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Fig. 1

Three dimensional fluorescence spectrum of Chlorella pyrenoidosa. (a) Three dimensional fluorescence spectrum; (b) three

dimensional fluorescence spectrum in integral region
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Experimental

condition Slope Intercept Linearity
Toxic stress —1073 866 0.9614
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Illumination —1354 827 0. 9439

T

3 Ok B PR A R 3 R ok B AR A D
BRE 6 A I M B3 Bl OR R AR KRB WF 9 B 1B
INERBEIT S R B SRS R/ F AL
KR BREW 3FAKIRET, BRI
RN, HHE F/F 380, s 250t/ 28
TR, o B W A AR P A e R
RBIFE0.91 DL b 78 B3 AL S 56 v, A6 X AS [] Jo 6 vk &
WAL D) 3 EE M LR F/F, Mt 25805
BP0 o R N ORI E 10%, sk T L L FL/
F, 5 i8¢ 2 5t 7= 5 2 18] 1 6 A 6 M i 8 T i
JEE TG 6 5 X Hb 43 B 2 P 3 IR R RO IR bk 3 3 A 25 A
TH AR R, 3H LR T RO b FL/F,
) AS Al RS AR — 3, B S R 9O 1 bE FL/F, B 4R

2330001-4



&5 43 % % 23 H1/2023 4 12 B /R3320

VAL R R SR A R IOG o &8 Ll WL, 3% R 2%
T I T P AR B I 2 R O™ BEEE "R AN AT R
(8, Fo/F, 2 28 3R 9 it 1 B B i I 3R, o2 i
PRZEE W I 4 R a i B MR ) B BR ORI, A
HIF 58 45 2R 1] N I S8 e JR B Ok R A A e S I 4R 3R a S
VR JBE I PR LA I 7 15 i 43 EE AR A

2 £ x #t

(1) BeWwm, 7o, £rBEss, 45 . BT/ 40 23 4k o0 07 e AL
ERTOEPONBABDIFEL]. H WO, 2012, 39(7): 0715003,
Duan Y L, Su R G, Shi X Y, et al. Differentiation of
phytoplankton populations by-in vivo-fluorescence based on high-
frequency component of wavelet[J]. Chinese Journal of Lasers,
2012, 39(7): 0715003.

(2] wksisd, W £k, LA, % . DNA % &I i (metabarcoding)

B AR AE I e AE Y BE R W DU B S b B H D). AR A R AR
2017, 12(1): 15-24.
Zhang W W, Xie Y W, Yang J H, et al. Applications and
prospects of metabarcoding in environmental monitoring of
phytoplankton community[J]. Asian Journal of Ecotoxicology,
2017, 12(1): 15-24.

[3] Jakob T, Schreiber U, Kirchesch V, et al. Estimation of
chlorophyll content and daily primary production of the major
algal groups by means of multiwavelength-excitation PAM
chlorophyll fluorometry: performance and methodological limits
[J]. Photosynthesis Research, 2005, 83(3): 343-361.

[4] Laisk A, Oja V. Variable fluorescence of closed photochemical
reaction centers[J]. Photosynthesis Research, 2020, 143(3):
335-346.

(5]

(6]

(8]

[10]

Biswal A K, Dilnawaz F, David K A V, et al. Increase in the

intensity of thermoluminescence Q-band during leaf ageing is due

to a block in the electron transfer from Q, to QulJl.
Luminescence, 2001, 16(5): 309-313.

KEREE , BB, R IR, A PR WA LA AR AR B ] A
KHEWFTE 1. MR a SAEY D] KT E 5K TR%EH,
2011, 22(1): 40-44.

Du S L, Huang S L., Zang C J, et al. Correlation research
between the indicators of phytoplankton standing stock [ :
chlorophyll a and biomass[J]. Journal of Water Resources and
Water Engineering, 2011, 22(1): 40-44.

