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Abstract: With the development of industry and the economy, water eutrophication and the resulting cyanobacterial blooms are be-
coming increasingly serious. Cyanobacterial blooms seriously affect the safety and health of the aquatic ecology. The formation
process of cyanobacterial blooms includes four stages: dormancy, recovery, biomass increase and formation of macroscopic blooms.
The growth mechanism of cyanobacteria itself is an important reason for the outbreak of cyanobacterial blooms, among which the
buoyancy regulation mechanism of cyanobacteria is one of the most important survival strategies of cyanobacteria, which plays an
important role in the recovery of cyanobacteria in spring, the massive growth of cyanobacteria in summer and the final rise to the
water surface to form a bloom. Understanding the mechanism of cyanobacterial buoyancy regulation and its role in cyanobacterial
blooms is of great importance for understanding the growth characteristics of cyanobacteria and the mechanism of cyanobacterial
bloom formation. Gas vesicles and carbohydrates are the common buoyancy regulation mechanisms of cyanobacteria. In addition,
new studies have found that large oxygen bubbles produced by unicellular cyanobacteria under light conditions can cause them to

rise to the surface. At the same time, cyanobacteria usually exist in colonies in the field, and the oxygen produced in the light filled
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intercellular space within the colonies is another important factor to affect the buoyancy of the colonies, Meanwhile, a microenviron-
ment was formed in the colonies. The physicochemical properties of the microenvironment within the colonies varied rapidly with
changes in external environmental conditions. The microenvironment inside and outside the colonies influenced each other and de-
termined the oxygen concentration inside the colonies, which then influenced the buoyancy of the colonies. Understanding the influ-
ence of the buoyancy regulation mechanism of cyanobacteria on the formation of cyanobacterial blooms and the internal microenvi-
ronment on the buoyancy of the colonies is of great importance for further understanding the growth characteristics of cyanobacteria
and analysing the formation mechanism of cyanobacterial blooms at the microscopic level. This paper summarises the main buoyancy
regulation mechanisms of cyanobacterial colonies in the field for a better understanding of the mechanism of cyanobacterial blooms.
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Fig.1 Electronic microscopy photographs of gas vesicles from Microcystis FACHB854 , FACHB929 , FACHB930'*’



1142 J. Lake Sci.(#5a#2) ,2023,35(4)

AR K T PR T 2 MR 5 K TR, FLBE I3 b R DR A R R R B R R I e . TR
FEPRA A% (d) 7T 388 3 00 v B ) PP A B 3 (o) /AR d = 2w/ A o LI TR 1 5 P49 1
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Tab.1 Gas vesicle size and gene cluster structure of different cyanobacteria*’

BERH SV (w) /nm RYEEAZ(d)/nm gLt (n) SEIH L
FACHBS854 106.9+7.1 68.1+4.5 46 2gupA + gupC (3)
FACHB929 104.5+7.7 66.5+4.9 48 4gupA + gupC (3)
FACHB930 119.6+8.2 76.2+£5.2 28 3gupA + gupC (4)
FACHB910 / / / 2gupA + gupC (4)

% 2 RIF Gvp B AR K fi

Tab.2 The type and effect of different Gvp proteins'*’

Gvp fEH Gvp HH YEH
GvpA SE g GvpG IREARH
GvpC PSR 1, R 5 GvpH il S|
GvpN AFEs A Gvpl SERAEN
GvpO REARH Gvpl 5 GvpA FiI GvpM #J3 [a] %
GvpD B B0, Rk GvpK IREARH
GvpE UrfgAH GvpL TIgeARH
GvpF IReR A GvpM 5 GvpA #1 Gvp) 34> [R1VE

212 RE M EERE RN TEY AT IO E A TR0 XK A s LT R
SERRIN P A BL T —BEIA 70 DNEERBIER P I I GvpA & 1, B HA R B9 K Pk BT PEAR G, 7R
[7) () 8 P A AR B RO AR I o BTS2 B 7~ 8 A GvpA B 1 731 Tl i JIR B i 1 8- , A 400 B 1 L) U fi
M 225 B-HELL B e A0 9 J7 2R B BUOPAT 19 B 4T 8 B GpA 248 RS N B BT A Al T A
BB TSR T gopA B (B RIEER BT & 1 gopA 35 DUBORTR], £ K ALBE A IS T 7 4538 DAL
11 6 5 2% SH 48 ( Microcystis aeruginosa) H U] 1 3 A5 DA . Walsby & 304 GvpA 8 11 it 41 i
B 5% I A A I R TR T o AR AN 22 DU (S AE e IR0 240 i P S e A
UUREHR I A B TR R OR ™

