Chlorophyll a Fluorescence: a useful tool for
biological, agricultural and aquatic research
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Green Fluorescent Protein Pioneers Share 2008

Nobel Prize In Chemistry

ScienceDaily (Oct. 8, 2008) — The Royal Swedish
Academy of Sciences has awarded the Nobel Prize in
Chemistry for 2008 jointly to Osamu Shimomura, of the
Marine Biological Laboratory and Boston University
Medical School, Martin Chalfie of Columbia
University, and Roger Y. Tsien of the University of
California, San Diego "for the discovery and
development of the green fluorescent protein, GFP."

Glowing proteins — a guiding star for biochemistry

The remarkable brightly glowing green fluorescent
protein, GFP, was first observed in the beautiful
jellyfish, Aequorea victoria in 1962. Since then, this
protein has become one of the most important tools
used in contemporary bioscience. With the aid of GFP,
researchers have developed ways to watch processes
that were previously invisible, such as the development
of nerve cells in the brain or how cancer cells spread.

Tens of thousands of different proteins reside in a living
organism, controlling important chemical processes in
minute detail. If this protein machinery malfunctions,
illness and disease often follow. That is why it has been
imperative for bioscience to map the role of different
proteins in the body.

W

The green fluorescent protein GFP consists of
238 amino acids, linked together in a long
chain. This chain folds up into the shape of a
beer can. Inside the beer can structure the
amino acids 65, 66 and 67 form the chemical
group that absorbs UV and blue light, and
Sfluoresces green. (Credii: Image courtesy of
Nobel Foundation)



Singapore Polytechnic students
provide way for your plants to talk
to you Hopefully you’ll never kill
another plant!

Water melll

How might one provide plants with a
means to communicate their
needs to us? One way is to
‘teach’ plants ‘optical’ sign
language. Using genetic
engineering, transgenic plants
containing a green fluorescent
marker gene from a jellyfish have
been developed and our Biotech
students. These plants “light’ up
when subjected to dehydration
stress.

Transgenic plants emitting green fluorescence
to signal their dehvdrated state.
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Plant Fluorescence Sensor
Aerodyne Research, Inc., Billerica, MA

= H - Applications of immediate benefit to NASA, the USDA,
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- Publication: Kebabian, P.L., Theisen, A.F., Kallelis, S. and Freedman, A. (1998), A Passive
Two-Band Sensor for Sunlight-Excited Plant Fluorescence, Rev. Scien. Instrumen., in review.

Stennis Space Center
February 2000



Remote Sensing of Vegetation Fluorescence

The FLuorescence EXplorer bla (FLEX) mission proposes to launch a satellite for
the global monitoring of steady-state chlorophyll fluorescence in terrestrial vegetation

European Space Agency (http://www.esa.int/esalP/SEM2VSBESYE_index_0.html)



Airborne Remote Sensing
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Pseudo-colour mapping of the deviation of the Performance Index
relatively to the average Pl by tree species in the park Leopold, Brussels
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Using Chlorophyll Fluorescence Methods For Algae
Vitality Detection as Biological Defense System

e s R s 4 ﬂk'
http://daac.gsfc.nasa.qgov/oceancolor/scifocus/oceanColor/warming.shtml
http://oceancolor.gsfc.nasa.gov/
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Determining quality of fruit and berries and apparatus for sorting

Ripe bananas look blue in UV light, 22 Oct, 2008

(University of Innsbruck Prof. Bernhard Krautler)
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What is fluorescence ?

When light strikes chlorophyll molecules,

absorbed quantum rises an electron from a

ground state to an excited state. Upon
B L | orophy |l de-excitation to ground state, a
= small portion of the excitation energy is

dissipated as red fluorescence (690 nm).

Photon

= -
/
Ground State

Excited Btate



* Chlorophyll fluorescence 1s a re-emission of light energy
absorbed by chlorophyll molecules.

