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Analysis of Recombinant Gas Vesicle Protein Expressed in E'scherichia coli
and Halobacterium halobium

Kyung Myo Kang

Department of Fisheries Biology, The Graduate School,
Pukyong National University

Abstract

Halophiles are extremophile organisms that thrive in environments with
high concentration of salt. Halobacterium is a good model organism for the
study of Living Modified Organisms (LMO) as the group cannot survive in
most aquatic ‘environment due to difference in osmotic pressure Recombinant
gas vesicle protein fused with lipase|and heavy-metal binding motif were
constructed for exploring its application on marine~ecology. Gas vesicle gene
was amplified by PCR using genomici DNA -‘template isolated from
Halobacterium halobium sp. NRC-1.. Recombinant™ gvp gene was designed to
combine with binding sites for mercury and silica as well as histidine-tag for
its detection and purification. Expression of recombinant gvp in E. coli was
identified by SDS-PAGE and western blot. Functional expression of

recombinant fusion gvp were also identified in Halobacterium halobium.
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Analysis of Recombinant Gas Vesicle Protein

Expressed in Escherichia coli and Halobacterium
halobium

I . Introduction

Halophiles are extremophile organisms that-thrive in environments with
high concentrations of salt. While most of halophiles are“classified as Archaea,
bacterial halophiles and some Ekaryota are also known. They. are categorized
as the slight, ‘'moderate or extreme halophiles. by the extents of' halotolerance.
High salinity represents  an extreme environment in which relatively few
organisms are able to adapt and occupy the niches. Most halophiles are
unable to survive outside their high-salt environment as they are immediately
lysed upon exposure to low osmotic condition.

Halobacterium is a group-of Archaea that have a high tolerance for elevated
levels of salinity such.as a-wateér nearly saturated with salt and known to
grow aerobically or anaerobically.-Some  well-known species give off a red
color from carotenoid compounds. Parts of the membranes of Halobacterium is
purplish in color, mainly due to the presence of bacteriorhodopsin pigment.
Some species of halobacteria have acidic proteins that resist the denaturing
effects of salts. Some halophiles are also known to be found in the fermented
salty foods as either essential ingredients or accidental contaminants.

Gas vesicle is a hollow structure made of protein conferring a buouancy to
the cell. Gas vesicles were found in five phyla of the Bacteria and two

groups of the Archaea although mostly restricted to planktonic



microorganisms. Aquatic microbes are able to perform vertical migrations by
regulating their relative gas vesicle content. Gas vesicle is normally filled with
air and impermeable to liquid water but highly permeable to gases. Up to 14
genes were known to be implicated in gas vesicle production Halobacterium.
Among these, GvpA makes the ribs that form the structure, and GvpC binds
to the outside of the ribs and stiffens the structure against collapse (Walsby
et al, 1994).

Heavy metals and oil are important ingredients for life on the earth. Oil is
one of the important energy sources but sometimes become one of pollutants
in the environment. This can be exemplified by oil spillage in the ocean as
it blocks and covers on the top of the water resulting in mass mortality of
marine organisms. On the other hans, heavy metal is an essential ingredient
constructing biomolecular in'living organism. However, excess heavy metals in
marine environment spoil ecosystem in the water as heavy metals absorbed
into the animals results in many diseases in humans. Therefore, it is
important to remove excess heavy metals flooded into /the watery
environment.

Recombinant genes~encoding gas vesicle gene fused with binding motif for
heavy metal and lipase. were constructed to .explore the possibility of using
gas vesicle for removals of heavy metal and oil spilll Recombinants gas
vesicle were expressed in E. coli were identified by SDS-PAGE and western

blotting.



I1. Materials and Methods

1. Materials

TOPcloner™ TA core kit and TOPspeed™ DNA Ligation kit were purchased
from Enzynomics (Daejeon, Korea). Plasmid purification and gel Extraction
kits were purchased from Nucleogen (Seoul, Korea). Various Restriction
endonuclease enzymes were purchased from Bioneer (Daejeon, Korea), New
England Biolabs (Beverly, MA), and Enzynomics (Daejeon, Korea). pET-19b
and pET-Duet vectors were obtained from Novagen (Darmstadt, Germany).
pNRC100, pFM101D, and pFM104D were obtained from “Dr. DasSarma
Laboratory, University of Maryland, Baltimore, USA. Oligonucleotides and 5 x
HiQ-PCRmix were  purchased from Genotech (Daejeon, Korea). PCR primers
are listed | in the Table 1. Kits wused for the purification of
PolyHistidine-Tagged. protein =~ was purchased from MACHEREY-NAGEL
(Diiren, Germany). Anti-His6 antibody was purchased from IG Therapy Co.
(Chuncheon, Korea). Immunnopure Goat Anti-Mouse IgG and Supersignal
West Pico Chemiluminescent ‘Substrate were purchased from Thermo Scientific
(Rockford, USA). Nickel-NTA Conjugates used for the direct detection of

His-tagged proteins was purchased from KPL (Gaithersburg, USA).



