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Physiological response of Microcystis to solar UV radiation
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Abstract: Toxic cyanobacteria Microcystis blooms often occur in eutrophic lakes around the world. During bloom-occurring,
Microcystis population aggregates at the surface of water and is often exposed to strong UV radiation of sunlight. To evaluate
the ecological function of solar UV on Microcystis bloom, we studied effects of UV radiation on two M. aeruginosa strains,
the unicellular strain PCC7806 and the colonial strain XWO1, by using a transparent UV protection film filtering out the
solar UV from sunlight ( cut off more than 90% UV radiation, “without UV” ) in outdoor-culture, and using a 30 W UV
lamp (1.25 wW/cm’ at the surface of culture medium) adding artificial UV radiation in lab-culture. Results showed that
the growth of XWO1 in the whole solar light (the highest intensity of UV-297 and UV-254 was about 120 wW/em’ at noon,
“with UV”) was better than in the light without UV in the outdoor-culture condition; the cell density (OD650nm) of 6-day
culture with UV was 35.8% higher than that without UV. In the lab condition, the low-intensity artificial UV at 18.75 J/
m’ daily radiation (repeat S-second UV light with 20-second intervals, 30 cycles) improved the growth of XWOI , the cell
density of 6-day culture was 14.5% higher than the control (without UV ). However, the same UV intensities killed the
strain PCC7806 both of in the lab and outdoor experiments. These data show that a suitable UV radiation increase the
growth of colonial XWO1, and the colonial strain has a stronger resistance to UV than the unicellular strain.

To discover the mechanism of XWOI against UV, we investigated the changes of antioxidant protective enzymes
superoxide dismutase (SOD) and catalase ( CAT) in XWO1 cultured with or without solar UV. The activities of SOD and
CAT of XWOI cultured with solar UV were 86% and 34% above that without solar UV respectively. However, the same
solar UV decreased the activities of SOD and CAT of PCC7806 by 42% and 39% respectively and caused the cell death.
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The data indicate that XWO1 has stronger antioxidant ability than PCC7806.

Solar UV could induced accumulation of UV-protection compounds mycosporine-like amino acids ( MAAs) and
scytonemin (Scy) in XWO1, the relative contents of MAA and Scy of the cells with solar UV were 27.3% and 23.4%
higher than that of the cells without UV. These physiological reaction could be helpful for XWO1 protecting from the
damages caused by the solar UV.

Solar UV also increased the production of extracellular polysaccharides. In the 4-day culture of XWO1, extracellular
soluble polysaccharides and extracellular wall polysaccharides increased 12.5% and 22% respectively. The UV obviously
improved the formation of larger colonies. The percentage of smallest colonies decreased from 20% to less than 3% , and
larger colonies increased from 35% to 47% , average colonial size increased about 68% . The colonial size increasing was
consistent with the production of extracelullar polysaccharides. More extracellular polysaccharides should be benefit for
bigger colony formation.

Above all, the results suggest that the solar UV should be helpful for colonial Microcystis growth. Microcystis bloom
could effectively protect themselves from UV damages, and solar UV be helpful for Microcystis bloom forming in natural

water body.

Key Words; UV radiation; microcystis; colony; polysaccharide; UV-protection.
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Fig.1 Daily variation of solar irradiation during the experiment

V40 em (B3 1.25 wW/om? ) i sl MR IR AR AR B IRATBHI 4200 0.5.8.10,15.,20 s, K
A 30 U, IR 20 s, 4% S04 AR A0E UV IO BE T2 1. UV IR 45 0008 T 6, 01 4%
P FARERE . 15415 ATAT.

*1 AERGHETHEXRNE UV ERAE
Table 1 Daily UV irradiation amount of different exposure time
45 IR A] Exposure time/s 0 5 8 10 15 20
H %8 I8 £ Daily amount/ (J/m?) 0 18.75 30.0 37.5 56.25 75.0

1.4 AR hZmie

VAR 4 I AE DU R FTSE 28R PR G AL 3 min, RS RFA SN, A6 BTN E 650 nm G
(ODgso ) LABRAE BE A AE R AB L
1.5 e UV GEREY R & il 2

