414 5 6 KA D F SRR Vol.41,No.6
20204 11H Journal of Hydroecology Nov. 2020

DOI1:10.15928/3.1674 - 3075.2020.06.008

Jon o 4 5 5 O 86 i R B A AR RUBG R 1+

WREFLE A

(L. AkZEEHEKF,
HERMERAEEYHAR . FERFREXAPFELZHLE, B AR

T ok
"

ALREBLE KL RER

116023
430072)

T O T HRIUIN X AR 8 1Y Bh 23 L A TR A SR ACRIAR DG 1 R AR AL, B B IR K R SR T Y
B K e o 2R ) R SR N T T A % ) e HL T RE S BORY K B A A KB S LR T RO AT AT
RIMEMMEM RN AR ZR, G55 ER . 7£0.7 MPa 30 s IR ST L /K U 3 T 158 I 19 100 2 6 B AR 76 0 R
MR, R AR W 9500 NI 1.99 00 5 B AN M P 9 O 25 WAL e AN MR R 4 L REMORIAR N O IS R
e o (EL 200 M R A5 . AR TR AN T i B9 R TR AT O 5 0O A5 F T A R 258 3 K INR T LA B L A AF T A
17.91 Yo d B iF 2K RS, OF L HOG G TR M@ W R A . B 5 A BT 45 R o, b R B A0 N o9 A D 23 i o0 A s
S sk PCR S5 R R W], S804 3 KGN R AL B Ph 25 il gopA Hl gopC e PR R K BHAL Lo 20 W% BR L, &
WA REAT T O M G AR . BT AL B K AR T A SR (DTND B B AERT 3 d EWI BB . H 3 d 2/
AW BT B JS K AR s DTN & B TOOL R T WA DEAE T Ei, OF5e R N5 T U0 o 8 7E o
KPR EZ R TIRBCA LY . 52K & DTN & w10 . B 35 BR R U0 3 3 50K BB

SRR N R AR 5 W KA s s e e s A S KU
XEHRES 1674 - 3075(2020)06 — 0065 — 09

FESHESX820.6  NEIRERG:A

UTAER , kA AL 5 8 SRR T
TKAE F B, 42 i) W S K AR R T S R (Jef £
et al,2019) . FRE & &SRB ARZ , KW LH W
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AR, DA 0 B 8 8 A fuff SR AS 38 D A A K SR
(Dokulil & Teubner,2000; Porat et al,2001; Irene
&. Brunberg,2004;Kong & Gao,2005;Porat et al,
20053 K AFESF , 2010) 5 111 45 4 BE BEA T I T3 9819 1 5%
S DR 3 22— R W A0 R TP A AE D 25 i (Bowen &
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Fig.1 Diagram of the pressurization device

1.3 SEWigit

Sh HE B BEORE AR T B 20 38 I S I T 9 Y
SR RS S Y M T A G025 mol/
(m? « &) JMIEIEL0 pmol/(m? « &) J4F , 3L 4 4>
APRZE , FEASAEFR 3 ASPAT L3R 12 A4 500 mL HEIE
. A 500 mL HEIE R 3 A 400 mL oK A0 B
I EE R L B T OO0 & R TR I A 8
JEAR, LR RUK AR IR JE O & k. BE R IR R
25°C M 12 ¢ 12, 5250 Hf )2 15 dL i 3 d
KB ZJa 4 4 d BURE 1 IR, B I 7 AN [R) Ak 28 21
GG T VBRI R 4R a(Chl-a) \DTN Flfh 2
MFRA gupA Fl gopC ik &1L,
1.4 SHAE
141 WEEWZHRHEREELEERLEHEA
WA WOIMERTE R EERE 1 mL, T 12 000 r/min
TEL 5 min 5 BT ERELOE TPOIAE E W
i3 B G R4 HT — 770(Hitachi, H 7)) W89 40 il
PR 45 #4 i A2 4k s i B Nikon [ f# %% ECLIPSE 80i

