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Abstract

Halobacterium is -an extremophilic microorganism that lives in high
concentration of salt. Halobacterium could survive only under high salinity
but lyses in freshwater and seawater, due to the difference in osmotic pressure.
Therefore, Halobacterium 1is an organism of interest for expressing
recombinant proteins without concerns about ecosystem disturbance by GMO.
Gas vesicles are hollow proteins structures that enable the Halobacterial cells
float to the surface of the water. In order to study the structure and function of
gas vesicle, gene encoding gas vesicle subunits-were modified to contain
cysteine and hexa-Histidine tags. Gene encoding gas vesicle subunit C was
modified to fuse with the lipase to test its potential for applying gas vesicle on
the removal of lipid from watery environment. Recombinant gas vesicle
genes were expressed in Escherichia coli and Halobacterium. Recombinant

proteins of GvpC and GvpC fused lipase are purified in E. coli and their



lipase activities were confirmed by various assay. Effects of the mutations on
functional gas vesicle formation and their accessibility to cysteine-specific

reagents were analyzed.
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I . Introduction

Halobacteria are salt-loving organism that grows optimally under the
conditions of extremely high salinity, 5-10 times that of seawater. At lower
salt concentrations, cell shape becomes distorted and commencing lysis at
about 1M NaCl. Haloarchaea are halophilic members of the archaeal domain
and called a halophilic archaea. Most Halobacteria are colored red or orange
due to the presence of carotenoids, but some strains are colorless, and those
with gas vesicles form opaque colonies with white or pink color.

Gas vesicles are hollow proteins structures surrounding a gas filled space.
A small number of species of extremely halophilic Archaea of the family
Halobacteriaceae (8 out of the 137 species having names with standing in the
nomenclature as of August 2012) are able to produce gas vesicles. The Gas
vesicle is a lipid-free membrane which forms a barrier to liquids but is
permeable to many dissolved gases such as nitrogen, oxygen, carbon dioxide
and methane. The function of gas vesicles is to enable the Halobacteria cells
float to the surface of the-water-in concentrate brines in which the solubility
of molecular oxygen is low. This-increases not only for its exposure to the
more aerobic phase but also for the availability of light for purple membrane
mediated photophosphorylation.

Mature gas vesicles are spindle or cylinder shaped organelles that are

0.045~0.2 #m wide and 0.1~2 . m long. During gas vesicle formation, small



bicone structures appear and grow to become the spindle or cylinder shaped
gas vesicles. Gvp proteins are part of the gas vesicle structure and involve 8-
14 different Gvp proteins in total, all of which are encoded in gvp gene
clusters.

GvpA protein has a molecular weight of 7~8kDa. GvpA has a very high
content of hydrophobic amino acid, and is highly conserved in all prokaryotes

and archaea that produce gas vesicles. GvpA protein forms 4.6nm wide ‘ribs’

that run nearly perpendicular to the long axis of the vesicle. The GvpC protein
has a molecular weight of 31~42kDa. GvpC is located on the vesicle outer
surfaces and provides strength, stability and shape to the vesicle. Previous
findings suggested that GvpC is present on the external surface of the vesicle

and functions as - “Molecular glue” torenhance the membrane stability and

strengthens the structure of the vesicles.

The gas vesicle is like a viral shell without harmful properties and genetic
materials. Moreover, gas vesicle has been reported to have characteristics
similar to the structure of the nanoparticles closely resembling the epidermis
of the virus but without genetic materials. Despite of its ample possibility of
their applications, major constraints conducting the research with gas vesicle
has been attributed due to poor understanding regarding its structure as well
as associated technical difficulties for analysis. Thus, the practical application

of gas vesicle has been limited in genetic field till now.



One of the goals in the present study is to investigate the impact of the gas
vesicle by structure engineering the cysteine mutants. The emphasis was
placed to focus on GvpA, subunit which is a major protein that forms the gas
vesicle. This study aimed to establish useful vector system for the expression
and recombination gas vesicle genetic manipulation. This study also included
the constitution and expression analysis of protein, GvpN and GvpC as well
as attachment with the His6-tag for prepare at detection and purification. The
overall observation from the present experiment, confirmed the lipase activity
of the fusion protein of GvpC fused lipase and purified by E. coli. The second
part of the study includes functional expression and analysis of gas vesicle

mutants from Halobacterium.



II. Materials and Methods

1. Materials

Topcloner™ TA core kit and Topspeed™ DNA Ligation kit were
purchased from Enzynomics (Korea). Plasmid purification and gel extraction
kits were purchased from Bio-solution (Korea). Various restriction
endonucleases were purchased from New England Biolabs (Beverly, MA)
and Enzynomics (Korea). Plasmids pET-19b and pGEX4T vectors were
obtained from Novagen (Darmstadt, Germany). pFM104D vector was
obtained from Dr. DasSarma Laboratory, University of Maryland, Baltimore,
USA. Kit used for the purification of Histidine-tagged protein was purchased
from TAKARA (Japan). Monoclonal antibodies raised against 6-His Epitope
(Mouse) was purchased from Thermo Scientific (Rockford, USA) together
with 6-His Antibody Rabbit polyclenal purchased from Bethyl (USA).
Immunopure Goat Anti-Mouse IgG was purchased from Thermo Scientific
(Rockford, USA). Rabbit-IgG-heavy and light chain Antibody was purchased
from Bethyl (USA).. ‘Nitrocellulose Membranes; 0.45um and Clarity™

Western ECL substrate were purchased from Bio-Rad (USA).