2. Construction of recombinant gvp genes

2-1. Isolation of genomic DNA from Halobacterium halobium

Genomic DNA was isolated from Halobacterium halobium sp. NRC-1 and
used as a template in the PCR using 5 x HiQ-PCR Mix containing buffers [10
mM Tris (pH 9.0), 1.5 mM MgCl, 40 mM KClI], T mM dNTPs [250 uM each]
and Tag DNA polymerase. Primers used for PCR were listed in Table 1.

For PCR reaction, the mixture (30 uL) contained 3 uL of genomic DNA, 3
uL of gvp-F and gvp-R primers (10 uM), 6 uL of 5 x HiQ-PCRMix and 15 pL
of distilled water. PCR was carried out with an initial denaturation at 95C
for 3 min, 30 cycles of 30 sec at 95C, 30 sec at 55 € and 1 min at 72T,
and final extension for 5 min at 72°C in a MyCycler™ Thermal Cycler

(BioRad Laboratories). PCR product corresponding to the expected size was

isolated from agarose gel and ligated into a pTOP TA V2 using TOPcloner™

TA core kit. The ligation mixture containing 4 pL of isolated PCR product, 1

uL of pTOP TA V2 (10-ng/uL plasmid DNA), and"1.uL of 6 x TOPcloner™
buffer was incubated at-25T" for 30 min. Ligated DNA was transformed into

E. coli DH5a.
2-2. Transformation into E. coli
2-2-1. Preparation of competent cells
Competent cells were prepared by using E. coli BL21 for 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 growth in Luria-Bertani



(LB) medium was inoculated into 200 mL of LB for growth at 37C with
moderate shaking (160 rpm). When ODgy, of E. coli culture reached 0.6, the
culture was chilled on ice for 10 min and transferred into the centrifuge tube.
Cells were collected by centrifugation at 2,500 x g for 10 min at 4C. Cells
were resuspended in 20 mL of ice-cold transformation buffer (TB, 10 mM
Hepes, 556 mM MnCl,, 15 mM CaCl,, 250 mM KCl, pH 6.7) and transferred
into 50 mL conical tube followed by centrifugation at 2,500g for 1 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 4C.
Cells were resuspended in-10 mL of ice-cold TB together with 7% DMSO (1.5
mL), and aliquoted-in the microcentrifuge tube. Competent cells were frozen

in liquid nitrogen and then stored at -75C until use.

2-2-2. Transformation /into E. coli

Ligation mixture ‘was mixed with 100 pL. competent cells and incubated on
ice for 30 min. After heat-shock at 42C for 1 min, the mixture was rapidly
chilled on ice for*3 min.“Upon addition of 1 mL of LB medium, the mixture
was incubated at 37C for 1 hr. Transformed E. coli-was plated onto the LB
agar medium containing the Ampicillin (100 pg/mL) and incubated overnight

at 37C.

2-3. Purification and identification of recombinant plasmid DNA

2-3-1. Purification of recombinant plasmid DNA

A single bacterial colony selected from the plate was inoculated into LB

medium containing Ampicillin (100 pg/mL) followed by overnight incubation



at 37C, with shaking. Plasmids were isolated by using plasmid purification
mini kit according to the protocol provided by manufacturer. For this, 3 mL
of cells were collected by centrifugation twice at 14,000 rpm for 1 min.
Collected cells were resuspended with 250 uL resuspension solution containing
RNase A (100 ug/mL) by vortexing. After the addition of 250 pL 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. Upon centrifugation at 14,000 rpm for 10 min,
supernatant containing recombinant plasmid was transferred into the spin
column. The column was washed with 750 pL. 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
onto a new  microcentrifuge tube. Membranes were added onto 50 pL of
distilled water or elution buffer and then recombinant plasmids were eluted

by centrifugation at 14,000 rpm for 1 min.

2-3-2. Identification-of recombinant plasmid DNA

To identify the constructs,. cloned into . Topo TA vector, recombinant
plasmid DNA were digested with EcoR1 restriction endonuclease. For
digestion reaction, the mixture included 5 uL of plasmid DNA, 1 uL of 10 x
reaction EcoR I buffer, 0.6 uL of enzyme (10 units/L), and 3.5 pL of distilled
water and incubated at 37C for 2 hrs in water bath. Digested DNA was
identified in 1 % agarose gel electrophoresis. DNA fragment corresponding to

the size was purified for further experiments.

24. Expression of gvp genes



Topo TA vector was used for the cloning of DNA fragments amplified
by PCR. Plasmid pET-19b was one of the vectors used for expression of
recombinant proteins in E. coli. To combine the vector with insert DNA at
suitable site, pET-19b vector was digested by restriction endonuclease
included in the primers and Topo vector. Digested DNA was identified in
0.7 % agarose gel electrophoresis and extracted by Gel Extraction Kkit.
Ligation mixture was incubated at 25°C for 30 min by TOPspeed™ DNA
Ligation kit. Reaction mixture consisted of 1 uL of designed vector DNA, 8
UL of extracted gas vesicle gene, 10 uL of 2 x Top speed ligation buffer
and 1 pL of TOPspeed™ DNA ligase. Transformation was carried out as

described above.

