of virtual attendance options for meetings 
in the future. Please direct any feedback to ducatdan@msu.edu about the format of this meeting 
so that we may improve the quality of future virtual gatherings of our scientific community. 
 
A recording of the meeting will be made. However, in order to respect the wishes of attendees 
and those who present lectures, this recording will only be released on request and only for those 
presenters whom agree to allow their presentation to be shared. Poster sessions will not be 
recorded so only the Abstract will be made publicly available.  
 

  

mailto:ducatdan@msu.edu
https://support.zoom.us/hc/en-us/articles/201362233-Upgrade-update-to-the-latest-version
mailto:ducatdan@msu.edu
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PROGRAM SCHEDULE 
Friday, October 23, 2020 
 

4:00-4:10 pm (EST)  Opening Remarks - Danny Ducat  
 

4:10-5:30 pm            Session I - Light Capture and Photoprotection 
4:10-4:30              Dr. Minjung Son – Mapping out photoprotective dissipation in green plants 

using ultrabroadband 2D electronic spectroscopy 
4:30-4:50              Dr. Tjaart Krüger – Physcobilisomes’ hidden states revealed by single-

molecule spectroscopy 
4:50-5:10              Nathan Thomas Soulier - The structural basis for far-red absorbance in 

cyanobacterial phycobiliproteins 
5:10-5:30              Dr. Jian Wei Tay – Illuminating photosynthesis in single cyanobacterial cells  

 

5:30-6:30 pm            Keynote Lecture – Dr. Jessica M. Anna, University of Pennsylvania 
 

6:30-8:00 pm             Poster Session I (Odd # posters) 
 

8:00+                           Online Social Hour (Bring Your Own Beverage) 
 
Saturday, October 24, 2020 
 
10:00-11:00 am          Session II - Structure/Function of Photosystem Complexes 

10:00-10:20            Divya Kaur Matta – Proton egress pathway near the oxygen evolving 
complex of Photosystem II 

10:20-10:40            Dr. Christopher Gisriel – Cryo-EM structure of monomeric photosystem II 
from Synechocystis sp. PCC 6803 lacking the water-oxidation complex 

10:40-11:00            Dr. Hila Toporik – The structure of a red-shifted Photosystem I reveals the 
location of a red site in the core antenna 

 

11:00-11:20 am          "Coffee Break" 
 

11:20-noon                 Session III - Photosynthesis, Interrupted 
11:20-11:40            Shrameeta Shinde – Glycogen metabolism kick-starts photosynthesis in 

cyanobacteria 
11:40-12:00            Virginia Johnson – A reversibly induced CRISPRi system targeting 

Photosystem II in the cyanobacterium Synechocystis sp. PCC 6803 
 

Noon-2:00 pm             Poster Session II - (Even # posters & unpack a virtual lunch!) 
 

2:00-3:00 pm               Session IV - Photosynthetic Regulation in Dynamic Environments 
2:00-2:20                 Donghee Hoh - QTL mapping as a novel tool for testing hypotheses: 

interaction of specific fatty acids and photosynthesis under chilling stress 
2:20-2:40                 Dr. Ru Zhang - Photosynthetic, ultrastructural, and transcriptomic 

responses to high light or high temperature in C4 model Plant Setaria viridis 
2:40-3:00                 Dr. Prakitchai Chotewutmontri – Light regulated psbA translation in 

plants, and its coupling to PSII repair/assembly 
 

3:00-3:15 pm             Awards, Closing Remarks, and Announcements 
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PROBING THE LIGHT HARVESTING PROCESSES OF PHOTOSYSTEM I WITH ULTRAFAST TWO-

DIMENSIONAL SPECTROSCOPIES 

Jessica M. Anna1 

 
1231 S. 34th Street, Philadelphia, PA. Department of Chemistry, University of Pennsylvania - 

jmanna@sas.upenn.edu 

Photosystem I is a natural light harvesting complex that drives oxygenic photosynthesis in plants, 
algae, and cyanobacteria. In trimeric form, cyanobacterial PSI is comprised of ~300 chlorophyll (Chl) 
molecules tightly packed in a heterogeneous protein environment. Most of these Chls act as antennas 
to absorb a photon and transfer energy downhill to the reaction center where charge separation 
takes place with near unity quantum efficiency. However, a few of these Chls are strongly coupled, 
forming excitonic states that absorb to the red of the reaction center. These Chls are referred to as 
the red Chls and can compete with energy transfer to the reaction center influencing timescales for 
charge separation. Though there have been many studies performed on PSI complexes there are still 
unanswered questions regarding the mechanism of efficient energy and electron transfer in this 
system. This can be attributed to the overlapping spectral transitions of the different Chls, and similar 
timescales of energy and electron transfer processes associated with the different states. Elucidating 
the mechanism of energy transfer and electron transfer in PSI is fundamental to (1) understanding its 
near unity quantum efficiency and subsequently (2) incorporating this information into design 
principles for artificial photosynthetic systems, photocatalysts, and organic photovoltaic materials. In 
this talk I will discuss our recent studies in this area where we apply ultrafast multidimensional 
spectroscopies in the visible and mid-IR spectral regions to PSI complexes isolated from different 
cyanobacteria, and structurally simpler model systems that mimic specific properties of PSI, including 
artificial light harvesting chromophores and isolated cofactors. From our studies we gain insight into 
pathways of energy equilibration among different electronic states, information on solvation 
dynamics, and insight into how non-covalent interactions act to alter the properties and dynamics of 
cofactors. 

Figure 1. (a) 2DES is applied to cyanobacterial PSI complexes to investigate energy transfer among the different 

chlorophyll molecules, including the red chlorophylls. (b) 2DIR spectroscopy is applied to isolated phylloquinone to 

determine how hydrogen bonding alters the vibrational potential energy surface of this cofactor.  

  

mailto:jmanna@sas.upenn.edu
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LIGHT REGULATED psbA TRANSLATION IN PLANTS, AND ITS COUPLING TO  

PSII REPAIR/ASSEMBLY 

 

Prakitchai Chotewutmontri,1 Alice Barkan1 

 
1Institute of Molecular Biology, University of Oregon;  

pchotewu@uoregon.edu; abarkan@uoregon.edu  

 

The Photosystem II (PSII) reaction center protein D1 is subject to light-induced damage. The 

degradation of damaged D1 and its replacement with nascent D1 is necessary to maintain 

photosynthetic activity. We showed that light activates the recruitment of ribosomes specifically to 

psbA mRNA in mature plant chloroplasts, and that this provides nascent D1 for PSII repair. We 

obtained action spectrum and genetic data indicating that the light-induced recruitment of 

ribosomes to psbA mRNA is triggered by D1 photodamage, and not by photosynthetic electron 

transport as was proposed in prevailing models. Analysis of mutants lacking proteins involved in 

early steps in PSII assembly pointed to a complex harboring HCF244, OHP1, and OHP2 as the hub of 

a regulatory mechanism that couples D1 synthesis to need for D1 following PSII damage.  The three 

subunits of the HCF244 complex are required both for D1 assembly and for psbA translation. By 

contrast, mutants lacking HCF136, which is required to insert D1 into the HCF244 complex, exhibit 

constitutively high psbA ribosome occupancy in the dark.  These results suggest an autoregulatory 

mechanism in which the light-induced degradation of D1 relieves repressive interactions between 

D1 and translational activators in the HCF244 assembly/repair complex. We suggest that the 

presence of D1 in this complex coordinates D1 synthesis with the need for nascent D1 during both 

PSII biogenesis and PSII repair in plant chloroplasts. 

 

 
 

Model for the coupling of psbA translation to light-induced D1 damage. Light-induced D1 degradation relieves 

repression of translational activators in the HCF244/OHP1/OHP2 complex. 
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CRYO-EM STRUCTURE OF MONOMERIC PHOTOSYSTEM II FROM SYNECHOCYSTIS SP. PCC 6803 

LACKING THE WATER-OXIDATION COMPLEX 

 

Christopher J. Gisriel1, Kaifeng Zhou2, Hao-Li Huang3, Richard J. Debus4, Yong Xiong5, and Gary W. 

Brudvig6 

 
1225 Prospect Street, New Haven, CT, USA. Department of Chemistry, Yale University - 

christopher.gisriel@yale.edu; 2225 Prospect Street, New Haven, CT, USA. Department of Molecular 

Biophysics and Biochemistry, Yale University - kaifeng.zhou@yale.edu; 3Yale University, New Haven, CT, 

USA. Department of Chemistry - christopher.gisriel@yale.edu;  4University of California, Riverside, CA, 

USA. Department of Biochemistry - debusrj@ucr.edu; 2Yale University, New Haven, CT, USA - Department 

of Molecular Biophysics and Biochemistry - yong.xiong@yale.edu; 6Yale University, New Haven, CT, USA. 

Department of Chemistry and Department of Molecular Biophysics and Biochemistry, Yale University - 

gary.brudvig@yale.edu  

 

The overall biogenesis of Photosystem II (PSII), and especially the mechanism of photoactivation where 

the oxygen-evolving complex (OEC) is assembled, is presently unclear. To investigate this mechanism, 

we solved the cryo-EM structure of a monomeric PSII lacking extrinsic and peripheral subunits, and the 

OEC, from a mesophilic cyanobacterium, Synechocystis sp. PCC 6803. In the absence of extrinsic 

subunits, PSII’s lumenal surface is negatively charged to attract cations, increasingly-so toward the OEC-

binding pocket. The configuration of the OEC-binding site is found to be quite different than that 

observed in mature PSII, with the D1 C-terminal residues being shifted toward the lumen and exhibiting 

flexibility, challenging previous hypotheses regarding high-affinity Mn ion binding and OEC-binding site 

ligand shell preorganization. CP43 is shifted away from the core subunits, especially the lumenal domain 

of CP43 which probably influences the ability to achieve photoactivation by creating a more open OEC-

binding site for cation delivery. We use these observations to suggest important characteristics of apo-

PSII prior to a structural rearrangement that occurs during photoactivation that has previously remained 

elusive, giving insight into its mechanism. This structure provides a platform for future PSII studies that 

aim to understand OEC assembly by solving molecular structures using a bottom-up approach. 

  

mailto:christopher.gisriel@yale.edu
mailto:kaifeng.zhou@yale.edu
mailto:christopher.gisriel@yale.edu
mailto:debusrj@ucr.edu
mailto:yong.xiong@yale.edu
mailto:gary.brudvig@yale.edu
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QTL (Quantitative Trait Loci) mapping as a novel tool for testing hypotheses: interaction of specific 

fatty acid and photosynthesis under chilling stress. 

 

Donghee Hoh,1,2, Oliver L Tessmer1, Isaac Osei-Bonsu1, Jeffrey Cruz, 1 Philip A. Roberts4, Bao-Lam Huynh4, 

Christoph Benning1,2,3, Patrick Horn1, Timothy Close5, David Hall1, David M. Kramer1,3 

 

1MSU-DOE Plant Research Laboratory, 2Department of Cell & Molecular Biology, 3Department of Biochemistry 

and Molecular Biology, Michigan State University, East lansing, MI 48824 USA, 4Departments of Nematology, 
5Department of Botany and Plant Science University of California, Riverside CA 92521 USA 

 

The photosynthetic performance under adverse environmental conditions showed large natural 

variations. Exploring these variations would be the way to improving tolerance of crops as well as to 

uncover mechanistic bases by elucidating natural strategies for the adaptation of certain variants. 

Exploring natural variations by taking advantage of advances in genomics high-throughput phenotyping 

results in finding Quantitative Trait Loci (QTL), which is a range of genetic components that are 

statistically associated with the presence of certain traits. In this study, we suggest this QTL analysis as a 

tool for studying mechanistic models and testing hypotheses by taking full advantage of high-throughput 

photosynthetic phenotypes and biochemical approach by comparing the genomic location of QTL of 

traits of interests. By comparing the QTL profiles for the different processes or phenotypes we can ask if 

the genetic diversity in one process is linked to that of another. By “linked” we mean that it is either 

controlled by the same genetic loci or is mechanistically related so that one process influences the 

other.  

Here, we test this approach using recombinant inbred lines (RILs) of cowpea (Vigna unguiculata. 

Walp), warm-season and important leguminous crop over the world, for mapping QTLs with various 

photosynthesis traits and lipid profiling, which are known for major effects on photosynthesis activity. 