2. Methods

2-1. Expression GVP lipase hybrid gene in E. coli

(1) Preparation of competent cells

E. coli DH5a were used for general cloning and together with E. coli
BL21 for recombinant protein expression. Competent E. coli cell was
prepared by using Inoue method (Inoue, et. al., 1990). For this, 1 mL of
E. coli seed culture fully grown in Luria-Bertani (LB) medium was
inoculated into 200 mL of LB-for further growth at 37°C with moderate
shaking (160 rpm). When ODggy of E. coli culture reached 0.6, the
culture was chilled on ice for 10 min followed by centrifugation at 2,500
x g for 10 min at 4 C. Cells were resuspended in 20 mL of ice-cold
transformation buffer (TB: 10 mM Hepes, 55 mM MnCl,, 15 mM CaCl,,
250 mM KCI, pH 6.7) followed by centrifugation at 2,500 X g for 10
min. Cell pellets were resuspended in 20 mL of ice-cold TB, and

incubated on ice for 10 min and then harvested by centrifugation at 7,000
rpm for 10 min at 4°C. Cells were resuspended in 10 mL of ice-cold TB
together with 7% DMSO (1.5 mL), and aliquot into small amounts.
Competent cells were frozen in liquid nitrogen and then stored at -75C

until use.



(2) Transformation into E. coli

E. coli strains DH5a and BL21 were used for the cloning and

expression of gvp, respectively. E. coli competent cells (100 ul) were
mixed with and incubated on ice for 30 min. Upon heat-shock
treatment at 42°C for 1 min, sample was chilled on ice for 3 min. With
an addition of 600 ul of LB medium, the mixture was incubated at 37°C

for 1hr. Then plated on the LB agar medium containing Ampicillin

(100 pg/mL).

(3) Purification of recombinant plasmid DNA

A single colony was picked for.the plate of LB medium containing
Ampicillin (100 pg/mL) and incubated at 37°C overnight. Plasmids
purification was carried out by using plasmid purification mini kit
according to the protocol provided by manufacturer. Briefly, 3 mL of
cells were collected by centrifugation at 14,000 rpm for 1 min. Cells

were resuspended-with 250-ul resuspension solution containing RNaseA

(100 x g/mL) by vortexing. Upon the addition of 250 ul of lysis solution

followed by several times inversion and incubation for 5 min until cell

lysate became clear, the lysate was mixed with 350 ul of Neutralization

Solution by inversion. After, centrifugation at 14,000 rpm for 10 min,

supernatant containing recombinant plasmid was transferred into the spin

-6-



column. The column was washed using 750 ul of Washing A solution
followed by centrifugation at 14,000 rpm for 1 min. After removal of
flow-through, the column was centrifuged for 2 min, and then transferred

to a new microcentrifuge tube. Plasmid DNA was eluted 50 ul of

distilled water or elution buffer.

(4) Expression of gvp in E. coli
For the expression of gvp genes. E. coil BL21 cell was used. The

transformants were cultivated in an LB medium containing ampicillin at
37°C, 200 rpm overnight. Cells were grown until the cell density at
600nm reached around 0.6. Isopropylthiogalactoside (IPTG) was added
to induce the expressionof gvp in E. coli BL.21 transformants cell. The
growth temperature and time were optimized for the each sample. [GvpC:

37C 12hours, GvpC + Lipase: 25C 24hours, Lipase: 15°C 24hours].
For analysis, cells were harvested by centrifugation at 14,000 rpm for 2
min, resuspended in-200 ul of 0.1M Tris (pH.8.0), and then mixed with
150 pl of 2.5 X SDS loading dye with /5 -mecaptoethanol. Samples were

heated in boiling water for 5 min, centrifuged at 14,000 rpm for 3 min,

and subjected to SDS-PAGE.



(5) Protein gel electrophoresis

Recombinant gvp proteins were analyzed by using 10% and 8% SDS-
PAGE. SDS-PAGEs were stained by Coomassie Blue (CB). For CB
staining, gel was soaked into staining solution [Methanol 50%, Acetic
acid 10%, and 0.25 g of Coomassie Brilliant Blue R-250 in 100mL
solution] and then destained in solution containing [Methanol 50% and

Acetic acid 10%].

(6) Lipase protein Purification

Recombinant lipase protein-fused with His6 tag was purified by using
Chelating Exellose spin kit (TAKARA, Japan). Upon induction of cells
by IPTG, cells were harvested by Centrifugation at 6,000 rpm 15 min.
Cells were resuspended in Equilibration buffer [SOmM Tris-HCl (pH
8.0), 0.5M NaCl, 10mM Imidazole]. Together with PMSF (ImM) and
Triton X-100 (0.5%). The mixture was stirred for 30 min on ice with
addition of Lysozyme (Img/mL) followed by. Repeated (5-10 times)
freezing and thawing in_liquid nitrogen until become clear. When the

lysate was still viscous, DNase [.(Img/mL) was added to 5 pg/mL and
stirred on ice 15 min. Upon removal of cell debris by centrifuge at 6,000
rpm for 30 min, the supernatant was added with / -Mecaptoethanol
(30mM) and then. Applied to metal-chelating chromatography using

Chelating Exellose spin kit (TaKaRa). The IDA exellose 500 upl was



transferred on to a column followed by centrifugation at 2,000 rpm for 3

min. Column was washed with 500 ul 1 X Equilibration buffer [10mM

Tris-HCI (pH 8.0), 0.1M NaCl] followed by centrifugation at 2,000 rpm
for 3 min. Then supernatant (treatment cell) was mixed with resin and
incubated for 2 min at RT. Upon centrifugation at 2,000 rpm for 3 min,
eluate (F-T) was transferred to new 1.5mL tube. Column was washed

three times with 400 pl Wash buffer [SOmM Tris-HCI (pH 8.0), 0.5M

NaCl, 50mM Imidazole]. Tagged proteins were eluted with 200 ul

Elution buffer [SOmM Tris-HCI (pH 8.0), 0.5M NaCl, 100mM Imidazole,

250mM Imidazole]. All fractions were collected and stored at -20°C until

further analysis.

2-2. Lipase activity assay

(1) Protein quantitation
Detergent compatible formulation based BCA protein assay was used
for the colorimetric- detection and quantitation. Protein quantification
using a microplate was carried out according to the protocol provided by
company by BCA protein assay kit (Pierce). Calibration curve was
employed to measure the quantification of BSA. All samples were
diluted 6-fold and were measured replicated three times. The results were

analyzed to calculate the average protein content of each sample.