A

[ —

i

&=
— A

A

WL T J5 B2 IR 8 Ak

P IR WL 58 1 O 1k £ R A FDA - PI
Peta vk (FR IR R, 1989 B 45, 2005) . BUI R AT S
2% 1 mL 3 S AWK EE S 100 pg/mL /Y FDA
PR IRGIRA B SR IMA LW E N 60 pg/mL 1)
PI YL, & 5 min, FHZE B B (OLYMPUS
BX53) AR IF 1 B, AR B B8 R (e Rk I
£ 495 nm) , 15 40 M K SE SR 8 FE AN I & 21 a5k
MR R ,1989),

1.4.2 KA EWE,/F,HOME B2 mL ERG
B P WK B 38 Y 10 min, ff Y 28 Water-PAM
(Heinz Walz GmbH 91090 ,f8#EDE F,/F, .
143 WmEAZEFEREFEHHE HBEREEK
TR S 12 77 i G B AS T 23 g 3%
SR A SEWEC S mL @5t & a, A
BTV BRI B S mL 42 K a, BH
IR (EH, 2010 H B AR T .

7=01/0 +0+)X100%

Kopg RARBEAMMETFE R0, R LR
R a i (pg/L)s 0 ATEMHEER a &
(pg/L),

144 mEMEHEENAZ LA fHH FlowCAM
VS4(Yarmouth, 3% E) Il 78 ¥ W A9 RLAE /A . 5
FLAZ R 300 pm BN 40 5 X 2o 08 0 T Tk 3
W4 5 mL, B U8 5 9 1 mL A4 I & 20 ~
300 pmiEISRIAR 43 AL

1.4.5 #&Fall® S5 mL @B, BLHEL
B AL mL 90 % N, 4°C 45 {4 F G i B 24 h,
SR G HEAT B Z Pl 4R , b B2 58 UG K B0 B TR
TR IR R B O ML, 4°C 25T 6 000 r/min B0
10 min, BV T A 98 L b 58 A0 o o 6
ASCAG 0 4111 B2 AE 663,645 F1 750 nm P T AW G
BEAE AR A XA BB 5 R a(E ZFEE R
PR, 2002),

1.4.6 DTN & EMl & DTN Ml ELE R B A PR
ST CTOC-L e s HAD . BUA AL FEA] 25 mL
BERERT GF/C UB B, W SR IR, B ALAE A i DTN &%
HIE 3 K.

1.4.7 BB h = A E Rk AN

(1) 5 RNA 42 B, 5 2 1 i M 5% % 3
2 mL A E T B VRAEE T INA 1 mL Trizol,
Bifi J5 i B T A B A (DS1000, 1) Hh mk i , i i =
M 5 000 r/min. 10 s, EE 6 WK, A0 0E— 5 )5 ¥
HAAEE TR ESH 30 s, B ME. & 1 mL
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Trizol A 0.2 mL &5, IR 5 £ E ¥ 5 min,
12 000 r/ming 0> 15 min; B 400 pL b 3% ) 57 1
1.5 mL EP &, I A 500 pL 54 EE, B4, A
4°C UK #i, # B 10 min, #& J5 12 000 r/min & L
10 min, 2238 B35, 1 mL 75 % B ERR — 2 5
(diethyl pyrocarbonate, DEPC) 7K ¥t Hi, R )5
7 500 r/min® 0> 5 min I LR KU 2L R
BRI WL R 20 pL KE Y 1% DEPC /K %
fi# ,— 80°CI#- A (Lu et al,2020) ,

(2) 5} ¢ E B RT-qPCR, £ HUE Y RNA
J PrimerScriptTMIIlst Strand ¢DNA Synthesis
Kit i 7 & R % 5% N cDNA Fifr, RT-qPCR fr i
14 K 5 I3 1R 2006) . POk E i PCR R
MAKZR N 20 pL,@Tﬁ 10 pIL. SYBER Green B¢ G YL
B8 pL LK, 514 0.5 pL,cDNA 4 1 pL,
PCR FE 5 N W AE M 95°C .3 min, & 40 MG,
G PR AL 35 . A2 PE 95°C .15 s,60°C .15 s,72°C
30 s, FAXSE CGRIXEEAEM R 2722 HiTH
(B AT 45 ,2015)

z1 3K
Tab.1 PCR primers sequence in this study

519 % %K FF31(5'-3")