2-4-1. Expression of recombinant gvp

Recombinant plasmids were transformed into E. coli BL21 for expression.
Transformants were  inoculated at 37°C and 200 rpm overnight. Cells were
inoculated into 20 mL of fresh LB medium containing Amp and grown
further until reached at - ODy, 0.6. IPTG was added for inducing expression
of the proteins followed. by incubation for 3 hrs at 37C with shaking at 200
rpm. Cells were harvested by centrifugation at 14,000 rpm for 2 min. Cells
were resuspended in 200 pL of 0.1 M Tris (pHS8.0), and total proteins were
mixed with 150 pL of 2.5 x SDS loading dye with [3-mercaptoethanol. Samples
were heated in boiling water for 5 min, and then, centrifuged at 14,000 rpm

for 3 min. Supernatant was transferred into a new microcentrifuge tube and

loaded onto SDS-PAGE.

2-4-2. SDS-PAGE and western blot



Proteins were analysed by 10 % SDS-PAGE according to the procedure as
described. Proteins were identified by Coomassie Blue (CB) staining as well
as by silver staining. For CB staining, gel was immersed into staining solution
[methanol 50 %, acetic acid 10 % and 0.25 g of Coomassie Brilliant Blue
R-250 in 100 mL of solution], heated in microwave for 20 sec, and destained
as destaining solution [methanol 50 %, acetic acid 10 %] by changing
destaining solution 3 times.

For detecting recombinant proteins, western blot was carried out by using
Anti-His6 antibody. Proteins were transferred onto nitrocellurose membrane by
Trans-Blot SD Semi-Dry Electrophoretic Transfer~Cell at 15 V for 2 hrs.
Membranes were incubated in 10 ml of 1 x TBS-T [Tris-HCI 50 mM, NaCl
150mM and 0.1%(v/v) Tween-20] with 5 % non-fat dry milk at 4C overnight
washed in 20 mL of 1 x TBS-T for 5 min 3 times, and then incubated with
0.5 pL of Anti-His6 antibody (1 mg/mL) in 20 ml of 1 x TBS-T for 1 hr at
room temperature (RT). After three times washing in 20 mL of 1 x TBS-T for
5 min, 2 pli of Immunnopure Goat Anti-Mouse IgG antibody (0.8 mg/mL)
were added into 20 mL of 1 x-TBS-T for 2 hrs at RT. After washing of the
membrane as described . above, antibody on the membrane were detected by

chemiluminescent solutions and-upon exposure onto X-ray film.

2-4-3. Purification of recombinant protein fused with Histidine-tag

Recombinant protein was purified by using Ni-IDA Protein. At first, cells
were lysed with LEW (Lysis-Equilibraion-Wash) buffer [50 mM NaH,PO,, 300
mM NaCl, pH 8.0] by pipetting on ice. Lysozyme (1 mg/mL) was added to
help lysis on ice by agitating for 30 min at 4C together with repeated
freezing and thawing. When viscosity of the lysate was observed, DNase I (5

ug/mL) was added to the lysate and incubated by agitating on ice for 15



min. The crude lysate was centrifuged at 20,000 x g for 30 min at 4T and
transferred onto a column equilibrated with 320 uL of 1 x LEW. Upon three
times washing of the column with 500 uL of 1 x LEW, proteins were eluted
by 240 pL of 1 x elution buffer [50 mM NaH,PO, 300 mM NaCl, 250 mM
imidazole , pH 8.0] 3 times. All fractions were collected and stored at -20TC

for further identification of the recombinant protein.



3. Cloning of recombinant gvp gene

3-1. Construction of recombinant gas vesicle genes

3-1-1. DNA fragments encoding lipase and heavy metal binding motif

Gene encoding lipase was obtained by PCR reaction, using pES01029D12
as a template, together with forward primer 5- GGA TCC ATG ACT TCA
ACG GCA AA - 3 and reverse primer 5- AAG CIT CCT TAT GAG CAA
ATT CCA - 3 (Jeon et al, 2008)

Oligonucleotides” encoding -structual motif for binding “with mercury and
silica were such motifs were designed according to reports (Kirschke, A. 2006)
Mercury binding site’ (MBS) has been known to. contain Cys-Gly motifs with a
high affinity for Hg2+ (Pazirandeh et al, 1998). The end of the oligonucleotide
was designed  to contain| Nco I restriction endonuclease recognition sequence
to facilitate the cloning. One of oligonucleotides was MBS-1 5- CAT GGC
ATG CGG TTG CIG TGG CAA AGG TCA TIG TGG CTG TTG CGG CAA
AGG TCA CTG CGG TIG CIG TGG -3’ and the other.of oligonucleotides
was MBS-2 5- CAT GCCE.ACA: GCA ACC GCA GTG ACC TTT GCC GCA
ACA GCC ACA ATG ACC TTT GCC ACA GCA ACC GCA TGC -3. Silica
bind motif were designed from amino acid sequence (Kirschke, A. 2006). The
end of the oligonucleotide also contains Nco I restrcition endonuclease site
for easier identification. One of oligonucleotides was SBS-1 5- CAT GGC CCT
TCC GGA TTG GTG GCC ACC GCC TCA GCT TTA TCA -3 and the other
of oligonucleotide was SBS-2 5- CAT GTG ATA AAG CTG AGG CGG TGG
CCA CCA ATC CGG AAG GGC -3. Two oligonucleotides contain restriction
enzyme site Sphl in MBS and BspEI in SBS for easy identification of

recombinant DNA. Double stranded oligonucleotides were prepared from

_10_



incubation of the mixture consisted of 4 pmole/uL of each DNA, 10 x
NEBuffer #4 [20 mM tris-acetate, 10 mM magnesium acetate, 50 mM

potassium acetate, 1 mM dithiothreitol].

