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Dynamic Responses of Photosynthesis in
Chaetoceros sp. to Continuous High Irradiation
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Abstract: The dynamic responses of photosynthesis of Chaetoceros sp. to continuous high irradiance
(1000 pmol m?") for 12 h were demonstrated by measuring chlorophyll fluorescence. Both maximal
photosynthetic rate (Pm, i.e. maximal relative electron transport rate) and maximal quantum yield of photosystem
Il (Fv/Fm) decreased during 30 min of high light exposure, which showed obvious photoinhibition. Meanwhile,
the initial slope o decreased while non-photochemical quenching (NPQ) increased, which means Chaetoceros sp.
can reduce light absorption and dissipate more heat in order to protect their photosynthetic apparatus from damage.
Chaetoceros sp. acclimated high light gradually and their photosynthetic activity recovered slowly during
1 000 pmol m?s' exposure from 30 min to 8 h. a increased (although cannot reach the value before high light
exposure), Pm recovered to initial value at 4 h and even reached 2 times of the initial value at 8 h. Fv/Fm could
only recover to half of the initial value during the acclimation. NPQ reached the maximum at 1 h, and then
decreased. This result indicates that heat dissipation does not play major role in photoprotection afier 1 h high light
exposure. After exposure to high irradiance, there appeared transient post-illumination increase in chlorophyll
fluorescence. The increase in chlorophyll fluorescence enhanced with increased duration of high irradiance, which
reflects enhancement of cyclic electron transport around photosystem 1. Thus, after NPQ decreased, cyclic electron
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transport around photosystem I may play important role in photoprotection.
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HEfER NI, Mot EmtaER
AR FER . T OCHRE I GOBUR R 4
& AEEMA L T RERS. HERR DR
A7 H AL AT AR Ak, 207 A Tolh XL 11T &) Tl 1 T
17, T AH A L S B BRI A B Rk A R A
A4 MATESOE T o LB B InfiDt s &
F1 5 6 0 28 TR AR R H 6 e AT A, F s T U
LB DR (R B O R &0 O AR R D
SERE IR, [ Bt T 0] o B IR A R
2 ol 00 o Sk HE BICIE R (1) D' R, I bt AR
FE4) 76914k (Photoacclimation) [FI2H #5434,

R N [ 28 A T SR T AR B~ PP R R
IR )58 o LB, T 0 B ATT R 4 0
(Relative electron transport rate, TETR) [l %4 i 6 &
B 5N (Photosynthetically active radiation, PAR)
(AR 4K, ofc (8] B A S B A R AT 9. IR IETE A
] PAR B 3 T I 63E I B M) IR K (10 ), R 2L
FEXTREAR QOB AR I T/, BTHUESE rETR
56E A AR CO, [A] 5 1 47104 B )G R AT Y
B REFMGERRM,

REE R DI R IR T, — A 5T
MR T HOERWI R A ST 25%!1 . FEGERAE LR ZU Y
St R DX e A R b, 0 B ek TR T L B N AX A Y
B, X5 E L GEEMLRIrELE
K0281, B FURE R G R K0S R RS 77, R 18 BT
KRS AR AEER L.

AR AMBE CHMAEHE RTRT &
1 000 pmol m?* W &R ICHRN T, MEE
(Chaetoceros sp.) JeHVE M AN &L, 17 T M
B AT S ROE R 1 IE NY A A7, LA A 1] HH Ak
Sof K AR G F B () S N M AR AR R

1 BRI 74

1.1 EWH

BB (Chaetoceros sp.) FBR K7 /KEAED
F 5T B A = (R A7, $E 9RAE LRH-400-G B¢ Mg 7%
O RKEETRRM ) T EREREA 02, HiTIE
(0.45 wm BERRET4EUEM A THE /KB M. B3Rl i
ok 25+1°C, 12h:12h O - BEFEER . FIFH A 1.3 em
[ Scalar %! % & F # 3k (QSL-2101, Biospherical

Instruments, 7 [8 ) 75 — A N %98 0 PAR 98
2 60 pmol ms'.