(2) Rhodamine B plate assay

LB agar plates containing olive oil and rhodamine B (Sigma) were
used for analyzing lipase activity in the cell. Rhodamine B (1mg/mL)
was dissolved in distilled water and sterilized by filtration. LB agar
medium containing 1% Arabic gum was autoclaved and cooled to

approximately 60°C . Plates were prepared with 1% (W/V) olive oil and

0.001% (W/V) rhodamine B upon emulsification with stirring. Cells

were spotted on Rhodamine B plated and incubated at 37°C and lipase,

activity was monitored by irradiating plates with UV light at 350nm.

(3) Color metric method assay

Color metric method was used to measure changes in color according
to pH. Lipase hydrolyzed the fat to glycerol and fatty acids which results
in lowering pH. The pH indicator| color was blue at higher than pH 8.0,
green in pH 6.0 and yellow at lower than pH 6.0. Seawater SmL was

added with pH indicator 100 pl, olive oil 300 ul and enzyme. The

control was included with 50mM: Tris-HCl (pH 8.0) instead of the
enzyme. Enzyme activity was measured based upon the changes color

over time at RT.

-10 -



(4) Spectrophotometric assay

Lipase activity was measured by using a spectrophotometric assay
with 4-Nitro phenyl decanoate (Sigma) as substrate. 4-Nitro phenyl
decanoate was dissolved in acetonitrile at a concentration of 10mM.
Subsequently, absolute ethanol and 50mM Tris-HCI (pH 8.0) were added
to make a final composition of 1: 40: 950 (V/V) acetonitrile ethanol

buffer. The reaction mixture comprised of 20 volume diluted sample and

200 pl substrate solutions. The hydrolysis reaction was carried out at 37°C

for 5 min. The amount of released deaconate was determined by an

absorption increase at 405nm measured using microplate.

2-3. Analysis of recombinant gvp in Halobacterium.

(1) Halobacterium transformation

Halobacterium sp. SD109 which do not have gene encoding

functional Gvps was used for transformation. Cells were cultured at 42°C

for 3~4 days and then inoculated 1/50.velume into a fresh CM+ media.

Upon growth at 42°C for 20hrs followed by. Incubation on ice for 10 min,
cell was centrifuged at 7000 rpm at 4°C for 10 min. Cells were

resuspended in 1/10 volume of medium Spheroplasting solution [2.0M
NaCl, 27.0mM KClI, 50.0mM Tris-HCI (pH 8.75), 15% sucrose] on ice.

Upon addition of 0.5M EDTA to 1/200 total volume, the mixture was

-11 -



incubated at RT for 10 min. Upon confirming circular shape of
transformed cells examined by microscopy, 200 pl of spheroplasting
were mixed with 1 pg of recombinant DNA at RT for 5 min. Equal
volume of PEG-600 solution [40% spheroplasting solution and 60%
PEG-600] was added to the mixture was and incubated at RT for 20 min.
One mL of spheroplast dilution medium [4.3M NaCl, 27.0mM KClI,
50mM Tris-HCI (pH 7.4), 80.0mM MgSO,, 10mM Na-citrate, 1.4mM
CaCl,, 15% sucrose, 1% peptone] was added to the mixture on mixed by
inversion. Upon centrifugation at 6,000 rpm for 4 min, cell pellet was
resuspended in 1mL of spheroplast dilution medium by pipetting into test
tube (15mL), and then incubated at 37°C for 24hrs. 1 'ml of CM+ medium
[250 g NaCl, 20 g MgS04, 3 g (Tris)Sodium citrate, 2 g KCI, 10 g
Oxioid Neutralized Bacteriological peptone in 1L (pH 7.2) with trace
metal] was added and incubated for 24hrs. Cells were plated out on CM+

plate with mevinolin (50 «#M) and incubated at 42°C for 1 week. In a

container to avoid.evaporation in during the incubation:

(2) Gas vesicle isolation

Transformants were cultivated at 37°C on CM+ agar [250 g NaCl, 20
g MgSO04, 3 g (Tris)Sodium citrate, 2 g KCI, 10 g Oxoid Neutralized
Bacteriological peptone in 1L (pH 7.2) with agar 20 g] plates containing

trace metals [440 x g ZnSO4.7H,O, 330 x g MnSO4+H;O, 10 « g

-12 -



CuS04.5H,0, 1.75 mg FeSO,4 and 23 mg FeCl,.4H,0 ] and the selective
antibiotic, mevinolin (CM+Mev). Colonies were selected from each
transformation and grown in liquid media under the same selective
conditions. Gas vesicle mutant strains were grown in liquid cultures in

5mL CM+Mev medium, in incubator at 42°C for 4~7 days.

(3) Gas vesicle purification

Transformants cultured in liquid media were spread onto 15 cm
diameter CM+Mev plates. Incubation at 42°C for 10 days. Cells were
lysed by water containing 1.0mM MgSO, and DNase [ (2 ug/mL).
Upon incubation for 3hrs at 37°C, cell lysates were adjusted to 10% (w/v)

NaCl, overlayed with. 5% NaCl and centrifuged at 60 X g overnight.
Floating gas vesicles were carefully collected and resuspended in 5%
NaCl. The isolated gas vesicles were washed by centrifugally accelerated

flotation for three times.

(4) Protein gel electrophoresis & Western blotting
Proteins were analyzed by using 10% SDS-PAGE. Cells were
harvested by centrifugation at 14,000 rpm 2 min and resuspended in 50

ul basal salt and 150 ul sterile distilled water. The mixtures were added

with an equal volume of 2 X SDS loading dye with /S -Mecaptoethanol.