16S-1 CCCTCGTTCTTAGTTGCCAG

16S-2 GTTTGCTGGGATTCGCTGGCT
gupAl -1 GCTCGTGTAGTTATCGCTTCG
gupAl -2 GCAGATTGAGTCAGACCAACG
gupA2 -1 CGTCGGAATCGAATTATTAGCG
gupA2 -2 GCAGATTGGGTCAGACCAACA
gupA3 -1 GCTCGTGTAGTTATCGCTTCT
gupA3 -2 GCAGATTGAGTCAGACCAACT
gupC -1 TGCCTGCTCTCATCGAAAAGTT
gupC -2 TTGCCTGTTCTTGCGCTTGT

1.5 HIEAE

FIH SPSS16.0 #4754 43 H7 . Fr A % i k% H
AR 2 )7 22 43 B (One-way ANOVA), P<{0.05 %
A REMES . ] Origin 8.5 B #HAT/ER .

2 ERE5HMH

21 MEMEESABESESNERETH

7 Al S R KR R S A
AT N H LR R . 44T 0.7 MPa. 30 s [ il &
AEFR G L 95 %0 B BEREARTE 10 min GE FULE R
TRIET, FIEWBEW (B 2 —a,b), MIEAE, B
it 2 T Y W L B S L I B TV 0 AS SRR R 4
JiL 558 i e 22 i 40 e ) B S (] 2 - e dben D), 3BT
L0 P AR DV T S A ML Y A R 2k

BL 1 0 0 AR Y D 2 B, HE D B (CE 45, 20145 9%
BREE,2015) (B 2 — @) TEZINE SR L 3 40 g
B BRSO R S 25 45 il DL 80 %6 Y 35 41 IR AR E 45 /N
(K 2-h.

22 MERMEREMEMEKEEST K

U5 55 55 20 M TG M R E B ELYE AR R SE s
P JE A M R Lt ok, W IE 3 AT LLAE L AE
FDA-PT R Je 4 T, J5 W 3 2¢Ot 1y o 78 1 2 1> 4
JHL A 200 L S e, 0 R S S R O R B IR
TR B BN R A S ARSI B 21 6,5 R BT
Ji B P AR E R E T, At A RS 50 3
23 MEAEBRERMNETH

B4 W T EET S B FETE 20~ 300 pmb 2
R A A I B N R S R R E 125 ~
300 pemofr A2 3 B 1Y K B0RE B i /D, T AE 20 ~
125 pmRid 3 Fl N /N BORL B i 2 & 3, X 552
SRR T3 5 3 40 6 DR PR A A 2R TG 25 4 AR /N LT
SRR DN 00 L 22 T B %S D R R ol e R A
NG E T3 N SN
24 EHEXEGEEMEZETN

S AT UL, R R R U R OG A S T R
(P<C0.05), [ % (0.1740.03) (K 5 —a) . I3+ &
J B R R R R 1,99 % (& 5 — b, i JEUIR 77 %
Fik 95 %,

T A A AR AR O TEOE SRR L HT 2 d B
PEVF R W B AR H B R 3 K A R4
WA A TE R 17,91 %, 3 EL7E K AR T AT LA
BBV BRI TR E FL/F, s BB
A IEIEBW ETH(R 5 —a), BRAREY L3
KEFiEdafh s e e (|2 - D HHETR
KM RGN Ty 0 A C AT LA T TR
F,/F, fEFFTERa K AR, Joot &4 T, i 0 s
BF,/F, TR G IERFRE 00 0% i 3 1
F,/F, 8% AR (P<<0.05) H— B 4k 435 76 P AR 7K
F(F,/F,=0.05), IG5 2%,

25 MERaSETW

INERTE IR IR a R EEER
(P>>0.05), TEfGMsEFH . G MAM 4K a
TEMAW TR 6), HhEHREAMN 4K a
i R S 15 RIRIERE S 1 200 pg/L; 3L
Y TCG I R ARG B B 4, 56 15 R4 R a
WeBE 202 000 pg/LAN 2 700 pg/Ls i )6 B8 A &
MR a1 T RERE. % 15 K R3 300 pg/L,
RAJETCCRWMAN 3 75
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2.6 MEKX/EBWRKEEEELSRSERT
I JE SR 3 d T A Ak B AL RE 0 A R
RDOTN)F B 5W 6 & e — 3 T F k2
F(P>>0.05) (K 7), TEE IRy s, L A&k
T EA DTN — EAARFEER) IR K F AL ] | 35
PEARAL 1 41 DTN & i B 25 15 7% 15 ) 38 fin 21

16 mg/L.HTES 15 REEA T FHE.%E 9 mg/L
KA.