UNITS:
relative (r.u.)
arbitrary (a.u.)

mv
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;ﬂ luorescence Induction Analysis

Ei sample is dark adapted the PSII electron acceptor pmtrl is gradually re-oxidised to a point
B vhere all of the PSII reaction centres are capable ol undertaking photochemistry. Hlumination
;" ﬂ;}ﬂﬂqcez; a fast (approx. 1 s) polvphasic rise in fluorescence which is tollowed by a slow

a-t_ (Eippl"ﬂk 2 min) tluorescence decline to a steady state level of fluorescence. This induction
~ phenomena is often referred to as the Kautsky Curve.
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Kautsky and Hirsch (1931)

The reverse relation between Pn

and ChF



Continuous Excitation Systems.

“Optical filtering is used to separate the actinic light which illuminates the sample from the
fluoreseence signal. In such systems the sample must be shielded from ambient light to
prevent the red / far-red component of davlight interfering with the measurement.

Detector

Cut off Filter
Filter (>700nm)

E yi .
Leaf / T~ Leafclip

Sample




Dark Adapted State. Intermediate State. Light Saturated State.

All electron acceptors Some electron acceptors All electron acceptors reduced
fully oxidised & available Reduced by light & no longer by light & no longer available
to receive light energy. available for photochemistry. for photochemistry.

D L ( Oxidised
electron

acceptors

. Reduced |
electron
acceptors

Quenching State. Steady State.

Re-reduction of electron acceptors  Equilibrium is established between
occurs as energy proceeds to  energy input/ dissipation processes
photochemistry,  acceptors are  and photochemistry.

again available for photochemistry.
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The primary signal : the fluorescence curve (Strasser, 1995).

2000

1500 A

1000 A

! F3= Fst

500 A O

lFZ:FIOOus
IF1:7:50;15:7:0

Fluorescence (unités arbitraires)

0,01 01 100 1000

1 10
Temps (ms)



q electrons STROMA

; RRReeea00
[

II H %ynthase' fEE
HIH ]
Sl

4000 -
-
= P
L7 #]
=
9 %
o I
0 3000
13}
o 3
3} 5’ N
o J o
Pl (=]
c
= 2000
—
S
ﬁ -
-
-
=
o
o 1000
° ]
=
[}

10~°10~*103 1072 107" 10°
Time (sec)

A simplified interpretation of the
relationship between OJIP-transient
and electron acceptor pools of the
electron transport chain.



30 min 750 Wm-2

/

7

Srivastava A, Strasser RJ (1999) in: Crop Improvement for Food Security
(Behl RK et al. eds.) SSARM, HISAR, pp 60-71
(DHaldimann P, Strasser RJ (1999) Photosynthesis Research 62: 67-83
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Derived JIP-test parameters table

Technical parameters

Slope at the origin of the fluorescence rise Mo = (F3005Fo) 7 (Fn-Fo)
Relative variable fluorescence at 2 ms Vs = (Foms’Fo) 7 (Fi-Fo)

The specific fluxes (expressed per RC - reaction center)

Absorption, per RC ABS/RC = (Mo/V3) 7/ (A-Fo/F )
Trapping at time zero, per RC TRo/RC = Mo/ V5

Dissipation at time zero, per RC DIo/RC = (ABS/RC) - (TRo/ABS)
Electron transport at time zero, per RC ETo/RC = (Mo/V5) (1-V3y)

The phenomenological fluxes (expressed per CS - cross section of the leaf tissue)

Absorption, per CS ABS/CS = (TR,/ABS) / (ABS/CS)
Trapping at time zero, per CS TRo/CS = (TRo/ABS) (ABS/CS)
Dissipation at time zero, per CS DIo/CS = (ABS/CS) - (TRo/CS)
Electron transport at time zero, per CS ETo/CS = (Mo/V5) (1-V3y)

The yields (or fluxes ratios)

= TRo/ABS = -
Maximum quantum yield of primary photochemistry Ppo o/ (FuFo)/ Fu

Probability that a traped exciton moves an electron further than p =ETo/TRo= 1-V;

o

Q4

Probability that an absorbed photon moves an electron further  @g= @y, ¥, = (TRo/ABS) (ETo/TRo)

than Q4 = ETo/ABS = (1-Fo/Fp) (1-Vy)
Vitality Indexes

Density RCs per chlorophyll RC/ABS

Conformation term for primary photochemistry (opo/(1 - @po)) = TRo/DIo = Fy/Fy

Conformation term for the thermal reactions (non light

depending reactions) (¥, /(1 -%,) = ETo/(dQ,/dty)