Low temperature is often a major constraint on photosynthesis, productivity, and geographical 

distribution of important cultivated crops. Under chilling conditions, we found not only photosystem II 

quantum efficiency (ɸII), other non-photochemical quenching and proton motive force are co-localized 

but also some specific fatty acids are linked in the same genomic regions. Especially, trans-PG 16:1 

showed co-localized QTL with several photosynthetic parameters and highly negatively correlated with 

those in cowpea RIL lines. In addition, we define the specific role of this lipid by factor analysis and 

photosynthetic measurements of trans-PG 16:1 mutant, showing trans-PG 16:1t affects redox state of 
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A REVERSIBLY INDUCED CRISPRi SYSTEM TARGETING PHOTOSYSTEM II IN THE CYANOBACTERIUM 

SYNECHOCYSTIS SP. PCC 6803 

 

Virginia M. Johnson,1 Deng Liu,1 Himadri B. Pakrasi1 

 
11 Brookings Dr. St. Louis, MO, USA. Dept. of Biology, Washington University in St. Louis  

virginia. johnson@wustl.edu 

 

The cyanobacterium Synechocystis sp. PCC 6803 has been widely used as a model organism to study 

photosynthesis, as glucose can be used as the sole carbon source to support its growth under photo-

heterotrophic conditions. CRISPR interference (CRISPRi) is an emerging technology used to repress 

genes in a targeted manner across organisms, and in diverse cyanobacteria. However, a robust and 

reversible induced CRISPRi system has not been explored in 6803. In this study, we built a tightly 

controlled chimeric promoter, PrhaBAD-RSW, in which the theophylline responsive riboswitch was integrated 

into the rhamnose inducible promoter system. This promoter drives the expression of a DNase-dead 

Cpf1 nuclease (ddCpf1) to target the Photosystem II core protein CP43 (psbD) through a single guide 

RNA target. We specifically reduced transcription of psbD to 95% of wild type levels, leading to an 80% 

reduction in photosynthetic yield, and severely inhibited growth of Synechocystis 6803 under 

photoautotrophic conditions. Removal of the inducers rhamnose and theophylline releases inhibition by 

CRISPRi. Expression of PsbD and Photosystem II activity recovered back to WT levels. This reversible 

induced CRISPRi system in Synechocystis 6803 represents a new strategy for study of the biogenesis 

photosynthetic complexes in cyanobacteria. 

 

 
CRISPRi System in Synechocystis 6803: a rhamnose-inducible promoter is coupled with a theophylline riboswitch to 

control expression of ddCpf1 and gRNAs targeted to the psbD genes (D2 protein) of Photosystem II. This repression 

is fully reversible1. 

 
1Deng Liu, Virginia M. Johnson, Himadri B. Pakrasi. ACS Synth. Biol. 2020, 9, 6, 1441–1449. 

 

This work was supported by the by the Chemical Sciences, Geosciences, and Biosciences Division, Office of Basic 

Energy Sciences, Office of Science, U.S. DOE (DE-FG02-99ER20350 to H.B.P.), and by the NIH (grant T32 EB014855 

to V.M.J.). 

 

mailto:virginia.
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PROTON EGRESS PATHWAY NEAR THE OXYGEN EVOLVING COMPLEX OF PHOTOSYSTEM II 

 

Divya Kaur1,2, Krystle Reiss3, Gary W. Brudvig3, Victor S. Batista3, M. R. Gunner1,2,* 

 
1Ph.D. Program in Chemistry, The Graduate Center, City University of New York, New York, NY 10016, 

USA; 2Department of Physics, City College of New York, New York 10031, USA; 3Department of Chemistry, 

Yale University, New Haven, Connecticut 06520, United States  

 

The biological oxidation of water takes place at room temperature, neutral pH using earth abundant 

elements. Water is oxidized to oxygen in the Oxygen Evolving Complex (OEC), a Mn4CaO5 inorganic 

complex, found on the lumen side of Photosystem II (PSII). O2 formation from water requires the loss of 

four electrons and four protons, which occurs following four stages of OEC oxidation in the S-state 

transitions in the Kok Cycle. The surrounding amino acid residues and water form water channels around 

the OEC facilitating proton release and O2 as the OEC becomes more oxidized and the entry of substrate 

water. The OEC is ≈15 Å from the lumen surface. Three water-filled channels have been traced in the 

structures, denoted large, narrow and broad (Fig 1 right). They all extend from the OEC towards the 

surface. Here, we present the hydrogen bonding network and energy of hydronium in water channels by 

using the techniques combined Multi Conformation Continuum Electrostatics (MCCE) and Network 

Analysis on MD snapshots in PSII S1 state. Hydrogen bonding network analysis shows that surprisingly all 

three channels are highly interconnected near the OEC (Fig 1 left). In addition, the relative hydronium 

energy is similar on many possible paths near the OEC. However, the broad channel is better connected 

to the surface and has lowest energy as compared to the narrow and large channels (Fig 1 right). In 

conclusion, the proton can come from any point on the OEC and travel amongst the paths near the OEC, 

but protons are ejected from PSII via the broad channel which goes through PsbO subunit. 

 
Fig 1 (left): Hydrogen bond connections using Network analysis near the OEC found in MCCE calculations 

from a representative MD snapshot. Residues in green: broad channel; magenta: narrow channel; orange: 

large channel. Dark Blue: W1, W2, W3 and W4 are ligands to Mn4 and Ca. Each line shows the hydrogen 

bond connection between residues that are mediated by water. The arrows in the figure are showing the 

possible proton transfer pathways in all the three water channels. Fig 1 (right): Energy landscape for water 

molecules from five different MD snapshots from OEC till the lumen for all the water channels. The colors 

are of the order: red < yellow < cyan < purple with red of lowest energy and purple of highest energy. 
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PHYCOBILISOMES’ HIDDEN STATES REVEALED BY SINGLE-MOLECULE SPECTROSCOPY 

 

Michal Gwizdala and Tjaart P.J. Krüger 

 

Cnr Lynnwood and University Roads, Pretoria, South Africa. Department of Physics, University of Pretoria 

– tjaart.kruger@up.ac.za 

 

In many strains of cyanobacteria and algae, phycobilisomes (PBs) absorb light and transfer excitations 

to the photosynthetic reaction centres. In PBs from Synechocystis PCC6803, nearly 400 identical 

pigments, called phycocyanobilins, are covalently bound to the protein subunits. Due to differing 

pigment‐protein interactions, these subunits differ in their optical properties, enabling unidirectional 

energy transfer from the distal rods to the central core and into the photosystems. The optical 

properties of PB-embedded phycocyanobilins have been studied for nearly 200 years and are now 

considered well‐explored. But are they really?  Our series of single molecule spectroscopy (SMS) 

studies have revealed that PBs exhibit rich spectroscopic dynamics. For the first time in any SMS 

study, we performed our measurements using physiologically relevant light intensities and 

discovered a novel type of energy dissipation mechanism in intact, isolated PBs that is controlled by 

the incident light intensity [1] and involves the presence of charge-transfer states [2,3]. We also 

explored the main photoprotective mechanism of cyanobacteria, involving the orange carotenoid 

protein (OCP), at the single-protein level. By controlling in real time the interaction between 

individual PBs and single OCPs we discovered an intermediate state of quenching signifying the 

docking and undocking of OCP on a PB complex during which some of the rods temporarily disconnect 

functionally from the PB core and a hidden OCP‐induced far-red emission state is exposed [4]. Finally, 

our investigation into individual, isolated rods revealed a new light-harvesting state, which may be 

involved with energy transfer directly to photosystem 1 [5]. This work allowed us to redefine the 

function of linker proteins in PBs, by showing that they only stabilize an intrinsically available 

conformational state. 

 
1. Gwizdala, M. et al. J. Am. Chem. Soc. 138 (36): 11616-11622 (2016) 
2. Krüger, T.P.J. et al. Biochim. Biophys. Acta – Bioenergetics 1860: 341-349 (2019) 
3. Wahadoszamen, Md. et al. Biochim. Biophys. Acta – Bioenergetics 1861: 148187 (2020) 
4. Gwizdala, M. et al. J. Phys. Chem. Lett. 9: 2426-2432 (2018) 
5. Gwizdala, M. et al. J. Phys. Chem. Lett. 9: 1365-1371 (2018) 

 
Light-induced conformational switches of individual phycobilisomes between different functional states 

mailto:tjaart.kruger@up.ac.zaouremail@university.edu
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GLYCOGEN METABOLISM KICK-STARTS PHOTOSYNTHESIS IN CYANOBACTERIA 

Shrameeta Shinde,1 Xiaohui Zhang, 1 Sonali P. Singapuri, 1 Isha Kalra, 1 Xianhua Liu, 1 Rachael M. 

Morgan-Kiss, 1 Xin Wang1 

 
1700 E High Street, Oxford, OH. Department of Microbiology- shindesr@miamioh.edu 

 

All phototrophic lifeforms experience dark-to-light transition, a universal stressor, and adapts their 

metabolism accordingly. In light, cyanobacteria fix carbon through the Calvin-Benson cycle and store the 

excess of carbon as glycogen which will serve as the carbon and electron sources for dark respiration. 

Smooth dark-to-light transitions are critical for the fitness of cyanobacteria during diurnal cycles. 

However, the mechanism underlying smooth dark-to-light transitions is still elusive. This study reveals 

the indispensable nature of glycogen metabolism in supporting the initiation of the Calvin-Benson cycle 

upon light illumination in Synechococcus elongatus PCC 7942. Our results showed a relatively slower lag 

phase during comparative growth studies between the glycogen mutant ∆glgC and wild type (WT). This 

observation is further supported by reduced photosynthetic efficiency in ∆glgC than WT along with a 

slower P700+ rereduction rate upon light exposure. Additionally, proteomic analyses suggested the 

involvement of the oxidative pentose phosphate (OPP) pathway during dark-to-light transitions. 

Furthermore, we presented evidence confirming that glycogen metabolism proceeds through the OPP 

pathway, thereby initiating photosynthesis by activating key Calvin-Benson cycle enzymes. This strategy 

stabilizes the Calvin-Benson cycle during the transition and offers survival advantages for photosynthetic 

organisms. 

 

 
Glycogen metabolism proceeds through the OPP pathway to support photosynthesis: At the start of 

the diurnal cycle, degradation of glycogen through the OPP pathway provides NADPH and R5P for RuBP 

synthesis which activates carbon fixation processes thereby aiding in the survival of PCC 7942. 

  

mailto:shindesr@miamioh.edu
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MAPPING OUT PHOTOPROTECTIVE DISSIPATION IN GREEN PLANTS USING ULTRABROADBAND 2D 

ELECTRONIC SPECTROSCOPY 

 

Minjung Son,1,2 Alberta Pinnola,3 Roberto Bassi,4 Gabriela S. Schlau-Cohen1 
 

177 Massachusetts Ave, Cambridge, MA. Department of Chemistry, Massachusetts Institute of 

Technology; 21101 University Ave, Madison, WI. Department of Chemistry, University of Wisconsin-

Madison - mson26@wisc.edu; 3Via A. Ferrata 9, 27100, Pavia, Italy. Department of Biology and 

Biotechnology, University of Pavia; 4 Strada Le Grazie 15, 37134, Verona, Italy. Department of 

Biotechnology, University of Verona  
 

Green plants protect against photooxidative damage under high light by dissipating excess energy 

as heat. Conformational changes of the light-harvesting complexes (LHCs), which are membrane 

proteins that bind chlorophyll and carotenoids, activate dissipation by leveraging the sensitivity of 

the photophysics of the pigments to the protein structure. The photophysical mechanisms of 

dissipation have been widely debated due to (1) technical challenges in resolving the ultrafast 

timescales and broad energy gaps involved, and (2) limitations in typical experimental 

environments, which either induce non-native conformational changes (detergent micelles) or give 

rise to convoluted spectroscopic signatures and laser-induced artifacts arising from the large 

number of homologous LHCs (in vivo). We overcome both challenges by applying ultrabroadband 

two-dimensional (2D) electronic spectroscopy to LHCII, the major LHC in green plants, embedded in 

a near-native membrane known as a “nanodisc”. The enhanced spectral range of our 2D apparatus, 

which spans across the visible region, enables us to directly resolve a previously hypothesized but 

unobserved dissipative chlorophyll-to-carotenoid energy transfer pathway. We show that the 

membrane environment enhances the amplitude of this pathway by 14% by inducing 

conformational changes to a peripheral chlorophyll-carotenoid cluster. Furthermore, we mimic the 

high-light condition within the nanodisc platform by incorporating a carotenoid that accumulates 

under excess sunlight, zeaxanthin, and find that dissipation is independent of this carotenoid. Our 

results highlight the ability of local environment to control dissipative photophysics in plants, which 

may serve as a knob to control the balance between light harvesting and photoprotection in vivo.  

 
Figure: (A) Ultrabroadband 2D spectrum of LHCII in the membrane nanodisc at T = 533 fs. (B) Normalized 2D time 

traces illustrating the temporal evolution of Car S1 (top) and Chl a (bottom) excited-state populations. The peak 

positions monitored are labeled in (A) with colored squares. (C) Schematic illustration of the dissipative pathways.  

mailto:mson26@wisc.edu
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THE STRUCTURE OF A RED-SHIFTED PHOTOSYSTEM I REVEALS THE LOCATION OF A RED SITE IN THE 

CORE ANTENNA. 

Hila Toporik1, Anton Khmelnitskiy2, Zachary Dobson1, Reece Riddle1, Dewight Williams3, Su Lin1,4, Ryszard 

Jankowiak2,5, Yuval Mazor1. 

 
1School of Molecular Sciences, Arizona State University, Tempe, AZ 85287-1604, USA; Biodesign Center 

for Applied Structural Discovery, Arizona State University, Tempe, AZ 85287, USA 
hila.keidan.toporik@asu.edu. Yuval.mazor@asu.edu  .2Department of Chemistry, Kansas State 

University, Manhattan, 66506, KS, USA. 3John M. Cowley Center for High Resolution Electron Microscopy, 
Arizona State University, Tempe 85287, AZ, USA. 4Center for Innovations in Medicine at the Biodesign 

Institute, Arizona State University, Tempe, AZ 85287, USA. 5Department of Physics, Kansas State 
University, Manhattan, 66506, KS, USA. 