TN FIRRAL B DTN & i AE 5515 K
F 34 mg/L; MM E A B4 DTN & &= 56 IR
I AT 3G L 5515 K& 9 mg/L 24, B
TR A

LAEDEIR 3 d 5 LAY BE . 7000 )

2 MENERERABES

(a: Microcystis colonies before pressure; b: Microcystis colonies after pressure; c: 100X pre-pressure; d: 1000X pre-pressure; e: 100X

post-pressure; {: 1000X post-pressure; g: 7000 X pre-pressure; h: 7000 X post-pressure; i: 7000 X refloating Microcystis 3 days post-pres-

sure)

Fig.2 Cell morphology of Microcystis before and after pressure
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Ca: MEHET; b M)
B3 MEMEHMES FDA-PINELEENBMEN

(a: pre-pressure; b: post-pressure)

Fig.3 Fluorescence micrographs of Microcystis stained by FDA-PI double fluorescent dyes
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Fig.4 Size distribution of Microcystis colonies before

and after pressure treatment
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R A A T s A B #E L 5 O S H B 4 R O
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Xf ik it B R BRAG . R W] gop BRI RIS B3 2 B
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L I SRR B ) 4 SR A — B

(b)
100,
2 80F
3 f +25 BEY
& @ —-25 nEJ
#-E 60r —8-0 uEJ
g ——0 uEY
c& a0k
2k A 40
Lo
< 201
e S &
0 1 2 3 7 11 15
Bt A /d
Time

Ca: B THYE s b BRI A Y S5 T N 5 S I0F TR 2 B3 5 X U TR AR B 30

Es mELEFL

AEEMEEERNTEL

(a: F,/F, ; b: the algae floating rate; Y: pre-pressure; J: post-pressure; S: algae floating at surface; X: algae settling at bottom)

Fig.5 Variation of the photosynthetic activity (F,/F, ) and the algae floating rate of Microcystis before and after pressure

3 it
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s M i £ Z Y fe e b AN AR 5T 191 5 597
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7RI E SRR DA AT DR Sz — 8 i

T3 AR I3 35 30— 5 B B, O 25 B 5 £ i 2R B 5
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Fig.6 Variation of Chl-a in Microcystis before

and after pressure
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Fig.7 Variation of DTN in the water body before

and after pressure

(a) 25 uEY - L2 (v
30r 25 urs 5 1.0 F— — —
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Fig.8 Transcript levels of gvpA and gvpC in Microcystis

5 R W T AT (AR AR 45, 2012) , B Ak 440 i i A 75 %
ST, B ST RS R AN O s i Y, T DAIE
HH 9 20 B PRI Sy e i R U, 5 Hayes & Wals-
by (1984) 1Kk th 25 B A e 284 i 5 077 7 342 2% 1) )
B (20~180 min) MUE5IE— 0, 1 A FH 4t £
Y A S5 P 0 o R ST AR, T A0 M ) 25 B
7R BT R W R K AR T R HoH R R 22— Bk ik
A ,2011), T ARSLE: FlowCAM ) %2 45 5 8K,
20~125 pm RLAR I B P9 BE R B0 2538 m, B 125~
300 pm FORLAR TR EI06 /D, D PR AT RE 2 o 6 440 i
Z AV HES B S el /N T4 A ) s B B A R T s A
M T L. B A 1E R B 2R EHZ
—, MRS e F =g (F,/F,) L
7 i R TE 45 ALAR FERN 45 R R DG AR SS . R
TG ARG G R R R AR L 3 N R 8 7 e i)
DAY T A0 T 2 A0 T R G AR R 28 O W B
BRI EE A 7F FDA-PL WEH B MER T, s J5 3
U MAE 6 T 3K S a0 i 2 G . HLIN R AT S

