PEALHI A 24417 . 2024, 44 (1) :0088-0097
Acta Bot. Boreal. -Occident. Sin.
http://xbzwxb. alljournal. net/xbzwxb/home

SIR4ES: F 30 £ T F 2R AR Sl 2 Bl/NERSEA KR A R AT i (). PYIEAE 2241, 2024.44(1) : 0088-0097. [WANG X, WANG
Y H, TANG Y L, et al. Effects of uranium on the growth and photosynthesis of two types of Chlorella vulgaris[J]. Acta Botanica Boreali-

Occidentalia Sinica, 2024,44(1): 0088-0097. ] DOI:10. 7606/j. issn. 1000-4025. 20230365

X 2 MUNBGEE RS IERNRIT

E %173 JIJZJ % ;]%12 9]373: *12

(A PR R B2 5 TR B, DU SR FH 62101052 7 jg B K2 A% W0 5 30 B8 ¢ 4 [ B 30 2 Bhse gl & U )1l 45 FH
621010)

# E [EMRIXS A K BOUA 1R AR, 51 158857 09 3 T & 1F FI A9 K A il 75 g A= 25 XUBS: F f 45 4%
[ =R A M4 (0,0.5,1,5,10,20 mg/L U™ )43 51 4b B8 3% 38 /N ER 35 (Cholorella vulgaris) F1# 1 ¥ 8 /N BR
P2 Fhl BN R AR B A O L TR AL RS 9SS 3,5,7,10,14 KT AN AR K R O G il F o R SR A A4
BERNN %S HERBNE . [ERI0.5 me/L ATV B 4h b B8 2542 3F 2 Fh/heR e 09 28 KRGS 7B 3L
BRIy 2 MBI A AE KR DG HEE R DR G I Kb ¥/ (F,/F,)  EbR b+~
BLYCID JAHRS B F A% 33 HOR GETR) i SR R POU S M B3 w5 T3 B T 5~ 20 me/L & ok B2 il b 31 00 (2 3%
PO 2 Ff /N BREE 0 A KRG A VR T 5 (2) B 8 35 3 /N BR 58 B 5 /)N 3k 98 6l Ak B O AR FE 1 mg /L AR BRI R AR
556G 15 F k32 20 5 2 00, P LAAE S K A il v G 28 1 Wl i 48 /s 2B 95 (3D [ E 3 B R B R RV B i b 3T
Mk RPN S ALY DM rETR A9 0 7 3 B2 DT AR AE KR Db G U R gt R ' F/F, &8s, L
A Sy K A8l 5 G 2B 25 AU DT A SRR AR b o 5 38 4t % /N RS 9 A A R & 4 FH 28 B AR 412 v 00 A e 88 sk iz HL
B /N BRSO Al T G OB, TR B e /N ERBE R 2R R YOG 1= S Y CID M rETR 45 & ok i J T /K 44 v
B L P e N R S S

KEE A NERE AR OLA R g R IO

FESES QI45.11; QI45.78 XERERS A

Effects of uranium on the growth and photosynthesis of

two types of Chlorella vulgaris

WANG Xuan', WANG Yuhan', TANG Yunlai'?*, CHEN Mei'"?

(1 School of Life Sciences, Southwest University of Science and Technology, Mianyang, Sichuan 621010, China; 2 State Defense
Key Laboratory of the Nuclear Waste and Environmental Security, Southwest University of Science and Technology, Mianyang,

Sichuan 621000, China)

Abstract [ Objective ] In order to explore the impact of uranium on algae growth and photosynthesis, and
to screen new ecological risk assessment indicators for uranium pollution in water bodies based on photo-
synthesis. [ Methods ] This experiment used different concentrations of uranium (0, 0.5, 1, 5, 10, 20 mg/
L U'") to treat two types of microalgae, chlorella (Chlorella vulgaris) and Huanglong chlorella, from

