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1. Introduction
Pump-Probe spectroscopy & the introduction 

of Joliot-type spectrophotometry
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Pump-Probe spectroscopy

Pump Beam

Sample

Used for measuring 
changes in electronic 
state of photo-initiated 
reactions.

Typically used to 
measure rates ranging  
from 1012 - 106 s-1.
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Pump-Probe spectroscopy

Pump Beam

Sample

Pro
be B

eam

Detector

Used for measuring changes in 
electronic state of photo-
initiated reactions.

Typically used to measure rates 
ranging  from 1012 - 106 s-1.

I

t
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What is Joliot-Type
Spectrophotometry?

• Leaves are highly 
absorbent, highly 
scattering and 
photochemically active.

• Difficult to get light 
through (requires high 
light) and easy to cause 
light-based artifacts in 
photosynthetic 
machinery (requires low 
light).
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What is Joliot-Type
Spectrophotometry?

• Leaves are highly 
absorbent, highly 
scattering and 
photochemically active.

• Joliot’s solution: a 
spectrometer to controls 
both intensity and 
duration of light.

• Also, optics that account 
for scatter.
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2. Technical 
requirements

Development of the JTS-100 & JTS-150
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JTS-10 Strengths: optical bench
• Outstanding S/N ratio

• Robust optics

• Highly configurable

• Capable of Abs. and 
Fluo. measurements
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Minimal sample to 
detector distance and large 
area diode 

Illuminated
Sample (30mm2)

Exit of light
guide

Detector
(324mm2

)

6-9
mm

JTS spectrometers
• Large illuminated area
• Pump and Probe intersect 

same large area.
• Very large detector.
• Much scattered signal is still 

detected.

Standard Pump-Probe
• Small diode optimized for 

ultrafast detection.
• Large sample-detector 

separation.
• Small area in pump beam.
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Optical Bench: Dual beam advantages and scatter 
correction

Detection
Source

Reference
Channel

Measure
Channel

Adjustable
Diaphragm

Split beam and diaphragm 
allow correction of small 
pulse-to-pulse variations and 
zeroing Abs at T0.
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Introducing a secondary actinic source
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JTS-10 Limitations: Controller and 
Detectors

• Not current 
controlled

• Recovery from 
saturation slow

• Single measurement 
per experiment

• Adding LEDs 
requires custom 
design/engineering

• Hard to balance

I

time
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Redesigned 
Controller:

• UI served by 

integrated SBC

• System events 
at 0.1us FPGA

• Up to 3 ADCs

• Independent 
programmable 
current and 
voltage control

To SBC
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Solved 
balance issue 
with 18b 
ADCs
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Baseline 
corrections 
of during 
actinic period
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3a. Current 
applications

a) Background on supported PS measurements

b) Current supported PS measurements

c) Simultaneous measurements of all PS e-
transfers
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Photosynthesis: linear e- flow 
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Selective excitation of PSI w/ long 
wavelengths

= 720nm actinic

= 630nm actinic
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Photosynthesis: the Z-Scheme
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PS is the source of solar energy 
conversion for the biosphere
• PS converts solar 

energy at average rate 
of 156TW

• PS is major part of 
biogeochemical cycles 
for C,N,O

• To improve PS 
efficiency, we double 
the natural amount of 
nitrogen fixed by nature 

Sherman, B. D.; Vaughn, M. D.; Bergkamp, J. J.; Gust, D.; Moore, A. L.; 
Moore, T. A. Evolution of Reaction Center Mimics to Systems Capable of 
Generating Solar Fuel. Photosynth Res 2014, 120 (1–2), 59–70.
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Current 
Applications: 

Photosynthesis

Sherman, B. D.; Vaughn, M. D.; Bergkamp, J. J.; 
Gust, D.; Moore, A. L.; Moore, T. A. Evolution of 
Reaction Center Mimics to Systems Capable of 
Generating Solar Fuel. Photosynth Res 2014, 120
(1–2), 59–70.
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Photosynthetic 
Rates span 14 

orders of 
magnitude

Noy, D.; Moser, C. C.; Dutton, P. L. Design and 
Engineering of Photosynthetic Light-Harvesting and 
Electron Transfer Using Length, Time, and Energy 
Scales. Biochimica et Biophysica Acta (BBA) -
Bioenergetics 2006, 1757 (2), 90–105.