S R ) A A £ €85 ' 56 B A4 B B g o L [
HRF T s R 3 A8 6 AR i AT T, L R S K A
DTN S HEERFMEEML., U EEIREN 0.7 MPa,
30 s MM A5 10 A 2 3 00 200 L e 2 448 i o 1) 49 o
FER B R ke, Jd 0T PN 158 D820 7K A % 1T ) K 48
B K AR SO
32 METRAMEENLLEZREMTHRAER
TER T 15 d p B R B 58 3 K,
JEJG FULHSEA — 3B R A OGS N EHo L7,
RGN R 17,91 Y0 M E TR XM F R LF a4,
X5 EHEQCOIDO VN I/NG A F] T3 i
MEEIe—3, B RGE KRR, BN
Phas RS, Rt S BOHF R e OB B TR 2
T, AWTTER ] I e Oh 25 4 ek 2 B4
i (Jost & Jones,1970) . GvpA #& [ /2 AL fh %5 i
M EZEE 1 (Walsby & Hayes, 1989), GvpC & 4
EhEE M A H Z — (Hayes et al,1988),
M gupA Fl gupC FEH BT GvpA FHHAF GvpC
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AN, AHFREYW, gupA Fl gupC FEFTA
FE O S M oA 0 bt B (Kinsman & Hayes.
1997;Li & Cannon,1998; Offner et al,2000), A it
M gupA Nl gupC e K I G i 3 O =5 i 26
JIr 5 1 (B AR 45, 20100

ARSZE A M thas i gupA Fl gopC A
FIB NG O AR IT I X Ph A A R B e, RT-
qPCR £ R EH, S5 3 K OB M I Ik 4b 22
4l gupA FEHFN gopC FePH Fk A F H AL 50 4
W B RN R A D A G i R . X T
JEJ5 SCH B s i, & A WF IS HE D H b — 3 0 2
I I e 24 B8 23 TR 1 4 e 1 B AR PR 5 L D3 Ab
— BBy 2 2 BRI HRT A O A B A Y AR 1 4
¥) (Lehmann & Jost, 1972; Hayes & Walsby,
1984) . Sk 55 3 KOGMZAE T e F Dl
A0 LG A T P IT AR KA S KA 3 5 U — B
7 W A0 Y B R T O SR AT IE R R AR B Bl L MR A IE
A B A KR B A R T AR B s S OE R T
JZ¥EW F/F, (H— B4R TEBAR K- (F,/F,, =
0. 05) 7 B P 400 Jf A 3R A5 2 4% 19 6 IR, Ol B s 1k 32
BLAH T M B KR RE, XS Luigi &
Rossella(2003) 4 H (9 >4 7 T 7K F 8 0 HE AK 3515
AR5 5 BRI 358 200 J O 450 A 8 19 06 5 0 1k K P =
(R o A A 200 S T I 0 KRR Z M 45 R — 5
Rl IZ 2 ARt 5 Regel 28 (2004) 42 H %8 &
F,/F, (GEWEMM E3, BU% F,/F, &R
JHL R D0 Ry S5 45 R — L
3.3 fnEANEE X K R

Wit 5 J 0185 % O ] 9 AS DB 84, e 2R R T L
{18 W 2 A 5 T 016 5 A D 2400 i 2 e ST AR K AR T
P8 i 480, BRI C O, o 88 400 i 2 M 3 PR AL T
JE3 R B4 o DT S5 550400 R £ PN 5% 00 B B K AR,
KA NP & i R E A, 2015) . BEA0 M B S AR
23 [ K AR B A . S BOK R h DTN & A4 5 4k
(RBUARAE, 2020) , X A LB 45 RAHAT . 725 W11
B, oG IR 4 R a B i D A AN
JE AR, 5 3 T8O OB K ARt DTN 5 5 AN Wy 3
AL AESR 15 K DTN A 4 ik B d K AH 5 100 s JE ot
4 DTN i TA e R4, R WL A1
J& BN SE By s T ok ks BLAR 15 RITAT I i 40 i3
TERDE TR N gupA Fl gupC FEP T, %
WIS I T 3R T o i, T B0 AN A AL
LB AR b, Bk R iy DTN ok B2 3 fm . DA
R EE R BT R RS it K T RO SR R T

B B Lk LR B OGN ERT b AR G
TR LT 7 fifp T A K S5 2%

AR E ARG A R R H R ARE R CE
BARERZEME»H Loy 35 Rl a s,
G PRAE S b s g e,

&% Mk

R, I 228 B, 45,2020, 8 7 6 TR M i 9 O 2
RBERTIREMERE 52 M [T ], B8 TR 24, 14 (1) 1 43 -
51.