1.2 HERKANBRE
F P i i) 43 25 K 06 A XE-PAM (Walz, 4
[ED M B B R 4 R R e, R Ky 4T 32
R W%, WA 8 V20 W i) X1 & +] (Bellaphot
Osram) 73 Hil 35 {1k 50tk ' A Fn Bk o, 3 Ah ik 7
AN 7E 665 nm (1] & % T B (Light-emitting
diode, LED) (HLMP 8103, Hewlett-Packard) 7
LA e . DR E /N T 0.5 wmol ms; 41
$ﬂﬂ7]<‘/¢*ﬁl HEZY 2y 4 500 wmol m?s™, Fr4L | ETUJ 0.6 s.
LUFT TR0 S DR ) 04 Ay 2 Hz,%TﬂfMUﬁjZ”fﬂ
H!HMEPHJ PRI T & B 64 Hzo 9906455106 H
Iy Ry ion! | Il NI DR @i Ftﬁéﬂﬁ#%ﬂ
(US-MS, Walz) DL 280 4 5 4194 1 3 40 B 3T
e PR O il 2R I RE L AR TP PAR SERPE HH E AR A
3 mm [ Scalar ¢ )% & 7 #R3L (US-SQS, Walz) il

=25
Hlo

1.3 HEEXASRELHEZNNE

R 200 V/400 W I i< 34T CIE 7 FEHT L 28 7

D PEUERRG, %I BT INJE 10 cm BB KIEIE G

B H4 o S A7 406 BT (K A B TR, 78 1 000 wmol m%s?!
(R PR T AL T A (] 1] ) 5 0 P At 52 G

PR S it 4 () & LU 3R #% Schreiber 5 BRI
White 5 Critchley®[¥) 77 11547 . AR BIR EE MG
ik, 56 R H R 6 AR /RN e CUE, W E 10 4
PARFETE (15. 18, 25. 37 47. 64, 82. 109, 139F
180 wmol m?s") JF4r WM& Fr=8 )7, 7 ¥ ik
pARTIE Y A I L,uﬁ 10 4~ PAR ¥ £ (82,
128, 188. 292, 426. 640. 908. 1 302. 1 800 F
2 440 pmol m?s™) 4 FIM B =i, TRBHITH
[AFAET Y PAR /NTF 15 wmol m3s'. & i 38k
o R A TR A (Y S, MCHURE SR EL B AR 1 T
U 2R RO IEHITE 10s W

TEAE - PAR SREEF, T HUURbko AT IR 20
1 Fo T TR AR5 B (¥ B K% 06 Fm's Btk n)
DAL EENRETCREZ LWL FREF &
OPS U =(Fm'-Fy/Fm", HTHESEAERENTRE S
PR R R AT R BOCRE NN R KE T

S

e B T T YT A 8 N s e



http://www.cqvip.com

AR

CIRNEENE RS SRR (athopids L ict il priR L DN 9

F7 o Fv/Fm FRARM, BN B E N E KRR T8
REOGEN . IBATEF TR CRAZIRE) |77
WERE—ANEFFEE Fv/Fm, R
JesERr A Fme SROGACHELS B3R 6k 22 P KT A
X NPQ=(Fm—Fm/)/Fm; V'8, 1 Fm A RE 58
AFERE S B EE — AN NTOL, Fin) 98 AR AN
BHES (FTH R TRE D WH- MRt

R OPSTTAT PAR AT RAVHEL A f T 538
T % rETR=@PS [l xPAR%0.5%0.841%, F 7 0.5 &%
# PAR # A R H 2 R %084 £
F R H KRG PAR (K] 84%T] LUAE R ictel, 0.84
RS EY B IO R B TR RE A RO
REURAED 5 , DK AT SEAR X o 7 i R —
FELAE H a2 IO R

14 HEHE

H Jassby 1 Platt UK 24 3 P=Pm xtanh (o x
PAR/Pm)f& gk, Hob Pm KRB RAEGHEE, B
SR A RAH X P 150 B rETRmax, 2 TR Y ih
LRIIIERR, T BRI A . tH Pm Al o
AT RAAR L RN 88 Te=Pm/a. IRZERAE R B

