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OB, DIARIAS 45 At [ 20 4 KR (Aliinostoc sp. YYLX235) FFExT 4, #4250k s T IR 1 3 %
KRR A4 0.0, 25, 5.0, 10.0 mg/L FEEFRI SR, Kigk 2. 6 d BE b sk AR . ot
AVER . BRI PrA LR M S AR S AT o0, IRITOE T AR KBRS A W ik . 2R
B . 2.5 mg/L XK AL, JEIHEN(2 d) P9 XS BREE 0 AR KRR IR AR 1 ELA RN, [ RE S AL B R R
SN A MO0 5 SR T A PR SE AN P AR R a TSI D RS EMEIRRIE; R T EME
RERFAOEE RGN L AR RCR R, B 0E 248 1 O HoO L FHMAMSZ4E, 48 HsTal (2 d)PY 5.0 mg/L
S T ARG A B G5 T RO GAL 2 RORA T BE Y 79.1%; X — A FH 451 T 2R BRI 4N N 143 b S e
(CAT)IEPEFH 5, 6 d B 10.0 mg/L XF 2K —BrabFEA) CAT JE 25T BEAY 9.96 1%, (H 231 ag g S bR IR A
oA T A RTINS B 1 U B B R
X OB R SOk BIAEEG WORTE OCAER PURILEE; AR
hE 4SS, X171.5; Q945.78 XHEAFRERD: A MERS: 1007-1032(2023)05-0624-07

Bio-toxicity of hydroquinone on Aliinostoc

YAN Qiong, SHAO lJihai*, CHEN Jiefeng, FENG Ye

(College of Environment & Ecology, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: In order to elucidate the biotoxicity of the urease inhibitor hydroquinone to the nitrogen-fixing
cyanobacterium, Alinostoc sp. YYLX235, which was isolated from an acidified rice paddy field, the effects of
hydroquinone (0.0, 2.5, 5.0, 10.0 mg/L) on the growth, photosynthesis, nitrogen fixing enzyme activity, antioxidant
enzyme activity and oxidative damage characteristics of Alinostoc sp. YYLX235 were investigated on 2, 6 d. The results
of concentration gradient toxicology tests showed that 2.5 mg/L hydroquinone had stimulating effects on the growth and
phycobilin protein of Aliinostoc sp YYLX235 at the 2 d, but the stimulatory effect shifted to an inhibitory effect as the
treatment time increased. Hydroquinone showed no significant effects on the contents of chlorophyll a and carotenoids in
the cells of Aliinostoc sp. YYLX235. The electron transfer efficiency of photosystem II(PSII) of Aliinostoc sp.
YYLX235 was sensitive to hydroguinone stress. The electron donating side of PS Il was severely damaged by
hydroquinone, the maximum quantum yield of primary photochemistry of 5.0 mg/L hydroquinone treatment at 2 d was
only 79.1% of that of the control. The activity of catalase(CAT) in the cells of Aliinostoc sp. YYLX235 was promoted by
hydroquinone. The CAT activity of 10.0 mg/L hydroquinone treatment was 9.96 times that of the control at 6 d, while no
oxidative damage on lipids was observed under hydroquinone stress. The activity of nitrogen fixation of Aliinostoc sp.
YYLX235 was significantly inhibited by hydroquinone.

Keywords: Aliinostoc sp.; diazotrophic cyanobacteria; hydroquinone; photosynthesis; antioxidative enzyme; nitrogenase
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PREZJE BT Z AR IR — PREM
FHTATI ) P R A A R PR, BB AR . F
FRAEL, A, IRE PR RS AL
T BB, RS AE R R AR AR R
N, Gl 3Rl B R R R, xR
T () R — Rl DU IR B SR, TS IR R
Il B A AU K e Ak, R TTBR e PR R FR AR5,
BEAh, SR WA E SRS A A, e
FUIE R 2 A58 ] AT 3 A AR AL 50 90,

MAER A FHLESRE , W4 Byl LAFIRAE b
MBS A, PRI H 0 ATED, ST
JIRBEGE , X Anp = AR itk . RERReE A AE
IR, SR TR K A, Ikifmds. B
AN ELAG B 1) R, X2 R
TV 148 hEECsof L 40.15 mg/LE, /K A9y
Hb, MR X s d B, BeD RS i,
I HA R A B0 LM, B UL, VN REEI I
XA I A A S AN A S KU AR TR AR ST o