3-1-2. Plasmid isolation and restriction digestion

Plasmid isolation was carried out by using alkaline lysis method as
described above.

Restriction digestion of recombinant DNA was carried out by using a
single or double digestion-of plasmid followed by-agarose gel electrophoresis.
Direction of the insertion sequence were identified by Sph1 digestion for
MBS and by Neoland Sph1 for SBS. For this, the mixture consisted of 7 uL
of plasmid DNA with MBS, 5.5 uL of distilled water, 1.5 pL of 10 x NEBuffer
#2 and 1 uL of restriction endonuclease enzyme. In case of SBS, the mixture
consisted of| 10 pL/of plasmid DNA, 2.3 pL of distilled water, 1.5/ pL of 10 x
NEBuffer #2'and 0.6 uL of restriction endonuclease enzyme. The reaction was
carried out at'37C for 2 hrs in water bath and identified by 1.5 % agarose

gel electrophoresis:

3-2. Activity assay

Rhodamine plate assay was used to confirm lipase activity. Rhodamine
plate medium was prepared with LB together with 1 % arabic gum followed
by autoclaving. Upon cooling down to 60T, 1 % olive oil and 0.001%
rhodamine B were added, and emulsified by mixing with a stirring bar at
max speed. Upon addition of antibiotics and IPTG, media were poured onto
plate. On the rhodamine plate, several samples were streaked to compare the

activity and incubated at 37C for 3 hrs. Activity was examined by ultraviolet

_11_



rays illumination of the rhodamine plate.
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4. Isolation of recombinant gvp in Halobacterium halobium

4-1. Construction of recombinant gvp in E. coli

pFM101D is shuttle plasmid vector for amplification in E. coli and
Halobacterium halobium. GvpC fused with his-tag was cloned into pFM101D.
Inserting the target DNA, restriction endonuclease digestion of the plasmid
was carried out. Upon preparation of DNA fragments for vector and gvp
genes fused with, silica and mercury binding motif, recombinant DNA were
transformed into E. coli- Recombinant plasmids were purified as described
above and identified by double digestion endonucleases -Sph1 and Xho I
digestion for MBS and Nco I and Xho I, digestion for SBS.

4-2. Transformation in 'Halobacterium halobium

H. halobium sp. SD109 "and S9 which do not have functional gvp were
cultured for transformation at 42°C for 3-4 days. Upon chilled cells on ice for
10 min, cell was centrifuged at 7,000 rpm and 4T for 10 -min. Collected cell
was resuspended by pipetting iin 1/10 volume of medium Spheroplasting
solution [2.0 M NaCl, 270 mM KCl, 50.0 mM Tris-HCl (pH 8.75), 15 %
sucrose] on ice. Ice-colded 0.5 M EDTA was added as 1/200 volume and the
mixture was incubated at RT for 10 min. Upon confirming coccus morphology
of transformed cells examined by microscopy, 200 uL transformed cells were
aliquoted into microcentrifuge tube, added with 1 pg of recombinant DNA
and then incubated at RT for 5min. PEG-600 solution [40 % spheroplasting
solution and 60 % PEG 600] was added to mixture as equal volume and
mixed by rotating and tapping the tube. The mixture was incubated at RT for

20 min. To remove PEG-600 solution in the mixture, 1 mL of spheroplast

_13_



dilution medium [4.3 M NaCl, 27.0 mM KCl, 50.0 mM Tris-HCl (pH 7.4), 80.0
mM MgSO,, 10.0 mM Na-citrate, 1.4 mM CaCl,, 15 % Sucrose , 1 % Peptone]
was added and mixed by inversion. Centrifugation was carried out 6,000 rpm
for 4 min and the supernatant was discarded. Cell pellet was resuspended in
1 mL of spheroplast dilution medium by pipetting into test tube, and then
incubated at 180 rpm and 42C for 24 hrs. One mL of CM+ medium [250 g
Sodium Chloride, 20 g Magnesium Sulfate, 3 g (Tri) Sodium Citrate, 2g
Potassium Chloride , 10 g Oxoid Neutralized Bacteriological pepton in 1 L
(adjust pH 7.2) with trace metal] was added and incubated for 12 hrs.
Transformed cell was plated out on CM+ plate with mevinolin (50 puM) and
incubated at 42C for 1 week. The plate was stored in a container which can

avoid evaporation from plate during incubation.

4-3. Isolation of gvp in Halobacterium halobium

The pink! colony. was picked up from the plate. Inoculation’ was carried
out in CM+ medium with mevinolin (50 M) at 180 rpm and 42T for 3-4
days. To produce:gvp, 1.ml of cell was plated out on CM+ plate or CM+
medium containing mevinolin (60 uM).