- 13-



Upon heating in boiling water for 7 min followed by centrifugation at
14,000 rpm for 5 min, supernatant was loaded on to SDS-PAGE. Gels
were stained with Coomassie Blue R250 or electroblotted for Western
blot analysis. For western blots, proteins were transferred from the SDS-
PAGE gel Nitrocellulose membrane (Bio-Rad) using Semi-Dry
Electrophoretic Transfer Cell (Bio-Rad) at 18volts for 1hr. Subsequently,
membranes were blocked with 5% non-fat dry milk in TBS-T [150mM

Tris-HCI, 150mM NacCl, 0.1% (v/v) Tween-20] 20mL for lhr. After

three times washing with TBS-T 20 ml, membrane was incubated with

Anti-Hiss (IGtherapy, Mouse) diluted 1:5000 for lhr. Then membrane
washed three times with TBS-T 20mL for 3 min. Antibody was detected
by incubation with either horseradish peroxidase conjugated Goat Anti-
Mouse IgG (thermo) or Goat anti-Rabbit (Bethyl). Each conjugate was
diluted 1:20000 in TBS-T and incubation continued for 30 min.
Membrane was washed three times with TBS-T 20mL and antibodies on
the membrane were detected by chemiluminescent solutions and upon

exposure onto X-ray film:

2-4. GvpA structure formation

GvpA monomers have a high tendency to aggregate and dissolve only
in 80% formic acid. Dialysis to remove the formic acid caused
amorphous precipitates of GvpA rather than a refolded protein structure

of even a reassembly of the gas vesicles (Belenky et al., 2004).

-14-



(1) GvpA mutants

GvpA was the major gas vesicle formation protein and composed of
7- amino acids (Fig.1). Analyses of gvpA structure have been hampered
by its difficulty at resolution the component in gel electrophoresis. Since
no there are no cysteine among 70 amino acids, amino acid residues at
N-terminal, central and C-terminal regions of GvpA were replaced by the
cysteine. These include amino acid at 3th, 31th, 33th and 76th.
Expression GVPA in E. coli GvpA was induced by IPTG using the p19b
and GEX4-T vectors which contain glutathione S-transferase (GST)
fusion vector and N-terminal His-tag. Induced cell was identified by 10%
SDS-PAGE. For functional analysis, GvpA -mutant vector was

transformed to Halobacterium (SD109).

Ak 11 2% k= 41 51 a8
Gvph AVEKTNSSSS LAEVIDRIGD KGIVIDAWVR VSLVGIELLA IEARIVIASV ETYLKYAEAV CLTQSAAVPA
Sec struc ECCCeCcecce HHEHHHHHCC CCCEEEEEEE EEEECCEEEE EEFEEEEEEH HHHHHHHHHC CCCCCCCCCC

Fig.1 GvpA sequence

-15-



(2) PDS assay

Structural analysis of gvp was carried out with gas vesicle GvpA
mutants using PDS assay. PDS (2,2’-Dithio-dipyridine) was used for
quantification of SH groups. Stock solutions were made as 1mM 2-PDS
in 0.2M NaOAc (pH 4.0) and 1M NaOAc (pH 4.0) as shown (Table.1).
Gas vesicle was mixed with for 15 min and then spectra were measured

at 343nm.
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Sample Blank ~ NNH(con) Q3C G33C A76C
Gvp 0l 12.8 1l 13 1l 20 pl 17.7 1l
ImM 2-PDS 100 0 100 0 100 0 100 10 100 0
IM NaOAc 180 10 180 10 180 10 180 10 180 10
3’DW 720 1l 707.2 ih 707 1l 700 14 702.3 1h
Total 1000 10

Table.1 Reaction scheme used for PDS assay.

S = = A
%SH § O Q - g?—lf‘\ /@ ’ (l

P . x

N S=—S N S—i5 N ﬁ S

2.2’-Dithio-dipyridine
(€251 9730 M'em™

Fig2. PDS assay
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(3) Gas vesicle purification with His-tag system

Chelating Exellose spin kit (TAKARA, Japan) resin was used to
purify recombinant GVP fused with His6 tags. In order to find conditions
for binding to the resin, samples were mixed with 5 X Equilibration
buffer [250mM Tris-HCI (pH 8.0), 2.5M NaCl] depending on the amount
of protein in the gas vesicles described in Table (Table.2). For IDA
exellose column using centrifugation at 2,000 rpm for 3 min, column was
adjusted to 1 X Equilibration buffer [SOmM Tris-HCI (pH 8.0), 0.5M
NaCl]. Upon three times washing with the column of Wash buffer

[SOmM Tris-HCI (pH 8.0),-0.5M NaCl, 10mM Imidazole] 500 ul
(GvpC), 125 pl-(gas vesicle) and protein eluted of Elution buffer[SOmM
Tris-HCI(pHS.0), 0.5M NaCl, 250mM. Imidazole] 200 ul. (GvpC), 50 ul
(gas vesicle). All fractions were collected and stored at 4°C for further

identification of the recombinant proteins.
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Purified GvpC Gas vesicle NNH
Sample 50 wl 70 b,
5 X Equilibration buffer 200 sl 50 pl
3’ DW 750 (0 130 p0
Total volume ImL 250 pl

Table.2 Compositions used for His-tag purification of GVP
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III. Results and Discussion

1. Expression of GVP

For expression of recombinant GVP from E. coil BL21 cell transformed

with recombinant plasmids, transformants were cultivated in an LB
medium containing ampicillin at 37°C . Cells were grown further in a fresh
LB media up to an ODgg of 0.6. Upon addition of IPTG, cells were further
incubated at 37°C, 200 rpm and 3hrs. In order to prevent insoluble
aggregation of an exogenous proteins formed at 37°C, proteins expressions
were also carried at a lower temperatures at 37°C, 25C,.18C and 15C.
Upon analysis of optimum time for the induction, more proteins were
found in soluble form at 15C. Recombinant proteins were| analyzed by

SDS-PAGE. Upon induction with IPTG, extracts prepared from cells
transformed with recombinant DNA containing GvpC gene and Lipase
gene fused with His-tag were compared with samples prepared from cells

transformed with vector only.
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2. Purification of recombinant protein

