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Abstract Based on the model of algae fluorescence yield and with the fluorescence saturation parameter E, as the
judgment standard of saturated excitation light intensity, we proposed a self-adaptive method of excitation light
intensity to accurately acquire the photosynthetic fluorescence parameters of different species of algae. The results
show that with the self-adaptive method, the saturated excitation light intensity could be quickly and stably obtained
in the seven species of algae, and the relative standard deviations (RSDs) of the adjustment results were all smaller
than 2. 5% . Furthermore, the effective light absorption cross-sections opgy of the seven species of algae were

measured by the tunable pulse laser induced fluorescence (TPLIF) technique based on the self-adaptive method, and
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the difference in the opg; of different species of algae was analyzed. Finally, we measured the Chlorella samples at

different growth stages through the TPLIF technique and recorded their fluorescence parameter F,/F and relevant

variation trend. It turns out that the recorded results are consistent with the measurement results of the

photosynthetic activity analyzer Fast-Ocean, with the correlation coefficient being 0.9939. In conclusion, this study

provides an effective way of saturation excitation for accurately measuring the photosynthetic fluorescence

parameters of different species of algae at different growth stages (with obvious differences in growth status).

Key words biotechnology; tunable pulse laser induced fluorescence technique; algae; photosynthetic parameters;

self-adaptive method of excitation light intensity

OCIS codes 260.2510; 260.5130; 260.2160; 350.4600

1 5 &

2 RDOL I E N 2 — Ak KR 2R
WG L 7= L KA 2 Y A Gk e g i
O, IR R B CO, Y [ 2 3%k Al 5, ™ O
A C R ZE R BT . 7 B 1k 75 B X R i A7 K
55 F B 28 o0 PER B, I FLI o A 5 5
BEAN 7R 7 B a0 A7 0 2 B 8 AR T P R
EAM . F kg BB M5 K R
AR I S s B, i Hx O ke iR
I 5 O A5 SR ARG B T ok B AR
FME Y 5 R 2O Ty ik AL FE ik ol R e 9 B R
(PANMD' 8 3 0 &k o £ A (FRRO™ 0 m] 450k
fik ohifs 98 6 (TPLIF) B AR 4 e 1 kit
BRRVOCHE AR AT WA EH S B0 Lk
o R E R E R, RS R FL AR
PN 7= R, B IS O € R W A O B 4 K 4
FHT A2 On; (P, Hoax iy e 1 LA AR (CHD A9t
(O FEaE., LR=FETER LR, M
TPLIF 4 A JE A7 #5285 % I 8 i, 58 & 23 78 6 A 1E
JH BV JE 7% 309 18] (R) 9 B F 32 1k Qa TS840 A 300 D
S S — AU R R ) S R T A2 1R Qa8 4 Bk
AL TCHE BRSO F K 24 R oL, S B
1% 3B 4% 4 5 A BHL ZE DN A 45O R 48 TT(PSID i
s A OGP S I S 2R WO Y 0 o R R BRSO R
RESE L HL. BBt Al 3RS B KPR F . i
ISR AN PONNA SR, O o B e S Tl R o 02 L2
S PSIT R H s TG 4 6 AT 4 R 9Ok 77 R
TC ik 3k B B KN A BOE R R L W & S8
PSIT & e b 88 N 2 = B 1Y JE i A P680
LR R b SR AR etk 2 g e e K T
AN TR B 2 1 3 6T S i 109 R A ik B AR O — 2, A
I o ] 5 B ) R O TG T o8 A% 3 A 7E R UK R B 1
() 347 35 2] 5 S ARL A, DATT 5% 0 T O A S 800 HE B
H. BET. X T EIHGERIOCE P H A LR A S
VL B BT 9 3 B AT R T B T AR SRR T — il

WORIGCR AIE N k. REEE T LA ERAE T
AL 3 BT AT AT D) S B T TPLIF 45 R (197K [ 3
Tl Ot i ) PR T A O A L SR AR A T RE O 5 0K
S BORUK AR A G A 7= T A (3R T 5% .

