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Abstract

The response of the freshwater microalga Chlorella vulgaris to mercuric ion (Hg”") stress was examined using chlorophyll
a fluorescence image analysis and O-J-1-P analysis as a way to monitor the toxic effects of mercury on water ecosystems. The
levels of photosynthetic pigments, such as chlorophyll a and b and carotenoids, decreased with increasing Hg™" concentration.
The maximum photochemical efficiency of photosystem II (Fv/Fm) changed remarkably with increasing Hg®* concentration
and treatment time. In particular, above 200 uM Hg’*, considerable mercury toxicity was seen within 2 h. The chlorophyll a
fluorescence transient O-J-I-P was also remarkably affected by Hg’'; the fluorescence emission decreased considerably in
steps J, I, and P with an increase in Hg** concentration when treated for 4 h. Subsequently, the JIP-test parameters (Fm, Fv/Fo,
RC/CS, TRo/CS, ETo/CS, ®po, Wo and Opo) decreased with increasing Hg2+ concentration, while N, Sm, ABS/RC, DIo/RC
and DIo/CS increased. Therefore, a useful biomarker for investigating mercury stress in water ecosystems, and the parameters
Fm, ®po, Wo, and RC/CS can be used to monitor the environmental stress in water ecosystems quantitatively.

Key words : Chlorella vulgaris, Chlorophyll a fluorescence image, Fv/Fm, Mercury stress, O-J-1-P transients
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Z vl X2 422 IM(Jaworski's culture medium) 4
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4H,0 (0.278 mg/L), (NH,)-6Mo,04-4H,0 (0.20 mg/L),
cyanocobalamin (0.008 mgL), thiamine HCI (0.008
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Table 1. Short description of chlorophyll fluorescence parameters used in the study, according to the O-J-1-P test

Abbreviation Description
Fo Initial fluorescence in dark adapted tissue
Fm Maximum fluorescence in dark adapted tissue
Fv/Fo Ratio of photochemical and non-photochemical de-excitation fluxes of excited chlorophyll
Vt Relative variable fluorescence at time t
Mo Slope at the beginning of the transient Fo—Fm, maximal fractional rate of photochemistry
Sm Normalized area
N Turnover number of Qa
ABS/RC Absorption flux of photons per active reaction center
TRo/RC Trapping of electrons per active reaction center
ETo/RC Electron flux per active reaction center beyond Qa”
DIo/RC Dissipation of electrons per active reaction center
Dpo Maximum yield of primary photochemistry, equal to Fv/Fm
Wo Probability of a trapped exciton moving an electron beyond Qa
Dro Probability of a absorbed exciton moving an electron beyond Qa
RC/CS Active reaction center per cross section
ETo/CS Electron flux per cross section
DIo/CS Dissipation of electrons per cross section
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Sl tK(Srivastava 5, 1997). O-J-I-P ZA19] 40
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HEES ETHE BANS H354S 8 24 &
=2 AJElo veSAl o] Hie, o|A 50 |
5-2- pipeline model 2 A A8} T

o FIF

N~

5. SAEN

A Auto]| gt FAIA 2= SPSS &7 package
(SPSS Inc., Release 7.5) & 0]-835}¢ o, AR Ao
]2 Duncan @] thEHA(P<0.01) 0.2 H4-2|7+2] 2}
o]of] et 7o/ A5k

(e}

= Lk

42 Foto] Fgee] st O%PT% *—i —4E‘2b4.
Chlorella®l| 522] =5 Delsto] A2|gt F 244]

(a) Hg#* concentration (b)
Con 100 400uk  Con

Heooosfo000s
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AKFig. 1(a)). 2] T A7} ©]50] 200 tM =]
Al ARF =4 o]m| A 2 H3tE §lew 6417 o] %
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/\Eﬂﬂ/\i 23l 9leS o 4 Qick Tl 400
WM 20l A = TAIZE o] %o A o2 aghiS
i, 6/\I7P o] %ofli= Fv/Fm o|u| A7} LFeRLEA] 9hQk
ok Fm oJn|A|= 42 57t S7Fd5 Z12al vy
& Algto] dojAeg W= o] & FO0 =8 Z
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Algk 4= AL H(Fig. 1(b)), o] gt HSh= Fv/Fm ©]

1] 2] &] ¥3} s} GARSHITE Fo olm|A|= uje) 4
A= 42 s eof| TAIglo] HA| A o= sl
O] ARt o] x| 2 LEytew, 200 uM o] e] =2
Aeltol A= wieF Algte] dojlol wet 3 W=
o] ZA ZolSo] oAzt eI aokthFig.
1(c)). o|AH 72 =70l thgt FFoln|x]9] £4&
Shalsl @4 5 AR A5 IR E Y] A Ao