 

Photosystem I coordinates more than 90 chlorophylls in its core antenna while achieving near perfect 

quantum efficiency. Low energy chlorophylls (also known as red chlorophylls) residing in the antenna 

are important for energy transfer dynamics and yield, however, their precise location remained 

elusive. We constructed a chimeric Photosystem I complex in Synechocystis PCC 6803 by introducing 

a structural feature, adding a single Chl (i.e. Chl B33) to the B31-B32 dimer present in 

Synechocystis wild type PSI complex, imitating the red site of Thermosynechococcus elongatus. 

The modified PSI complex showed enhanced absorption in the red spectral region. We combined 

Cryo-EM and spectroscopy to determine the structure-function relationship in this red-shifted 

Photosystem I complex. Determining the structure of this complex revealed the precise architecture 

of the low energy site as well as large scale structural heterogeneity which is probably universal to all 

trimeric Photosystem I complexes. Identifying the structural elements that constitute red sites can 

expand the absorption spectrum of oxygenic photosynthetic and potentially modulate light 

harvesting efficiency. 

 
Red shifted chl a molecules in the core antenna of cyanobacterial Photosystem I: construction of a chimeric 

Photosystem I resulted in the addition of a chl to the antenna and a red shifted absorption spectrum. The cryo-EM 

structure of this PSI revealed the exact location of the red site.  
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The Structural Basis for Far-Red Absorbance in Cyanobacterial Phycobiliproteins 

 

Nathan Soulier,1 Donald A. Bryant,2 

 
1,2University Park, PA, USA. Department of Biochemistry and Molecular Biology, The Pennsylvania State 

University – nts116@psu.edu1; dab14@psu.edu2 

 

In cyanobacteria and red algae, pigment-binding phycobiliproteins are assembled into large, 

light-harvesting megacomplexes called phycobilisomes. In response to certain light conditions 

(usually enrichment in far-red light), some cyanobacteria can produce specialized phycobiliproteins 

capable of absorbing far-red light (FRL; 700-800 nm). These proteins are paralogs of the orange-red 

absorbing phycobiliprotein allophycocyanin (AP). AP oligomerizes as a heterohexamer of α- and β-

subunits in solution and within cells, forming a toroid-shaped (αβ)3 “trimer” that stacks with other 

AP trimers to comprise the core cylinders of the phycobilisome. Each subunit of AP bears a single, 

covalently-attached chromophore, the linear tetrapyrrole phycocyanobilin (PCB).   

No crystal structure has been solved for a far-red absorbing AP, and so the difference 

between these proteins that absorb beyond 700 nm and their orange-red absorbing counterparts 

was unknown. In lieu of further crystal trials, we adopted a complementary mutagenesis approach 

to probe the basis for far-red absorbance in both far-red and orange-red allophycocyanin, to 

respectively remove and bestow far-red absorbance on these forms of AP. Using the far-red AP 

ApcD4-ApcB3 cloned from thermophilic, Type-A Synechococcus strain A14-63 as a platform for 

mutagenesis, as well as the orange-red absorbing ApcD1-ApcB1 from the same organism, we have 

identified residues that are crucial for far-red absorbance in these proteins. Our findings support 

the hypothesis that an increase in planarity of the PCB molecule in the α-subunit of far-red APs (FR-

APs) constitutes the major, functional difference between FR-APs and other APs.    

 

 
Relationship between absorbance and chromophore planarity in phycobiliproteins. a  Absorbance spectra of ApcB1 

from Leptolyngbya sp. JSC-1 (dashed line), CpcA1B1 from Synechococcus sp. PCC 7002 (dotted line), ApcA1B1 from 

Leptolyngbya sp. JSC-1 (short dashes), and ApcD1B1 and ApcD4B3 from Synechococcus sp. A1463 (dash-dot and 

solid lines respectively). b  The PCB chromophores from the crystal structures of ApcB1 (white, PDB 1KN1:B), 

CpcA1 (light gray, PDB 1PHN:A), ApcA1 (gray, PDB 1KN1:A), ApcD1 (dark gray, PDB 4PO5), and a hypothetical 

model of PCB in FR-AP α-subunit ApcD4. c  Ring planes extrapolated from each pyrrole ring of the PCB molecules in 

b and the angles between them, demonstrating an increase in planarity from top to bottom, with the hypothetical 

PCB chromophore of ApcD4 being completely flat.  
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Cyanobacteria use light energy to perform oxygenic photosynthesis, converting CO2 and H2O into biomass. 

This process is driven by the photosynthetic reaction centers, photosystem I (PSI) and photosystem II 

(PSII), within the cyanobacterial internal thylakoid membrane system. Previous studies have shown that 

PSII becomes damaged due to its normal activities and upon acute exposure to excess light. In response 

to this photodamage, PSII must be constantly repaired by the cells. Thus, the steady-state level of PSII in 

a cell is the result of the relative rates of synthesis, degradation, dilution, damage, and repair/recycling. 

When conditions exist in which the rate of damage is greater than the rate of repair, cells experience 

photoinhibition, resulting in reduced photosynthetic activity and biomass production.  Understanding 

how each of these processes are integrated into the cellular response has been difficult using traditional 

ensemble approaches due to cell-cell heterogeneity. For example, in bulk culture, cells are exposed to a 

dynamic light environment that is a function of mixing, cell density, and cell state. To overcome this 

limitation, we have developed an automated imaging approach to film the growth of cyanobacterial cells 

using long-term, time-lapse, fluorescence microscopy, as well as software to analyze the resulting images. 

By growing cells in a two-dimensional layer, we avoid shading effects and can generate highly 

reproducible, growth conditions. Using this platform, we can simultaneously analyze the growth and 

physiology of multiple strains under defined photoautotrophic conditions, including those that induce 

photodamage. Our analysis reveals an asymmetric cellular response to photodamage, with implications 

for how cells achieve maximum growth in light and CO2, as well as the evolution of the photosynthetic 

apparatus in phototrophic microbes. This study was financially supported in part by the U.S. Department 

of Energy (DOE) DE-SC0019306 (to J.C.C.). 

Long-term time-lapse fluorescence microscopy overcomes culture heterogeneity due to cell-cell shading 

(a) by filming cells growing as a 2-D layer (b). Recorded movies are analyzed using custom image analysis 

software, which enables multi-generational tracking of different cellular phenotypes at sub-cellular 

resolution (c). 

mailto:jian.tay@colorado.edu
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High light and high temperature in the field frequently reduce C4 crop yield.  However, many open 

questions remain regarding how C4 plants respond to these abiotic stresses.  We present data for the C4 

model grass Setaria viridis during a 4-hour time-course treatment of either high light or high temperature 

stress at the photosynthetic, physiological, ultrastructural, and transcriptomic levels. Photosynthetic 

efficiency was comparably reduced in leaves with 4h high light or high temperature treatments, but the 

reduction was due to different reasons for each treatment. High light treated leaves had significant 

photoinhibition, showed increased photoprotection, PSII repair, and zeaxanthin accumulation. 

Transmission Electron Microscopy (TEM) results showed high light treated leaves had increased starch 

accumulation, chloroplast size, chloroplast crowdedness, and plastoglobuli formation in both mesophyll 

and bundle sheath chloroplasts. High light treated leaves also had transiently increased ABA concentration 

and reduced capacity for stomatal conductance, indicating the potential crosstalk between high light 

response and ABA signaling. High temperature treated leaves showed increased grana swelling and 

chloroplast swelling in mesophyll chloroplasts only but increased plastoglobuli formation in both 

mesophyll and bundle sheath chloroplasts. The transcriptional response to high temperature was more 

transient and dynamic than that of high light. Further analysis of key pathways of interest revealed 

important differences in the response to these two abiotic stresses. There were also overlapping 

differentially expressed genes between high light and high temperature treatments, indicating some 

shared responses. We provide a systematic overview of high light and high temperature responses in S. 

viridis and identify potential targets to improve abiotic stress tolerance in C4 plants.   

 

C4 model plant 
Setaria viridis 

ME34

0h 4h2h1h

RNA-Seq, Pigment Analysis, ABA

Time points

High Temperature
40oC, 

250 μmol photons m-2 s-1

Control
Constant 31oC, 

250 μmol photons m-2 s-1

High Light
Constant 31oC, 

900 μmol photons m-2 s-1

0h 4h

Photosynthetic Parameters (LI-6800, MultispeQ) at 0, 4h
Ultrastructural Changes (TEM) at 4h

We characterized how C4 model plant S. viridis ME34 

responds to high light or high temperature at different levels. 

Leaf tissues from different treatments were harvested at 0, 1, 

2, and 4h time points for the analysis of RNA-Seq, pigments, 

and ABA levels. Photosynthetic parameters were measured 

using intact leaves at 0 and 4h time points, including gas 

exchange and chlorophyll fluorescence using LI-6800 and 

spectroscopic measurements using MultispeQ. TEM analysis 

was performed to investigate chloroplast ultrastructural 

changes in leaves after 4h different treatments. 
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Low temperature (77 K), time-resolved, step-scan FTIR difference spectroscopy has been used to study 
photosystem I (PSI) with three different disubstituted naphthoquinones incorporated into the A1 binding 
site. The incorporated quinones are 2-bromo-3-methyl-1,4-naphthoquinone (BrMeNQ), 2-chloromethyl-
3-methyl-1,4-naphthoquinone (CMMeNQ) and 2-ethylthio-3-methyl-1,4-naphthoquinone (ETMeNQ).  PSI 
with these three quinones incorporated have previously been studied using EPR spectroscopy.  At 77 K in 
native PSI, forward electron transfer to FX does not occur, and the P700+A1A

– state recombines in ~360 µs. 
Upon replacing PhQ in the A1 binding site with  BrMeNQ/CMMeNQ/ETMeNQ, time resolved IR 
measurements indicate that charge recombination occurs in ~193/~224/~236 µs, respectively. These 
shorter time constants are similar to that obtained for PSI with plastoquinone (PQ) [E1/2=-369 mV, τ=193 
µs] and 2-methyl-1,4-napthoquinone (2MNQ) [E1/2=-418 mV, τ=226 µs) incorporated. This indicates that 
the midpoint potential of these three quinones in solution are likely in the -369 to 418 mV range.  
From the time resolved FTIR difference spectra we have obtained three FTIR double difference spectra 
(DDS) for the three non-native quinones. In DDS spectral contributions for protein bands are minimized, 
allowing one to focus on bands associated with both the neutral and reduced quinone states. The FTIR 
bands associated with the incorporated disubstituted NQs will be discussed and compared to those for 
native PhQ. PhQ- in PSI displays bands at 1495 cm-1 and 1415 cm-1 that are due to C1=O and C4=O stretching 
vibrations, respectively. These bands upshift to 1501/1501/1506 cm-1 and 1426/1426/1424 cm-1 upon 
replacing PhQ with BrMeNQ/ CMMeNQ/ ETMeNQ, respectively. Such shifts are also similar to that for PSI 
with 2MNQ incorporated. Further similarities and differences in the DDS for PSI with different quinones 
incorporated into the A1 binding site will be discussed.  
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Living building materials (LBMs) integrates microorganisms into construction materials that exhibit 
mechanical and biological properties, with mechanical enhancement compared to the abiotic controls. 
This new type of biocement takes advantage of microbial induced calcium carbonate precipitation and 
has potential for recycling and self-healing, features that depends on the microorganism survival under 
diverse conditions. In this project we evaluated the capability of Synechococcus 7002 tolerance to 
desiccation for up to 30 days. Small sugar molecules, as trehalose, are known to protect cells by avoiding 
protein degradation and decreasing molecular activity. Here we show that exogenous addition of 
trehalose protected Synechococcus 7002 when dried for up to 30 days and stored under low humidity 
and different light conditions. Beside bulk analysis, single-cell recovery was followed using time-lapse 
microscopy images. The results show the influence of light harvesting-antenna and carbon fixation 
parameters in the cell recovery and survival. In general, we observe that the survival of dried 
Synechococcus 7002 is critically dependent on the storage and recovery conditions (e.g. light and 
temperature) besides cell physiological state. Using the same image technique, we also were able to 
follow biomineralization in real time, and its effect on Synechococcus 7002 cell growth. Better 
understanding and optimization of photosynthetic induced biominerals formation and the 
microorganism desiccation tolerance are essential parameters for tailoring LBMs targeting enhanced 
biological and mechanical properties.  

This project is funded by DARPA: Engineering Living Materials Program. 

