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Physiological, biosynthetic and application studies of gas vesicles
in bacteria: a review
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Abstract: Gas vesicles (GVs) are intracellular organelles with a rigid hollow structure completely
composed of proteins. It can provide buoyancy for aquatic microorganisms, and is very important for their
survival under adverse environment or stress conditions. In recent years, GVs with diverse functions in
nonaquatic microorganisms such as Serratia and Streptomyces have also been reported. Gas vesicle
biosynthetic gene clusters in different bacteria have presented distinct characteristics, as well as the
corresponding regulation mechanisms for GVs biosynthesis. This review summarizes the basic
characteristics of GVs from various bacterial species, including their fundamental physiological functions,
biosynthetic and regulation mechanisms, as well as the applications of GVs in biotechnology. Finally, the
biosynthetic studies of GVs in important industrial microorganism Streptomyces, and the potential
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applications of recombinant GVs are prospected.

Keywords: gas vesicles, gas vesicle biosynthetic gene cluster, biosynthetic mechanism, physiological

functions, biotechnological applications
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Figure 1 Comparison of gvp gene clusters from different bacterial species
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Note: The homologous gvp genes were labeled with the same color
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Figure 2 Bioinformatic analyses of GvpAs from different bacterial species
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BB A% 00 3 A Bootstrap 6, BELI A 23 H(%)IE R s A RECFAURIZA BE 73 ST T AR 1 SR R 21 % 78 5 )
Note: A: Comparison of protein sequences (the specific C-terminal extension sequence of GvpA from Actinomycetes is marked red); B:
Phylogenetic tree analysis (the GvpA branch of Actinomycetes is shaded red, and the GvpA subclass branch of Streptomyces is shaded blue;
The numbers within brackets following the bacterial strains indicate the NCBI GenBank accession numbers for protein sequences of GvpA;
The numbers at the nodes of different branches in the phylogenetic tree indicate the bootstrap values, which are displayed in the form of
percentage (%); The number of scale bar indicates the genetic variability of the genome sequences represented by the branch of this
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S FTLI AR R I gvpAl Fl gvpA2 152 80EY, 4k
T 1 1) R W (004 5 D 7 VAR v e 1 R B T LUE
TR TR A, EXT AT — gup FEFEFER
— afg ] A R o 4 AN S i o A BT POV i EL %
gvp FEFEAE KA T iR R, Hokhe
WLZE ZI 5 20 L 77 7 77 A 52 i 2R A R FR 45 44 I T
BT, B AE T C R R KI5 A % (TNM) I
7255 75 TR (Streptomyces sp.) CB03234-S HREL T
— A @upYZ BT R gvp JER % (gvpOAFGJILSK,
g, JEHFTAE gwp FEHE FOK RS &R
ER b TR rh 3 B 2 R, (Rl o 7 g
BEWZIER PR WE RN Z RIS ; K
gp ! 1E CB03234-S 13t Fe kAL A H N B 22 1k
AR R, SRR TNM kB it —
AT 30%0A -, T H. gvp’ e HAhAE RS 1 Y
5 3R 61 3 1 TR 25 AR A = A BH

2
2 REMEYEARD M

SHETCAL . K A PO T X LA AR SR
BAEYE, (AT LI LR F 55, X — A Y
R B U FT LA S A 0 7 SRR B P iR
IR TR IO ML WP S0 A0 A R 3R

K Frp 24, BT okz 4w A fe il
o ) ZUAE Ok 1 A CBE Y, — ORI 20 4K
SN TR ALy EIE S R et/ E PNk AL
X SN L SR R A 1 SR, (HARAETERUAS | AR
PR A YA 5 28 TR 3R T R A — 5 1 Jm PR o
AR A A IR S v g L A A B BRI R T
R (R T AR BOSCR B m) F A AR 2 v, M
XTSI S, MU ey H LA E
RSB A BR3P ); 18
WM 1.8% (AR BERY IR I, L3
2 L X 2 A 1 B R 3R T 30%, I HLXF
A0 AR B B R B B — T, R P
) AR AR P 45 2 B Tl AR SR B A VR 7 O 1 G S A
2, ORI T K et SR T AR B A T
KA B AR, T A B IR AR R B B
WEEPER TR T, A K S AT A DL 5
HE 1 1% 1R by O BRI 1Y O 3l 1 97 1 (Photodynamic
Therapy , PDT)H i 25 fi 3 ff R 240 Jifd 98 240 L 3%
(Squamous Cell Carcinoma Cell Line, SCC7)HJ{
ToFISRAE , 7528 Al J hE Bl S PR 458 DA B Ho Al 5 k4
FA A ARG b 2B H Bt i 1o FH i),
AL, SRR IR PR A S B R e H R
AR, W] LA 32 A2 3200 w3 g
(R KA, DAL PT R y P TE B A 0 A K bR T3
PR AWEEE . AT AN LA AR W B E o H At 24
Yy, JFEARINAREVE . S P R o 20
WA, ER VAR FF B NRC-1 4y s 4k
HR ke R S HE AT DA B B e B BTG B RILE
A, Mg GvpC MIBRYE IR S5 FEVDT]
PR U0 3 WA EE 11 SopB i Beilf ATl iy B 41 4R
F ] DAE Sy — i e 22 v, FERM AT 1 1
FEVDI T IR BEAR 1 /1N U P EsE AT 1 B ) A ) g
WE RO, MELUE L JHEIE R 7 2R BB 5 1) £ FE VD
IR 2000 T 2 MO P ., R A
B B2 250, "L ZE R EORIET NRC-1
(SR DN AR SE Je BB dEYE, W12 R
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T HAE R A RS W) B2 N/ 48 BB i i ik
KR AP Bmise R, BT R
N3 €6 (Chlorin €6, Ce6)/ T IR NGRIR S GvpA
IR TR e~ 2, W LITEERS NRC-1 S FER A%
B2 6 J11> Ce6 3 FRIEBMRAY Ce6-GVs, TE
HHEEIET Ce6-GVs Bl Ce6 T F ., RILA
L AR 98 41 g (MCF-7) F A I 2 41 i (FaDu-GFP) 1)
ORI 200 155,