different environments. The relative growth rate, photosynthetic oxygen release rate, chlorophyll con-
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tent, and chlorophyll fluorescence kinetic parameters were measured on the 3rd, 5th, 7th, 10th, and 14th
days after treatment. [Results] (1) Low concentration uranium (0.5 mg/L) treatment significantly pro-
moted the growth and photosynthetic efficiency of the two types of microalgae, where the relative growth
rate, photosynthetic oxygen release rate, maximum photochemical quantum yield (F,/F, ) of photosys-
tem [ , actual photochemical quantum yield Y (Il ), and relative electron transfer rate (rETR) of the two
microalgae were significantly higher than the control. However, high concentration uranium treatment (5
—20 mg/L) significantly inhibited the growth and photosynthesis of the two types of chlorella. (2) Huan-
glong chlorella was more sensitive to uranium treatment than chlorella, and its growth and photosynthesis
were significantly inhibited at 1mg/L, and it could be used as an bioindicator for monitoring of uranium
pollution in water bodies. (3) Regression analysis showed that under different concentrations of uranium
treatment, the response speed of chlorophyll fluorescence parameters Y (Il ) and rETR was faster than the
changes in relative growth rate, photosynthetic oxygen release rate, chlorophyll content, and F./F, .
which could be used as sensitive indicators for ecological risk assessment of uranium pollution in water
bodies. [Conclusion] Uranium exhibits a concentration effect on the growth and photosynthesis of chlo-
rella, where low concentrations promote growth while high concentrations inhibit growth. Huanglong
chlorella is more sensitive to uranium pollution. Therefore, the combination of Huanglong chlorella and

chlorophyll fluorescence kinetic parameters Y (Il ) and rETR can be applied for the ecological risk assess-

ment of uranium pollution in water bodies.
Key words

BT BT Z T Tl Rk = R
L REPRAEAT M UL B N ok 1A & EOR 4
TR as o H AR 5 B o ol S R R B PR B
A S AL R SR AR P A S BEE
W EE RN fEHE ANRER, 2011 4, HA
e B B — A H ) R A A Tl T R BOR R O A
BTN AT ¥ T P58 0 TR AT 1 95 4 I 2880 iy
NSCTEM R HASAR B B SR S 0 A %
WITE 2011 2 2012 4F AP 8 2 185 3 37 R 4 1) e
A7 AR S P 3 A A RO R RO E AL E
W UL Cs " Sr SE R R A Ry 5 P O M S G i
W g2 AT, H A BUR TR AE 2023 4F P 8 4R
SRR AR 130 U7t R K HEA K B2
WO XU VE A S R G AR E PE R VR LR ) A
AE AR D T R K A A R A
P ARONE R AR A AR VA BIF 5 O 0 S R S G R 4R
7N AR W R AR W b R A o A ST S P T G A T
ARk BLAT B AR ORISR AT

B K A M W) 2 K AR 3SR G 0 E A L
O3 TE KU P 5 % W e R 1A R b B AR
FHFNHLAL . H T Br AT — 200K 5 S FUK AR A
TR AT S 1 75 G A ) M D 1) BF 5 iR GE L A Herlo-
ry S5 HRE R OR 2 51 R A K A S R Goh Rk
BERE V& I S5 A0 78 A, fk 35E AT LUAE S 7K 0K il i e 1Y) 4
RAEY) ., Gosselin %[9: WF5E & B E 7 £ e W B
(Posidonia oceanica) ] UAE R /K R E 4 )8 MR

uranium; Cholorella vulgaris; growth; photosynthesis; chlorophyll fluorescence

5 Y A ) e I A A s AR W TR O P AT DUKS T
RN U A P W e R R AR A VA (SN d
AR B P FE B I TR 5 N R . i X TR AR R
T G 1 KU PP 55 A Wy T ST AR D

H A 28 A ) M D R 32 5 5 ik 46 s AR )
LB I 7 8 2 0 A A A ) 38 AR W) P 2 2 R AE B
Tk B A W) 98 805 4R b JE AT K BT IS g R B Y 0T
WO B I R AR R B A R
2EAFERIA . AR R PR R T AR R K R Y —
Fofr ] AT DA 2% Aol 30 358 1 30 0 A L SR AR W)
GG AR R MR BB RO, B A I 5 A6 0 A SR R g
SO AN B A W W R 5 S B
FRORAEE A W] R A I E I R] i v A A e
i AP TR AR R0 1 BOASE 2K ok 5 8 5 /N Bk
B (Cholorella vulgaris) F A 25 IE 55 Ho X DY 1] B
Je B A SR PR A IXCR A 1Y 5 /) 3R A O I 58 X
G2 BT AS [k BE A Ak B G 2 ol ol o A & DL RO
YENI S, LE 3 2 b G0 X K 44k 75 G A g
V7 22 o SR 3 1 — 26 LY A R Y B TOL G AR
18 It L SR I 2 22 9 S BN K Al s G AR Wa T 4
T o AT L SR KAl T G 1 JRURS: DA 5 A M T R
& — 2L 55 1 BB AR AR A R B AR