2R 1 E S FE MR ( mycosporine-like amino acids, MAAs) & I >R EBEER G . B8 mL ¥y .02 [
T, AR ECR 30% WIFEE 3 mL, 52 U0IE &R ,50 C /KA 30 min,7 000 g B0 5 min, [ &R BN /K%
PEER PR , M OEEE T (54032PC, B A R P2 UV WOEEIE , H i K Ja H 270—380 nm, LA
MAAs £ 334 nm M0 (R HOHT & e o |

A 2 (scytonemin, Sey) 7 I E R B EGE , B3 mL ¥ ,9 000 g B5.0> 5 min, JLIEMIA 3 mL
IR, T 4°C TR & IRBUR A E 24 h, 585 9000 g B0 5 min, BT, M5E 384 nm 4 A6
efE

-4 25 2B S SR A6 B 1) s MAAs T Sy BARXT 2 1 15 DL BT -4 22 B AR B B 38m
1.6  TRREFERFAS/NI E

FH 5l S B LR R o | B ML 20 AN ALET , 3 g b Aol e RO 52 T WL B BREAR B /N 2R B e
“IEIEPERT, TSI R ORI 2 A] T R AR E e e B AR 1) R R FH R il 5 e B 1 TR R
PR30 LT BORAG R AR A RN
1.7 HESbZHE(EPS) RS2 55 7% 3 (1) Z 05 (RPS) 1

(1)EPS &arllE  BEMTZRRAL, 7000 ¢ B0, UITE HZER/K YR B% ; B /KIA 4 h,7000 ¢ #5015 min,
3 FHBR R -2 193 H (5 32000 52 M A D 2 B 0 I i i L

(2)RPS Fadlw  HEEE 4 d S OUE , LIS R AR G BEDTTE , B PE R G , /2D 2 2818 K

http ; //www. ecologica. cn



21 34 TEAE A H SR DA B 58 SR S 1) A A Qoo Lo 6535

BIF, WK 2 hE, e 2R
1.8 MAYELEE (SOD) Filid E AL S (CAT) 76 F1 &

SOD {H PR E 2% Bewley Y7L s CAT 1R 2 R FHARRRER 1L,
1.9 %dEabag

BAEER TN N CFBEPREZ ) |, FH t-test KB 90 41 AT BRAHL 0 25 53 35 1, B /KP4 0. 05,
2 ZER551
2.1 K UV 55 e s A K i s m

PIRRAS R 25 0 (8 e AE 2 PG A 8 BR T UV M & F AR KB | 2 B s, B 40 i Bk
PCC7806 7EJERE T UV MEHR T RE RAFHiA K HAEA UV B KBRS &0 T, M MZ #isE T, 5B PCC7806
XF UV S, AR XWO01 26 UV AT AR KR RO = T8 UV A1 355550 6 RIVBIRIE L
T 35.8% . X—Z5RWon, BER AR AN E A A O T R KB UV B9 4055, I A8 38 A 880 A1) 5% 20 64 K FH
R,
RBGUEAS R UV R e A K VR AR S PR TSR ST N UV FA 75550, 25 1E 3 Fios , AIK )
a1 UV BEST5 s X XWO1 A& R AR HEMET 5557 6 d M B8 FU X IR 14. 5%, [ARIFES AT PCCT806
gk UV RBE, SRR UV W E I XWoL fAE K . X —45 R EHIE TG /0 UV 55Ha &5 TR 5
EOJEER S

L2 1 —— xwol- uv( ) .
= —m— XWOL+ UV( ) o) --0--0s
3 —n~— PCC7806 - UV A @
9 —e— PCC7806 + UV . a 08 L
H 5
.% =B
B 5 06
|5 5
:
8 % 04}
8 8

02+
1 0 1
0 0 1 2 3 4 5 5 0 1 2 3 4 5 6
Culture time/d Time/d

E2 PBEE UV X4 FEEE PCC7806 F1 XWO1 4= 4 i 50 B3 AEFE UV BEREERE XW01 £ KM
Fig. 2  Effects of solar UV radiation on the growth of M. Fig.3 Effects of different UV intensities on the growth of M.
aeruginosa XW01 and PCC7806 aeruginosa XW01
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Fig.6 EPS and RPS content of M. aeruginosa XW01 under solar UV radiation
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Fig.7 Effects of solar UV radiation on the contents of UV-protection substances MAAs(B) and Scy in M. aeruginosa XW01
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