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The characteristics and buoyancy regulations of cyanobacterial gas vesicles
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Abstract; Gas vesicles are important factor for the occurrence of cyanobacterial water-bloom, which provide varying
buoyancy for cyanobacteria to obtain favorable growth conditions. Therefore, it is important to understand the characteristics
of gas vesicle for cyanobacteria water-bloom control. In this article, we introduced the research history of gas vesicle, and
then conducted a systematic review about gas vesicle morphology, the relationship between the cylinder radius and critical
pressure, the measurement approach of gas vesicle volume and its chemical features. Gas vesicle was discovered by Klebahn
in 1895 and this name was officially accepted in 1965. So far, gas vesicles have been found in more than 150 prokaryotes.
Gas vesicle shape is described as a cylinder with two cones on two ends and its cylinder radius is closely related to critical
pressure following the equation; P, = 275(r/nm) ~““MPa. Gas vesicle volume could be measured by capillary apparatus,
pressure nephelometry and flow cytometry. Furthermore, we reviewed the genetic features of gas vesicle including gup gene
cluster structure, the function and the spatial structure of GvpA and GvpC. Until now, 14 gup genes (gwpA, gupC, gupN,
g0, gD, gk, gpF, gupG, gupH, gupl, gup], gupK, gupL, gupM,) have been identified in gup gene cluster, but it
is still unclear that which one is imperative during the process of gas vesicle synthesis. In this paper, we summarized the
function of all the 14 Gvp proteins, especially, gupA copy number and the 33 amino acid repeat number of GvpC. GvpA is
present in the gas vesicles of most cyanobacterium, but its copy number is different in various taxanomic groups. GvpC is
mainly composed of 33 amino acid repeat sequences, and the increased number of which could strengthen the structure of
cyanobacerial gas vesicles against collapse. The spatial structure of GvpA and GvpC protein were also described in this
paper. In addition, three buoyancy regulation mechanisms and the ways of environmental factors involving in buoyancy
network regulation were summarized. Gas vesicles could adjust buoyancy through change in cell ballasts, production and

dilution of gas vesicles and irreversible collapse of gas vesicles. Environmental factors, such as light and nutrients are
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important for gas vesicles synthesis. Nitrogen and phosphorus limitation lead to gas vesicle content decrease. Continuous
carbon limitation could restrain gas vesicle synthesis due to energy shortage. Additionally, we addressed the current
difficulties and problems in gas vesicle researches, such as the uncertainty of whether gas vesicles exclusively determine
cyanobacterial buoyancy and the difficulties to answer ecological questions based on the results of molecular biology of gas
vesicles. Eventually, we proposed the future research directions in the physiological ecology and molecular biology of gas
vesicles, e. g. the relative contribution of gas vesicles to regulate cyanobacterial buoyancy compared with that of gap
junction, the influence of environmental factors on gas vesicles, the genetic features of gas vesicles, as well as the function

and the spatial structure of individual guvp gene.
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Fig.3 Pressures acting on a gas vesicle suspended in water!®!
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Fig.5 Schematic diagram of gas vesicles measurement apparatus(]
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Table 1 Predicted products of gvp genes from halobium, H. salinarium and H. mediterraneia*
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%lﬁfc 7] A::ric%ol H. halobium H. salinarium H. salinarium H. mediterranei by o2
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GvpL 32.0 281 281 273 322
GvpM 9.2 84 84 73 86 5 GvpA 1 Gvpl B4l Y&
4 h=PEREEEEE MLKJIHGFE D A C NoO_
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Fig. 8 Amino acid sequences of GvpA from different biologies!’
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PCCI354 JEF L I E A 3 A gupA ¥ 011 s 2R S BE L £ IR 38 PCC6901 R 1 4 gopA ¥ 01, DhZS Ja i)
ERB/D, B NI R , R R B B B AR R Y KRR B R S T A gopA PP
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GvpC EH, EHE A B ERT GvpC EAhE LW L, R EE S GvpC EAMRTEE LA NEE
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TREHES I (LT BIHE) o Dunton 28 AN, Dh2s MUFE R 3 H 19 gupC #8072 1 PR 25 MR AR B8, 1 55 7 4
itk /N, 4 4 1 B8 BE PCCT7806 ., PCCO354 11 1 B % BC8401 My Py 25 My 3k X SR #K i B R O\ T
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Anabaena flos-aquae GvpC
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C-terminal sequence R Q DLFVSTITITFG

Calothrix sp. GvpC
N-trrminal sequence
I
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I

v

C-terminal sequence

H K
H K

EL o5
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Anabaena consensus
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Fig. 10 Amino acid sequences of GvpC from Anabaena flos-aquae and Calothrix sp'*"!

R2 BOWEHTHRERESE
Table 2 The structure of gas vesicle gene clusters in

cyanobacterial7!]

AR Phzs R
Name of cyanobacteria Gas vesicle gene clusters
JE ¥ PCC7601 (A),-C
TR A (A); -C-N-J-K-F
40 JEEEE PCC6901 A-C-N-J
EARCA P A-C-A-C
4 JJE 3 PCC7120 (A),-C-N-J-K-F-G
s PCCT806 pocoass ()3 T CmN = - X =Ko -G -
V-w E 11 GvpC EH5 GvpA BEL AR
S BCS401 ;A-);V_ C-N-J-X-K-F-G- Fig. 11 Speculations on how GvpC might interact with GvpA in
the ribs!*!
gvpA gvpA gvpA gvpA gwpC ORF1 ORF2 ORF3 ORF4
| ] S -

B 12 Anabaena fios-aquae 1 gvp B EE 4
Fig. 12 The cluster of gvp genes in Anabaena fios-aquae'*
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Fig.13 Factors involved in the regulation of gas vesicle content and buoyancy in planktonic cyanobacteria
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Fig.14 Intercellular space ( arrow) in aggregates of Cyanobacteria
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