P Ind.
erformance Index PL s = [RC/ABS] [pp, /(1 - 9p] [¥, /(1 - ¥, ]
Driving force on a chlorophyll basis AF 455 = log [PT \gs]




10 RC/ABS 0
SF1, s ‘I"o
DIo/CSM Pro
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DIo/RC ETo/RC TRORC



Fluorescence JIP-Test parameters map

R ef. 0721
0301
alfatest20-11 9252
Ref 8202
alfatest20-12 7153
6103
R ef.
5054
alfatest20-13 4004
Ref 2955
1905
alfatest20-14
0856
Rel 9806
alfatest20-15 8757
Ret 71707
6658
alfatest20-16 4;
5608
Ref. Il 4559
alfatest20-17 " 3509
Ret 2460
S
alfatest20-18
1'.."" 0361
Ref. 9311
alfatest20-19 8262
- ne
ef.
6163
alfatest20-20
5113
R ef.
4064

Fl Fm Fv /Fo Vj Vi dV /dto dV G /dto Kn K p Sum K



control plants

ABS/RC ABS/CS

O HOQO

A
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2 XJPPIPDIPS

per reaction centre per cross section

Mg deficient plants

ABS/RC ABS/CS

DIo/CS

per reaction centre per cross section



SPIRODELA OLIGORRHIZA



THE USE OF PSII ACTIVITY OF SPIRODELA OLIGORRHIZA PLANTS AS AN
INDICATORE FOR WATER TOXCITY

Z. Romanowska-Duda, M. Hazem Kalaji, Reto J. Strasser

Photosynthesis: Fundamental Aspects to Global Perspectives, 2005, International Society
of Photosynthesis

The effect of different toxic extracts on several sites of the
PSIl of Spirodela oligorrhiza water plants was studied.
Plants were grown for 6 days in a medium with two
microcystins extracted from blue-green algae (MC-RR=MC-
LR and MC-RR<MC-LR) of the following concentrations: O,
5,10, 25, 50, and 100 pg/l.

Each microcystin is designated a name depending on the
variable amino acids which complete their structure. The
most common and toxic microcystin-LR contains the amino
acids Leucine (L) and Arginine (R) in variable positions.



Toxins

Spirodela oligorrhiza without (0) and Spirodela oligorrhiza with toxins:
with toxin MC-LR (T) MC-RR and MC-LR



Fv/Fm

0,84
0,82 -

0,8 -
0,78 -
0,76 -
0,74 -
0,72 -

0,7 -
0,68 - I
0,66 -
0,64 -

0 100 100
Control RR=LR RR<LR

Concentration of toxins (ug/l)




i

Olo/CS5o

FHI[Do) PHIPo)

Pl
[e=a] PSlo

Plabs ETa/RLC

RC/C S0
FHI[Ea)

ETo/C 50

Control 25 ug L 100 pg L




JIP-Test technique as biosensor for early detection of heavy
metals effects on water plants (Spirodela oligorrhiza)

Hazem M. Kalaji, Z. Romanowska-Duda, Reto J. Strasser

BIOLOGICAL LETT. 2005, 42(2): 191

Spirodela oligorrhiza plants were grown under
optimal conditions on a growth medium with or
without the addition of heavy metals (Cu,Pb)

lons during 24 hours to growth medium in the
range from 0 to 10 ppm



Heavy metals

Spirodela oligorrhiza with different Spirodela oligorrhiza with different
concentrations of Cd concentrations of Cu
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A. Abiad Tf(max)| Area | PHI{Pe) | N kn | Kp | ABS/RC | TRo/RC | ETo/RC | DIe/RC | Pliabs) | Plicso)
Control 280.00[37966.00]  079] s418] o058 213 248 1.95) 1.3 053] 2047] 757520
LowTemp. | 18000[23074.00]  074] 3721 o058 162 2.79 206 088 074 752] 342821

i 1000 201000 047 248 1.25] 026 8.25 141 0.0 .84 0.4 9250
LowPAR | 24000[27327.00]  ©078] 3938 055 196 262 208 115 058 17.30]  A801.14
HighPAR | 180.00[24297.00] 078 3989 o059 181 2.73 210 1.0 0.68 10.40[ 421183
NaCl og0.00[37520.00]  o78] 5133 o058 192 250 1.94] 111 0.56]  18.67] 757982

