Supplementary material

Original research manuscript submitted to MDPI Molecules for Special Issue "Photosystem
II Photochemistry in Biotic and Abiotic Stress”

Title: Polymer-modified single-walled carbon nanotubes affect photosystem 1II
photochemistry, intersystem electron transport carriers and photosystem I end acceptors in
pea plants

Authors: Nia Petrova'+’, Momchil Paunov? Petar Petrov?, Violeta Velikova*, Vasilij
Goltsev?, Sashka Krumova!

! Institute of Biophysics and Biomedical Engineering, Bulgarian Academy of Sciences, Acad. Georgi Bonchev Str., Bl. 21, Sofia 1113,
Bulgaria

2 Faculty of Biology, Sofia University ‘St. Kliment Ohridski’, 8 Dragan Tsankov Blvd., Sofia 1164, Bulgaria

3 Institute of Polymers, Bulgarian Academy of Sciences, Akad. G. Bonchev Str., Bl. 103-A, Sofia 1113, Bulgaria

¢ Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences, Acad. G. Bonchev Str., Bl. 21, Sofia 1113, Bulgaria

* current address: Laboratory for Molecular Photobioenergetics, Institute of Plant Biology, Biological Research Centre, Temesvari
krt. 62. H-6726 Szeged, Hungary

* Correspondence: zlatkova.nia@gmail.com (N.P.); violet@bio21.bas.bg (V.V.)

1.002

45000 {—=— Control A B
{—=—p8s,, 1
400004 pgs5 - 1.000
. o
—~ 35000 % P85, =
=3 4
8 1 =
o 30000 - w 0.998+
o ] [=]
& 2
8 25000 3
o T = 0.996 -
5 20000 - g—
=]
= 1 <
15000
0.994 -
10000 -
5000 e ——— 0.992 TP
0.1 1 10 100 0.1 1 10 100 1000
Time (ms) Time (ms)

Figure S1. Prompt fluorescence induction curves (A) and modulated reflection at 820 nm
(B) of intact pea leaves sprayed with distilled water or polymer P85 only at concentrations
of 10, 100 and 300 mg/L.
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Figure S2. Representative chlorophyll fluorescence images of ®@psiy in pea plants sprayed with H>O,
polymer (10 mg/L, P-10; 100 mg/L, P-100; and 300 mg/L, P-300) and SWCNT (10 mg/L, SWCNT
-10; 100 mg/L, SWCNT-100; and 300 mg/L, SWCNT-300). The false colour code depicted ranges
from 0 (black) to 1 (pink) in fluorescence intensity. The images were recorded by means of
IMAGING-PAM MAXI (Walz, Germany) instrument as in Velikova et al. [12].
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Figure S3. Maximum (Fwm, Fm') and minimum (Fo, Fo') fluorescence measured in dark and light
adapted state, maximum quantum yield of photosystem II (Fv/Fm), quantum efficiency of
photosystem II photochemistry (®psi), non-photochemical quenching (NPQ) and redox state of
photosystem II (¢L) in pea leaves sprayed with 300 mg/L SWCNT. Chlorophyll fluorescence
parameters were measured by IMAGING-PAM MAXI (Walz, Germany) instrument as in Velikova et
al. [12]. Analysis was performed on whole leaf area (dark gray bars) and on selected leaf area free of
dark spots (yellow bars) as indicated in Figure S2 (last panel).



Table S1. Definition of selected JIP test parameters [14, 20].

JIP Interpretation Mathematical equation
parameter
Fo Minimal fluorescence Foos, fluorescence recorded at t=20 ps after the
start of measurement
Fum Maximal fluorescence Fs, fluorescence at the P-step of the fluorescence
induction curve
@pro Maximal quantum yield of the primary Fu — Fo
photochemical reaction in PSII in dark-adapted Fu
samples
PEo Quantum yield of the process of electron transfer ®po(1 — V;) where Vyis the variable chlorophyll
from Qa- to electron carriers beyond Qa- fluorescence at phase ] of the fluorescence
induction curve: V; = :] __};?
M~—Fo
Yo The probability that the energy of an exciton trapped 1-V;
by active PSII reaction centre (RC) will be utilized for
electron transport beyond Qa-
Sm Total electron carriers, per RC, reduced during the F’:: _e‘; , where Area is the total complementary
time of the induction rise (from Fo to Fu) areaobetween the fluorescence induction curve
and F =Fp
N Turnover number, expressing how many times Qa is S M (l)
reduced until Fuv is reached mO\Y,
Mo Approximated initial slope (in ms?) of the M, where Faous and  Fsous  are
fluorescence transient normalized to the maximal Fu=Fo . .
variable fluorescence. Reflects the maximal rate of fluqresFence intensities at 300 us and 50 ps after
. . beginning of measurement
initial Qa reduction
REJ/RC  Flux of electrons reaching the end carriers at the M, (L) (1-V,), where Vi is the variable
acceptor side of PSI as per RC ¢
chlorophyll fluorescence at phase I of the JIP
transient: V, = Lzl
Fm—Fo
ABS/RC  Absorption flux (exciting PSIl antenna Chl & (i) ( 1 )
molecules) per RC 0 Vi) \@p,
RC/CSo  Number of active (Qa reducing) PSII reaction centres ©poFo Vi /M,
per cross section
ORro Probability with which an electron from the 1—V
intersystem electron carriers is transferred to reduce 1-V;
end electron acceptors at the PSI acceptor side
Plass Performance index for energy conservation from RC — ¢po VEo
photons absorbed by PSII until the reduction of ABS1—¢p,1— g,
intersystem electron acceptors
Pliotal Performance index for energy conservation from Plps Sro
photons absorbed by PSII until the reduction of PSI 1= 6go

end electron acceptors