IR S R RES

1.1 s
IR AR 2 Aok BT A () A 35 0 0 3 /) BR s



90 (LA <7/ B 44

(C. wulgaris), VL B # % PCC6803 Fl 3¢ B A ¥,
o, — B /N BRI B PCC6803 I 3 18] 4K 3
(Chlamydomonas reinhardtii) F& B F B B2 Be K A4 A
YIWEFE T » 53 ATl /N BR 35 b DR ZH DA Y )1 2 e
E R AR KR 0 s b Ay B ali e R, 2
TR A B 5 S — S /NER B R T T X AR TE AR SC
HRE HAi 44 o0 B e /N R
1.2 REigit

W o B A AL JS 1Y 4 Fh oA G BRE IR 45 IR b 2E
TP B R 97 558 /N BRE  HE 3E PCC6803 | 3K P AKX 3
MRS FRIRE Ry 25 °C L 8 e /N EREE R B SRR 15
CLOEMREE R 4 000 Ix. 06 /M5 LR 12 h/12 h, 8 IK§%
#H 90 r/min, AKX E 0,0.5,1,5,10,20 mg
JL U6 A4l A B BE . B 3% 36 I R DU Al
UO,(CH,CO0), « 2H,0 I 100 mg/L U Ay £k
TR S AR Al T ) A Rl e ok AR RKOIRES R — B
B 10 mlL, 38 /N EREE L B0 /N BRI B Y B
W] TAP 55 5% 5 Al BE W IR AT 2 25 . 3% PCC6803
BEWCR I BG-11 85 B 5o B 17 45 . i 4%
Ab BB AR TR g 50 mLL, i il A BE o B 215
5 REE 45 i i 4 FECRE P o 3 R E Ol B EE R
AR NG R ERT TR L R e T B e R
3:5,7,10, 14 KRN A2 4% T 45 5
1.3 MELIRRFZE
1.3.1 BEEAMEKER

G306 BE 1 SR T v 0 % e H P HL B R e
B J7 1k 22— . 22 P IO T AN 0 R D K
680 nm FEHCHE R HL X R, ML &K
38 /NER B AE S B G R IR 7E 680 nm b, i B
PCC6803 Y LM W e % K h 720 ~ 730 nm &b,
R A SC ik B TSI 56 it o S /N ER O LS B 9 L B R /DN
BR 6 i 06 % K Ll 680 nm, W5 #E PCC6803 Ay
WIS A 720 nm, B3 mL BEWMA L L
rhv 0 R /N BRI /NEREE SR P HEAE 680 nm
B B EBE A s » B 5 B PCC6803 £E 720 nm 4b Y
WGRE Ay R A, LA L, (HZH] 4 b2 A0 %t
AR R R
1.3.2 BEXAMEAEERR

K H Chlorolab2 ¥ # & i # ( Hansatech, 3%
FE]D) 00 7 8 25 1 5 i AR, IR A o R VR
BTG T IE R 30 min, SR AR AR EE S e
WARFR 2 mL, M B IEGR A 800 pmol/(m” + ),
1.3.3 BEMHZREREE

RO REFRE L PR B R M R a MR R

b, IR A EOLEEE I E & i . B3 mL 3T 10
mL B0 F,12 000 r/min F &0 5 min, 246
WG A 5 mL 95 % Z B H B 7 % 0E . JF H 8
WAFEEDETET 4 CORAL MR ., W H BB
D ETF 55 CRB#H KB I 60 min, J5 T
12 000 r/min FE.L 5 min, [ 95U 2B EXZE 5
mL, HE WA 3 mL M2 (6 Z B T L@
ML, LA 95% L E R 25 L 40 AIFE P 665 nm 649
nm T 5E W OGBE Ay Ml Ay, . RS
(1) (2) 43 3138 38 /N BR 8 B E /N EREE A I 2 3R
a(C,omg/L)MM4EE b (C,,mg/L)&F &,

C,=9.784A 45 —0.990A (D
C,=21.426A 5y — 4. 65A 445 (2
1.3.4 BEEMERWIASH

K H Dual Pam-100 X# i I il i 2% 2 58 A
(WALZ, FEED M & BN Z0O6 S 8. &
AISE AT 30 min KE3dE W, % A Induction Curve
FE TR L L B8 B 4 229 pmol/(m” « s) A
SRR K 855 pmol/(m” ) AR ik o IR 8
5000 pmol/(m’ « &), srHlME F,.F,,.F.F,’
M F, ESHOTEAEDERS [ R e b s+
JRE(F,/F O ot fess i R LY CID I ADE
F G0 1 AR L 1% 33 M 38 (fETR) 45 M4 R 90 3
PIEE 2 /G
1.4 HIEHW