For this, H. halobium sp. NRC-1 and transformed cell containing gvp C
gene fused with his-tag was plated out and incubated in 42°C incubator for
more than 5 days. When cell grew up on the plate, 15 mL of 10 mM MgSO,
with DNase I (10 ug/mL) was added on the plate for 15 min. Floated cell
was collected and incubated at 37C for 2 hrs in water bath. After then,
centrifugation was carried out at 60 x g overnight with tubes covered with
parafilm. On the next day, floated gas vesicles were collected in 10 mL of 1.5
M NaCl and the centrifugation was carried out at same condition repeatedly.

To analyze protein, collected gas vesicle was diluted by adding distilled

_14_



water to 1/3 volume of protein and added 2.5 x SDS loading buffer with 3
-mercaptoethanol. The mixture was heated boiling water for 3 min followed
by centrifugation at 14,000 rpm for 4 min. Supernatant was collected into a

new microcentrifuge tube and loaded onto SDS-PAGE.
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oligonucleotide

sequence (5—3)

comment

name
gvp-F CIT CGG CCG GAT GAT AAA ACA CAC CAT CAC CAT| primers
TCA GGC CAT GGT TIT ATC ATC CGG CCG AAG GGG for
CAT GGC ATG CGG TTG CTG TGG CAA AGG TCA TTG
MBS-1 TGG CTG TTG CGG CAA AGG TCA CTG-CGG TTG CTG
MBS
TGG (mercury
CAT GCC ACA GCA ACC GECA GTG ACC TTT GCC GCA bl?f[lé?g
i
MBS-2 ACA GCC ACA ATG ACC TIT GCC ACA GCA ACC GCA
TGC
CAT GGC CCT TCC GGA TTG GTG GCC ACC GCC TCA
SBS-1 SBS
GCT TTA TCA (silica
CAT GTG ATA AAG CTG AGG CGG TGG CCA CCA ATC bin.ili?g
SBS-2 site
CGG/ AAG GGC
Lipase-F CCA TGG CAA GTA CTA CAT ATC CAA TTIG TTIT Primers
for
Lipase-R TCA TGA GTG GTG ATG GTG ATG GTG lipase

Table 1. List of oligonucleotides used for the experiment.
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IMI. Results and Discussion

1. Amplication of genes encoding gas vesicle proteins

Genomic DNA was isolated from Halobacterium halobium sp. NRC-1. Genes
encoding gas vesicle genes A, C and N were amplified by PCR reaction.
DNA fragments amplified by PCR were ensured by agarose gel
electrophoresis. About 1 Kb DNA fragment encoding gvp C gene on the
agarose gel was extracted-from gel and cloned into Topo TA vector.
Amplification of gvp-genes using primers specific to gvpA and gvpC resulted
in 0.3 Kb and 1.2 Kb fragments, respectively. Recombinant plasmid DNA
were isolated’ from transformants and 'subject to restriction ‘endonucleases
digestion. DNA sequence 'analysed was compared to confirm gas vesicle gene.

Figure 3 showed a complete match with gvp C sequence.

_17_



Figure 1. Identification. of genomic DNA (A) and gvp C gene amplified by
PCR (B) in 0.8 % “agarose-gel electrophoresis.
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GCAGCCEATATCACGECARRGCARGACER 1

CEATGCGRICACCGACTICCAGGCGEAGAT GACCARCACEACEER

L T

GERTECE!
-"' ”K}T:CACSAIG-"

GREGTGATCCGTGAGRIGCRGERT LT

CACLAACAALCAAGATATCOAACAAT

Pomst
15mé11 GCICCGRARCAGAGATGRACTCARCCCACGEGEEATTCGARGCATATGCGS CITCGO 420
gvpC GCTCCGLACAGAGATGRACTCARCCL - 420
15m91L GCTCCGRACAGRAGATGRRCTCARCCCAL Z 420
10m311 GOICEGAACAGAGATGREACT CALCCERCEEEECATTCEARSC T C] 420
Ty [T
15mell AGC"GAIGI”MGCGCICCCT”AMMWT“CAGC ATCGRCGACTTCCL 480
igvpl ule 'TGCGCICCGT:AIMMGEIWGJIIaCAG“n}T_aA..GP,CII””“ 480
h5maly AGCH ’lﬂI’TCG"I GCGCICCGT GRTATATETGATC T GGITGCAGCART L 4%
10m911 AGCCGATGICECLECCCTECGTCATATATETCAT CISETTGCAGCAATCEACGACTTCCE 480
B T T T T T
15m&11 LSRG TTCATCGCCGTGCAGEREGCATTTGACARCTACGETGGRCACTECGATGCEGR 540
gvpC BCAEER N T T A TCGCCGTGCAGEACGCATTTGACRACTACGCTGETAEETTIEELTECEER 540
15m911 1!""%“IICEIUGC””T""A%ACC-CATTT SLCARET ACECTGETERCTTCEAT G0 540
10m911 LGLGERRT ICETCGEEET G RCGCATTTGACRALT ACECTGE: 2 540
B e e e T T et
15m&11 GATCGRCCRGCTCCRCGCTEECATEECTERCCRECACG 600
gvpC GATCGACCRGCTCCAC 800
15m911 SAI”QAC“A’CICCAC 00
10m311 GATCGACCAGCTCCACH CCGRGGR 600
15m&1l C GTA GATGRGTITCTATCGCATA
gvpl GATGRGTITICTA: ICSCAI‘GA
15m91l G
10m911
T PP e T
15mé1l GATCRRCGACTTCCAGCRAGGACATCGGTGACTTCCGRG “”III..AAH Ah]
gvpC e _’H"CACI._n 1%
15m911 9
10m911 GATC. CITCCRGCRAGGH CGRE GAC 20