[P JR T o M A 7S R 4 R o A ) A
APRERERA, FERHAR RS, B2 KR A
T ) e FH R A 2R 2R T 5 P TA60 kg/hm?, 45 B fiff
PRI URSE, BEm RS H150% 2 A7 il IR R TSI,
FP P S AT AR RS ™ 10%~30%01141 , HUAERS]
WFIE LB, Hlhnakss gt 5 MR O R PR A 1Y)
i, WSRO AR ORI R . xR
3 R 131 40 38 0 A 7R R D EUIE RN R R S Ay
HHAFEEREN . AT, PSSR E,
MAK . JEA1ER . B bt A LSt .
AR 155 7 THR T 218 S 6T IR it 417 1) 700 X6 2R — 1y
oA AR BRI, PRITKTIR AR AR
B TE G A X R B4 s PR R R TR R
H A= [ R AR AR

1 #R5EE
1.1 s

MR BRI (Aliinostoc sp. YYLX235)4- 5 [
A PTG IR AR H . S A BG-11 K533k
BEESE, SRR 2400 Ix, JEIE 5B 12 h, B
FHREE A (254) °C. XK MW H Macklin, 4ifE

=98%.,
1.2 &R ZE RN T

91 mL JoI BG-11 H557 5 A% 250 mL 4k
T, 435I A 4.00 mL FHJCH 208K SRR 13T
22 BRI 625, 125.0, 250.0 mg/L AR R
BRIV (3FhAb B , Xof REAR PR A 4.00 mL IC 781K,
HIFAMA S mL XEOE SRR FR, l
HAART A 100 mL, X 48 i 1) Foe 2 o F e i 40 5]
70.0, 2.5, 5.0, 10.0 mg/L, #-AbHISSEREEREAN I
AR LN 1.36>108/mL, 4 MbHE 3 ANEA
PSP SR , KRRk FR] 1.1, B35 2. 6 d
IHIBRE 3T o

1.3 MEFRZE

1.3.1 EkEW@REEARSEELSERAIEA
AL FE AT M E

K FH PR T BORE 2 S0 0B I S Bk
FIZIMSERE . IR 6 d Ao I Ay foff R ) e AL
XPEERBE RN ZE A T B 504, 71 6 d BEXR
T AR EREERY) ECsoo

B4 mL BT 10 mL Z.048H, 4 °C. 8000
r/min 2.0 10 min, 3% FISW, WCERBAIM. mik
BT MMM ELEFINA 4 mL 95%H ZEE, T
4 °CARIRPAES HhRE IR PE B I N 2 R a Tk
I N, 24 h JEEGH, FRRELOIFIREE I,
4y 66T 665, 649, 470 nm AbiE W GRE,
Z MG A RO R Jr IR B P 2R R a kS
S MRS

P FRIT SN, INA 5 mL BERSE u
#%(0.05 mol/L. pH 6.8)F &, S5 B IEs:
BEMEOER R, IAEA I E R AT
WAL EEANAf, 4 °C. 8000 r/min &5.0> 10 min,
AR BIE TR o 38 A E G EE T A A e IS WA
620. 650, 565 nm ALMYIRIGEE , FFHRARZSEFLTT A
D5 BT BE AR 1 (PC) AN 5 2R 11 (APC) 2
PR B TR IR A (A RSy, IRA LA
T AR S i, R AU DU A SR R
BRI e b £ 30 40 I A2 39 VAR v e AL i A il
(SOD). 1 SH AL A BHCAT)IEM: o R D2 ik
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A AR B EL 22 R 43 0 8 b Vv P vl i R
S EFIN [ (MDA) & it .
1.3.2 EzkEet g RiFFRAMEZ JIP-test)

iz FH RIS 06 E (X (AquaPen—-C AP-C
100) I PR e 2R ZO IR FUOC ZAHBES T3
JIZERHIE, FFHI2REE OJIP B Jj24h 208l T
FE 2 mL, DI E BRI AT FE o BT R A E T
TGN 15 min, G E A G REEE Dy 2.4 x 105 I,
DGRt BT ] TR 5x105~1 s, B R
CHRISTEN Z5RVriA 5, o3 Mt 200615 7200
SIS EE RGNS FRCE (pro) . Tl
NN G s AR et 3 LR A Uk e PO A A
A Qa HILA L F-SZ AR AEZE (o) . FH TR FAZ Y
HF i (peo) . FAFERE T HEE (0po) . A TEE
G AR . GG RS LB 3BE(Plabs) o
13,3 KoRE B RS RN

T 120 mL A EEFRIRRINA 5 mL B, LAnirfi:
R FERINRNE BT, fli 10069, HEAZATR
LR, 4kEiESE 5 h, TS 800 pL <M, fHH
LA GC-OA S A (34 SO 2 A= 1) A7 3
A IERE 4 HE S CP7518(CP-ALOs/KCI, 50
m>0.53 mm, i.d. 10.00 pm), KA FID, <A

EFEA A TAE S EATR . K 2385 120 °C,
HER 70 °C, RSN 40 mL/min, ESIME N
50 mL/min, 2353k 500 mL/min, LLBA BE4H
JO A BAAN ] PN P2 A 2R 1) 2 [ B UG