GvpC R R Sy — L ZLH A 1, 1 gopC FER G0 . GvpC 28 FAY SRR PE = T GvpA T,
AR GvpC BRI /N T GvpA BB, F5E W48 K 280K M b B L 54 14 gqopC 3, H
Gtk 1 Fh GvpC 2 [, [HLLEPF 228 (Planktothrix rubescens ) H1E gpC FEPIA I 14~ GvpC & 33 M
SERRGR S A, B S JE R ( Calothrix) W B, AN[AI W% GvpC H F A 22 57 2 23R BN T 5 07 B0 )
5t RN EE T 4 Qe KA P EE TS T GepC B AT AE R R R U SRR I, SRR
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BFFOR gupC M E S AP ECRES L B L L N R S M AN 3 BT, AT LR 2 Mo 2 11 R A JE 1N
R RALE 1A gopC JEH Gl H LT HRERZHE L gopAd SEF I T, AR gopC B 52 HEG X, gupC
SRR, S AR, JL AR 2 19 FE /N gupA gupF  gupG \gupJ . gupl AT gupM JLF-1E JIT A7 7= R 4
HIRL A B TR BT A H T HE TR T A R e T S R L O S A 0 A AN TR TR (3
2) 5 R BTSRRI gupA FEIN I A2 Y68 KR pH F DL B IR R He 7 1 B Wi, I o A 1 B
pH B AR T3 K, gupA H: DRI 238 32 AN 20 R85 DA - g i 47

FACHB910
I I
FACHB930
[ I
FACHB929
I T

Pl 2 N[l B gupA-gupC IX IR 3 Bl Fy IS 7
(AT YR gupA FEIH 2 I5A% I ol gupC SER NG ERAY P51,
7 R gupC LR A ECAU B 43 (KK FACHB910 .FACHB930 ,FACHB929) )
Fig.2 Three structural types of the gupA-gupC regions from different Microcystis strains
( Gray boxes stand for gopA genes; Hatched boxes stand for the conserved repeating units within
gvpC gene; white boxes stand for other parts of guppC (FACHB910, FACHB930, FACHB929, in order) ')

# 3 CUH UL SR

Tab.3 A list of known gas vesicle gene clusters in normal cyanobacteria'™

B PR SRR

JE ## PCC7601 ( Fremye uadiplosiphon ) (A),-C

B A i 3 PCC6901 ( Pseudanabaena) ( VFIFEEZS) A-C-N-J

1t i3 PCC7120( Anabaena) (A),-C-N-J-K-F-G
e PCCT7806 ,PCCI354 ( Microcystis ) ( FRIFEEDS) (A)5-C-N-J-X-K-F-G-V-W
TegE s BC8401 ( Microcystis) (TRIFEESS) (A),-C-N-J-X-K-F-G-V-W

203 AEIE RS AREIMEEHBIREE TR ) T AR A (B — BAN TR SRR, e 1R
AT S AT R S B R o T FSRKM TR MR PR e B A RO 32 R AR (P) R K ARS8 (P ) DA
PN ERARESR (P,) BOVEFT o 100 240 0 A ) U 7R 32 B TR T WA R I T (P ) (P P L P YRR
A BE K AT 2 33 ) P2 38 8 0.01 MPa/m, 20 I 53¢ i T o W8 2k i 8 69 0.1 MPa B IRK #4269 0.55
MPa 45 TElE AN e B AP RIR ST, BT RE R 2 94 T i (P,) Tl DU R A G H RGP, =P+
P =P, CIFBPIRE) ,P, =P, +P+P ~P (SRR AMMLIRE) ™

AR BNBUNE I R BRI B AP ST TR B A B R, BN PR . 51k
DS N ) 25 0 e IMELBERR R e TR 7 (PL) o X TR RIEERIIT 55, i 5 0 2 AN AR TR i o o 1 7
B TR KRR 22 3 (Aphanizomenon flos-aquae) FIWFSE K B, 5 B LR TR ) 50 BB AR A G,
SRR BRI o BRSO EE BB TS SRR R 178 T Bk . WK i
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Hh It L 338 7E (0.2~ 0.4) MPa 2 [8] , T R 15 9 B3I SR J1 7T 35 3.5 MPa, BT 51 . Walshy
WG T i 2 (30 o i T R A ST 7, 2 R AR B 22 5 S R BV ST F7 2 0.91 MPa, A K 1E TR 9715 1K
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T, RS G NET FEAE RN AR SR,
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SRR 1A A TR T A A ) £ B, WA AP 3 o TIN5 T 5 | 24z 8 200 A AR S8 1% 40
TR AR, WM IF g o YA EAT JE 0% I S L T T R 0 AR T, 60 o B T e G
2L PR PR R, S A L P9 3 , AR5 B B A DU S S A A B, SR IE I R
2.2 IEEMNZENET

A0 AT I 34 4 A P B 2 (29 1550 kg/m®) (B T (29 1330 kg/m®) B AR (29 1050
kg/m") LLBAZRR (29 1550 kg/m*) , H# BEH R F7K (998 kg/m* ,20°C) o A4 & W (1) A B0 5 B R T IR <
TP A BV T, S TR A LAANIG 53 — T R LA RO RIR A R, SR P R ) T i
I A1 31 2 Al o 2% BE AR IR 2 10 J3%, IELIh 20 F  R A  3 8E F e, B 1k Ak b i 47
FERIBG. BB T, EHOCA IR, 2R MDCE Y ATER 2 B A, B2 5 40 T 64 Le 1)
TR, 5o 28 G SR 20 ML S0 T ) S P P T A 4 S A L 1 A A ) 8 B 24 R T R AL 1 77
IR S LA B T ) B B, i R