 

Living building materials are composed of sand, hydrogel (gelatin) for binding aggregates, Synechococcus 7002 and 
induced calcium carbonates, where biological properties (biominerals, viable cells) enhance material compression 

strength and flexural energy (impact resistance) 
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OXIDIZING COMPLEX 

 
Anton P. Avramov, Hong J. Hwang , Robert L. Burnap 
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University antony.avramov@okstate.edu 

Photosynthetic O2 evolution is catalyzed by the Mn4CaO5 cluster of the water oxidation complex of the 
photosystem II (PSII) complex. The photooxidative self-assembly of the Mn4CaO5 metal cluster, termed 
photoactivation, utilizes the same highly oxidizing species that drive the water oxidation in order to drive 
the incorporation of Mn2+ into the high valence Mn4CaO5 cluster. This multi-step process proceeds with 
low quantum efficiency, involves a molecular rearrangement between light-activated steps, and is prone 
to photoinactivation and mis-assembly. A sensitive polarographic technique was used to track the 
assembly process under flash illumination as a function of the constituent Mn2+ and Ca2+ ions in genetically 
engineered membranes of the cyanobacterium Synechocystis sp. PCC6803 to elucidate the action of Ca2+ 
and peripheral proteins. We show that the protein scaffolding that organizes this process is allosterically 
modulated by the assembly protein Psb27, which together with Ca2+, stabilizes the intermediates of 
photoactivation, a feature especially evident at long intervals between photoactivating flashes. The 
results indicate three critical metal binding sites: two Mn and one Ca, with occupation of the Ca site by 
Ca2+ critical for the suppression of photoinactivation. The long-observed competition between Mn2+ and 
Ca2+ occurs at the second Mn site and its occupation by competing Ca2+ slows the rearrangement. The 
relatively low overall quantum efficiency of photoactivation is explained by the requirement of correct 
occupancy of these metal binding sites coupled to a slow restructuring of the protein ligation 
environment, which are jointly necessary for the photooxidative trapping of the first stable assembly 
intermediate. 

 
Schematic model of the three main metal binding sites discussed and a minimal model of with proposed conformational change 
and ion exchange accounting for the results. Brackets around individual states, A, B, and C indicate alternate protein 
conformations with similar bound ion states (blue text above). Dark decay (kD) of states B, and C to A indicated with arrows with 

dotted lines. Dark rearrangement (B➞C, solid arrow below) is proposed to include both ion binding and conformational changes. 
Only the productive pathway involving binding of Mn2+ to the SMS indicated by CSMS:Mn during dark rearrangement is shown, but 
the not the non-productive Ca2+ binding at the SMS  
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Diazotrophic cyanobacteria have evolved various regulatory mechanisms to accommodate the 
antagonistic processes of nitrogen fixation and oxygenic photosynthesis. While heterocystous 
cyanobacteria develop specialized cells dedicated for nitrogen fixation, unicellular cyanobacteria use the 
same platform for both processes, thereby requiring greater and more complex coordination between 
them. Efforts over the last several years have identified various regulators with putative roles in the 
coordination of nitrogen fixation and photosynthesis in unicellular cyanobacteria. One such regulatory 
molecule is PatB, a redox-specific transcription factor shown to be essential for nitrogen fixation in 
filamentous cyanobacteria. A transcriptional network analysis in Cyanothece 51142, a unicellular 
diazotrophic cyanobacterium, suggested that PatB is indirectly involved in energy transfer from the 
phycobilisome to the photosystem, implicating a more expansive role for PatB in orchestrating 
photosynthesis and nitrogen fixation in unicellular cyanobacteria1. To probe this possibility, we generated 
a ∆patB mutant of Cyanothece 51142 and analyzed its nitrogen fixing and photosynthetic abilities. In 
accordance with observations in filamentous cyanobacteria, the mutant exhibited no growth under 
nitrogen fixing conditions. When grown in media supplemented with minimal nitrogen, the mutant 
showed severe degradation of phycobilisomes and complete cessation of growth within 48 hours. The 
mutant exhibited decreased PSII content and reduced rates of oxygen evolution. The oxidation reduction 
kinetics of PSI revealed a defect in electron transfer from PSII to PSI. To explore if these results were a 
downstream effect of the inability of the mutant to fix nitrogen, we analyzed a ∆nifH mutant of 
Cyanothece 51142 in parallel. The ∆nifH mutant did not exhibit the same defects in photosynthesis, 
indicating that the phenotypes are specific to the deletion of the patB gene. Downregulation of 
photosynthesis in the absence of nitrogen fixation in the ∆patB mutant suggests a role for the PatB protein 
in regulating the C/N ratio in unicellular cyanobacteria. 
 
Reference: 

1. McDermott JE, Oehmen CS, McCue LA, Hill E, Choi DM, Stockel J, Liberton M, Pakrasi HB & 
Sherman LA (2011). A model of cyclic transcriptomic behavior in the cyanobacterium 
Cyanothece sp. ATCC 51142. Mol Biosyst 7: 2407-2418. 
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Grant (MCB 1933660) to HBP. 
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Anabaena is a genus of filamentous cyanobacteria that achieve carbon fixing and nitrogen fixing 
by separating the two processes spatially in different cells along a single filament and transferring 
nutrients between cells. Cyanobacteria serve as a major component in the global nitrogen cycle and 
present an intriguing potential as a biofertilizer.  Studying the nitrogen fixing cells is not a trivial matter, 
as the nitrogen fixing heterocysts exist as a small population among the vegetative cells, making bulk 
culture analysis difficult. The optimal way to study them would be to achieve single cell resolution in a 
time resolved manner. This is what our lab has achieved. Through use of advanced segmentation 
techniques, the tracking and analysis of individual cells and lineages over long periods of time has been 
shown, and specific measurements regarding the organization and real world spatial separation of 
nitrogen fixing centers can be observed. Control over soluble nitrogen sources allows for the orchestration 
of heterocyst formation and provides a complete picture of the development of a mature, nitrogen fixing 
filament. Through the observation of dropping chlorophyll fluorescence levels as heterocysts degrade 
their PSII systems, early and accurate identification of heterocysts is achieved, with identification 
preceding identifiable morphological changes.  

 
This study was financially supported, in part, by the NIH/CU Molecular Biophysics Program, by the U.S. 
Department of Energy (DOE) DE-SC0018368 and DE-SC0020361.  
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Under conditions of average light intensity and ambient CO2 levels, the rate limiting step of the oxygenic 
photosynthetic non-cyclic or ‘linear’ electron transport chain is the transfer of charge between 
plastoquinone (ol) harbored in the photosystem II (PSII) reaction center (1) and the cytochrome 𝑏6𝑓 
complex (2), for which high resolution structure information has been obtained. The rate limitation arises 
from the mechanisms of trans-membrane proton transfer, proton deposition to the lumen from (i) water 
splitting in PSII and (ii) oxidation of plastoquinol transferred from PSII to the 𝑏6𝑓 complex. The latter 
reaction involves the plastoquinol entering the 𝑏6𝑓 complex via its inter-monomer niche, transferring 
electrons to the ‘Rieske’ [2Fe-2S] protein, and protons to the ‘p’, electrochemically positive, side of the 
membrane. Here, we question the assumption that, after release from PSII, plastoquinol (PQH2) can find 
the narrow inter-monomer cleft (2, 3) in the 𝑏6𝑓 complex with appropriate efficiency through random 
diffusion in the thylakoid membrane. This would be possible if (i) the stoichiometry of PQH2 would be 
large relative to 𝑏6𝑓 complex, and/or (ii) its diffusion constant in the membrane is large. However, the 
quinone:reaction center ratio is 5-10, and the 2-dimensional diffusion constant is approximately 10-7 cm2-
sec-1 (4), would allow few searches by the quinol/quinone over a distance comparable to the lateral 
dimension of a thylakoid. It is proposed that the plastoquinol/one must be exchanged in a transient 
contact complex between the PSII reaction center and b6f complex. The complex must be transient 
because a long-lived complex between the 𝑏6𝑓 complex and PSII reaction center has never been detected. 
Thus, it is proposed that in contrast to the traditional model of the photosynthetic electron transport 
chain in which the two reaction centers and the b6f complex are considered as separable complexes, the 
PSII reaction center is connected to the cytochrome b6f complex in a transient super complex. Initial 
studies, computational, are presented.   
 
References: (1) Kern, J. et al. (2018) Effect of integral membrane proteins on the lateral mobility of 
plastoquinone in phosphatidylcholine proteoliposomes. Nature 563:421-425; (2) Hasan, S. S. and W. A. 
Cramer. (2014) Internal lipid architecture of the hetero-oligomeric cytochrome b6f complex. Structure, 22, 
1008-1015; (3) Hasan, S. S., E. A. Proctor, E. Yamashita, N. V. Dokholyan, and W. A. Cramer (2014).Traffic 
Within the Cytochrome b6f  Lipoprotein Complex: Gating of the Quinone Portal. Biophysical J, 107, 1620-
1628;  (4) Blackwell, M. F. and  J. Whitmarsh, Effect of integral membrane proteins on the lateral mobility 
of plastoquinone in phosphatidylcholine proteoliposomes. Biophysical J, 58, 1258-1271.  
 

Acknowledgements. Research Support: Dept. of Energy/Basic Energy Sciences/ Photosyn-thetic 
Systems grant DE-SC00118238 (WAC); (ii) Penn State College of Medicine Department of Neurosurgery 
and Department of Pharmacology (EAP).  
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Cyanobacteria possess unique intracellular organization, including thylakoid membranes, an extra set of 
internal membranes where photosynthesis occurs, and the carboxysome, a proteinaceous organelle used 
for carbon fixation. Many proteomic studies have examined different features of cyanobacteria to learn 
about the structure-function relationships between the intracellular structures of cyanobacteria and their 
roles in cells. While these studies have made great progress in understanding cyanobacterial physiology, 
the previous fractionation methods used to purify cellular structures have limitations; specifically, certain 
regions of cells cannot be purified with existing fractionation methods. Proximity-based proteomics 
techniques were developed to overcome the limitations of biochemical fractionation for proteomics in 
mammalian cells. Proximity-based proteomics relies on spatiotemporal protein labeling followed by mass 
spectrometry of the labeled proteins to determine the proteome of the region of interest. We have 
adapted a proximity-based proteomics technique using APEX2, an engineered ascorbate peroxidase, to 
the cyanobacterium Synechococcus sp. PCC 7002. Using APEX2, we determined the proteome of the 
thylakoid lumen, a region of the cell that has remained challenging to study with existing methods, using 
a translational fusion between APEX2 and PsbU, a lumenal subunit of photosystem II. Our results 
demonstrate the power of APEX2 as a tool to study the cell biology of intracellular features and processes, 
including PSII assembly, in cyanobacteria with enhanced spatiotemporal resolution. 
 
This study was financially supported, in part, by the Interdisciplinary Quantitative Biology Program and 
by the U.S. Department of Energy (DOE) DE-SC0018368. 
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Chlamydomonas sp. UWO 241(UWO 241) is a psychrophilic alga first isolated from Lake Bonney in the 
McMurdo Dry Valleys, Antarctica. It is a specialized extremophile capable of tolerating high salinity, low 
light and low temperature. UWO 241 is not capable of undergoing state transitions in response to short-
term stress, but does exhibit constitutively high levels of photosystem I cyclic electron flow (CEF). 
Photosynthetic organisms balance linear electron flow with CEF in order to maintain the correct energy 
ratio for growth in the form of ATP and NADPH. It has previously been demonstrated that CEF is 
upregulated by UWO 241 to cope with the stress of growing in high salinity. We hypothesized that CEF 
may serve a photoprotectant role under other long-term stress conditions, in which it would be 
upregulated in alga growing under these conditions. We specifically investigated the role of CEF in 
adaptation to long-term high light stress, by comparing low temperature grown (8oC)-UWO 241 
acclimated to either low (50 µmol m-2 s-1) or high low (250 µmol m-2 s-1) light conditions. We show that 
not only does UWO 241 increase CEF during long-term acclimation to high light, it also utilizes high CEF 
to respond to short-term photoinhibitory stress. Future research will investigate whether acclimation to 
long-term light and other stresses enables UWO 241 to resist photoinhibition.  
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Natural photosynthesis extracts electrons and protons from water molecules to power CO2 fixation and 
growth in all oxygenic phototrophs on Earth. Universally, all oxygenic phototrophs are powered by a 
catalyst-enzyme comprised of four manganese ions, denoted the water oxidizing complex (WOC = 
Mn4O5Ca). Manganese functions to bind/activate 2 water molecules to form O2 following the 
accumulation of four holes from successive photochemical charge separations in the reaction center 
(PSII). Neither the oxidation states of manganese, nor the chemical mechanism of catalysis are known. 
Herein the authors address both topics; the former, by providing a clear-cut determination of the formal 
manganese oxidation states using a simple flash counting experiment in PSII microcrystals; the latter, by 
demonstrating the first functional replacement of manganese with cobalt in any PSII. Following 
complete removal of all Mn2+, apo-WOC-PSII crystals can be fully reactivated (>90%) with Mn2+ by seven 
single-oxidation flashes to evolve O2 (6 or 7 flashes with Co2+). Both experiments support the low-
oxidation assignment of the Mn-WOC, as MnIII(MnIV)3. Compared to the Mn-WOC, the Co-WOC 
photoassembles 3-fold faster, produces O2 by a standard four-flash (Kok) cycle, but produces 4-5x less 
O2/PSII, indicative of a lower quantum yield or faster charge recombination than native Mn-WOC. 