A 52 B4 H7KE 5 glo] 2] Ao

Hg#+ concentration
200 400ukd Can 100 200  400ukd

Fig. 1. Chlorophyll fluorescence images (Fv/Fm, Fm and Fo) of Chlorella vulgaris exposured to mercury(Hg™)
stress. The images were taken from 0.5 h to 24 h after the treatment of mercury(Hg""). Each image is
colored in a relative way based on the values of the parameter such as Fv/Fm(a), Fm(b) and Fo(c).
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HrHOh 5, 2009). Fig. 1BolA] 100 uM ©]8}e] =2
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Fig. 2. Change of chlorophyll fluorescence (Fv/Fm, Fm and Fo) in Chlorella vulgaris exposured to mercury(Hg™)
stress. Control, open circle; 50 uM Hg™", solid circle; 100 zM Hg™", solid triangle; 200 xM Hg"", solid square;

400 uM HgH, solid diamond.
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AgElo] Fo 7ho] 7k A2 Helt), £-20] o
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Spirulina platensiso| 4] Fv/Fm 39| a7} R s v}
Qom(Lu 5, 2000), &H2FQl Scenedesmusol| A=
FyiFm gto] 745kt AN BA T o) 214
Rgto] s 3 0 2 ARk o m Qul A
SP7F A= dhzo= deiA|ar QitkMallick} Mohn,
2003). 1831, 5372l Scenedesmus quadricauda®}
A A Callitriche
stagnalis, S-ouS(Ceratophyllum demersum)©l| A
e olel 71 B34 AEelart 3
PAi-50) Afsle} Bat A=) WSt 2ok
Zo 2 ¥ vl QleiKiipper 5, 1996).

£ FElodea canadensis,

A0 O i1
Lyes X

3.2, 92A 4 carotenoid E*%',F | B3}

HE49} carotenoid 58] M= A1E0] FIH &
g5 Uetll= 37t "o webs 545 ‘“6*?‘&
B Mo ke B AEY A 4?_
0363;— BFrlsk=tl AR o= qlom, AAaof 3l
‘:' 09,] 7]_/\]7@ Z]b‘g]_ }\g/\]—/\-]_,,]_g J_]—quo{
alq(Parekh, 1990). wjehA] Chlorella®) vk A &
a0l oJsff of]E —5%;?-_ d&sh= dlole 54
o] wisteE vehd 4= Qloh Fig. 2004 29 5
%= Fv/Fm2| Zpo|7} 940}74] e AZRD 4=
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74.0%% A7) 728kt 123 @84 abi 200
UM ©]3}E] =20 A= t e} 2 Zpol 7} glont 1

]/K]—_J 5‘—Eoﬂﬁ _:3_7.“ 7PJ\O S 9)\_9_0_ §]_o]tﬂ— 2~ ol

o, ol BlzTe} ulmste] MEEe] 4ol A%
4 0] Zh4Z0] Q4 bo] o] s A e}
7] whEolth. A4 wbo] Fais A E0] AT

o] F2| FalAY Ei= o] e} e uf 2

Ei 5 Qom AEAAE PSR o $& AR

o] 8= 4= It Abreu®} Munné-Bosch, 2008). 12
1 58 AE A 9t JEA TR TAE =X
=0

Zol Chlamydomonaso)| A= Hi1% v} QJciElbaz
%, 2010). Carotenoid 3H=F T3t 113= 0] =204
A TFASFH oM, 400 uM O] -2 4 54.5%= W
o}tk Carotenoid= 5429} Blio] g2} A7
£ sk Mg A o5 M gl sk A
& o] Aax0) R WS AIE AsHA Ak
T E]E]-:!o]l: Ul—oﬂ AP—&HE 7]-‘6‘1__0&1}\1 iaHE]}_‘_
A Jof g e ' Helck Fdel wlAl= 28
Og 120 J-—]—?ﬂ—/l-] }\H/\E—_,] U]—Etoﬂ 7]0]01—&_]3]]
of| A = Tzt 9f H 1 d}o] =2 A 2] hof A 2] Cﬂi/\
a?} b, 12|11 carotenoid @] §Hfo| =& w90 -8
ol B3] ZHashirk

Table 2. Contents of photosynthetic pigments in Chlorella vulgaris after the treatment of mercury(Hg”") for 4 h

Hg concentration Chlorophyll a

Chlorophyll b

Carotenoid

hl ti

(uM) 1g/mL algal suspension Chl /b ratio
(Cor?tml) 5.2240.08 2.4240.07° 1.23+0.03" 2.2040.06°
50 5.35+0.08" 2.49+0.05° 1.29+0.02° 2.17+0.06°
100 5.07+0.09" 2.41+0.08° 1.220.02° 2.17+0.10%
200 4.50+0.08° 2.17+0.04° 1.08+0.02° 2.08+0.05°
400 3.19+0.19° 1.79+0.05° 0.67+0.07° 1.78+0.09°

Each value was expressed as mean + standard deviation (SD) of three replicates. Different letters within each column indicate

significant differences between treatments (P<0.01)
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ofmlstel, BAIS] Befab B

2, ZFv/Fm9 a4
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o] 0.8 5t} v wfj= A I 2 vhg

22210 £2ARS- Q)

£ ol A SEAARN Aokt 2 4 ol

200 uM ©]A}2] =2-0J| 4] 0.05 ms 0]
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