T T P T T T T P T T Y

Figure 2. Comparison of gvpC gene obtained by PCR (15m611, 15m911, and
10m911) together with gvpC gene reported in NCBI by using Clustal W.

_19_



2. Cloning of gvp genes into expression vector

In order to express gvp genes in E. coli, gvp genes were cloned into
expression vector, pET19b and pETDuet-1. For this, gvp genes in Topo vector
was digested with Ncol and XhoI and then cloned into the corresponding
site of pET19b vector. Ligated DNA were first transformed into E. coli DH5a.
Recombinant plasmids were isolated from transformants and subject to
restriction endonuclease digestion followed by agarose gel electrophoresis.
Upon confirming DNA sequence, recombinant plasmid was transformed into

E. coli BL21 for expression analysis.

Kb

Figure 3. Identification of recombinant pET19b plasmids containing gvpC gene
: Tested samples were digested with Nco I resulted in 6.7 Kb (R) as compare
to the recombinant gas vesicle gene undigested control (C). M includes 1 Kb
ladder (10, 8, 6 from top to 3rd band) and the size of the fragments are

indicated on the left.
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3. Construction of recombinant gas vesicle genes with binding

motif for silica and mercury

Oligonucleotides containing binding sites for mercury and silica were

annealed to be cloned into recombinant vector containing gvp gene. Direction
of the regions encoding for the binding site were restriction digestion and
sequencing analysis.

Recombinant fusion protein expressed in E. coli was identified by
SDS-PAGE.

Gas vesicle genes” fused with mercury and silica “binding motif were
constructed as described above. For this, plasmid containing gvpA genes were
digested with/Nco I followed by ligation with annealed oligonucleotides. For
effective ligation, different ratio of vector to insert DNA' was tested as the
concentration 'and ratio of vector and insert DNA also affect the ligation
efficiency. The higher the ratio of the vectors to the insert was used for
ligation, the more colonies grew on plate because of self-ligation. Recombinant
DNA isolated from transformant were subject to digestion’ with restriction
endonuclease to confirm the direction of the’oligonucleotides.

In order to produce gvp genes-in H. halobiur, recombinant gvp genes were
cloned into shuttle vector, pFM101D in E. coli. For this, gvp genes with
binding motif were cloned into the corresponding site of pFM101D vector as
describe above. Ligated DNA were first transformed into E. coli DHb5a.
Recombinant plasmids were isolated from transformants and subject to
restriction endonuclease digestion followed by agarose gel electrophoresis.
Upon confirming DNA sequence, the second cloning into corresponding site
of an expression vector, pFM104d, was carried out for expressing gas vesicle

protein in H. halobium.
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81,000
500

400
300

bp bp

(A) (B)

Figure 4. Identification of recombinant DNA containing gvpC genes fused
with silica binding. motif . DNAs were' double digested with EcoR1 and Xba
I (A) and SphI (B)-followed by 1% and. 1.5%, respectively, agarose gel
electrophoresis. Tested samples were recombinant DNA with (1 and 3)
without (2, 4 and 5) sequences corresponding to silica binding motif. Direction
of the inserted sequence was identified by Sph1 digestion followed by 1.5%
agarose gel electrophoresis. Included DNAs were recombinant without insert
(6) together with binding motif inserted on the right (7) or opposite (8)
direction. DNA ladders included were 1Kb (A) and 1Kb plus (B) ladder.
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500

400
300

bp
(A) (B)

Figure 5. Identification of recombinant DNA containing gvpC genes fused
with mercury binding~motif : DNAs were double digested with EcoRI and
Xba I (A) and Sph1 (B)-followed by 1% and 1.5% agarose gel electrophoresis.
Lanes included were recombinant DNA with no insertion element (1, 3 and
4), recombinant DNA with insertion element of about 550 bp (2), recombinant
DNA containing MBS with right direction (5) or reverse (6) direction. Lanes C
and M include control DNA without digestion and 1 Kb plus ladder,

respectively.
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Figure 6. Restiriction digestion of pFM101D containing gvpA and gvpC gene.
Recombinant plasmid digested with Ncol resulted in"about 7.6 Kb fragment :
Tested samples were recombinant plasmids with gvpA gene (1) and gvpC

gene (2).
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gvpPA gvpC gvpA gvpC
M12C 34 5 6 7 8 M