 
Protocol for reductive titration and removal of WOC inorganic cofactors by washing, subsequent 
photoassembly to produce reconstituted WOC and testing of O2 activity starting with and preserving 
intact PSII microcrystals throughout. 
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A potential mitochondrial protein translocation system has been discovered and identified as a 
mitochondrial Twin-Arginine-Transport (mtTAT) system homologue for its similarity to prokaryotic and 
chloroplast TAT protein system components. Prokaryotes and chloroplasts require the TAT system for 
proper translocation of folded essential proteins across cellular and chloroplast membranes. Typical 
cpTAT is a hetero-oligomer protein components TatA (also known as Tha4), TatB (also known as Hcf106), 
and TatC. of Currently, Arabidopsis thaliana mtTAT is known to contain a mitochondrial TatB (mtTatB) 
protein and a mitochondrial TatC (mtTatC) protein in an unknown oligormerization arrangement. While 
mtTatC is translated from the mitochondrial genome, mtTatB is translated from a nuclear transcript and 
must be imported into the mitochondria through an unknown mechanism. Furthermore, mtTatB does 
not appear to have a traditional mitochondrial import signal peptide sequence. This study aims to 
identify mtTatB residues critical for its import into the mitochondria by mutating mtTatB residues and 
then comparing import efficiency to wildtype mtTatB. Comparing mtTatB sequence to critical residues of 
cpTatB identified potentially critical residues of mtTatB. Also, mtTatB has a highly hydrophobic region in 
the middle of the sequence, which potentially aids its recognition for import by Tom70-37. Site directed 
mutagenesis produced mutant mtTatB sequences for radioactively-labeled in vitro translation. Current 
work focuses on comparing the import efficiencies. Future work will focus on identifying which 
mitochondrial translocation system recognizes and imports mtTatB.   
 

 
Figure . Possible role of mtTAT in mitochondrial import 1: mtTAT is likely located in the inner membrane of the 
mitochondria. Typically TAT substrates are folded and contain a Twin-Arginine motif. It is unknown if mtTAT is 
capable of transporting substrates across the IM to the IMS, inserting substrates into the IM, or both. It is also 
unknown how mtTATB (encoded in the nucleus) is imported into the mitochondria without a traditional precursor 
signal peptide.  
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Light-harvesting complex 2 (LH2) of purple bacteria is a well-known model to study the initial light-
harvesting steps of photosynthesis. Also referred to as the B800-850 complex, it is organized into two 
rings: eight or nine bacteriochlorophylls that absorb at 800 nm (the B800 ring) and sixteen or eighteen 
bacteriochlorophylls that collectively absorb at 850 nm (the B850 ring). LH2 is produced in several 
variants both within and across species. While the dynamics of some of these variants have been 
characterized, the energy-transfer rates within many others have not been measured. In this work, 
we utilize ultrafast transient absorption measurements to compare the energy-transfer dynamics of 
three variants of LH2: B800-850 Rb. sphaeroides, a nonamer, B800-850 Ph. molischianum, an 
octamer, and B800-820 Ph. molischianum, which is produced in low-light conditions and has a blue-
shifted absorption spectrum to 820 nm compared to the B850 ring of Ph. molischianum (Tong, Fiebig, 
et al., J. Phys. Chem. B, 2020, 124, 8, 1460-9). The B800 to B850 energy-transfer rate in LH2 from Rb. 
sphaeroides is 40% faster than LH2 from Ph. molischianum, consistent with generalized Förster theory 
predictions based on the structural differences between the species. Conversely, the B800 to B820 
energy-transfer rate in Ph. molischianum is only 20% faster than the B800 to B850 energy-transfer 
rate in Ph. molischianum, which is less than expected based on the increase in spectral overlap 
between rings. This points to the use of dark, higher-lying excitonic states to maintain similar energy-
transfer dynamics between these spectral variants of LH2. Overall, our results provide insight into 
how variations between and within species impact energy flow in photosynthetic systems. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Probing variations in LH2 energy transfer: Structural variations (purple box) and spectral variations (green box) 
between variants of LH2 (left panel) result in differing energy-transfer rates (tET) as measured by ultrafast transient 
absorption spectroscopy (right panel).   
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Large scale agricultural systems need strategies to be sustainable both economically and 
environmentally.  As current pest control strategies are increasingly regulated, the future of the 
$2.1 billion strawberry industry relies on the success of safer yet effective management strategies 
against plant diseases. One of the possible strategies considered is anaerobic soil disinfestation 
(ASD); however, the specific microbial mechanisms that occur during the treatment are poorly 
understood. In situ gas sampling was conducted in ASD experimental and control plots to measure 
the concentrations of volatile organic compounds (VOCs) under tarp, using a portable Gasmet 
Fourier transform infrared (FTIR) Gas Analyzer to collect infrared spectra for each system.  After 
data collection and processing, we statistically summarized the VOC data with ANOVA tests and 
post-hoc testing to find VOCs relevant to ASD. Afterward, we graphed the significant VOCs for 
comparison between the ASD plots and control plots across a time series to illustrate the 
differences. We found that a handful of VOCs seems to be only present or more common in the ASD 
than in the control plots. With these identified VOCs, we can begin identifying microbial 
mechanisms in the suppression of plant pathogens during anaerobic soil disinfestation treatment. 
Figure 1: A 3D Surface Plot highlighting the variability of concentrations across volatile organic compounds, plots, 

and dates. Focusing on the anaerobic soil disinfestation treatment, we can see the significant volatile organic 
compounds at different points of treatment period.  
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Gene expression in bacteria was previously shown to be affected by near-zero or extremely high 
gravity.  In larger organisms, gravity-sensing mechanisms typically consist of a dense body applying 
directional pressure to a sensitive region of the cell, such as the plant amyloplast system, strain on the 
mammalian cytoskeleton from attached organelles, or fungal protein crystals.  However, no mechanism 
for directional gravitropic behavior has been established in bacteria previously.  Taking advantage of 
several observable pigments in the cyanobacterium Synechococcus sp. PCC 7002 and mutant strains 
thereof, we demonstrate that distribution of pigmentation within the cell, and across cell colonies, is 
regulated by combined directional sensing of incoming light, surface adhesion, and applied external 
force, including the normal force of gravity applied to the cell.  Cells grown on a substrate orient their 
thylakoids on the faces of the cell proximal and distal to the substrate and express both chlorophyll and 
phycobilins in both of these membrane regions; phycobilins are primarily expressed in the membrane 
region nearest to the light source, while chlorophyll is preferentially expressed in the region opposite 
the overall external force applied to the cell.  The mechanism for distribution of pigments appears to be 
regulated by presence of polyphosphate bodies within the cell, and removal of polyphosphate 
completely negates the cell’s ability to sense external forces.  These results represent a critical step 
toward understanding the most basal phototrophic regulatory mechanisms of light use at the cell level 
and demonstrate the first known intracellular directional gravity response mechanism in a prokaryote. 
 
This study was financially supported in part by the U.S. Department of Energy (DOE) DE-SC0019306 (to 
J.C.C.) 

 
Comparison of pigment distribution between Synechococcus cells grown on translucent agar with bottom lighting 
and cells grown in liquid medium with shaking. 
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Acaryochloris is the first known oxygenic phototroph cyanobacterium to absorb far-red light in its 
photosynthetic reaction centers by using chlorophyll d (Chl d) as its primary pigment. The far-red light 
absorption of Acaryochloris is an important model for understanding the energy limits for light-driven 
oxygen production on potentially habitable exoplanets, orbiting ‘cooler’ stars that emit light primarily in 
the near infrared. This works aims to characterize Chl d biosynthetic machinery in Acaryochloris by 
analyzing genomes from two novel Acaryochloris strains, one of which lacks the ability to produce Chl d 
and three metagenomic derived Acaryochloris assemblies to advance the search for the elusive Chl d 
biosynthesis pathways. Comparative analysis between these genomes and publicly available 
Acaryochloris genomes revealed consistently large genome size, ~6-8.5 Mbp, each coding for a high 
number of genes unique to that species. We have identified a pool of candidate genes responsible for 
the biosynthesis of Chl d amongst those absent in the Chl d-lacking strain and other closely related 
cyanobacterial reference genomes, yet conserved in all Chl d-producing Acaryochloris strains. The 
presence of chlorophyll binding domains (CBDs) was sought in these genomes using the CBD of 
chlorophyll synthase proteins and chlorophyll binding proteins both from UniProt database. We also 
compared the far-red light inducible (FaRLiP) gene clusters against our Acaryochloris strains to identify 
unique matches to these clusters in strains that constitutively express far-red phenotypes. This study has 
yielded insight to unique constituents of possible candidate genes and their proteins domain 
architecture in Chl d-containing Acaryochloris groups, leading us a step closer to understanding the Chl d 
biosynthetic machinery.  
 

 
Fig: Schematic of comparative genomic pipeline for Acaryochloris analyses 

  



37 
 

(#15) REVEALING THE DIMERIC NATURE OF THE PRIMARY ACCEPTOR IN PHOTOSYSTEM I 
 

Michael Gorka,1 Philip Charles,2 Vidmantas Kalendrab,2 Elijah Gruszecki,2 K. V. Lakshmi,2ƚ and John H. 
Golbeck1* 

 
1311 South Frear, University Park, PA. Department of Biochemistry and Molecular Biology, The 

Pennsylvania State University – gorkamj@gmail.com; *jhg5@psu.edu; 2Department of Chemistry and 
Chemical Biology and The Baruch ’60 Center for Biochemical Solar Energy Research, Rensselaer 

Polytechnic Institute – ƚlakshk@rpi.edu; 
 

 

The Type I photosynthetic reaction center (RC), Photosystem I (PS I), is an exquisitely tuned 
pigment-protein complex that is comprised of multiple polypeptide subunits and protein-bound 
electron-transfer cofactors. Recent work in PS I has suggested that the six core chlorophyll (Chl) a 
molecules are highly coupled, allowing for efficient creation and stabilization of the charge-
separated state. Involved in this coupled complex is the primary acceptor, A0. While the properties 
of the intermediate and terminal acceptors are fairly well characterized, the role of A0 and the 
factors that contribute to its ultrafast processes and redox properties remain unclear. We employed 
a combination of 2D-HYSCORE spectroscopy and DFT calculations to explore the nature the A0

·– 
state. Analysis of the hyperfine coupling constants revealed that A0, once thought to be a Chl a 
monomer, instead functions as a dimer of Chl2/Chl3 with an asymmetric distribution of electron 
density favoring Chl3. Interestingly, this dimerization occurs independently of the axial ligand, as 
seen when the Met that ligates Chl3 is changed to a His, with the only noticeable change being a 
shift in the asymmetry. This dimerization of the primary acceptor likely serves to ensure charge 
separation is energetically downhill, and that subsequent recombination is slowed. Structural 
comparisons of A0 in PS I with the primary acceptor of other Type I and Type II RCs reveals that 
dimerization of A0 is predicted to occur in other Type I RCs, and unlikely to occur in Type II RCs. This 
change in the mechanism of primary charge separation may shed light on the evolutionary 
divergence of Type I and Type II RCs. 

 
Figure Legend: Computational model of: (A) The electron spin density distribution in the singly occupied molecular 

orbital (SOMO) of the A0
·– state. The model includes the cofactors: A1A, Chl3A, and Chl2A as well as the A-Met688 

and A-Tyr696 residues that are axially ligated and hydrogen bonded to the Chl3A cofactor, respectively. (B) The 

P700
·+ state, containing the Chl1A and Chl1B cofactors and their axial ligands. 
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In arid soil environments, photosynthetic microorganisms are largely restricted to sub-lithic habitats. 

Often, they occupy the ventral surfaces of translucent quartz pebbles in desert pavements, forming so-

called hypoliths. We combined fluorometric, spectroscopic, biochemical and metagenomic approaches 

to investigate the light transmission properties of quartz stones in the Namib Desert, and assessed the 

photosynthetic activity of the underlying hypolithic cyanobacterial biofilms. Quartz pebbles greatly 

reduced the total photon flux and filtered out much of the short wavelength portion of the solar 

spectrum. The retention of water by the hypolithic biomass sustained photosynthetic activity. In fact, 

under water-saturated conditions, hypolithic communities showed no evidence of light stress, even 

when the quartz stones were exposed to full midday sunlight. Hypolithic cyanobacterial communities 

showed some evidence of adaptation to sub-lithic light conditions, although chlorophylls d and f were 

not detected in biofilm pigment extracts. 

 

 
 

(A), Typical view of the gravel plain in the Namib Desert with quartz stones in the desert pavement. (B), 

adherent biofilm on the ventral surface of a quartz hypolith. 
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The CO2 uptake by cyanobacteria, algae and plants is one of the unique and distinctive feature of 
photosynthetic organisms. The CO2 fixation allows these organism to create sugars, create biomass and 
effectively store nutrition and energy in the complex organic molecules. Unlike plants and algae, 
cyanobacteria evolved a unique way of concentrating inorganic carbon from the atmosphere for 
efficient fixation via Calvin-Bensen cycle. Facilitated by various transporters in the plasma/thylakoid 
membrane, cyanobacteria are able to shuttle in inorganic carbon in the form of CO2 and HCO3

-. In order 
for the Calvin Cycle to proceeded, especially under CO2 limited conditions, cyanobacteria must import 
inorganic carbon in the form of HCO3

- into the carboxysome where it can be converted into CO2. Carbon 
dioxide is later converted to bicarbonate in an effort to prevent CO2 diffusion out the cell. One 
mechanism used to keep the carbon concentration high around RuBisCO, given that RuBisCo is 
notoriously inefficient due to its low affinity toward carbon dioxide,  is through the employment of the 
NDH-1 dehydrogenase complex, which is used to convert CO2 to bicarbonate. This process is facilitated 
through the hydration of CO2 and the sequential shuttling of electrons. 
 