2 LR HINE

2.1 SRIEH#

ARSCHEFE T IR K BERAE AT SRR Kb A
& =R SR R — ek e, = A gEE s
b5l /NEK B (FACHB-8, Chlorella vulgaris) 4K
HAZ/NBREE (FACHB-5, Chlorella pyrenoidosa) Fl
BHE M (FACHB-12, Scenedesmus obliquus) » =
s A ) R (FACHB-82, Anabaena sp. ) .
i e 3E 8 (FACHB-315, Microcystis aeruginosa)
24 3 (FACHB-1937 , Merismopedia ) » ik ¥ H
/NER¥E (FACHB-1652, Cyclotella sp. ), LA I3 A
Yok B b ERE 2 B IR OK SR R R B FRARFANT i
EFESEE IR E A 100 pmol « photon* m * ¢ s ',
JCREFN RS I [B] L Oy 12012, 8537 W) T 22 "CHYTH
AR
2.2 ZHKE

T TPLIF $0R B8 JO6 & 7062 Bl &
45 T UK BT ORI BT A A
F DL R AR G R G A A . R oL =
AUk B B OE A (LD) B IR, =AY LD SRR
Sk B4y A T 450 nm (5 J6) L 520 nm (485%) il
624 nm (EEZ0 ) » LA A2 K 2 208 26 (fu 4 R A 41
BRIV A0 TR A5 B9 A K . TPLIF I ik R S8 A 45
anrE 1,

TPLIF 4 28 45 A9 K i 302 — A 9 BESE 1 B9
AR TEFEATEE R VOL IR AT . 5E F A WA e I
5 mL B9 RF I B AR CHERE R BT B R E A
20 pg + L) OB BERETE A CBIRE & A, 8T X
BRI SR AT 30 min B I3 1 4 B, £ 28 PSII
2 H O 2 R AL T I IR A CRL RO RE 249 K
SRR TIPS TSRS D, Bk

2412001-2



Es i

111

A A

spectrum

<———‘ controller
 coner |

sample lens filter ~PMT

Bl 1 TPLIF & R 5 4544 &

Fig. 1 Structure of TPLIF measurement system
58 U S AT 5 AT 8 % 1 Jok s & o o 1 DU e AR i
JEREREIL G . Dt i R A E N 680 nm i il
UEOC RS BOG HL A RS A (PMT) 42 WO 55 46 HL (R
S BAE S A — R K S 15 3 56 3
J15 M4 SR 5 R 8 ol f 101 Rk 3 ) e vk A vk
/N R FIEX POL B Ty 2E & AT A s 5
AT LRI B IO B 9O S H.

2.3 BENBBENAE

ML B 2K O6 A 1E 1 1 1% 38 A 98Ol 7 32 A
R TERE IS DR T o0 B 210 9867 5 £ (o) ] 3R
N

f)=F,+(F,—F)Ci)=F,+F, C{®,

(D
A F o, W IE N5 AT 1Y B /N9 77 3 (1) Bk ¢
R s F L, I N T i KRG %G F, i
KATZERN =R ;C () (0 < C() < 1) ARHH
PSIT Sz i vt 9 B, G i S0 0l A 2 e i 3 4% e
E S T B AT) O Ak 2 SN R 5 R DGR E L PSIT
JEREW MBI opsn LA M2 Qa F A AL I 1) 11 3 B
B, EREEM AR T, Qe MHEAIRS
WA ) i B AH P A58 TR 220 W 3 — R 4, D) ] A e
G f (o] LA — A ] 5 1 9 2 AR PR A R
S B — YA AR R AR B

f(t) :F‘U + <Fm *Fo)[l *exp(io'pSHJEdt)jv
0

(2)

ﬁnpﬁ—exp(—amnifsdt)%%ﬁ; PSIT 7 i .0 b B
[E] 14 5 A EE 3
i (2) AT LA B A R 9 280 3 F1 2 S 5
(F,F . ops) o ZOCMMBEE, & 0B
1) S B R R E ORI B8 WSO T o pen 1Y TR,
M= B F () h R PSIT R 0 C ()
Wi Fsf (] £ A8 £k G R A ROR
C(t)=1—exp(E,1), (3)