—3eik, F Statistica FRIFHAT .
2 4R

2.1 ik fh £k A0 T I

W 1A Fizn, NEREAALBER) M E3%, B PAR
Mg In, F B, SRk T A OLR G 1 e
BB M. FTFE 1-3 AN Bk i 33 Fm!
T Fm, N5 4 MEMAK T4 Fm' B80T BE,
B 5 ANkt T BRI S B W R, Fm' FEETT
M2 R T RROR S R R Ak 27 v TOZ B 3 SR B B
#3581 000 wmol m%™* f3&E4LHE 1 h j5, B PAR
RSN Fm' 35 2 4 FR7E B K T (& 1B) , REQ I
i REAOLE R R B2 203, TR iF
KGR RERERE/KF. L£E8h )5, Fm' HITGE#H
B (E 10, WS KN EHEN G, A5
BREEEEARA.

AT Aot Ry, B — N IEE, XH&
Kautsky 3 &k 09 P & . 7 H i 3 4T W
(82 pmol m?s™) f P W] B & THT A RN R E
B (15 wmol m?%) , X A HTE 5 M PQ L
FREEETEH.

HIAH YR Relative fluorescence

TV SO TN WY XA YUY VT WO N TN | UV VO DN NN GO ST Y "'

MM Time

K1 AEEEA KR (60 wmol ms, A) FIZRNE (1 000 pmol m3s) FRET 1 h (B).8 h (C)J5 M B dA 4R 2%
" Fig. | Rapid light curves recorded from Chaetoceros sp. under growth light at 60 pmol ms' (A)
and high light at 1 000 pmol m? for 1 h (B) and 8 h (C)
ALL F0AL2 A BICA B Mg BT VE A X4 UR . Actinic light sources from light-emitting diode (LED) (AL1) and halogen lamp (ALZ2).
1,2,3, ... 10: AR A1 SRR ST FF (e Fn kb $ Numbers of saturation pulses during LED on; 1, 2, 3', ... 10%: LAR 4T A 06k YR 4T T

FIR K4 Numbers of saturation pulses during halogen lamp on.


http://www.cqvip.com

10 Hily W A R 014 %

60 -
. 3 4 T
£} JE v &
s e i
£ w0 A 1 1
2 e
: K
W 4 .
‘ﬁ 20 | i
N
B
oy
B
0 I [ L 1 J
500 1000 1500 2000 2500

KA EAEH PAR (pmol m2st)
2 ff B3 1000 wmol m 95 )6 F AL £ 0-60 min ()T £k
Fig. 2 Rapid light curves from Chaetoceros sp. exposed to 1 000 wmol m?s” for 0-60 min
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Empty symbols represent sources from light-emitting diode, black symbols from halogen lamp. SGARFI 0.2,7.12.30 Fil 60 min (K417 HHEE 5> LA
TR LT RS T BRI (0 R TR . Black, red, green, blue, purple and yellow lines represent the fitted curves obtained after 0, 2, 7, 12, 30 and
60 min high irradiation. rETR=Relative electron transport rate; PAR=Photosynthetically active radiation.
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Fig. 3 Rapid light curves from Chaetoceros sp. exposed to 1 000 pmol m?s" for 0-12 h
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Table 1 Fitted parameters for rapid light curves from Chaetoceros sp.

gl

e ]

Time Pm ¢ e Time Pm ¢ tk
T omin 52462 0229 228.960 2 57.769 0101 ST1715
2 min 49.542 0.163 303.632 4n 84,150 0.131 641.714
7 min 42738 0.104 412655 6h 92.173 0.133 691.390
12 min 32,986 0.080 413.991 g h 95.902 0.136 706.551
30 min 28.665 0.052 548.954 10h 90.480 0.129 202.093
Ih 34.943 0.068 515.080 12h 81.075 0.139 581.984

Pm = maximal relative election transport rate; « = initial slope; Tk = Pm/ a ,
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Fig. 4 Responses of Fv/Fm (A) and NPQ (B) to continuous high irradiation
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