230 400l oot 267 187 om] 35712 200 067 35512 0.00 0.05
+Pb 270.00[28966.00]  076] 4997 063 204 2.74 208 118 065 15.24] 570025
Ca s00.00[32216.00]  076] s471] 064 209 264 202 113 062 1556 569533
5 300.00[33335.00]  076] 5719 064 199 2,63 203 114 0.65] 14.78] 5631.14
Mg a00.00[32002.00]  ©076] 5498 065 202 266 202[ 109 064 13.70] 513649
X 24000[27417.00]  078] 4652 081 185 2.78 209 104 .63 10.78] 437843
N 280.00[33377.00]  077] 5139 o060 202 256 197 1.07 053] 1558] 593598
P a00.00[31029.00]  o076] 5403 063 197 2.78 211 108 067 11.91] 458504
Fe 700.00[33326.00]  o076] 5728 o068 200 266 20 107 065 13.16] 487425

A Aswad Ti(max) |Area [PHI(Po) kn [kp ABS/RC [TRo/RC [ETo/RC [DI/RC [Piabs) [Pl(cso)
Control 280.00[36384.00]  ©078] 5699 062 220 2,52 1.96]  1.12 055 18.68]  6R14.07
LowTepm. | 28000[34961.00] 076 5351 060 191 255 1.94] 0.9 061 12.22] 486388
High Temp. | 280.00[35779.00]  o078] 116 057 198 250 1.94]  1.09 0.56] 1767] 692766
LowPAR | 40000[25449.00]  073] 4423 062 171 281 206 113 078 11.92] 511484
HighPAR | 290.00[34503.00]  076] 5493 063 195 2.54 192 1.00 .62 13.12] 508951
+NaCl 240.00[31018.00]  077] 4813 059 201 262 202[ 110 0.60]  1545] 533165

D#ed | 10 200 ooo]  oss] s3] oo 27210 133  ooo] 27077 000 0.00
+Pb 27000[19955.00]  078]  4031] 067 197 3.01 225 108 076 906 342585
Ca 25000[23991.00] 075 4684 083 204 2,62 210 106 071 10.57]  3866.94
5 270.00[25633.00]  078] 4622 066 193 2.75 208 1.01 070 1040[ 402406
Mg 2090.00[22510.00]  0.73] 4367 067 186 2.88 o1 107 076 9.75] 384241
X 24000[23338.00]  o076] 37| oe1] 196 2.60 1.98]  0.96 .62 1160] 451178
N 260.00[32456.00]  ©076] 5103 053] 1.0 268 208 117 .63 16.12] 649584
P 29000[28513.00]  076] 4639 0A1] 194 268 205 103 064 12.16] 478081
Fe s0000[19433.00]  o074] 38 o0ee] 1.9 2.73 203 095 070 9.33] 3653 Te