The purpose of this study is to investigate the NdhD4 protein which is part of the NDH-14 complex and is 
positioned in the thylakoid membrane.Upon the hydration of CO2 into HCO3

- via CupB, a proton gradient 
is established, with a high concentration of protons on the cytosol side of the thylakoid membrane. It is 
hypothesized that the NdhD4 protein functions as a proton pump used to alleviate the build up of 
protons across the membrane. 
 
To begin looking at the function of the NdhD4 protein, we used a modified CRISPR-Cpf1 based genome 
edition to create a marker less deletion of the NdhD4 gene with plans to create a compliment plasmid. 
This will allow us to preform cite directed mutagenesis to discover important residues and key features 
for this protein. 
 
To understand the physiological effects that these mutations might have on the cell. We plan to use a 
variety of philosophical assays. Examples of these proposed assays include, but are not limited to,  the 
use of the  Clark-type oxygen electrode,  spot-growth assays, and proton pumping assays. Using a 
combination of these physiological assays will allow us to take a multi step approach to evaluating a 
mutants.  
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(GEMS) PHOTOBIOREACTORS (PBRs) 

 

Robert E. Falco1 and Toivo Kallas2 

 
1SolarClean Fuels, LLC, Fountain Hills, AZ – rfalco@solarcleanfuels.com; 2Algoma Algal Biotechnology, 

LLC - Oshkosh, WI – tkallas@algomaalgal.com 

 

SolarClean Fuels (SCF) has developed a patent-pending design that employs deep helical grooves within 

PBR tubes to create eddies that generate efficient, transverse fluid flows that move algae across the 

tube diameter at very low mean flow velocities and input energies. This Growth Enhancing Mixing 

Spectrum (GEMS) design creates crossflows that continuously move algae between dark zones at the 

tube center and photic zones near the surface creating light/dark cycles that can maximize 

photosynthesis and prevent photooxidative damage. Even at very low flows, GEMS mixing causes fluid 

flow to continuously generate higher intensity turbulence at all scales of motion than in smooth tubes 

and thus more vigorously mixes CO2 and nutrients with algae. Moreover, GEMS PBRs can be made with 

low-cost, flexible tubing, have low maintenance, and require no moving parts to create the GEMS 

motions. They are inherently scalable because of the fluid dynamic mechanisms employed. The GEMS 

design represents a potentially revolutionary advance that should enable scale-up to large diameter 

tubes, at much lower cost than with multiple smaller tubes, operating at low flow and energy, and thus 

significantly lower costs and higher productivities than the best, current, open pond raceways or PBRs. 

We have initiated field tests with Synechococcus PCC 11901 cyanobacteria in a 33 Liter GEMS and an 

otherwise identical, smooth-tube control PBR under natural sunlight, ambient CO2, and challenging, 

near-freezing night-time and moderate, 20-30°C daytime temperatures. PCC 11901 in the GEMS design 

grew at rates and yields at least 2x greater than in the control PBR. Further tests and scale-up will be 

conducted under controlled, high CO2 conditions in the SCF lab in AZ. We believe the GEMS PBRs hold 

game-changing potential for economically sustainable algal production for feeds, foods, fuels, and 

wastewater treatment. (This work is supported by a USDA-NIFA SBIR Phase I grant.) 

 

 

 

Synechococcus PCC 11901 growth in 

GEMS (left) vs control (right) PBRs in 

Los Alamos, NM.  The PBRs had 

identical volumes and inocula, and 

were operated under the conditions 

described. Photo taken after ~125h of 

growth. Only one of the two horizontal, 

control tubes is visible.    
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Reversible disassembly of PSII supercomplexes by detaching of LHCII play important role in adjusting 

photosynthetic performance to environmental changes, like balancing of light energy during State 

Transition or facilitating repair of photodamaged PSII. Our hypothesis is that both the lipid/fatty acid 

contents and changes in protein phosphorylation (of either LHCII or PSII) alter lipid-protein or protein-

protein interactions that control the PSII supercomplex stability. For testing this hypothesis, four mutants 

have been compared with WT plants: Arabidopsis kinase double mutants stn7x8 (deficient in 

phosphorylation), phosphatases double mutants pph1xpbcp (deficient in dephosphorylation),  mgdg1 

mutant (42% lower MGDG content than WT), and double mutant fab1xfad5 (depleted in unsaturated C16 

fatty acid). Comparison of mutants was performed with wild type for stacked and unstacked thylakoid 

domains. These plants were studied under dark and light (phosphorylation) conditions. The quantification 

of the different structural PSII supercomplexes (ranging from the C2S2M2 holocomplex to the monomeric 

core, C) performed by BN-PAGE analysis combined with dot-blot analysis and cryo-electron microscopic 

analysis. Movement of LHCII out of the grana under state 2 was proved. The mutants fab1xfad5 and mgd1 

showed about 2 times more PSII dimeric core (C2) under dark condition compare to wild type. In contrast 

with kinase mutants that had more C2S2M2 content compared to WT’s, lipid/fatty acid mutants showed 

considerably less C2S2M2 than in WT. Furthermore, our results showed that from dark to light, part of 

the PSII holocomplex (C2S2M2) disassembles to smaller PSII forms (monomeric and dimeric core). On the 

contrary, no significant changes were observed in the mutants (except stn7x8) under this condition, 

proving that PSII/LHCII phosphorylation and lipid/fatty acid contents affects supercomplex disassembly in 

grana core. A model will be presented that summarizes the impact of phosphorylation and lipid/fatty acid 

content on PSII supercomplex stability. (Supported by the National Science Foundation [NSF-

MCB#1953570 and #1158571). 

 

 

 

 

 

 

 

 

 

 

Figure 1: Changes in PSII Substructures: disassembly of the C2S2M2 holocomplexes to monomeric core, 

C. 
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As the global population rises agricultural management systems must be developed to sustainably meet 

food needs.  Anaerobic soil disinfestation (ASD) is an alternative to soil fumigant pesticides that 

effectively suppresses soil-borne pathogens. The sustained anaerobic conditions during ASD likely 

facilitate microbial greenhouse gas (GHG) production, but production rates and timing are not well 

understood. Due to plant nitrogen needs, nitrous oxide (N2O) is of particular concern; it is 300 times 

more effective at radiating heat in the atmosphere than carbon dioxide (CO2) and contributes to global 

climate change. In California, where 88% of the Nation’s strawberry production occurs, growers are 

increasingly interested in ASD to reduce pathogens. The goal of this study was to quantify and compare 

CO2 and N2O emissions from two field sites during ASD treatments and in the subsequent strawberry 

crop season using a Gasmet Model DX4040 FTIR Gas Analyzer. Preliminary results suggest CO2 and N2O 

behaved similarly during the ASD treatment across both fields: CO2 emissions were highest at the 

beginning of the treatment and then steadily declined; N2O emissions slowly increased, peaking at 30 

and 40 days, respectively. Additionally, at one of the sites we monitored emissions for four consecutive 

days following removal of the tarp from the ASD treatment and observed a pulse of emissions as the soil 

was fully exposed to air: N2O emissions were an order of magnitude, and CO2 was similar to the sum of 

emissions during the entire crop season. Results are being used to develop management practices that 

will minimize GHG emissions while maintaining strawberry health and yields that benefit consumers and 

farmers. 

 
Figure 1. Preliminary GHG emissions from ASD treatments for two field sites in Monterey Bay, CA. CO2 fluxes 

were highest at the beginning of the treatments. N2O emissions exhibited a steady increase until peak emissions 

30-40 days into the experiment. 
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Heliobacterium modesticaldum contains what is thought to be the simplest known photosynthetic 

apparatus, and its ability to grow chemotrophically using pyruvate without relying on phototrophy 

makes it an ideal organism to study in the analysis of anoxygenic photosynthesis.  A key tool in the 

process of genetic and further metabolic manipulation of an organism is a tunable gene expression 

system, including a set of constitutive and inducible promoters. After testing a set of constitutive 

promoters from Clostridium thermocellum, the search continued to find appropriate inducible 

promoters, namely those in which the inducer is not toxic to the organism. A xylose inducible 

promoter adapted from Clostridioides difficile was tested and found active and reliable in 

H. modesticaldum, displaying a maximum activity at a concentration of xylose that did not greatly 

impact growth. In addition, an anhydrotetracycline inducible promoter is in development, and is 

providing insight into the preferences and specificity of H. modesticaldum in terms of promoter 

strength and inducibility.   

 

 
Xylose inducible promoter setup: Top: The promoter was placed in control of lacZ, to see promoter strength in 

terms of β-galactosidase activity. Bottom: The sequence of the promoter from the original paper describing its 

development. The boxed sequence represents the operator, which the repressor (xylR) will bind in the absence of 

xylose. 
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We are working on the total chemical synthesis of native (bacterio)chlorophylls and analogues with 
the aim to be able to tailor at will the macrocycles for use in fundamental studies in the 
photosynthetic sciences.  The term “total chemical synthesis” means starting from simple, 
commercially available compounds.  To “tailor at will” implies exertion of complete control over all 
peripheral substituents including auxochromes, 132-epimers, the phytyl tail, stereochemical 
definition in the reduced rings (B, D), and installation of (2H, 13C, 15N, etc.) isotopes at any designated 
sites.  We have not yet accomplished this lofty goal, but have made strong progress (J. Org. Chem. 
2020, 85, 6605–6619), as illustrated by the synthesis of BC-1 in Figure 1, which shows that 
stereodefined substituents in the reduced ring D can be installed early (in simple precursors to I) and 
carried through the entire synthesis with fidelity – i.e., without epimerization or dehydrogenation.  
We are now working on gaining access to a repertoire of bacteriochlorophylls, and from there, 
chlorophylls as well.   
 
In anticipation of developing robust syntheses, we seek discussions concerning forward-looking 
collaborations where such designer (bacterio)chlorophylls would be valuable if not incisive for 
fundamental studies.  This synthesis work is supported by the NSF (CHE-1760839).  
 

 
 
Figure 1.  A de novo synthesis under development already accommodates the most challenging features of the native 
pigments – formation of ring E along with installation of a stereodefined trans-dialkyl group in ring D.  We are now 
working to extend this strategy to gain access to bacteriochlorophyll a and analogues.    
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Synechococcus elongates UTEX 2973 has been widely used for engineering as a photoautotrophic host 

to produce bio-products based on its trait of fast growth and enriched library of genetic tools. However, 

Synechococcus 2973 wild-type strain is not able to utilize any organic carbon sources to support the 

heterotrophic growth, which limits a broad application of this cyanobacterium to study the 

photosynthesis and photosystems. In this study, a monosaccharide transporter gene galP from 

Escherichia coli was transferred into Synechococcus 2973. Through optimization of the expression of 

GalP, we detected slow growth of the engineered Synechococcus 2973 strain when both DCMU and 

glucose were supplied in the culture. Based on this initial glucose utilization strain, the strategy of 

adaptive laboratory evolution was applied to improve the growth rate under photoheterotrophic 

conditions. After over 6 weeks adaptation, we identified a Synechococcus 2973 glucose utilization strain 

that obtained the maximum 30-fold faster growth rate with glucose and 10-fold faster with glucose and 

DCMU under low light and ambient conditions. Notably, introduction of GalP and adaption to the 

photoheterotrophic growth did not affect the fast-growing trait of Synechococcus 2973 under high light 

and high CO2 conditions. To identify the mutations generating on the chromosome during the process 

of adaptive laboratory evolution, whole genome sequencing will be operated, which will illustrate the 

genes responsible for the phototrophic growth phenotype. Additionally, to prove this glucose utilization 

strain is able to grow without photosystem II, we intend to use the CRISPR approach to knockout the 

gene psbE to build a photosystem II defective mutant of Synechococcus 2973. This study is an 

indispensible step towards application of Synechococcus 2973 as a robust chassis for photosynthetic 

research. 

 

[Supported by funding from U.S. Department of Energy (DE-SC0019386) to HBP] 
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After the GOE iron availability was greatly reduced and photosynthetic organisms evolved several 

alternative proteins. One of these proteins is plastocyanin, a type I blue-copper protein able to 

replace cytochrome-c6 as soluble electron carrier between cytochromeb6f and PSI. In most 

cyanobacteria, expression of these two alternative proteins is regulated by copper availability but 

the regulatory system remained unknown. Here we show that the regulatory system is composed 

by a BlaI/CopY family transcription factor (PetR) that represses petE (plastocyanin) expression and 

activates petJ (cytochrome-c6) and a BlaR membrane protease (PetP) that regulates PetR. Using an 

in vitro assay, we show that PetP degrades PetR directly in the presence of copper. Transcriptomic 

analysis has revealed that PetRP system regulates only 4 genes (petE, petJ, slr0601 and slr0602) 

highlighting its specificity. Even more, phylogenomic analysis suggest that petE and petRP 

acquisition could be an early adaptation to reduced iron bioavailability after GOE.  