||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Photosynthetic 
Rates span 14 

orders of 
magnitude

Noy, D.; Moser, C. C.; Dutton, P. L. Design and 
Engineering of Photosynthetic Light-Harvesting and 
Electron Transfer Using Length, Time, and Energy 
Scales. Biochimica et Biophysica Acta (BBA) -
Bioenergetics 2006, 1757 (2), 90–105.
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Rates span many orders of 
magnitude

Excitation Energy 
Transfers ~1013-1014 s-

1

Internal electron 
transfers ~1010-106 s-1

Diffusion limited 
electron transfers 
~106-104 s-1
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Diffusion limits overall rate
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3b. Current 
applications

a) Background on supported PS measurements

b) Current supported PS measurements

c) Simultaneous measurements of all PS e-
transfers
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Baker, N. R. Chlorophyll Fluorescence: A Probe of Photosynthesis In Vivo. Annu. Rev. Plant Biol. 2008, 59 (1), 89–113. 
https://doi.org/10.1146/annurev.arplant.59.032607.092759.

https://doi.org/10.1146/annurev.arplant.59.032607.092759
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Basis of 
Electrochromic 
Bandshift
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Application 
examples: 
Electrochrom
ic shift

Bailleul, B.; Cardol, P.; Breyton, C.; Finazzi, G. 
Electrochromism: A Useful Probe to Study 
Algal Photosynthesis. Photosynth Res 2010, 
106 (1–2), 179–189. 
https://doi.org/10.1007/s11120-010-9579-z.

https://doi.org/10.1007/s11120-010-9579-z
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Application 
examples: 
Electrochromi
c shift

Bailleul, B.; Cardol, P.; Breyton, C.; Finazzi, G. 
Electrochromism: A Useful Probe to Study 
Algal Photosynthesis. Photosynth Res 2010, 
106 (1–2), 179–189. 
https://doi.org/10.1007/s11120-010-9579-z.

https://doi.org/10.1007/s11120-010-9579-z
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Example JTS-100/150 data
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Thylakoid stacking 
rearrangements and ATPase 
activity via ECS
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P700+ and Plastocyanin
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Deconvolution of P700+ and 
Plastocyanin

46 5.4. PHOTOSYSTEM I (P700) AND PLASTOCYANIN

Figure 5.14: Deconvolut ion of Pc and P700+ . The dashed lines are the actual absorbance

spect ra of P700+ and Pc. The solid blue line is the sum of the P700+ and Pc spectra, and

represents the actual observable signal when both P700+ and Pc are present as in leaves or

algae. Examples of the correct ion methods are graphically displayed for the 705-740nm and

the 810-880nm measurements. The final values observed for these correct ion methods are

circled at the end of the graphical subt ract ion demonst rat ing the improvement made by the

correct ion method.

5.4.1 P700 and Plasocyanin at 705/ 740nm with PSI excitat ion

In this application note, we will first setup the optical bench for absorption measurements at 705 or 740nm.

Then choose (or write) a kinetic sequence to probe the state of P700/ P700+ based on the photobleaching

event at 700-730nm for P700+ . Next we will setup the detection intensity and balance out attenuation due to

scattering so that we can observe only changes due to photochemistry.

Setup the opt ical bench (705/ 740nm P700 kit )

Please refer to 2.1 on page 10 or 3.1 on page 14 for labeled diagrams fo the optical bench.

1. Place the 705/ 740nm v2 detection LED or the 700/ 735nm BiLED into the detection port and secure

with the nylon set screw.

2. Attach the DB-9 connetor to one of the 6 numbered ports on the JTS-100 (see figure 3.2 on page 14).

3. Place the appropriate interference filter into the source filter port on top of the optical bench near the

output of the detection port (705nm for P700 and 740nm for plastocyanin).
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Application example: Cyt b6f
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Application 
example:
Cyt b6f

The baseline correct ion equat ions are as follows:

Y 0
c = Yc − Ya

✓
c− d

a − d

◆

− Yd

✓
a − c

a − d

◆

= A563 − A546

✓
563 − 573

546 − 573

◆

− A573

✓
546 − 563

546 − 573

◆

Y 0
b = Yb − Ya

✓
b− d

a − d

◆

− Yd

✓
a − b

a − d

◆

= A554 − A546

✓
554− 573

546− 573

◆

− A573

✓
546 − 554

546 − 573

◆

Where:

The cytochrome f correct ion equat ion is:

Cytf = Y 0
b − 0.08⇥Y 0

c

The plastocyanin est imat ion is:

PC = Yd + 0.2⇥Y 0
b

1
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3c. Current 
applications

a) Background on supported PS measurements

b) Current supported PS measurements

c) Simultaneous measurements of all PS e-
transfers
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New applications: SmartLED

Fluo.:
450nm

ECS:
520nm
546nm

Cyt b&f:
546nm  554nm
564nm  573nm

PSI:
705nm
810nm

Pc:
573nm  735nm
880nm
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Smart-Lamp has multiple
detection channels

Smart switching board
functions separated 

from LEDs (General 
solution)

LED board with FETs 
for fast switching

Filter plate and miniature 
interference filters for fine-
tuning probe wavelengths
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Multiwavelength screenshots
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Multiwavelength screenshots
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Multiwavelength screenshots
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AEF is major focus of PS research

comprehensive, we chose to provide information on the whole spectrum of pathways that have 

been identified, studied and recently reported in the literature but we focus here only on the 

contribution of alternative pathways to the regulation of the light photosynthetic 

reactions. Figure 1 provides a ‘beginners guide’ to these pathways with the most salient points 

about the proteins involved and how they are currently recognized to function. Our purpose is 

to show how these pathways interconnect and we describe this as a bioprocess-engineering 

problem in Figure 2. Recent improvements in whole systems techniques are starting to help 

explain the redundancy and relatedness of these pathways (see Box 1). 

 

 
 

Figure 1. A set of I.D. cards for alternative electron transport pathways organized by their 

localization (pink background are mitochondrial and dark green in chloroplast thylakoids) 

describes the structure and functions of a group of the proteins and alternative 

pathways reported in this review and shown schematically in Figure 2. We invite the reader to 

explore the review(s) suggested for each of these pathways for a more complete overview 

[5,13,27,35,46,49,55,62,80,81 ]. Pale green cards are proteins that are conserved in the green 

lineage; the yellow cards have not been found in angiosperm chloroplasts while the orange 

card is absent from all algae and the gymnosperms, Gnetales and Pinaceae, sequencedto date. 

The blue cards show pathways. 

 

 

Figure 2. Process flow diagram of the biochemical reactions of photosynthetic eukaryotes. The 

simplified bioenergetics reactions of respiration are shown in the mitochondrion (pink shading) 

and the photosynthetic reactions along the thylakoid membrane (green strip) 

and chloroplast (green shading). Whereas the respiratory chain oxidizes NADH (blue) to 

Jean Alric, Xenie Johnson. Alternative electron transport pathways in photosynthesis: a confluence of 
regulation. Current Opinion in Plant Biology, Elsevier, 2017, 37, pp.78-86. 10.1016/j.pbi.2017.03.014 . 
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Connections between PS and AOX 
pathway

Zhang, L.; He, M.; Liu, J.; Li, L. Role of the Mitochondrial Alternative Oxidase Pathway in Hydrogen Photoproduction in Chlorella Protothecoides. 
Planta 2015, 241 (4), 1005–1014. https://doi.org/10.1007/s00425-014-2231-y.

https://doi.org/10.1007/s00425-014-2231-y
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Kromdijk, J.; Głowacka, K.; Leonelli, 
L.; Gabilly, S. T.; Iwai, M.; Niyogi, K. 
K.; Long, S. P. Improving 
Photosynthesis and Crop 
Productivity by Accelerating 
Recovery from Photoprotection. 
Science 2016, 354 (6314), 857–861. 
https://doi.org/10.1126/science.aai8
878.

https://doi.org/10.1126/science.aai8878
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Kromdijk, J.; Głowacka, K.; Leonelli, L.; Gabilly, S. T.; Iwai, M.; Niyogi, K. K.; Long, S. P. Improving Photosynthesis and Crop Productivity by 
Accelerating Recovery from Photoprotection. Science 2016, 354 (6314), 857–861. https://doi.org/10.1126/science.aai8878.

Fluorescence data of improved NPQ response

https://doi.org/10.1126/science.aai8878
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Fluorescence only 
informs about initial 
step and CO2 fixation 
about the last step

By Mike Jones - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=9504547

Cyclic vs. Linear
Elctron flow?

Donor side
Limitations
?

Acceptor side
Limitations?

Redox state 
of PQ pool?

Kinetic 
limitation
s at b6f?
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Thank you for your attention!

Questions?