Kb (A) (B) Kb

Figure 7. Identification of recombinant DNA containing gvpA and gvpC genes
fused with silica binding motif in pFM101d. DNAs were double digested with
EcoRI and Xbal (A) and. Mscl (B) followed” by 1% agarose gel
electrophoresis : Tested were recombinant DNA with (2 and 4) or without (1
and 3) sequences corresponding to silica binding motif. Lanes C and M
include control plasmid without digestion and 1 Kb ladder, respectively.
Direction of the inserted sequence was identified by Sph1 digestion followed
by 1.5% agarose gel electrophoresis. Included DNAs were recombinant with

binding motif inserted on the right (6 and 8) or opposite direction (5 and 7).
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gVPA gvpC gvpA gvpC
M1 2 C 34 M 5 6 7 8 M

Kb
(A) (B) ©

Figure 8. Identification of recombinant DNA containing gvpA and gvpC genes
fused with mercury binding motif in pFM101d. DNAs were double digested
with EcoRI and Xbal- (A and B) and Sphl - (C) followed by agarose gel
electrophoresis : Tested were recombinant DNA with (2 and 4) or without (1
and 3) sequences corresponding to mercury binding motif. Lanes C and M
include control plasmid without digestion and 1 Kb ladder, respectively.
Direction of the inserted sequence was identified by Sph1 digestion followed
by 1.5% agarose gel electrophoresis. Included DNAs were recombinant with

binding motif inserted on the right (5 and 7) or opposite direction (6 and 8).
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4. Expression of recombinant proteins

Recombinant plasmids were transformed into E. coli BL21 for expression
analysis. Cells were grown overnight and transferred into fresh media for
induction experiment. Upon IPTG induction followed by growth for 3 hrs at
37C, total proteins were extracted from the cells and analysed by SDS-PAGE
as described in Method. Proteins were also prepared from the cells
transformed with vector only as a control. Cells transformed with vector
showed no differences in the profile of total cellular proteins regardless of
IPTG induction (lane 1-and 2). However, an induction of proteins were
clearly seen in the-cells treated with IPTG addition (lane 3-and 4). The result
confirmed the expression of gvpC in E. coli.

Recombinant proteins were analyzed| by SDS-PAGE' and western blot.
Induced cell was identified by 10 % SDS-PAGE and compared to other
samples prepared from cells transformed with only vector and recombinant
DNA containing gas vesicle. gene fused with his-tag. Upon induction with
IPTG, extracts’, prepared from ~cells |[transformed with recombinant DNA
containing gvp gene fused with His-tag were compared with other samples

prepared from cells transformed with vector only:
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without IPTG induction, but 4 were prepared upon IPTG
induction. Lane M includes protein ladder (240, 140, 100, 70, 50, 35, 25, 20, 15

kDa from top to bottom).
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Figure 10. S 0 s th or without
IPTG induction : ;

2), with plasmids con %@nbm Man

gvpC fused with silica bmdmg motif (lanes 'g_and 6) and recombinant gvpC

and 4), recombinant

fused with mercury binding motif (lane 7 and 8). Proteins were extracted
from the cells treated with (lanes 2, 4, 6 and 8) and without IPTG induction
(lanes 1, 3, 5 and 7). Lane M includes protein ladder (240, 140, 100, 70, 50,
35, 25, 20, 15 kDa from top to bottom).
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LSRR W
T N
s

. __."r Ry
ant gvpC fgped with lipase : Tested

r* (lanes 1 and 2),

plasmids containing gvp( asmids containing lipase
7 and 8). Proteins were extracted from the cells with (lanes 2, 4, 6 and 8)

and without IPTG induction (lanes 1, 3, 5 and 7). Lane M includes protein
ladder (240, 140, 100, 70, 50, 35, 25, 20, 15 kDa from top to bottom).
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Figure 12. Identification of gvpC protein fused with metal binding motif by
western blot. Proteins. -were separated on 10% SDS-PAGE : Tested were
protein prepared from™cells ;transformed with vector-only (lanes 1 and 2),
with plasmids containing recombinant gvpC (lanes 3 and 4), recombinant
gvpC fused with silica binding motif (lanes 5 and 6) and recombinant gvpC
fused with mercury binding motif (lanes 7 and 8). Proteins were extracted
from the cells treated with (lanes 2, 4, 6 and 8) or without IPTG induction

(lanes 1, 3, 5 and 7).
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Figure 13. Identification of gvpC protein containing lipase by western blot.
Proteins were separated.on-10% SDS-PAGE : Tested samples were proteins
extracted from cells transformed with | vector- (lanes’ 1 and 2), plasmids
containing gvpC gene (lanes 3 and 4), plasmids containing lipase (lanes 5
and 6), and plasmids containing gvpC gene fused with lipase (lanes 7 and 8).
Proteins were extracted from the cells with (lanes 2, 4, 6 and 8) or without

IPTG induction (lanes 1, 3, 5 and 7).
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5. Purification of gvp