 

 
Figure. Model of the regulatory mechanism for petE/petJ switch mediated by PetRP. 
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The primary charge transfer events in photosystem I (PS I) have been studied for decades, yet the role of 

the accessory pigments (A-1) has remained a mystery. The earliest radical pair that was detected 

experimentally, P700
+A0

-, involves the special pair of chlorophyll pigments (P700) and the so-called primary 

electron acceptor (A0), but these are too far apart for electron transfer to proceed directly from one to 

the other without involvement of A-1. Among the competing hypotheses are that (i) the excited special 

pair, P700*, donates an electron to A-1, which subsequently reduces A0, and (ii) A-1 reduces A0 first and then 

oxidizes P700. We have investigated these possibilities via optical spectroscopy on wildtype (WT) and 

mutant PS I from Synechocystis sp. PCC 6803 in which A-1’s axial ligand, a water molecule H-bonded to 

asparagine (Asn), has been replaced with a methionine (Met) amino acid residue, as illustrated in the 

figure below. Steady-state experiments show weaker signals from flash-induced oxidation of P700 in 

mutants than in WT PS I. Ultrafast experiments reveal significant triplet state formation in the double 

mutant but little-to-none in single mutants, suggesting that electrons are first donated to A-1 by P700
* 

before recombining with P700
+, indicating that the special pair is the true primary electron donor. 

Furthermore, monitoring the redox state of the secondary electron acceptor (A1) shows that the A1
- yield 

is slightly lower in mutants than in the WT, whereas almost no electrons reach A1 in the double mutant. 

This indicates that first, the mutation does significantly impair the targeted branch, and second, a large 

portion of electron transfer can be directed to the remaining intact branch when the other is damaged. 

 

 
PsaB-Asn582Met (top) and PsaA-Asn600Met (bottom) mutations: In WT PS I, the axial ligand to the accessory 

chlorophyll is a water molecule also H-bonded to an Asn amino acid residue (left). In the Asn→Met mutants 

generated, the same chlorophylls are ligated directly to the newly introduced Met residue (right). 
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High light and high temperature in the field frequently reduce C4 crop yield.  However, many open 

questions remain regarding how C4 plants respond to these abiotic stresses.  We present data for the C4 

model grass Setaria viridis during a 4-hour time-course treatment of either high light or high temperature 

stress at the photosynthetic, physiological, ultrastructural, and transcriptomic levels. Photosynthetic 

efficiency was comparably reduced in leaves with 4h high light or high temperature treatments, but the 

reduction was due to different reasons for each treatment. High light treated leaves had significant 

photoinhibition, showed increased photoprotection, PSII repair, and zeaxanthin accumulation. 

Transmission Electron Microscopy (TEM) results showed high light treated leaves had increased starch 

accumulation, chloroplast size, chloroplast crowdedness, and plastoglobuli formation in both mesophyll 

and bundle sheath chloroplasts. High light treated leaves also had transiently increased ABA concentration 

and reduced capacity for stomatal conductance, indicating the potential crosstalk between high light 

response and ABA signaling. High temperature treated leaves showed increased grana swelling and 

chloroplast swelling in mesophyll chloroplasts only but increased plastoglobuli formation in both 

mesophyll and bundle sheath chloroplasts. The transcriptional response to high temperature was more 

transient and dynamic than that of high light. Further analysis of key pathways of interest revealed 

important differences in the response to these two abiotic stresses. There were also overlapping 

differentially expressed genes between high light and high temperature treatments, indicating some 

shared responses. We provide a systematic overview of high light and high temperature responses in S. 

viridis and identify potential targets to improve abiotic stress tolerance in C4 plants.   

 

C4 model plant 
Setaria viridis 

ME34

0h 4h2h1h

RNA-Seq, Pigment Analysis, ABA

Time points

High Temperature
40oC, 

250 μmol photons m-2 s-1

Control
Constant 31oC, 

250 μmol photons m-2 s-1

High Light
Constant 31oC, 

900 μmol photons m-2 s-1

0h 4h

Photosynthetic Parameters (LI-6800, MultispeQ) at 0, 4h
Ultrastructural Changes (TEM) at 4h

We characterized how C4 model plant S. viridis ME34 

responds to high light or high temperature at different levels. 

Leaf tissues from different treatments were harvested at 0, 1, 

2, and 4h time points for the analysis of RNA-Seq, pigments, 

and ABA levels. Photosynthetic parameters were measured 

using intact leaves at 0 and 4h time points, including gas 

exchange and chlorophyll fluorescence using LI-6800 and 

spectroscopic measurements using MultispeQ. TEM analysis 

was performed to investigate chloroplast ultrastructural 

changes in leaves after 4h different treatments. 
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Cyclic electron flow (CEF) around Photosystem I is vital to balancing the photosynthetic energy budget of 

cyanobacteria and other photosynthetic organisms. The coupling of CEF to proton pumping has long 

been hypothesized to occur, providing proton motive force (PMF) for the synthesis of ATP with no net 

cost to [NADPH]. This is thought to occur largely through the activity of NDH-1 complexes, of which 

cyanobacteria have four with different activities. While a much work has been done to understand the 

steady-state PMF in both the light and dark, and fluorescent probes have been developed to observe 

these fluxes in vivo, little has been done to understand the kinetics of these fluxes, particularly with 

regard to NDH-1 complexes. To monitor the kinetics of proton pumping in Synechocystis sp. PCC 6803, 

the pH sensitive dye Acridine Orange was used alongside a suite of inhibitors in order to observe light-

dependent proton pumping. The assay was demonstrated to measure photosynthetically driven proton 

pumping and used to measure the rates of proton pumping unimpeded by dark ΔpH. Here, the 

cyanobacterial NDH-1 complexes are shown to pump a sizable portion of proton flux when CEF-driven 

and LEF-driven proton pumping rates are observed and compared in mutants lacking some or all NDH-1 

complexes. It is also demonstrated that PSII and LEF are responsible for the bulk of light induced proton 

pumping, though CEF and NDH-1 are capable of generating ~40% of the proton pumping rate when LEF 

is inactivated. 

 
Figure 1: The components of photosynthetic electron transport, their electron transport routes (black arrows), 

their contributions to PMF, and the blocking of these contributions by the addition of either KCN or DCMU. Proton 

pumping by NDH-1 complexes was investigated. 
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Circular dichroism spectroscopy is a powerful tool for investigating excitonic states that arise as a 

result of interactions between strongly coupled pigments. These excitonic states play a central role 

in energy transfer, electron transfer, and charge separation processes. We previously reported the 

design of a shot-noise limited time-resolved CD spectrometer capable of measuring signals as low 

as 7e-7 OD (20 uDeg) at the nanosecond time scale, an improvement of two orders of magnitude 

over previous designs. This design allowed us to observe for the first time the transient CD 

dynamics of triplet states in the Fenna-Matthews-Olson (FMO) protein complex at room 

temperature. In this work we present a comparison of the CD dynamics in WT and a site 3 mutant 

(Y16F) of FMO. 

 

 
The transient change in absorption and CD of WT FMO at 825nm. The dCD dynamics have been scaled to fit on the 

same plot but are generally on the order of 1e-3 relative to dA. 
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Under environmental stress plants and algae employ a variety of strategies to avoid damage to the 

photosynthetic apparatus and maintain photosynthetic capacity. To date, most studies on stress 

acclimation have focused on model organisms possessing limited tolerance to elevated stress levels. We 

compared the long-term acclimatory capacities of a mesophilic alga (Chlamydomonas raudensis SAG 

49.72; SAG 49.72) and an Antarctic halotolerant psychrophile (Chlamydomonas sp. UWO 241; UWO 241) 

by monitoring photobiology, cyclic electron flow (CEF) and ROS defense in cultures acclimated to long-

term low temperature, high salinity or high light stress. SAG 49.72 responded to long-term stress by 

increasing chlorophyll a/b ratio and redistributing absorbed light energy from photosystem II (PSII) to 

photosystem I (PSI). In contrast, the psychrophile exhibited faster half times for P700
+ re-reduction under 

all treatments, suggesting high CEF rates. High CEF was accompanied by increased capacity for 

nonphotochemical quenching. Last, UWO 241 exhibited constitutively high activity of two key ascorbate 

cycle enzymes, ascorbate peroxidase and glutathione reductase, as well as a large ascorbate pool. Our 

results suggest that UWO 241 relies on high PSI-mediated CEF and ROS detoxification to protect the 

photosynthetic apparatus while minimizing energy expenditure on repairs. 

 

 

Long-term acclimation to multiple stressors (high light, low temperature, high salinity) in the Antarctic 

Chlamydomonas sp. UWO241 involves upregulation of PSI-driven cyclic electron transport. High salinity-grown 

cells assemble a Cyt b6f-PSI supercomplex to support sustained high CEF rates which are used to produce 

additional ATP and NPQ. Activity of two key enzymes of the Ascorbate-Glutathione pathway (AsA-GSH) are 

constitutively high under both stress and non-stress conditions. 
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In photosynthesis, solar energy capture to conversion occurs with a remarkable near-unity quantum 

efficiency despite thermally-driven protein fluctuations. These fluctuations are predicted to 

produce sub-optimal energy transfer rates and thereby decrease overall efficiency. Understanding 

how high efficiency is maintained despite these fluctuations is a requisite for identifying 

fundamental design principles for robust light-harvesting devices. Furthermore, the knowledge of 

the distribution of energy transfer rates arising from protein fluctuations is crucial to understanding 

the high efficiency in photosynthetic organisms. Herein, we report the further development of a 

novel technique, single-molecule pump-probe spectroscopy, which utilizes a pump-probe like 

excitation into a confocal microscope to report femto- to picosecond dynamics into the 

fluorescence emission of single molecules. This technique directly measures the distribution of 

energy transfer rates of single molecules, uncovering the variation in rates that underlies the high 

quantum efficiency of photosynthetic light harvesting.  Specifically, our home-built apparatus 

reveals the distribution of ultrafast dynamics in two individual photosynthetic light-harvesting 

subunits from cyanobacteria, allophycocyanin and c-phycocyanin. Broad distributions of energetic 

relaxation timescales were observed for both subunits and previous single-molecule experiments 

help to disentangle the contributions from vibrational relaxation and excitation energy transfer. 

Taken together, these results suggest that the heterogeneous protein environment has little impact 

on the timescales of energy transfer, a prerequisite for efficient light harvesting. 

 
Single-molecule pump-probe spectroscopy: (A) A simplified schematic of our experiment which uses a two-pulse 

excitation combined with a confocal microscope to study ultrafast energy transfer in photosynthetic proteins. (B) A 

representative trace of our ultrafast experiment. (C) The resulting distribution of energy transfer rates from 

multiple single protein complexes for allophycocyanin. 
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While all phototrophic organisms harbor membrane systems in which photosynthetic machinery is 

localized, the morphology and cellular placement of these structures varies dramatically. We have begun 

the elucidation of factors responsible for the formation and spatiotemporal localization of distinct ICM 

morphologies in the purple nonsulfur bacterium Rba. sphaeroides (Fig. 1). A genomic deletion was 

constructed in the putative orthologue of mic60 (RSP_6207), since the Mic60 protein of mitochondria 

forms part of the mitochondrial contact site and cristae organizing system (MICOS). An overexpressor 

strain has also been constructed to examine effects of a second RSP_6207 copy, along with C-terminal 

3хFLAG- and YFP-tagged Rsp_6207 strains in a search for interacting proteins and to determine the cellular 

localization of the putative Mic60, respect-ively. While no growth phenotype has yet been established for 

the RSP_6207 strain under photosynthetic or semi-aerobic conditions, RSP_6207 expression has been 

shown in proteomic studies to be confined to phototrophic growth (Callister et al., J. Microbiol. Methods 

67:424-436, 2006). Co-immunoprecipitation of anti-FLAG tagged Rsp_6207 has established the identity of 

the FLAG-tagged protein and revealed a major low mol. wt. interaction partner, now undergoing 

identification by mass spectrometry. We have also constructed a bacterial dynamin-like protein (BDLP)) 

double-deletion mutant ( RSP_3727, RSP_3725), since RSP_ 3727 encodes a putative BDLP chain A, while 

RSP_3725 encodes a B-type chain, which together are expected to form a heterooligomeric BDLP complex 

that has been shown to induce bilayer curvature and catalyze membrane fusion and fission in 

cyanobacteria. While RSP_3727, RSP_3725 FLAG and YFP tagged strains have also been constructed, we 

have yet to express these modified proteins. It is hoped that significant new information will arise from 

these studies that will aid in elucidating the mechanisms underlying ICM formation, in order that these 

processes can be engineered for optimizing photosynthetic efficiency, and by incorporating this new 

knowledge, capitalize on the elegant energy machinery already evolved by phototrophic organisms. 

 
Fig. 1. Different morphologies assumed by intracytoplasmic membranes of purple nonsulfur bacteria 

(adapted from LaSarre et al., mBio 9:e00780-18, 2018) 
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Climate change and the exponential increase in human population are likely to expand the 

demands for food production. Therefore, efforts to optimize plant growth and yield are needed. 