NS KB YR, N5 75, 2014, JE I 1 G A 0 6 o8 D03 M g
K LB sE [T d B 45 7K HEK . 30(1) 143 - 47,

AR BT, TR, 4, 2012, T FAhas I m 24xd 3 Ak
WA EOEAEMERANE M ] SRR, 25
(1):30 - 35.

FRIER L1989, %GR R WS e om0 B AN i AR S L.
iY@ IR, 6(1) 127 — 128.

B R B4 R, 20020 7K R K WU 4 7 O % (4 RO
(M. bt i E R BB AL

T IR ) T 097 L AIRE IS L 25, 2015, T 1 YR 95 OO B 0 0K 9 UK A
AP E RS B T AR, 9(4) 1763
-1770.

AR, 8 S, il A8 L 45, 2005, FDA-PT X5 5% 56 1 46 1 1%
A0 R R A ST () ). BB AR, 24(5) 554 - 557.

) FE e, A4, M 2k vh L 25, 2015, A SR AR 0 A 2SO < %R
HRFE S 2 R A1 R m (1], BT RF2,36(8).
2887 — 2894,

XIHERE , 2002, @& oK A R W2 M. U0 BE 2 1 Rt - 184,

T8 B R A, 45,2014, ATRE S/ TR R i s
BARFIT RO R [T, B BERL 2, 35(8) 12974

-2979.
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Effects of Pressure on Microcystis and Its Ecological Risk
YANG Cui-ping"?, HUO Yan®, LIU Jin*, ZHANG Xue-zhi’, LI Lin*, SONG Li-rong’

(1.Dalian Ocean University, Dalian 116023,P.R.China;
2.Key Laboratory of Algal Biology, Institute of Hydrobiology, Chinese
Academy of Sciences, Wuhan 430072,P.R.China)

Abstract: Under a certain high pressure, the gas vesicles inside cyanobacteria collapse, and the cyanobacte-
ria lose buoyancy and sink. Based on this principle, some novel technologies, such as a boat with pressure
chambers and pressurized deep-well systems, have recently been developed to alleviate the problem of cya-
nobacterial accumulation on the surface of eutrophic waters. However, there is still a lack of research on
the fate of the sunken cyanobacteria after pressure treatment and the potential ecological risk to water
quality. In this study, we investigated the effect of pressure on the Microcystis growth and the change in
water quality after treatment, focusing on the gas vesicle, cell morphology, colony size, photosynthetic
activity and floating rate of Microcystis. Results show that under the condition of 0.7 MPa pressure for
30 s, the Microcystis colonies floating on the water surface rapidly sank, and the floating rate decreased
from 95% to 1.99%. The gas vesicles in algal cells collapsed, algal cells deformed and shrank, and colony
size and photosynthetic activity decreased, but the cell membrane was still intact. On the third day after
pressure treatment, 17.91% of the sinking Microcystis refloated to the water surface under light, and pho-
tosynthetic activity recovered gradually. Transmission electron microscopy showed that gas vesicles were
regenerated. Moreover, the results of reverse transcription PCR showed that the expression of gvp A and
gvpC genes in pressurized Microcystis under light was significantly up-regulated compared with other ex-
perimental groups, also indicating re-synthesis of gas vesicles. The content of dissolved organic nitrogen
(DTN) in all treatment groups was constant for 3 days, but then increased continuously. The DTN con-
tent in the pressurized water was higher under dark condition than with light. In summary, controlling al-
gae with pressure causes Microcystis on the water surface to sink rapidly but the algae, to some extent,
will regain buoyancy within 3 days if light is available. Further, with light, the Microcystis that do not re-
cover tend to decay more quickly, releasing organic matter and increasing the DTN content of water.
Therefore, to improve water quality, the cyanobacteria that sink after pressurization must be removed be-
fore those that recover float back to the surface and those that do not release their nutrients.

Key words: algae control by high pressure; cyanobacterial bloom; gas vesicle; Microcystis; ecological risk