1.4 BB

iz SPSS 13.1 XHAme i 17 s R 2 Ty 2247
M, HEF] LSD 7 £ 8 i,

2 HBRESH
2.1 MERZEAITAEIREE KN

M L A[H, 2d i}, 2.5 mg/L R By Rk
PR AR HA R ER , i i B s T H
fl kb3 RAY,  HeXE IR AY T 30.6%; 5.0, 10.0 mg/L X
R T A B SIS TR 2N i % B 5 X BRI 25 7 T
it o N 2d 3 6d, WAL BRI IEH 1)
HUORAK X A B B R A 41 A 2 i 1Y
W, 6diF, 2.5, 5.0, 10.0 mg/L %24 Ey b FRAY
S TR P A 0 R Y 0 AR TN R, A IR
30.3%. 35.2%. 47.9%, HJEA[A] vk B XK —
T b B[] 4 25 S e geit2¢ o 6 d BPROR )
X Bk R ECso A 12.88 mg/L.

*1 NEHMAENKENAREENLSERSE

Table 1 Cell densities and photosynthetic pigment contents of Aliinostoc sp. YYLX235 treated with hydroquinone

R xIEmy ey AN AR a IS MR pc+APC 4R/ PC 5 APC it
i [ /d (mg L) (x 10°mL™Y JFiting JFiting (ng mg™) 1) HAEL/%
2 0.0 2.32b 1.19 0.30 0.07b 1.96ab
25 3.03a 0.86 0.21 0.09a 1.33b
5.0 2.51b 1.06 0.23 0.09a 1.75ab
10.0 2.18b 1.20 0.29 0.08a 2.42a
6 0.0 3.07a 1.88ab 0.51 0.08a 2.23b
25 2.14b 2.09a 0.59 0.09a 4.44h
5.0 1.99b 1.73b 0.47 0.08ab 7.81a
10.0 1.60b 2.05ab 0.57 0.04b 3.17b

A 5 % N LY 99 527 S 27278 X (P<0.05).
22 MERIMMEIKEAGRESENTN
ML AP, SXFRRAR L, X At B2

EREEAN N 2R K a IR P RS EILEEY
Wi; 2dmf, 2.5, 5.0, 10.0 mg/L XJ 2 X 2 Bk

20 B A SR E 2R 1 (PCHAPC) &t HAT (835 RV AR
F L RZEBREANMIN PC Hl APC 5 5t FLELZ WA A
K 6 d WF, X2 B X BRI N B
YRR G, 2.5, 5.0 mg/L %R XA Bk
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APC S FL(E2 B0 %R Y 1.99 1751 3.50 1%,
1M 10.0 mg/L X7k b B 5 25 AR A A P B A
EHSHE, [BX PC A APC S B HAER A K,

2.3 XTEZEN AR EM G BT TN N F IR

)

ME LA IBEH, 2. 6 diF, ArfabHieksE
M2 RV CBES S) J12 R 2 AL OLP il
LRAHIE; 2 d B, 2O i BRS B R %
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TIRALEER ppo AR RN 79.1%, X TR
WS, RO AR, X wo ADGAIEAE A
P AL AR B AN, ELRER YR %
VBEREIN, PIHIONERR, T poo B XK T
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Fig.1 Chlorophyll fluorescence transients of Aliinostoc sp. YYLX235 treated with hydroquinone

R 2 WEZEENIIKEMRRRABSHNF S HENHE

Table2 Variations of the parameters deviated from chlorophyll fluorescence transients of Aliinostoc sp. Y'YLX235 treated with hydroquinone

I IR STCTIYS
B (gL oro P vo #o0 Plas TR
2 0.0 0.43a 0.20a 0.46a 0.57c 0.20a 1.00a
2.5 0.40a 0.17ab 0.43ab 0.60c 0.13b 0.95b
5.0 0.34b 0.14bc 0.42ab 0.66b 0.08bc 0.92bc
10.0 0.28¢c 0.11c 0.41b 0.73a 0.04c 0.88c
6 0.0 0.36ab 0.11 0.32b 0.64bc 0.07b 1.00
25 0.39a 0.13 0.34ab 0.61c 0.09a 0.96
5.0 0.33bc 0.12 0.38ab 0.67ab 0.07b 0.97
10.0 0.30c 0.12 0.41a 0.70a 0.06b 1.00

[ S AN TR Bl [R]— R [ 25 A Y 22 57 e 127 7 3 (P<0.05)

2.4 R ZERXTAREBERIE ARG

M 3 AHL, 2 d iF, SR AL B AR
[l R P2 AKX RE Y (HAE 2.5~10.0 mg/L
PR S TP, I R A R X A Il B 1 4 o
B, 6.d B, 2.5 mg/L X7 E A B [ A TS