WHEH A LIS R E, (HS5 KN H O xR
FALFIBRRNE 2 Frw,

100+
90+
80
70F

Proportion of closed RCII %
cococooooos
—_OOOODOOOOO
OOV T WD =

0 20 40 60 80 100 120
Time /us
2 E, 550 H O 3 56 A E I O R
Fig. 2 Relationship between E, and proportion
of closed RCII
EE 2 L E, E R 0. 01 B G & JE5R 48
5530, PSIT I L SC P L BN A 62 %6 5 b B A o
i A BB VR, I AR 2OC S BOR AR MERR 1Y . B &
E, Y400, PSIT J2 i ot & B L B 2% i 38 K, 4 E,
(B 0. 05 BF, PSIT S v G A L 2k 99 %% 5
BE% E, B9 4k 2: 3 K, PSIT 0 o0 56 ] B 75 Y
B[] T AR A2 9 100 pes 45 8 28 J5 5 1 — 2, i o o
(R 98 R D 5 D 2 S SO B R, 51 R R Ak 2R R K
FEAS S B & G A 3 R #EAF ST, L 99 % 1Y
PSII [z [ 5 T B > R AE PSIT B H O 7 B
UK G 3 1R N 4 56 BT, DT BT A4S 8 6 R 1 E, (B
29k 0. 046, 3K S — > BE A 1 2 ' 7= 3 4R A AN 1Y
S AR A SR — AT . R E,
fH/NTF 0. 046, P B PSIT 2 W A0 42 M1 4 H R
JE L BN OERRANE s #5 E, HR T 0. 046, B DGR
Bl 3 oA TPLIF &Gk JGom H b N5k i i
B E— MEEM R E,, dE1T 912 5L,
PRV TEMEMPOCM MBS E, . TR
Jea A A E M, MLl A E M E, 5HISE
FAH 0.046 &F —E 2206, A T LB ALY
WOHE N, o = 0. 002 % EHEGFKXME
[0.044,0. 048X W) 4R Yo S 4k E, A7 HIWr, 0
RE, ZEXIE A, WA % kOG890 8 Al
DGR A5 DL DGR I LB 0. 046 HEATIE IE &
IERIRK E =0, 046E,/E, . ¥1&1E 5 G EE R
g N HEAT R — R BOLIRM, AR OB HE,
FE A 0 DX JE] P, L% 2k = U A5 32 1 9¢ 6 S 8
E, BAEXF5 MM 2% RSD (E,)<<5%. &I, %
S AE I 5 K

2412001-3



e = Es i

| set initial LED intensity E, |

‘1,1

‘ obtain fluorescence curve f{(t) ‘

Y

e index fitting E, LED intensity adjustment
SWO=F +(F, ~F )[1-exp(-0,, |, Edt] E=0.046E /E,

|

E_€[0.044,0.048]?

v

obtain fluorescence parameters
suchasF, F , o,

m’ ~ PSII

end

&3 kot A s N 5k R
Fig. 3 Flowchart of excitation light intensity adaptive algorithm
R 624 nm LD SR 00 46 6 BR 98 B B 5E S 5506
3 TR (6000 pmolem fes ') F1 O b I
3.1 FEEMNBZBEENER ( 32000 pmol * m * «s ', A X & W,

%Uﬁﬁ TPLIF Jl & RGE0F = AR Ko 3 (R A 22000 pmol » m % « s ' A XFEEBD .

INER B A /N 3R AR A A | R i R i Sk T SR AR SCHE R G R IS N T ik &t
PP AT IR P T 2 RN REE ONEREE HEAT 98 W AS3 T 7 fﬁl‘mm‘/ﬂ%E’JLEE‘JY)’?ﬁk)ﬁﬁ,ﬁﬂ
K. EEPEREEBECRFH 450 nm LD YR K ¥R 1R,
F1 7P EEMICR LR A S N 2

Table 1 Adaptive results of excitation light intensity of seven species of algae

Initial First Second Third Fourth Average
Alga RSD /%
intensity adjustment  adjustment adjustment adjustment intensity
Chlorella pyrenoidosa 6000 19071 19083 19002 19748 19226 1. 80
Chlorella vulgaris 6000 20875 19758 20693 20192 20380 2.50
Scenedesmus obliquus 32000 21187 21776 21546 22237 21687 2.00
Microcystis aeruginosa 6000 14012 14098 14563 13974 14162 1.90
Anabaena sp. 6000 13142 13187 13422 12880 13158 1.70
Merismopedia 22000 14931 14755 15536 15000 15056 2. 20
Cyclotella sp. 6000 27565 27454 28173 26970 27541 1. 80
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Fig. 4 Fluorescence parameter opg; of different algae
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