ST I P B T A o b O D R AR IR IR B ST R A T TS R 2R A b B N T AT
PRI, WA R RIS I N . R BRSO B AR T B0 25 185 i 788 40 o2 3 4 L R 0T, i g
IR FH RIS (U 200 e 2 P (T 197, B B T IR B3 ) P A K R T S BRI RS . 33T )
A U T S PR T BT RS, SRR AR IO B R 45 E ™ . Huang SERIFFE T i 5 40 30 0) foade i 2 1 I
WS BETE TIORGOS I 3 A E R W AR R MR R (RO A T AN B R A A,
TR TN BT R T AR KRR M, 153 A B DTV A S B E R R RN,

LR AN B R DA R B B e R B AR RN RS B e B IR B A AR . YR B AR T 20°C
s, 2L A D B S SRR, 72 b A S R TR A L R B 1 T 2 A BT R
IR A 1F T BT 1 R A 2 3 S IR 2 — S M ) T AR B B 10 B 20 T 034 0 20 2 P, o o < 48 1)
W2, 2B B U S AR 7 F7 o You HBIFSE 45 S50 28°C I (o0 s () 1 77 R N 17.8°C I 5 4%, 125
TR ST PO A B 1A R M K, T N MO I S, 5 BRI B R R 0 0 BT IR
Sk RS B 1 5 MG SR I T R e, R A PRS2 AR R0 2 BRI 8 BE 3 K, 1 0 R e, B i
BRI R UL, X R KA T R T 1 K R g s Sk i E B R
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EFRRAS WA R R A R A AR R A S R, W ERE N ERRE IR R B, HA
AWML B RS AR . IR R0 O AR RR G 7E FIR A HR R R KRR R A R
YA B R BER RO TR . FERPRH KR IR 1 5 T i Fe s Bk R e, oy 54
BRI B T 0 B A B, A Bk & T K AR Y B 0D WA R K R R R AR
3 HOCE IR BN A 2 5 K A 5 T S AR P A 25 SR . Huang BAIF 5 26 W 420 BR 0 mT 402 2 34 240
JHL PR BESE A B R 0 1T 5 MR R T A LB B R T U0 R . — A/ B IR BRI L K Ak B M T AR A sk > 1T -
S50 A ] AR K A B A DR AR RO T B S R B A T U SRR, BN HL 8 R 1.060 BEm &
1.068 , 55 [ A ARG B I AN BE R ARG s 4 I P9 e K AL 5 0 00 2 i, R TR S IR AS RE SR AT ARAR VR 1 o KA
K I SR P D T B AT L 8 B, T T R R SR KA T A K AR s 2k ) 5 — T
Huang 3 3 i 57 S0 BR 1] 855 &1 W6 86 07 10 5 ), 235 SR 3 W S0 AR IBOR 5 SR A A 1 1 D e 5t I L, R PR 7
AT 2 L ) 00 L A 0 B R B AT R A A . R B R Ak A A B BB T T
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TE KA 52 i 3 AR K PR SR B8 TR I T 3 5 986 4 T oK A A 2 7 . IR 2 /KRG A 6 9 T 4
9 B AAE T B, AR K A K IR PR e R I 7

Bt , SRR AT d S S S PR R . L 5T R I BRI A5 T, 95 200 P 35 40 A B T 4 S
GRS ISE N, T 2R T A ER MR B TR SZ AR . AR R A TR A e B S (I R 3 4% 1
TR P SHEBE TR T 43 1R 4.5%0FT 11.3%o, B4 MR SRR BT ER 4 7T R 3K 17.4%0, AIREUACE T HER
TSNS PO AR B R AR T 2.2 7 31 4 MIRGURI FI 30 R RE S A AR R v el b I %o i A A 1Y
P47, P AR BT R o SR R AR B e A SO S I B AT R SR E Ry R A T
THEIR ™ BN AT R HEAT 5 RSO AV {8 Held [R5 2 W B3 ( Trichodesmium ) 38 4
AVEFE A PsaC 5 HL Y ATV MG IF AR (1 B4 1) UL A PR RE I, S5 R B A AU 17 X 5 M S S 1 L
WIRTER, NITREAIS T 40 AR B 2 R U 26, (o o B e vl ARV /K R 3 T ) ) 64 11 R S A R L X0
BRI AL L T S R AR AR IR LR TR g
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Fig.3 M. aeruginosa bloom in a test tube ( Close up view of the topmost foamy layer,
abundant oxygen bubbles are observed (left) ; Trail of dense biomass around rising bubbles.

The arrow indicates the direction of bubble migration (right) ')
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Fig.4 Bubbles formed at the cyanobacterial bloom surface under saturated light (left) and

intercellular space in cyanobacterial colonies (right)*’
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