K Excel 344 6 #5447 8 21, ff H Origin
2021 Bk A AR B T BE AT # oo B, e A BC8E
SPSS 27. 0 B4R HEAT i 35 1 43 B 0 22 TR 3R AR 4 ol
U 53 v I A g [l 05 5 A

2 ZER 545

2.1 A[ERESEEEIERERPI M
WA R, H 5 /e (B 1, A) LB R /N ak
HE 1,B) i % PCC6803 (Kl 1.,C) 3K B A& ¥ (&
1,D) 4 Pl 35 A0 X Az 4 3 R A A [R) v i gh db 3T
FIW] AN [R] , B T /N ER G 1Y) AE K 3R A A 3 VR
[i) 2% 5 P B, LAt 3 b ik g A A 3 D 47 B 8 4 Sy
WL ZEAR R E (X I L0. 5 mg/L.1. 0 mg/L) AR
B W 50 v 1 5 Mk B (5~ 20 mg/L) 4b B i A I,
JEEALGT T 2 FNBREE R A K ECR A AR 22 5.
o 383 /INER R R /N BRI A X A K R
7E 0.5 mg/L U™ AbBE T IR 4 i 3 o T R X B P
<<0.05) . fF 1 mg/L U Ab#RES 7 Kl &K T
Xof B T LS8 /)N SR 38E X il Ak 38 P o 3 L - 3 N 3K o



14 B

B A5 L AlNE 2 A/ B AR K DA 1 T 4 5 i 91

SRR 32 2 ks 0 A A A B M R |
IR AT 2 /IR B4 A R A4 v R JEE il (5
~20 mg/L U )ALIE T 4 ZAR T ) 301 0) BRL L 249 i 25 Ak
T[] SiE 452 W e AR L 52 30 25 i o] EL Ik 32 g =2 3|

AR BR8N R B A2 4 o B ™ B, AT UL
Xt 2 Fif/INER 6 AR 0 5 WA AE AT R A R R R A
WL ER T 1 mg/L U Ab3 T A2 3 2 i, H %
Je/NBRBE T 5y 2 BIRE R, 52 R AR AL R

- CK T+H05mgl —4&1Imgl -—A5mgl -€-10mg/L —0-20mg/L

20T

A

2

5 & L8|

% =

<"’w1§.1‘6_

ws 1

on

ggm-

<

Egl.z-i.——é\?m;é
10 1 1 1 1 1 J

4 6 8 10 12 14

20F ¢

1.8f

A—*‘H””",—‘
L6} 54;;5//,5;5

1.4

12+ %

0.8

AR AT
Relative growth rate

2 4 6 8 10 12 14
ALFR A (8] Treatment time/d

2071

B
1.8} D/D/D__D/D
1.6}
1.4}
1.2}
1o}
0.8}

0.6

AR AT
Relative growth rate

4 6 8 10 12 14

/L
7/

-
'S
n
i

-

'S

<)
T

AR AT
Relative growth rate

TR

S &

—_
3]
W

2 4 6 8 10 12 14
ALFR A (8] Treatment time/d

1 A Ta] e B gl A B R X /N BR 3 CAD VBB /NVER S (B) L 3 PCC6803 (C) IS T A 3 (D) AR X A= 3 R 1 25 4k

Fig. 1

The relative growth rate of chlorella (A), Huanglong chlorella (B),

synechocystis PCC6803 (C),

and C. reinhardtii (D) under different uranium concentrations
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YCIl) of chlorella (A) and Huanglong chlorella (B) under different uranium concentrations
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SAE T R(F,/F) LR R Y AD ],
A HL T4 33 3 R (rETR) A X 4 K 3 (A )
AW R a FR HEEDFR TS
B3 35 B K (B Bl vk BE 43 ) Dl 0. 48,0041, 0. 41,
0.42,0.45,0.43,0. 46 mg/L, B K T ¥k FE 0t 7
P S8R AR 10 T B 5 S P Uk W I %) 58 5 1 5 B %K
P AR 0 I ) 4 B AR KBy 14 d, 2 1 72 5 Ry I ]
W, 3~14 dJEHE N 7 DS EER bR B AR 1 P 5L B
RAEH AL 14 Ko ARG S B0k B 5 5
AL, SEBR A A R LY D ] AR X 4% ik 3
FGETRBHA 5 Fh S 40000 il v J32 A 311 01 50K

X1 THSEE5MHMREEO~1 mg/L KERNHEIIRFE

Table 1 Regression equations between seven factors and uranium concentrations in the range of 0—1 mg/L
Sk = - l‘ UG\ N :
B4 1 )y AR UKL .
Factors Regression equations concentration at

maximum value/(mg/L)

BAIALER TR (P /F,)