Since recombinant GvpC gene, Lipase gene and GvpC fused Lipase
gene were designed to contain His-tag, purification of recombinant proteins
were carried out by Ni-IDA chromatography. Amount of protein eluted
from the column was the highest in Elution fraction I . Level of expression
was slightly less in GvpC fused His-tag sample. These results indicated that
recombinant GvpC Lipase gene fused with His-tags can be expressed in E.

coli and purified by using affinity chromatography.
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Induction His-tag purification
F-T WI WI WII EI EII

(-) +24h) M Load

Figd. SDS-PAGE analysis of purified Lipase fused wi

Sample included were total

column
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Induction His-tag purification
(-)(+5h) M Load F-T WI WI WII EI EII

Fig5. SDS-PAGE ¢ ed with His6-tag

-~
-

Sample included “proteins extracted from ﬁnsformed with

b
r wﬁ'hl w induction for
loading (load) and the
ll %t on (E) of the

&
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>

recombinant co @nmg
i

Shrs at 257/ (+5h). La

) . |
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column.
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Induction His-tag purification
(-)(+24n) M Load F-T WI WI WIIEI EII

Fig6. SDS-PAGE an3
Sample included
recombinant coO

Shrs at 15C | (+24h). La
fractions obta im fjrlllom

column. %
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3. Protein quantitation

Protein quantitation was carried out by using the BCA assay method.
Calibration curve was obtained using by BSA (Bovine serum albumin)
with dilution. Based on the absorbance of the fractions eluted from the
column, amount of purification protein was similar to that of SDS-PAGE
result. GvpC gene fused lipase sample was the most abundant among the

samples while the amount of GvpC protein alone was the least.
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2000 - y= 1876.6x - 78.501 ’
R>=0.9618

(ug/mb)

Protein amount

0 T T )
00 Abso(llfance 1 2
Fig7. BCA standard curve
Absorbance Prote(i/iLn)lount

LipHE I 0.1186 2883.78
LiPHEI 0.048 230.52
GvpCE I 0.074667 1232.36
GvpCEI 0.054333 469.22
GV+LE ] 0.127333 3209.06
GV+LEI 0.066 307.1

Table3. Quantitation of protein based on BCA assay
Sample was measured with 20-fold dilution and subtracted blank (measured

3’DW). Absorbance value was measured at 562 nm.
LipH: Lipase gene, GvpC: GvpC gene, GV+L: GvpC gene fused lipase, E | :

Elution [ fraction, E Il : Elution I fraction
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3500

3000

2500

2000

protein (ug/me)

1500

1000
500
. ] . |

LipHEI ~LiPHEID GwCEI  GwCEIl GV+LEI GV+LEI

Fig8. Quantitation of purified proteins.
Purified proteins were diluted to 20-fold and subject to the quantitation.

Absorbance were measured at 562nm and subtracted from the blank. E I and

E I refer to the fractions eluted from the column, respectively.
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4. Rhodamine B plate assay

For plate assay, transformants were grown in LB containing ampicillin

at 37°C overnight and then streaked onto Rhodamine plate. Upon further
growth at 37°C plates were illuminated under the UV light to confirm

lipase activity. Lipase gene and GvpC fusion protein expressed from E. coli
showed lipase activity. Negative control, GvpC protein showed no lipase

activity.
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Fig9. Rhodamine B plate assay for lipase activity analysis

E. coli cells tested were transformed with plasmids containing (D Lipase

gene streaking, (2 GvpC gene fused with Lipase, and @ GvpC gene.
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5. Color metric assay

Lipase activity was also confirmed by using a pH indicator. This was
based on oil decomposition into glycerol and fatty acids by lipase lowering
the pH in solution. Time course experiment results showed increase in
lipase activity in lipase gene sample and GvpC fused lipase sample. This
was shown changes to yellow for period over time. On the other hand,
GvpC sample and control sample showed no changes from blue color, the

first indicator color.
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Fig10. Lipase activity analysis of the purified protein

(DControl sample: pH indicator + Seawater + Olive oil + 3’ DW

(@Lipase sample: pH indicator + Seawater + Olive oil + LipaseE |

@GvpC + Lipase sample: pH indicator + Seawater + Olive oil + GvpC +
LipaseE |

@GvpC sample: pH indicator+ Seawater + Olive oil + GvpC E |
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6. Spectrophotometric lipase activity analysis

Lipase activity was also analyzed by the amount of 4-nitrophenol in
microplate assay using 20-fold diluted protein. While GvpC + Lipase and
Lipase sample produced a similar amount of 4-nitrophenol, GvpC sample
did not show any change as similar to the control sample (3’DW instead of
protein). Lipase sample showed the highest activity followed by GvpC +
Lipase fusion protein. Similar level of lipase activity was detected in GvpC

+ Lipase fusion protein based on molar ratio.
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04 -
& 03 -
£ —a—LiPH E1
2 0.2
5 ——CV+LEI
2 0.1 -
—0—GvpCEl
0
ol 5 10 15 20
' Time (sec)

Figl1. Lipase activity analysis by using plate assay
The amount of 4-nitrophenol has the highest GvpC + Lipase sample. The
GvpC did not show any lipase.activity.
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A AA410Vs
~ VIS Le410

Figl2. Lipase activity formula
Ay419 was the absorbance at 410nm. The Vs was total volume, VIS was the
volume of the enzyme (the volume of the protein). The L was length of the

cuvette, €419 was extinction coefficient 18.8.