PRI TR R B A A K S A R RS
WO, 5 JE B RS T Bt e, I HAE—
EMSNFEE T 55 T Sk AETHE, X —FEMS
FEAE NP ARL N 75 220 s A, FERG IR BU&
(Magnetic Resonance Imaging, MRI)FI#E 5 B {4 55
A4 A I A A I AR A% AR B 18 5 T & T T A5 £
TG N R S . KR F VR ERAF I NRC-1
IR 7 TS RN IR RS, BT LR R 0
LB TR B — M AH H X6 BE 4H {5 5 B SR 4
A5 R I Bk e Ab B, R S B UG S
KW BT X B RSAR R AR, BRI T KA
JEEE gvp FEINFEI) gvpd FI gvpC 53R THTE K2
R gvp LAY gvpR-gvpU, F[RIHR—A
2 gup FERFRAE N 2=, HAE K H A
UG FEVD ] EC B H Y S5 TR 1 RE 8 7E IR R B {IK
F 0.01%H A HER/NTF 100 um (IEAETF 1708
G, T ELRREE 43 i TE B A AR R h A
e OO R N D R G (VA [ 5 e o ) =X Y 6
S, ERTRERFIE NRC-1 S22 L B R ZEAIAFIA
gvp FEPEAE KBTI b I 3R 8 7 A () < BE Yy
Al LATE BCBUER R MRI X He, (B4 H BA A E A
E WG S0 i, 3 ek R 0 R P B Y 5 B A T A
P T A R 2 8 MRIYL Tk
et BB S INRE T GvpC X FENR
RYHE R 2+ 2, @i FE GvpC R4
rh g AR B 2R B ARO7 5, TT LA AR RE A%
NAZEE B EE A JE R A A S T
FRAEAEE, M % 3 2k JC AR 75 Rl A% ok W i
A BHE PR R A s ik, BT

PR ATR]FE 22 0 T A AL R T R, 3
TR AWLEE 0 2L s Py LA iR 8 it 1 A 20 T
B, R R M i a2 355 240 B AT 5 LA S22 W A o
JL R A A

3 BE45RYE

SBET I AETE TV 2 5 A W0 ) /K A 4
i, HARIRE . XV gp BERBEMAYE
B 7 A ] M 40 v 2 8] A & B 6 B 0
Mo BVMRTE, KER 7 E R ETE KRS T A
A AE BN AN F A I BT 0 RS N, AR
SEER FEAE AR ANE ), EREE PR R B
TR, R BLACRE SR SC 2 1 0 i 22 15 3 40 7T 1Y
AR ARG 277 4 —E WS SR T
AR ISR R AR T ) R B AR AR R Rk
P, e e O o S R D R IR R AR AR
(), W EUKF- AR 6 5 B R T 0 A R AR 25 )
FASG o Tt i IR A 2 T =008 X TR A A I I e
BRI Y TR 22 TR 8 IR AR 3 77 A T — i Y
me , AR AT REAE A AR AR T WA e I B TR 22
) BRI AR A, RIS R AR &
o gvp® M BB T R AR R T REYE gvp
BRI, W RE RS TR AR W B A G A
HEERBE I AT R . gvp’™ A T Hifhgt
T L gvp JEDRE 0 B DRV RRAIE S 75 2 5 i L3R
RS A B, GvpA FIIK Y C R g
JE AR S B o R i A R T, BRAZ R
GvpA VUFPHYH A& H B AE B Y G
i A BRI A A, XS B RS . FEIR
A RHTBE B R A BB LR AR G L
Tl A Al b, AT DU — 20 3 o G At 4 TR R TR
1) gvp BEBNFENN) gvp®! BEATER AL, MR
E RIS BB, DUR TR T R B A L
) SR 2R A IS AR, M B O R VR AR B R B 1Y
RIRIE SRR TR, EER AN T A
A W2 R AR AT 1) LA

SRE AT RGN SAR TGN K G B 11 0 45 4 1 e
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PR HTRT S o BEAh, SBEA T N B i L 1
T1iEERY , ST UK AR SCHE , A R R 1%
RGN 5 35 v 0 A, P LABR ST A0  F9 0 )
R K AR 7= AR ] PR S oK
SR, T 50 T, o n] DI i K AR
A —FI BT 0%, AR 7 IR B O ER R, A2
A B SRR A YRR SET o TN R0
IR TBEAEIME /I SR T i 55 2 805
T FA) 22 S 50K, X O BT T e A 7 PR ) N T
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