Maximorn photochemical quantam sields 21~ ~0- 16671° 0. 16Lx,40. 00655, +0. 580 0.48 0.770
Actiﬁf&iii:fﬁﬁﬁ z/i]elds y,=—0.218z,%+0. 178z, —0. 000233z, +0. 326 0.41 0. 623
Eas eﬂlfﬁfiﬁffaﬁg‘:g)ﬂ y3=—78. 382, +64. 092, —0. 08352, +117. 100 0. 41 0. 623
Iﬁ?:ﬁtijifg\rﬁo;s y,=—1.301x,%+1. 081z, —0. 00853z, +1. 539 0.42 0.881
thosy};ﬁﬁ%f“fgi lense y.=—3.647x,°+3. 2532, —0. 134, +2. 681 0.45 0. 856
Chlourtﬁlflaa/iiems ye=—13.190z %+ 11. 2202, +0. 680z, +13. 140 0.43 0.319

M b E bt v, =—9.8292,°+9. 074z, +0. 7422, +6. 849 0. 46 0. 330

Chlorophyll b contents

31 ®

UEAESR VP W IE 2R AR it 1 0 42 IR e 4
ERE YOS, A R Bk FL/F,
T R R B AT DAAE A PR A P B M 1 B AR AR, B
RERBFRARGEN MRS bt Tre g
FEARAR 38 T BRAR 5 88 bk BB R 48 11 i fee
K F B (qP) FH A% 33 3 8 (ETR) 7E 50 pmol/L
A RS e M R ok AR P
P FEGR MG T F Medp 3 s i e B e
WREBE R F/F,, B Bk B2 3G 2 8% TS B
AT T R A Y 6 G AR A S e (180 ~ 240

mg/ L)AL EE T &7 W E MR Y s Aok E R
SRM P, AR E (20 mg/L) AR FF i Hot
GRER DO N1 FHSEAE R W EE (50 mg/L LA Fhib
MR Z B s, b i i K9 (F) JF/F,, Fil
S RGN BAEE I (F,/F ) ¥ 8 2 AL, 0] 1G5
S (F ) i 2 T, D DR AT A8 2 v v Bl e 3R 1Ok
R0 1 Jo HE R o B S5 R Zh BE L 24,9

T R AERADCEEHZ R LK.
RGOS B YAl B 30 mg/L B AR
FCEERZM B, L F/F, BT RATRET
A7.7% . BEA ST IRGE L T 40 A R E S T £
R e RN S EEAE 30 mg/L AL TR g R,
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PR RS2 BN AR K2 . A 2
SRR /B AR K ADE A AR R TR R Al (0. 5
mg/ 1) AL BT fg A JF L A SR E Al (5~20 mg/L)
Qb BT 32 3] db 20 2 B SR A X AR KRR (A )
WA HCAHEE FL/F, YD) rETR 4845 8.5 T
W, JUIHJE e /N BR B, 7E 1 mg/L IRk B b Ak 3
IR R e I R 1y @ A IV 11 (A R o4 1
JIT 1% i 5 R At 35 28 52 3 4 A ok
Ui BN R B B O A AR D sl Ak B EE R UK, FL/F,
e 7RG B RGeS 4 R HBUE T
R R OB e 2 BDE I, HOU RS 1 R p e 32
S PR B AT 3 s Y CID R B s F TR A i F
At 38 B BE it 7 B WSO RE A LU B, 7E 5~ 20 mg/L
R EE AL IR L ORI O R G 1 G RE e A ROR
EFRAGrETR B AL S5O0 RS 1 i FAE B RE I A
oK HH BEAR B T i am 1 7O R g 1 AR s
DA bk s 25 AR Ry vik B3 b Ak B TT R 2 S UG
KPR ERROERE DERS N il TR E S
A R A% 38 A A 1 AR 5 A R A AR A DT B SR
TOCHRSG N, b 4 Lo a0 L LUE L o
FA: K LOGA R B 52 ma HLIRAT) 5 23— R IT .
H AT, 7K A5 e W 7 ik 3 O W Ak 2 O
VAR W W 7 0, 0 B 2 A I Ty v AT PR A T
AR i AH L AA7E 2 WIS 2T R B R LTS e AE
YRR 4 3, AR W Oy vk FE R K LB
& AT AR I Z2 R A0 W I ARG A W Al e AR T g
Yy AT TS Y v AR A A B 2 TR
AW W Rh 22 REPE AR AL DL KR A 3 A AR bR AR 4R
AR ZKAA AR M 38 B AR R AR TR B L 4R E B, R
b 2 S B DR OO S0 R R P R A 1 R A
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