First M R, Robbins-Wamsley S H, Riley S C, et al
Assessment of variable fluorescence fluorometry as an approach
for rapidly detecting living photoautotrophs in ballast water[J].
Journal of Sea Research, 2018, 133: 53-59.

Pérez G L, Gali M, Royer S J, et al. Variability of
phytoplankton light absorption in stratified waters of the NW
Mediterranean Sea: the interplay between pigment composition
and the packaging effect[J]. Deep Sea Research Part I, 2021,
169: 103460.

TR, Blm T, R AT, AF T SRRPO6 ) ) Y R K
R A0 B AR AT 2 BOR PR AT e [T]. D62 2% 4, 2021, 41(6):
0617001.

Hua H, Yin G F, Zhao N J, et al. Study on selecting
characterization parameters of viable algae cells number in ballast
water based on chlorophyll fluorescence kinetics[J]. Acta Optica
Sinica, 2021, 41(6): 0617001.

Chen W, Westerhoff P, Leenheer J A, et al. Fluorescence
excitation-emission matrix regional integration to quantify
spectra for dissolved organic matter[J]. Environmental Science &.
Technology, 2003, 37(24): 5701-5710.

Experimental Study on Relationship Between Chlorophyll Fluorescence
Yield and Photosynthetic Activity in Planktonic Algae

Liu Jinjing"*’, Yin Gaofang"*”, Zhao Nanjing"*’, Zhang Xiaoling', Gan Tingting"*’,
Chen Min"*’, Dong Ming"*’, Wang Xie"*’, Shi Gaoyong"*’, Cheng Zhao"’

'Key Laboratory of Environmental Optics and Technology, Chinese Academy of Sciences, Anhui Institute of

Optics and Fine Mechanics, Hefei Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031,
Anhui, China;

‘University of Science and Technology of China, Hefei 230026, Anhwi, China;
‘Key Laboratory of Optical Monitoring Technology for Environment of Anhui Province, Hefei 230031, Anhusi,

China;

‘Institues of Physical Science and Information Technology, Anhui University, Hefei 230601, Anhui, China

Abstract

Objective

We aim to study the influence of photosynthetic activity change on chlorophyll fluorescence yield and explore

the error source of measuring algae chlorophyll a concentration by living fluorescence method, so as to provide an

important basis for the subsequent development of on-site accurate detection method of algae chlorophyll concentration in

water based on living fluorescence method.

Methods

We use ACT2&.FastOcean FRRF algal fluorescence meter (CTG Company, UK) to measure the

photosynthetic activity parameter F,/F,. After 15 min dark adaptation of the algal sample (the photosynthetic reaction

center of the algal sample is fully open), we selecte an excitation light source of 450 nm (the characteristic excitation

wavelength of Chlorella pyrenoidosa) and measure the chlorophyll fluorescence induction curve. According to the basic
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parameters of the curve, the maximum photochemical quantum yield F,/F, is calculated. We use HJ897-2017 water

quality determination of chlorophyll a spectrophotometry to measure the concentration of chlorophyll a of sample algae. In
the experiment, the Hitach7000 fluorescence spectrophotometer is used to measure the three-dimensional fluorescence
spectrum of Chlorella pyrenoidosa, as shown in Fig. 1(a). The characteristic fluorescence spectrum region of Chlorella
pyrenoidosa (excitation wavelength range of 380-500 nm and emission wavelength range of 660-750 nm) is selected, and
the fluorescence intensity of living algae is obtained by fluorescence region integration method. The fluorescence yield,
namely the f{luorescence intensity per unit of chlorophyll a, is further obtained. Three groups of parallel samples are
allocated for the experiment, and the final test results are taken as the average value, so as to study the change rule

between photosynthetic activity and fluorescence yield of Chlorella pyrenoidosa.