Recombinant gvpC was designed to contain His-tag at the either N- or
C-termini of gvp genes depending on the primer used (Table 1). Therefore,
expression of recombinant gvp not only can be detected by western blotting
but also can be purified by wusing affinity column chromatography.
Purification of recombinant gvpC was carried out by Ni-IDA chromatography
as described. A distinct protein band in the size of was found in the fraction
eluted by presence of imidazole. The result indicates that recombinant gvpC
fused with His-tags can.be expressed in E. coli andpurified by using affinity

chromatography.
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Induction fraction His-tag purifiacation
) ¥3h M load F-T WI WO EI EID EN

g-g:i - \ gy

Figure 14. SDS-PAGE analysis of purified gvpC fused with (His)6-tag protein
: Tested samples “included. total proteins extracted from cells transformed by
recombinant containing-gvpC. genes without'(-) or with IPTG induction for 3
hrs (+3h). Lane M included protein ladder (240, 140, 100, 70, 50, 35, 25, 20,
15 kDa from top to bottom) and the rightward lanes include the fractions for

loading (load) and the fractions obtained from flow through (F-T), washing

(W), and elutions (E) of the column.
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Induction fraction His-tag purifiacation
(- +3h EI

(His)6-tag by
transferred onto
ith an His-Tag-specific
antibody and then with 3;2353517 antibodies -for the detection : Tested
samples included total proteins extracted from cells transformed by

recombinant containing gvpC genes without (-) or with IPTG induction for 3

hrs (+3h) and the fraction obtained from elution (EI).
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() +3h load F-T WI WI EI EI EII

(A)

kDa
Figure 16. SDS-PAGE analysis of purified gvpC containing binding motif for silica

(A) and mercury (B) fused with (His)o-tag : Tested samples included total proteins
prepared from cells transformed by recombinant gvpC containing binding motif
without (-) or with IPTG induction for 3 hrs (+3h). Lane M includes protein ladder
(240, 140, 100, 70, 50, 35, 25, 20, 15 kDa from top to bottom) and the rightward
lanes include the fractions for loading (load) and the fractions obtained from flow

through (F-T), washing (W), and elutions (E) during affinity chromatograph.
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silica binding motif mercury binding motif
load F-T WI EI leoad FT WI EI

—-— - ...-..n

Figure 17. Identification of purified | recombinant gvpC containing metal
binding motif fused with (His)6-tag by 'western blot: Tested samples included
purified proteins extracted from-cells transformed by recombinant gvpC genes
containing metal binding motif fused with (His)6-tag. The rightward lanes
include the fractions for loading (load) and the fractions obtained from flow

through (F-T), washing (W), and elutions (E).
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load F-T WI WIOI M EI

Figure 18. SDS I%'E\ap\alysis of pu eco inar}} ;gvm taining lipase
fused with (His)6-tag %ed__.s_amples included ins extracted from
cells transformed by recom out (-) or with IPTG

induction for 3 hrs (+3h). Lane M ir C protein ladder (240, 140, 100, 70,
50, 35, 25, 20, 15 kDa from top to bottom) and the rightward lanes include
the fractions for loading (load) and the fractions obtained from flow through

(E-T), washing (W) and elutions (E).
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() +3hload F-T WI WI EI EII EII

Figure 19. Identification of recombinant gvpC containing lipase/and (His)6-tag
by western blot :-Tested-samples included total proteins extracted from cells
transformed by recombinant .gvpC genes .containing lipase fused with
(His)6-tag without (-) or with IPTG induction for 3 hrs (+3h). The fractions
obtained from the fractions for loading (load), flow through (F-T), washing
(W), and elutions (E).
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6. Activity assay of recombinant gvpC containing lipase

Activity assay for lipase was carried out on the LB media plate containing
rhodamine, IPTG, and antibiotic. For this, transformations were first grown in
LB containing amplicillin at 37C, overnight. Cells were then streaked onto the
plate followed by further growth at 37C, for 3 hrs. Plates were then

illuminated under the UV light to compare lipase activity.

Figure 20. Activity assay of recombinant gvpC containing lipase : Tested
samples include Escherichia sp. BL21 (BL21), transformed with vector pET19b
and pETDuet-1 (19b and Duet), recombinant pET19b plasmid containing lipsae
(19bL), recombinant plasmid with gvpC gene in pET19b (19bC), recombinant
pET19b plasmids containing gvpC fused with lipase (19bCL-1 and 19bCL-2)
and plasmids pETDuet vector containing gvpC gene fused with lipase
(DuetCL).
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7. Isolation of gas vesicle protein from Halobacterium sp.
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Gas vesicle I'proteiri was M+ media. Samtles include

Halobacteriu 1 Sp. NRC-1 d containing 8v A/ gvpC/

and gvpN/ I'-,' each fused shuttle vector .-'pFM104 3),

recombinant plasmid pKJ441 cluster - 'in pK] 08 vector (4),

gvpC fused with Hi@% cloned into pFM104 ( @re ombinant plasmid
pKJ4414 containing g ,_{us@th Err-tgg
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\
Figure 23. Idﬁé(ltiﬁcation of recombin gvpC protein in Hualobacterium by

SDS-PAGE followed B%@stem blot

Tested ;?1 f;pzf{;de total protein
extracted f7Hm Halobé&"feniz@m N1E-I-I(1 ,-purific “gas vesicle protein in

NRC-1 (2), purified gvpC protein fused with (His)6-tag (3) and total protein
gvpC fused with (His)6-tag (4).
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