Average Gradient  Activity
LiPH El 0.005 0.0046  8.922259
LiPH E2 | 0.00585 0.0065 0.902651
CCR2E1 | 0.01065 0.0097  5.571527
CCR2 E2 | 0.01375 0.0136  2.239232
CCHEL. | 0.00215 0.0019  6:895718
CCHE2 |:0:00285 0.0025- 0.376696

Table4. Lipase activity

Measure the amount of 4-nitrophenol by the absorbance per 1 min.
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7. GVpA expression

For expression of recombinant proteins, E. coil BL21 cell was used. The
transformants were cultivated in an LB medium containing ampicillin at 37C..
When the ODggo (0.6), IPTG was added the culture. While the induction of

gvpA proteins was detected in clones derived from GEX4-T vector, genes

cloned into pET19b vector showed little expression.
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8. GVvpA mutation

In order to obtain structural information by using cysteine accessibility
analysis, gvpA gene was modified to contain cysteine replacement at
position Q3, L31, G33 and A76 of gvpA. Upon cloning into pFM104d
followed by transformation into Halobacterium SD109, cells were first
tested for functional GVP formation. While gvpA, G3C and A76C showed
GVP formation, L31C showed -little GVP formation. The results indicate
that N-terminal and C-terminal regions of gvpA did not significantly affect
the gas vesicle formation but the central portion was influenced by gas

vesicle formation.
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Figl5. Gas vésicle form
DGvpA 3th amino acid
@GvpA 33thll'qfnin0 acid s
@GvpA 76th al:ﬁ'i@ ac@bstituted

P 4
@GvpA 31th amino a{“éid_,gg@edm cme“”ﬂ_,.r’f

While gas vesicle formation Wa;_dgtecte_d_in mutants A76C and Q3C, little

gas vesicle formation was detected in another mutant G33C.
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9. PDS assay

Experiment has been carried out to obtain indirect structural information
of gas vesicle using GvpA. PDS was used to react with the exposed
cysteine. Therefore, it will be possible to know indirectly that portion of
GvpA through was exposed. The experiments were performed using a Q3C,
G33C and A76C that GvpA mutant was formed gas vesicle. Through the
protein quantification, experiments were used the same amount of protein.
PDS assay results, G33C and Q3C samples were similar value. However,
A76C sample had a similar value to-that NNH sample of GvpA without
cysteine mutant. Amino acid of GvpA, 33th and 3th positions were

appeared to be exposed to the outside.
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NNH(Con) Q3C G33C A76C

Absorbance 0.209 0.20575 0.1335 0.15125
Protein amount 1932304  186.4171  34.9522  72.1633

(1g/mL)

TableS. Protein amount of GvpA mutants

NNH(Con)

G33C

om
010 =

* oo =

|

008
007 ! 3
008 T = Q C
005

nnnnn

Figl16. Spectroscopic measurement of PDS reactivity
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NNH
Q3C
G33C
A76C

0.16916A
0.079656A
0.082716A

0.12994A

Table6. PDS analysis using absorbance at 343nm

[Protein] = {(A

-A

343,sample

343,bling

n number of SH groups in the protein./ molecule

Figl7. PDS assay formula
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NNH 0
G3C 0.0014721
G33C 0.0014248
A76C 0.0006458
Table7. PDS assay
0.002 7
|
0.0015
0.001
0.0005 I
0
Q3C G33C A76C

Figl18. PDS assay
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10. Gas vesicle purification with His-tag system

In the present study, proteins tagged with His6 residues were purified.
In order to test whether we could purify gas vesicle by using His-tag
purification column, gas vesicle were mixed with resin. GvpC sample
showed binding to the resin and could be purified by using His-tag. In
order to test whether- NNH mutant containing His-tag attached to GvpN
could be purified, experiments were carried out with gas vesicle
purification followed by western blot. The results indicated that gvpN
was found to be at the same position as detection of gas vesicle and cell
extract. Furthermore, His-tag was not observed to_be bound to the resin
when gas vesicles were mixed with buffer without using other processing.
Although bound to resin in the case of a sonication. Gas vesicle sample
treated with sonication showed that viscosity disappeared and turned into

opaque form with transparent appearance.
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Figl9. Western blot analysi His-ta
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Fig20. Preparation of GVP with or without sonication
(A) Non treatment sonication sample, (B) sonication treatment sample
Sample was turned into a transparent pink color from opaque pink color.

Sonication was turned opaque form into transparent form in gas vesicle.
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Load F-T WI WI WII WIV EI EI

Fig21. His-tag purification of GvpN

The fractions for loading (load) and the fractions obtained from flow through
(F-T), wash (W) and Elution (E) tube. Loading, flow through and wash
fraction tubes were pale pink color. It turned-into a transparent color closer to
the Elution fraction tube. It was found that gas vesicle-was not bound to the

resin by the colorof the tube.
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GV Load F-T WI WII WIIWIV E] EII

Fig22. Western blot analysis of His-tag purified of GvpN

Proteins were separated on 8% SDS-PAGE and the fractions obtained from
the fractions for gas vesicle purification (GV), loading (load), flow through
(F-T), washings (W), and elutions (E).
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Load F-T WI WI WII WIV EI EI

Fig23. His-tag purification of GvpN with sonication

The fractions for loading (load) and the fractions obtained from flow through
(F-T), wash (W) and Elution (E) tube. Loading, flow through and Elution
fraction tubes were pale pink color. But wash fraction tubes were transparent
color. It could be analogized to see the color of the tube that the gas vesicle

was elution.
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GV Load F-T WI wWIWIIWIV EI EII

Fig24. Western bl(!)_,tfaif;iysis of His-tag pi;f'iﬁcation of GvpN with
5
sonication 7 N

Proteins were f'éparated on 8% SDS-P and the fractiozll‘s\ obtained from

the fractions for gas vesi

(F-T), washirfgs (W), an.

purification

tions (E).