Numerous studies have shown that the use of antioxidants can improve plant growth and enhance 

photosynthesis in several plant species. Here we demonstrate that the use of a small archaeal antioxidant 

can improve biomass accumulation and leaf area of Arabidopsis thaliana in over 10% under normal 

conditions. We hypothesize that the application of this antioxidant boosts plant growth via optimization 

of photosynthesis. Our objective is to characterize chlorophyll fluorescence kinetics on plants treated with 

the archaeal antioxidant. Preliminary data indicate that this antioxidant can increase photosynthetic 

efficiency and decrease dissipation of energy in comparison to the control plants. Our future directions 

include expanding the scope of the project by including gas exchange analysis, other plant species, and 

investigating the effects of antioxidants in plants in the presence of stress. Our study reinforces the 

beneficial uses of antioxidants on plants and provides a novel use for a compound that is small and achiral, 

therefore, cost-effective. 
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In photosystem I from higher plants, cyanobacteria, and algae, a phylloquinone (PhQ; 2-methyl-3-phytyl-
1,4 naphthoquinone) molecule functions as the secondary electron acceptor in the so-called A1 binding 
site. In cyanobacteria, genes encoded for PhQ biosynthesis can be interrupted/deleted; in menB- mutant 
PSI protein complex, a plastoquinone (PQ; 2,3-dimethyl-5-prenyl-l,4-benzoquinone) molecule occupies 
the A1 site. FTIR spectra obtained by using the menB- mutant PSI complex with PQ and PhQ incorporated 
are available.  

We calculated vibrational frequencies of reduced PQ (PQ-) by employing a two-layer ONIOM molecular 
model. The ONIOM method is a type of QM/MM that allows for the inclusion of a more distant 
environment in addition to pigment-protein interaction in calculations.  Calculated frequencies agree 
with FTIR obtained bands for PQ- hosting in the A1 binding site. 

On the other hand, PQ is a native secondary electron acceptor in the QA binding site in photosystem II 
(PSII); experimentally observed high-frequency bands of PQ- in two binding sites are different ~10 cm-1; 
thus, the significant environmental factors that may lead to differences in the observed bands in two 
binding sites were compared. 
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MECHANISMS IN CYANOBACTERIA  

 

María Santos-Merino,1 Annika Röttig,2 Geoffry A. Davis,1 David M. Kramer,1,3 Thomas Bibby,2 Daniel C. 

Ducat,1,3 

 
1MSU-DOE Plant Research Laboratory, Michigan State University, East Lansing, MI, United States; 
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Kingdom; 3Department of Biochemistry and Molecular Biology, Michigan State University, East Lansing, 

MI, United States. 

Maximizing photosynthetic efficiency is a grand challenge goal for engineering cyanobacteria for 
bioproduction applications. Cyanobacteria protect themselves under high light and/or fluctuating 
light conditions via dissipative mechanisms that inherently reduce photosynthetic efficiency. Among 
them, respiratory terminal oxidases (RTOs) and flavodiiron proteins (FDPs) dissipate a large 
proportion of excess light energy. Research across multiple cyanobacterial species suggests 
significant increases in photosynthetic efficiency output can be achieved by engineering metabolic 
sink capacity. Here, we examine if heterologous engineered pathways (sucrose production and/or 
cytochrome P450 enzymes) can be used to partially replace these endogenous protective 
mechanisms, instead conserving captured energy in “useful” metabolic pathways. To explore this 
hypothesis, we inhibited FDPs and RTO activity in Synechococcus elongatus PCC 7942, then 
introduced heterologous pathways that can act as carbon or electron sinks (sucrose export and/or 
cytochrome P450s, respectively). We observe additive photosynthetic improvements after activating 
both sinks, indicating that neither sink alone is capable of utilizing the full “over-potential” of the 
electron transport chain. However, there are indications of diminishing returns with additional sinks 
and competition between two heterologous sinks. Activation of both sinks has an additive effect on 
electron transport rate, PSII quantum efficiency, and PSI oxidation status. Furthermore, heterologous 
sinks partially compensate for the loss of FDPs under dynamic fluctuating light. Taken together, our 
results suggest the activity of heterologous sinks may be enhanced by the removal of endogenous 
photoprotective mechanisms, effectively conserving energy within useful metabolic products that 
might otherwise be “lost”.  

 
Electron transport chain of cyanobacteria was modified by removing photoprotective mechanisms (flavodiiron 

proteins; FDPs) and adding two heterologous sinks (sucrose and cytochrome P450). As a consequence, an increase 

in photosynthetic efficiency was detected, accompanied by an improvement in sucrose production. The effective 

removal by these two heterologous sinks provided some benefits in the protection of photosystems (e.g., PSI) 

against fluctuating light. 
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When exposed to excess light photosynthetic organisms employ various photoprotective strategies, one 

of which dissipates energy as heat in a process called non-photochemical quenching (NPQ). Improving 

plants’ ability to rapidly match the level of NPQ needed for a given incident light intensity can improve 

crop yields. In order to resolve the distinct NPQ components (i.e. qE, qZ, qI), time-correlated single photon 

counting (TCSPC) measurements were performed on a series of Arabidopsis thaliana mutants during 

periodic actinic light exposure. With successive periods of light and dark, TCSPC measurements can reveal 

the distinct immediate response to fluctuating light as well as longer-term patterns. Comparisons of PsbS-

affected mutants suggest that PsbS is necessary for rapidly-reversible quenching and modulates the 

overall magnitude of NPQ. The de-epoxidized carotenoids zeaxanthin or lutein are necessary for rapidly-

reversible quenching but do not influence the extent to which NPQ turns off in the dark. Overexpression 

of lutein in the absence of zeaxanthin can enable WT-levels of NPQ as well as faster induction of quenching 

and recovery, likely because it already occupies the putative quenching site in LHCII. Using the data, an 

empirical mathematical model was constructed to demonstrate how short timescale rapidly-reversible 

quenching and longer timescale quenching combine to produce the overall quenching response. We 

further identify two parameters in our model that predominately influence the recovery amplitude, which 

may be a useful target for enhancing biomass yields under field conditions. 

 

 

 
Fluorescence lifetime measurements on intact A. thaliana leaves exposed to 10 repeating cycles of high light and 

dark were used to dissect the roles of the pH-sensing PsbS protein and the carotenoids zeaxanthin and lutein in 

nonphotochemical quenching. Based on the experimental results, a simple kinetic model was constructed to include 

the simultaneous action of fast and slow quenching responses and thereby predict the plant’s response under 

fluctuating light conditions. 
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Masahiko Taniguchi and Jonathan S. Lindsey  
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We recently completed the compilation of a digital database of absorption and fluorescence spectra 
of native photosynthetic tetrapyrroles and analogues.  The database was assembled by digitizing 
spectra spread across the vast literature of the photosciences.  The database contains 305 absorption 
spectra and 72 fluorescence spectra along with solvent information, references to the source 
documents, the molar absorption coefficient (e) and, where available, the fluorescence quantum 
yield (Ff).  The database encompasses tetrapyrroles of photosynthetic relevance where the 
chromophore is a porphyrin (e.g., chlorophyll c1, protochlorophyll a), a chlorin (e.g., chlorophyll a, 
bacteriochlorophyll c), or a bacteriochlorin (e.g., bacteriochlorophyll a).  All spectra are available in 
print form in the Supporting Information of a recent publication (Photochemistry and Photobiology, 
https://doi.org/10.1111/php.13319) and in the database at the website www.photochemcad.com; 
the data can be freely downloaded in digital form for further use. 
 
Assembling the database encountered two major challenges – (1) finding spectra in the literature and 
(2) digitizing overlaid print spectra along with baseline corrections in the majority of cases – often 
tiny, sometimes significant.  Spectral data are essential for calculations in the photosciences and are 
valuable for diverse evaluations.  In this regard, there are many lacunae in the photosynthetic 
sciences that should be filled.  We would like for the database to grow over time, hence we welcome 
input concerning available spectra and parameters that could be incorporated in the existing 
database or even new databases – such as fluorescence data for bacteriochlorophylls, spectra of 
other tetrapyrroles, spectra of pigment-protein complexes, spectra of whole cells, etc.  This work is 
supported by a grant from the Chemical Sciences, Geosciences and Biosciences Division, Office of 
Basic Energy Sciences, of the U. S. Department of Energy (DE-FG02-05ER15661). 
 

 
 
Figure 1.  Representative spectra from the database.  The database includes 305 absorption spectra, 72 fluorescence 
spectra, values for e and Ff (where available), solvent information, and ~500 literature references.    

mailto:mtanigu@ncsu.edu
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1Department of Biology, Washington University, St. Louis, MO – plwalker@wustl.edu 

 

The model cyanobacterium Synechococcus elongatus PCC 7942 and its closest relative Synechococcus 
elongatus UTEX 2973 are genetically very similar yet have drastic differences in their light tolerance. One 
important factor that is responsible for the high light tolerance is the increased efficiency of the 
photosynthetic electron transport chain in UTEX 2973 produced by different alleles 
of atpA and ppnK [1]. With a total of 55 genetic differences between the two strains, we wanted to 
know what other alleles contribute to the high light tolerance of UTEX 2973. Here we report on a 
screening of single nucleotide polymorphisms (SNPs) that identified a single unknown locus, 
M744_3855, which plays an important role in high light tolerance. M744_3855, hereafter High light 
tolerant A (HltA) is a 462 amino-acid-long protein that contains a SNP at C35R that drastically effects the 
high light tolerance of Synechococcus elongatus. Analysis of HltA revealed that the C-terminal domain is 
homologous to the PP2C family of phosphatases. The PP2C family belongs to the 
manganese/magnesium ion (Mn2+/Mg2+) dependent phosphatases (PPMs), which are involved in signal 
regulation by reversing the action of protein kinases [2]. Cyanobacteria have been found to contain 
many PPM homologs, indicating that reversible protein phosphorylation may play an important role in 
stress response and regulation [3]. Phylogenetic analysis showed that homologs of HltA are present in 
most cyanobacterial strains although are not found in plants or algae. In addition, purified HltA was 
assayed for phosphatase activity, measured by the release of phosphate from phosphorylated synthetic 
peptide under various conditions. Results confirmed HltA is a functional PPM phosphatase, distinguished 
by its Mg2+ and Mn2+ dependence. Further studies to identify the function and protein targets of HltA 
will elucidate the molecular mechanisms underlying high light tolerance in UTEX 2973. 
 

1. Ungerer, J., et al., Adjustments to Photosystem Stoichiometry and Electron Transfer Proteins Are 
Key to the Remarkably Fast Growth of the Cyanobacterium Synechococcus elongatus UTEX  

2. Shi, Y., Serine/threonine phosphatases: mechanism through structure. Cell, 2009. 139(3): p. 468- 
84.  

3. Zhang, C.C., et al., Protein phosphorylation on Ser, Thr and Tyr residues in cyanobacteria. 
Journal of Molecular Microbiology and Biotechnology, 2005. 9(3-4): p. 154-166. 2973. MBio, 
2018. 9(1). 

This work is funded by the US Department of Energy, Basic Energy Sciences to HBP, and the Bayer 
Graduate Student Fellowship.  
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The NADPH Dehydrogenase Type 1 (NDH-1) complexes in cyanobacteria are involved in the CO2 

concentrating mechanism (CCM), a process which allows cells to provide sufficient amounts of inorganic 

carbon (Ci) to Rubisco in low Ci conditions. These complexes possess subunits specially designed for high 

or low affinity CO2 uptake, CupA and CupB. Deletion of either gene impairs cell growth and CO2 uptake 

with respect to Ci. While a structure for CupA and the associated NDH-1 complex has recently been 

resolved, the mechanism by which this protein functions remains unknown. In order to elucidate this 

mechanism, a mutagenesis system for Synechococcus elongatus PCC 7942 has been developed in order 

to create and analyze site-directed mutations in CupB. 

 

 
NDH-1 is an energy conversion complex the subunits of which can be classified in one of three ways. Electron 

transfer associated proteins, proton pumping associated proteins, and CO2 uptake associated proteins. Using these 

classifications, we can see that NDH-1 is primarily an energy conversion complex that uses energy from redox 

reactions to pump protons across the thylakoid membrane.  
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Rhodobacter sphaeroides reaction centers have been previously coupled to electrodes to generate light-

dependent current.  However, reported efficiencies were very low, hovering around 1-2%.  Previously, 

we examined graphene oxide as a substrate amenable to crosslinking as well as non-covalent 

interactions of his-tagged purified reaction centers.  Very low levels of illumination (<1 µW/cm2) of this 

system resulted in similar magnitude of current as compared to light input several orders of magnitude, 

resulting in high quantum efficiency. 

Graphene oxide is a single atom thick layer of aromatic carbon that has been oxidized to include 

functional groups required for covalent attachment of proteins.  Capacitance of graphene oxide results 

in a delay of observed current followed by a rapid discharge.  Unexpectedly, we also observe a 

recombination of charge resulting in equal but opposite current generated.  Electrochemical Impedance 

Spectroscopy to understand electrochemical behavior and our initial data is presented here. 

 

 

 

 

 

 

 

 

 

 

 
Rhodobacter sphaeroides reaction centers on graphene oxide electrodes.  

 

  

Glassy Carbon Electrode 

Graphene oxide 
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