XTRE 22 o ge i 3, 1 5.0, 10.0 mg/L X2
g A3 [ RS AT AR TR R

25 XMERZEIETRIKRMEARECEEEMS
#1 MDA & 2T 1L4HE

M 3 AT, 2.5~10.0 mg/L X2 i G a2 i
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N SOD G PEIAT S 520 ; 5.0, 10.0 mg/L X%
Wy AT E R S AN Y CAT 1, 2d 1), 5.0,
10.0 mg/L X}FE T EMEFE CAT Jh 125 k%) BE
4.92 15F1 5.83 1%, 6 d B AT AT A FRAA LA ) CAT
PERE 2 d BF[R—ACERA A BT MR, {2 5.0, 10.0
mg/L XK bR CAT T 5 0] BE Y 25 B ik —
HAP R, A3 A 7.51 %51 9.96 1755 2 d I,

2.5~10.0 mg/L XK "By Ab PR A 2Bk MDA 7 &4
BEMTXTRE), He, 2.5 mg/L XK T Ey AL B
BRI, DUONNTIRAY 36.4%, 3 41X Eykb B
AIZEEREE MDA 5 T ) 48 1y b 3k B2 (9 1 i
B, 6.d I, &A0FER MDA 58] 1) 22 531
TG E L

Fz 3 MERCEMIEMERENEREMMRECIEERAZEBEE

Table 3 Nitrogen fixation activity, antioxidant enzyme activity and malondialdehyde content of Aliinostoc sp. YYLX235 treated

with hydroquinone

pegenpigg R BRI AT U CAT &/ A MDA i/ SOD &/
(mg L) (CzHz = Hit)/(ng hY) (Umg? pmol (Umg?)

2 0.0 26.14a 3.54b 0.33a 13.76

2.5 11.15¢ 8.38b 0.12d 14.47

5.0 12.74¢ 17.40a 0.21c 17.47

10.0 18.09b 20.64a 0.26b 19.30

6 0.0 54.73a 1.50b 0.16 10.78

25 55.69a 3.51b 0.23 12.57

5.0 46.95b 11.27a 0.10 14.27

10.0 47.79b 14.94a 0.10 16.20

[ AN ) R[] — i TR 2L P4 194 26 534 e 1128 3L (P<0.05) o

3 HR5Tie

X Ry A BRI A YRt . BAHRS 45200
P FE s, XoF 2R T %o 4l £t 4 € (Mlicrocystis
aeruginosa) LA MR A BRI, 24, 48 h (YR
K ECso 4354 0.96. 0.49 mg/L; X4 _fxtA[A]
PSR EE M 25 F AR, WPR X e iy
£E /I35 (Synechocystis sp.) a2 X S o e e
HIFETERY 8.46%, ASBIFFErh ;s 10.0 mg/L AYXS A48 1
XS PRBE R AR BT B S ARV E T, Pl ks
XX AR I A T 52 e 7 i TR IS ; 6 d AT,
2.5 mg/L X2R Iy VAT PR BREE A AR K, Bk
X 4 T P 2R R B Y ECso iy 12.88 mg/L, 3%k i
— 2 B RBR B X AR A i BT 321

TEE SRR R R, SRR ik
A 0.2 mg/L I}, SRERINEERE 4R R a HEE TG
il 2 DN S A RS T S0 o S L1 0 D N S R |
M2 R a 5 b RS EIFAR M I R
%, ARSI ARARRE PR R I R X
KR Z S TSR A 2 d BREE

Ty b R RE S N A B I B (T o i, X TR e
JELFA OO A OG22 B AL RIS R A AEES, 6 d
i, 10.0 mg/L X} 2K b H I 2 ARG T 25 BRI
EHSE, R 25, 5 mo/L X b B2 ek
BN o A W, (FUEA B E T
PC Fl APC i LA, PC BT i L3, i APC
Jt 5 L BIRRAR . APC IHRIDERCR &5 PC iRsl, )
BRI A IR AR PR s L & i
HEE T PC RAEXTLE RS, A3 7 2R BREADE
RORRER

AW, B 2.5 mg/L %7K —EyabiE 2 d
W RE W PR ER B S RS L LR GPERE, Itk
HEM 2.5 mo/L X R By AT RECL il TR BREOL A &
S, TESE pro. wo. MEIAEGIK
L AE B R A3 0 I WO R 48 11 B ol B
PEORA . SZ U4 B TR SRR RERS), 9k
BT EERFR], WEE B AR SO A RS
IS8 o B A A2 A 245, Herpre it
WMRILT U, 66 RGN AL T3
1195 SR R 1 A (RS S L7 5 Y e 8 (Ao oy B
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