loading (load):"-, flow through
1

-51 -



IV. Abstract (Korean)

X =8t gas vesicle CrHEH A O

Hoor m Wl ol kKo M oo B m &
2 0 T K ® o3 o E T o ©
T o ® T % H < oF m MW
o= o o2 ot < >
o = o __ mu 1o ofu
o+ < % o » X o@mw - o =
< B e ﬁ_ F 8 b 1M
— = fe) N -
X o ol 1 s oE o B 1Ko B
WU we S TR oo wom gl
—_ —t = - N J— -
] X Zoe B § 2@ OF g o
10 S 5 & @y 3 O¥ D
Ohu R [0 5 SR N sl > K o+
% M/ U g R it © T
" ko (] = ', T = _ o]
<l o0 oA mg & W 5 TR
u o = Kl o
o TN I T B R T A R
oF oo T oM oo g K 2w
m._ B _u_._ _.A._ = — i o2 il |_._AI W =
s g - ojo Y < | o o
= ol T o 0 op KB 3
- AT E (@)]
E <0 O 4 20 = Kvo g ] 1l 2
o S\ ALY ThWg SNEES £ o O
{0 = o] i) om @ O mn - v
o T 8o oo @r O D — Jo o
= S \ge. O woSg £ °© o 2
RO = o s o 1+ & v ol - ©
[ MOS0 o = a/8 I
ol o] ol T © o @ =,
o SNVrE , R eEd w2 U T
— j— —_ [0} (%]
S T % Ok TR @ & g ¥
S o £ o5 @ ® g £ O
G o N oo 2 o >
8 afu oWz 5 O 1/ 8 E 3
o —t ~ o - j =
S 5 5 s wm &% = ioe
T % T W F o o m & £ 9
m © 0 o0 o &6 & t+ & =T

gas vesicle B2 ZI@SISICE Gas vesicle subunit A CHEHEIS GST fusion
_52.



tOf| cysteine O

_gotC
= -

F S Ct. Hisb-tag Of

10

functional gas vesicle & T

El gvpA =

ol
=

L

=2

1S E. coli 0| A

=
Ch

8

s2E M=

838+El gvpC F GvpC 0f Lipase 7}

10

o

2 £330 gvpN 1} gas vesicle 1}

o

e
O:

gvpN 2| &

-53.-



V. Acknowledgement

7|Z=X0l 22|t

kfo

7|CHOll GOl

of AfA - =+

g 02

PN

-
o
—

mEHHA 7tEX A S110)| of

AbgfLCt.

F

N
E
1
70
ki

F

9

K0

X

HA7L B =2 5 3o A S L T

=
—

(o]
A

10
-
E|
=
OH
10

10
3
E

<
LY

~O

10
<
E

-

zu
<lo

10
s
E|

Pl
80

KO0

10
3
E

-

<0
100
M|

-

fod
KIr
il

.
ol

o
g

OIX|7t =l AL Lt

O

M, Al Alof A

(o]
AA

Hi= =

O

ol

X1
KIn

ol
Joill

IH

TE QN 7|

= 4, Z|Ef 8

L|Ct. XLt

Stlls

%0

o
vgol, 55

=

A
A

FSLHA BEO| O|X| &

A=
o=

sl

CH

0]

F

2
=

-54 -



R
ol

.
ol

_

M_u
ol
e
an
%0
P
B0

70

<[

-

od

==
3

L= =

¥

u]
[

e LICh A

A=k

X ot
o=

1B O K| 2H & et A

A
(i

1

0
o
0/0
<0
100

1
1

A O] =
T A AI'Elzll-ol Elqul |:||-Eé||'|_| El’

ol

ATE

m_r_
10
ofl

10

I+
Ho

10

<0
gl

Djx|gfoz X7t 28

o

ojn

M HE X S AX Lt

=
=

FRES |

AMS s
| ME Ctot= HO| | & LICE.

-55-



VI. References

Cho, A., Yoo, S. & Kim, E. 2000, "Cloning, sequencing and expression in
Escherichia coli of a thermophilic lipase from Bacillus
thermoleovorans ID-1", FEMS microbiology letters, vol. 186, no. 2,

pp. 235-238.

Chu, L.J., Chen, M.C., Setter, J., Tsai, Y.S., Yang, H., Fang, X., Ting, Y.S.,
Shaffer, S.A., Taylor, G.K. & von Haller, P.D. 2011, "New structural
proteins of Halobacterium salinarium gas vesicle revealed by

comparative proteomics analysis", Journal of preteome research, vol.

10, no. 3, pp. 1170-1178.

DasSarma, S. 1993, "Identification and analysis of the gas vesicle gene
cluster on an unstable plasmid of Halobacterium halobium",

Experimentia, vol. 49, no. 6-7, pp. 482-486.

DasSarma, S. & Arora, P. 2012, "Halophiles. In eLS", John Wiley & Sons,

Ltd, Chichester, United Kingdom.doi, vol. 10, no. 9780470015902, pp.

a0000394.

- 56-



DasSarma, S., Berquist, B.R., Coker, J.A., DasSarma, P. & Miiller, J.A. 2006,
"Post-genomics of the model haloarchaeon Halobacterium sp. NRC-1",

Saline Systems, vol. 2, no. 3.

DasSarma, S., Capes, M. & DasSarma, P. 2009, "Haloarchaeal

megaplasmids" in Microbial megaplasmids Springer, pp. 3-30.

Donovan, R.S., Robinson, C. & Glick, B. 1996, "Review: optimizing inducer
and culture conditions for expression of foreign proteins under the
control of thelac promoter", Journal of industrial microbiology, vol. 16,

no. 3, pp. 145-154.

Englert, C. & Pfeifer, F. 1993, "Analysis of gas vesicle gene expression in
Haloferax mediterranei reveals that GvpA and GvpC are both gas
vesicle structural proteins", The Journal of biological chemistry, vol.

268, no. 13, pp. 9329-9336.

Ezzeldin, H.M., Klauda, J.B. & Solares, S.D. 2012, "Modeling of the major

gas vesicle protein, GvpA: From protein sequence to vesicle wall

structure", Journal of structural biology, vol. 179, no. 1, pp. 18-28.

-57-



Halladay, J.T., Ng, WL, & DasSarma, S. 1992, "Genetic transformation of a
halophilic archaebacterium with a gas vesicle gene cluster restores its

ability to float", Gene, vol. 119, no. 1, pp. 131-136.

