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Abstract: Gas vesicles are a unique class of gas-filled protein nanostructures which are commonly
found in cyanobacteria and Halobacterium. The gas vesicles may scatter sound waves and generate
harmonic signals, which enabled them to have the potential to become a novel ultrasound contrast agent.
However, the current hypertonic cracking method for isolating gas vesicles contains tedious operational
procedures and is of low yield, thus not suitable for large-scale application. To overcome these technical
challenges, we developed a rapid and efficient method for isolating gas vesicles from Microcystis. The
new H,0O,-based method increased the yield by three times and shortened the operation time from
24 hours to 7 hours. The H,O, method is not only suitable for isolation of gas vesicles from
laboratory-cultured Microcystis, but also suitable for colonial Microcystis covered with gelatinous
sheath. The gas vesicles isolated by H,0, method showed good performance in ultrasound contrast
imaging. In conclusion, this new method shows great potential for large-scale application due to its high
efficiency and wide adaptability, and provides technical support for developing gas vesicles into a

biosynthetic ultrasonic contrast agent.

Keywords: gas vesicles; ultrasound contrast agent; hypertonic cracking method; H,O, method
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Gas vesicles

Development of an H,O, method for isolation of gas vesicles from Microcystis. (A) The flowchart

of H,O, method for gas vesicles isolation. Firstly, adjusting the cells’ concentration, then keeping cells on the
shaker after adding H,O,. Finally, harvesting gas vesicles using centrifugation. (B) Comparison of the
quantity of isolated gas vesicles when different amount of cells were used. (C) Effect of the concentrations of
H,0; on the quantity of gas vesicles. (D) Comparison of the quantity of harvested gas vesicles along different

time.

(E) Purified milk-like gas vesicles isolated by H,0, method from Microcystis aeruginosa

(FACHB-2329). (F) Immunoblot analysis of gas vesicles using the antibody against GvpC, which is about
25 kDa. The error bars in B, C, D represent standard deviations of three biological replicates.
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Figure 2 Comparison of H,O, method versus hypertonic cracking method. (A) Comparison of the color of
gas vesicles purified by H,O, method (GVs-H,0;) versus hypertonic cracking method (GVs-HC). (B) The
transmission electron micrograph (TEM) of gas vesicles purified by H,O, method. Gas vesicles are
rod-shaped under TEM. (C) The TEM of gas vesicles purified using hypertonic cracking method.
Comparison of the diameter (D) and length (E) of gas vesicles and the isolation efficiency (F) using H,0,
method and hypertonic cracking method. (G) Schematic diagram of each samples used for immunoblot in (H).
W: whole cells; R: remnant; GVs: gas vesicles. (H) Immunoblot analysis of gas vesicles protein in the cell
remnant (R1, R2) using antibody against Gvp C. R1 and R2 represents the remnant from cells whose gas
vesicles had been isolated by H,O, method or hypertonic cracking method, respectively. The total proteins
were visualized by Coomassie blue staining.
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Figure 3 The gas vesicles isolated from other cyanobacteria using H,O, method. (A—F) TEM photograph of
gas vesicles isolated from different cyanobacteria. (A) Microcystis aeruginosa FACHB-928. (B) Microcystis
aeruginosa FACHB-1326. (C) Aphanizomenon sp. FACHB-1416. (D) Zhuhai Microcystis which purified and
cultivated from FACHB. (E) Field Microcystis sample from Wuhan Guangiao. (F) Field Microcystis sample
from Tai lake in Jiangsu province. (G) Measurement of the length of gas vesicles. Wg: purified gas vesicles
from Wuhan Guangiao; Wr: purified gas vesicles from Tai lake in Jiangsu province. Zhuhai: purified gas
vesicles from Zhuhai Microcystis. (H) Measurement of the diameter of gas vesicles.
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Figure 4 Ultrasound contrast imaging of gas vesicles. (A) The diagram of ultrasound imaging model for gas
vesicles. (B) Comparison of contrast ultrasound signals of gas vesicles from different Microcystis cells at the
same optical densities. (C) The change of contrast signals of gas vesicles from different Microcystis cells.
Yellow: PBS; blue: FACHB-2329; red: FACHB-1326; green: FACHB-930.
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FrIR i th BRI, W) I P T e U
AR RE AR B R . XEE R
fR P ICE I . BB, B TR, R
il 28 AL o R ST [ 35 2R A Y B AR 1
L AT SRl KRR

A7 V5 Al Y i R AR S — BT R AR
(reactive oxygen species, ROS) #Ji, Al B
M A K B B R SE AR A, 3 ] T R
HKAREO 2005 4R, 5K ZL P BATE B TR e
BES A [ 9 B2 e S A &, 8 R B
AL E A A KA MR, S
60 pmol/L i A AL E AL AT, SER T 4 i A% X £
AR, WA 150 pmol/L. 240 pumol/L &
300 pmol/L AL E AN TR, 40 i AR K R
MAEP ., USRI, H0, X i B A KA
TR T HXOERGE I (PSTL) H Y S HELL A%,
#84> D1 IR, A0 A I A KA B0
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T, ML P B A AR 2B A S
FRHLH], TR S R A T A A
BRI AR H0, B, RWE R
1 mol/L B9 H,O, R] BEf 4l fe B AR i & A= 1 it 4
FRAERT, 3 40 B AR B %o 3 P SRR 7 A it Bk o
e T0E , 15 B9 ROS 40 53t 545 475 DA 1 1
SR,

FIF HaOp 3 HE B 3 R A BEAE B S
AR, YIRBH R RE 2R . XA
ANEFC AR, (AR XA ) 1 v S
il & AN R R i R . S TR AR
i s R s M, FRATE ST EE T 2 5L
R uF e A Y R E AN, s A
ik B BE SR AL /N BRI SR E LA R A T
SPRARENT, /N BRI T 52 4 0 G g S o

FEE 7 VR F T N [) S AR 19 A 1 52 e M AN
[ Bt BRI 3 K, f3EdE FACHB-1326 <,
P W) AR S RrELae J1 W B3R T FACHB-2329
M FACHB-930, {558tk 53 2 fE 8 B
K, AUFER, [ENRREMS Gvp CHE
RIS S HAR A eI S8 Gvp C &
1 EL A 3 i R RE o T RS e RSS9 1)
AE, AR EARBA, AR TN TR
FACHB-1326 M3 % HER KT FACHB-2329
il FACHB-930 . [A b & i1 75 W f 3¢ ¥
FACHB-1326 M SHERHA M5 T HRrgkhe
AIREEH T gupC JEHI9#E DLECH Gvp C &
TEAHERE A BORRA R 1 o BRI BL I
s B 2 S0 SR IE B, AN SCH ir e Sr i
H,O0, AR IARSMERZ LT, NG L3R Gvp
C ERHAENREH ., S ER
PRAE TSI LA

Zi Lk, KRS ER T ERM
IO R 5% o AR SO 1Y HaO, 1 0] T R B
PR IBOHT R ) 7S R RS R o A P K S b R X R

&: 010-64807509

TR | Z548 LA K 431 A= W2 Tl B IR A
55, B FE 0 KA A B TR S G g,
ARG R _E A R -

Bt At B A A A R T R 5%
R R R E 6 EAR AR E% AR RERE
RIE Ao i R K0 oM A oy Bl
BAFRAKAEEDFRTITAERERRTR LB E
R4 Gvp C Hk; BgtthAa b g E A 5 A2
R I AL BRI 048 F A B . RGP AR K
APTREmRAE M FFA ARG E. RWEHELE
st S FAS AR 0 E .
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