Results and Discussions Under the DCMU toxicity stress, the chlorophyll fluorescence yield and photosynthetic activity
of Chlorella pyrenoidosa with different mass concentrations have the opposite trend under the DCMU stress. With the
increase in DCMU mass concentration, F,/F, value changes from 0. 605 to 0. 229, showing a gradual downward trend,

1

with a decline of 62%; » value changes from 245 (pg+-L."")"' to 678 (pg*L.”")™", showing a gradual upward trend, with an
increase of 177%. The variation trend of each group of experiments is the same; the repeatability is high, and the data
fluctuation range is within 5%. The variation relationship between photosynthetic activity and fluorescence yield is
independent of algae mass concentration. Therefore, there is a significant negative correlation between photosynthetic
activity and fluorescence yield. Chlorophyll fluorescence yield and photosynthetic activity of Chlorella pyrenoidosa
cultured in different mass concentrations for two hours under different light intensities show a reverse trend. With the
increase in light intensity, F,/F, value gradually increases, and 7 is gradually decreasing. The changing trend has nothing
to do with the algae mass concentration. When the light intensity increases from 5600 to 44800 Ix, the photosynthetic
activity value decreases from 0. 563 to 0. 388, with an average decrease of about 26 %. The chlorophyll fluorescence yield
increases from 241 (pg-L™") "' to 453 (pg-L™ ")~

', with an average increase of 80%. In addition, the changing trend of each

group of experiments is the same, with high repeatability, and the data fluctuation range is within 10%. In the temperature
experiment, the chlorophyll fluorescence yield and photosynthetic activity of Chlorella pyrenoidosa samples with different
mass concentrations also show the opposite trend, and the fluctuation range of each group of repeated experimental data is
within 3%. With the increase in temperature, F,/F, value rises slowly and then decreases rapidly, and » trend of change
has nothing to do with the mass concentration of algae. At 5-25°C, F,/F, increases from 0. 566 to 0. 605, with an average
increase of 7% , and » changes from 253 (pg+L ") "' to 284 (pg-L™")"", an average decrease of 2%. At 25-50 ‘C, F,/F,
decreases from 0. 605 to 0. 376, with an average decrease of 38% , and 7 rises from 284 (pg-L7") " to 473 (ug-L.™")7', an
average increase of 91%. By simulating three environmental conditions to change the photosynthetic activity of Chlorella
pyrenoidosa, the effect of the change of photosynthetic activity on the change of fluorescence yield is studied. The results
show that the change range of photosynthetic activity of Chlorella pyrenoidosaa is 0. 229-0. 605, and the change range of
fluorescence yield is 235-668 (ug+L.7")~". There is a negative correlation between photosynthetic activity and fluorescence
yield of Chlorella pyrenoidosa. The linear fitting results between photosynthetic activity and fluorescence yield measured
under three environmental conditions are y=—1073x + 866, y=—1012x + 1018, and y=—1354x + 827, and the
linear goodness R* between the two is above 0. 91. It can be seen that the change of photosynthetic activity is an important
factor affecting the change of fluorescence yield, and it is the error source of inaccurate measurement of in wvivo

fluorescence method.

Conclusions  The photosynthetic activity of Chlorella pyrenoidosa is changed by toxic stress, illumination, and
temperature control, and three different growth environments are simulated to study the influence of changes in the
photosynthetic activity of algae on the change of chlorophyll fluorescence yield. The results show that in three different
growth environments, with the change of photosynthetic activity, the chlorophyll fluorescence yield of algae changes. The
photosynthetic activity of algae is an important factor affecting the yield of chlorophyll fluorescence. With the increase in
photosynthetic activity, the yield of chlorophyll fluorescence shows a downward trend. There is an obvious negative
correlation between the two, and the correlation coefficient R* can reach more than 0.91. This study is an in vivo
fluorescence method, which can provide an experimental basis for the subsequent improvement of the measurement

accuracy of the in vivo fluorescence method.

Key words spectroscopy; planktonic algae; in vivo fluorescence method; fluorescence yield of chlorophyll; photosynthetic

activity; concentration detection
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