Kouker, G. & Jaeger, K.E. 1987, "Specific and sensitive plate assay for
bacterial lipases", Applied and Environmental Microbiology, vol. 53,

no. 1, pp. 211-213.

Offner, S., Ziese, U., Wanner, G., Typke, D. & Pfeifer, F. 1998, "Structural
characteristics of halobacterial gas vesicles", Microbiology (Reading,

England), vol.-144 ( Pt 5), no. Pt 5, pp. 1331-1342.

Oren, A. 2012, "The Function of Gas Vesicles in Halophilic Archaea and
Bacteria: Theories and Experimental Evidence", Life, vol. 3, no. 1, pp.

1-20.

Pfeifer, F. 2012, "Distribution, formation and regulation of gas vesicles",

Nature Reviews Microbiology, vol. 10, no.-10, pp. 705-715.

Powell, R.S., Walsby, A.E., Hayes, P.K. & Porter, R. 1991, "Antibodies to

the N-terminal sequence of GVPa bind to the ends of gas vesicles",

Journal of general microbiology, vol. 137, no. 10, pp. 2395-2400.

-58-



Robb, F.T., Place, A., Sowers, K., Schreier, H., DasSarma, S. & Fleischmann,

E. 1995, "Archaea: a laboratory manual", .

Ryu, H., Kim, H., Choi, W., Kim, M., Park, S., Han, N., Oh, T. & Lee, J.
2006, "New cold-adapted lipase from Photobacterium lipolyticum sp.
nov. that is closely related to filamentous fungal lipases", Applied

Microbiology and Biotechnology, vol. 70, no. 3, pp. 321-326.

Shukla, H.D. & DasSarma, S. 2004, "Complexity of gas vesicle biogenesis in
Halobacterium sp. strain NRC-1:-identification of five new proteins",

Journal of Bacteriology, vol. 186, no. 10, pp. 3182-3186.

Sivertsen, A.C., Bayro, M.J., Belenky, M., Griffin, R.G. & Herzfeld, J. 2009,
"Solid-state NMR evidence for inequivalent GvpA subunits in gas
vesicles", Journal ‘of Molecular Biology, vol. 387, no. 4, pp. 1032-

1039.

Sremac, M. & Stuart, “E.S:- 2008, '"Recombinant gas vesicles from
Halobacterium sp. displaying SIV peptides demonstrate biotechnology
potential as a pathogen peptide delivery vehicle", BMC biotechnology,

vol. 8, no. 1, pp. 9.

-59 -



Strunk, T., Hamacher, K., Hoffgaard, F., Engelhardt, H., Zillig, M.D., Faist,
K., Wenzel, W. & Pfeifer, F. 2011, "Structural model of the gas
vesicle protein GvpA and analysis of GvpA mutants in vivo",

Molecular microbiology, vol. 81, no. 1, pp. 56-68.

- 60 -



	I. Introduction 
	II. Materials and Methods 
	1. Materials 
	2. Methods                 
	2-1. Expression GVP lipase hybrid gene in E. coli 
	(1) Preparation of competent cells 
	(2) Transformation into E. coli 
	(3) Purification of recombinant plasmid DNA 
	(4) Expression of gvp in E. coli 
	(5) Protein gel electrophoresis 
	(6) Lipase protein Purification 

	2-2. Lipase activity assay 
	(1) Protein quantitation 
	(2) Rhodamine B plate assay 
	(3) Color metric method assay 
	(4) Spectrophotometric assay 

	2-3. Analysis of recombinant gvp in Halobacterium 
	(1) Halobacterium transformation 
	(2) Gas vesicle isolation 
	(3) Gas vesicle purification 
	(4) Protein gel electrophoresis & Western blotting 

	2-4. GvpA structure formation 
	(1) GvpA mutants 
	(2) PDS assay 
	(3) Gas vesicle purification with His-tag system  



	III. Results and Discussion 
	1. Expression of GVP 
	2. Purification of recombinant protein 
	3. Protein quantitation 
	4. Rhodamine B plate assay 
	5. Color metric assay 
	6. Spectrophotometric lipase activity analysis 
	7. GvpA expression  
	8. GvpA mutation 
	9. PDS assay 
	10. Gas vesicle purification with His-tag system 

	IV. Abstract (Korean) 
	V. Acknowledgement 
	Ⅵ. References 


<startpage>15
I. Introduction  1
II. Materials and Methods  4
 1. Materials  4
 2. Methods                  5
  2-1. Expression GVP lipase hybrid gene in E. coli  5
   (1) Preparation of competent cells  5
   (2) Transformation into E. coli  6
   (3) Purification of recombinant plasmid DNA  6
   (4) Expression of gvp in E. coli  7
   (5) Protein gel electrophoresis  8
   (6) Lipase protein Purification  8
  2-2. Lipase activity assay  9
   (1) Protein quantitation  9
   (2) Rhodamine B plate assay  10
   (3) Color metric method assay  10
   (4) Spectrophotometric assay  11
  2-3. Analysis of recombinant gvp in Halobacterium  11
   (1) Halobacterium transformation  11
   (2) Gas vesicle isolation  12
   (3) Gas vesicle purification  13
   (4) Protein gel electrophoresis & Western blotting  13
  2-4. GvpA structure formation  14
   (1) GvpA mutants  15
   (2) PDS assay  16
   (3) Gas vesicle purification with His-tag system   18
III. Results and Discussion  20
 1. Expression of GVP  20
 2. Purification of recombinant protein  22
 3. Protein quantitation  26
 4. Rhodamine B plate assay  29
 5. Color metric assay  31
 6. Spectrophotometric lipase activity analysis  33
 7. GvpA expression   36
 8. GvpA mutation  39
 9. PDS assay  41
 10. Gas vesicle purification with His-tag system  45
IV. Abstract (Korean)  52
V. Acknowledgement  54
¥µ. References  56
</body>