ldent, Area |PHIPo)| N Kn | Kp | ABS/RC |TRo/RC|ETo/RC| DIo/RC | Pl{abs) | Plicso)
Control 280] 34943] 07771 450091] 05184] 18072] 24846] 19308] 1261] 05538] 264151] 11358.493
Low Temp. s00| 24238] 07331 422087] 0.5908] 16473] 29041] 24129] 13172] 07751] 15.3432] 6E27.724
High temp. g00| 28298 04168] 1474415] 0.8945] 06392] 58254] 2428] 13808] 33974 16177] 10547404
Low PAR 400] 21593] 0.7087] 46.5002[ 0.6532] 1588] 32969 23365 1.3374] 0.9604] 9.8773] 4405 2758
High PAR 500] 14088 04346] 145 0563] 16779 1.2895] 6.1357] 26666] 15237] 34691 16698 5627226
NaCl 190] 3028] 0191] 21.4113] 07402l 0.1747] 94177] 17986] 076] 76189 0.1833] 2003469
+Cd 29 3] o007 6| 3.5714] 0.0257| 563.3803 4 7| 559.3803] 0.0001]  0.0278
+Pb 280] 24034 0.7297] 47.1263] 0.5889] 15897] 5.3294] 24295) 15785] 0.8999] 13.6803] 6279.2577
Ca oa0| 10741 05237] 545661] 1.0515] 1.156] 48309] 25208) 08432] 2301 11375 5152875
5 oa0| 30034 0.7408] 52287] 06313 18018]  27577] 20421] 12983]  0.7156] 17.9506] 7377 6966
Mg 60| 15343 06545] 431603 08511 1612] 33051) 29632] 11281] 11419] 6246 2535876
I 300 5550] 03223 510335) 1.938] 05417]  s074] 26023) 08921] 54717 03072] 182784
N s00] 17891] 0.5934] 626154 0.7716]) 1.1259] 45355) 26914] 13546] 18441]  326] 171802
P 280] 30346] 0.7306] 57.1547] 0.6477) 17561 29079] 21245) 13089] 0.7834] 14 9641] 6225 0656
Fe 280] 15122 06238] 478492] 0.7937] 1316]  3987] 24871] 12657] 14999] 43097] 2042 7978
dent, Ti(max) |Area [PHIPo) [N kn  [Kp  [aBS/RC [TRoRC [ETwrC [DIiRC [Piabs) [Pi(cso)

Control o80] 34623] 07812] 441621 05198 168555]  2454] 19171 12118] 05369] 24 9952] 10522 979
Low Temp. 90| 29471] 0.7442] 44 7572] 05608 1.6574]  26652] 19834] 12422] 06818] 15.2003] 62123447
high Temp. 500] 10402] 0.2459] 90.7406] 0.8688] 02833 100395] 246a7) 13521] 75708] 03932 a41.2976
Low PAR 00| e002] 0.304] 327747 06711 02932] w371 24737) 12267] 56634 05208 5494026
High PAR 70| 34798 0.7605] 49.139] 0.5358) 1.7012] 26348] 20038 1284]  0631] 20.1499] 50070053
NaCl 600| 22560] 0.7037] 5121 07776 18471] 29193] 20543 1135]  0.865] 10.0454] 38272974
+Pb 230 6448] 0.3936] 35.8454] 08446 05482]  71314] 28068] 13734] 4.3245] 08719 626.0242
-Ca 200 4733 05825] 354467 1.7182] 2397] 43585) 253m8) 089s7] 18197 17541] 4262463
5 oa0| 30407] 0.7013] 7105220 0.7215] 1694] 32387] 22713 14441] 09674] 126551] 5239.2114
Mg 280 4580] 04186] 517342] 1.8938] 13634] 59636] 24964] 09941] 34672] 07988 2452316
K 260 2573 0.2573] 72.1261] 2.4272] 08408 115483] 29714] 10091] 5769 0.1542] 47.1852
N 400[ 30533] 07| e27m14] 06579] 15351] 3.1214] 2185 1.3842] 0.9364] 12.9209] 5891 9304
P 70| 25655] 0.7184] 514319] 0.6e09] 16865] 3.0334] 21792] 13071] 08542] 12 6073] 53707098
Fe 240 1427 0.1972] 38.1039] 2.2936] 05635] 11645 22964] 08545] 93486] 0125] 4375




Stress ldentifying

IF:
Tf(max) 280 - 294 Tf(max) 290 - 299
Area > 37968.00 Area 37968.00
PHI(Po) 0.79-0.77 PHI(Po) 0.79-0.77
Kn <0.58 Kn 0.58 — 0.66
Kp <213 Kp <213
ABS/RC > 248 ABS/RC <248
TRo/RC 1.81-1.95 TRo/RC 1.81-1.95
ETo/RC >1.13 ETo/RC 1.13-1.25
Dlo/RC <0.53 Dlo/RC <0.53
Pl >20.47 Pl 20 - 30
Toxic

Heavy metals
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