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ABSTRACT

Members of the Archaeal family have been determined to accumulate Poly (3-hydroxybutyrate) (PHB) during
their growth. A total of 13 extremely Halophilic Archaeal isolates designated as NPW-1 to NPW-13 were
capable of accumulating large amounts of PHB. Out of which best four isolates were selected from enzyme
assay. Since measurements of enzyme activities related to Archaeal PHB biosynthesis have never been
achieved, we investigated the first enzyme of PHB biosynthesis in Haloarcula sp.1 i.e., B-ketothiolase. Crude
extracts of strain cultivated under accumulating conditions showed maximum [-ketothiolase activity. B-
ketothiolase was partially purified by ammonium sulfate fractionation and highest activity was obtained in 60%
saturation fraction. This is the first description of an archaebacterial B-ketothiolase . Silver staining of the
purified enzyme (fraction 8) with SDS — PAGE showed that enzyme subunited molecular weight putatively
identified was 45 kDa.
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thiolases. As very little has been done so far on the
halophilic enzyme participating in PHB biosynthesis
and to extend further knowledge of thiolase, we
describe with purification of B-ketothiolase from

INTRODUCTION

The Archaea (Woese et al., 1990) constitute a
separate domain of possibly ancient organisms that

exist under extreme conditions such as high salinity,
temperature etc. Investigations on Archaeal genomes
and enzymology are of interest because they may
provide information helpful in understanding the
evolution of early life (Woese, 2000). The major
role attributed by enzyme B-ketothiolase is in fatty
acid degradation while the primary role of enzyme is
in biosynthesis PHB which is extensively discussed.
Thiolases have been purified throughout the
phylogenetic scale (from higher eukaryotes to yeast
to prokaryotes) and genes encoding for them also
have been cloned (Antonenkov et al., 2000a, b).
Information concerning enzyme and its purification
from halophilic Archaea is very sparse, only the
unique case reported so far from extremely
halophilic Archaea is enzyme acetoacetyl — CoA
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extremely halophilic Archaea which can be useful
for its characterization and also in increasing the
bioplastics (Poly Hydroxybutyrate) production
(Senior and Dawes, 1973; Kyriakidis et al., 2005).

MATERIALS AND METHODS

Collection of samples

Samples (Water and sediment) were collected
aseptically in sterile glass bottles and the plastic
bags from salt pans at Newport and Nari,
Bhavnagar, Gujarat, India (Latitude 21°45° N and
Longitude 72°14° E and 22°10° N and 72°15 E).
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Enrichment of Halophilic Archaea

Halophilic Archaea were enriched in Tryptone yeast
extract salt (TYES) (Krieg and Holt, 1984),
Mullakhan and Larsen, 1975 (M & L) and Larsen
(Larsen, 1981) media containing 100pg/ml each of
penicillin G, erythromycin and cycloheximide to
inhibit growth of bacteria and fungi and incubated at
37 °C for 15 — 20 days (Oren and Litchfield, 1999).
From enriched halophilic Archaeal broth organisms
were streaked on respective agar plate for the
purpose of isolation of pure culture. A total of 13
isolates were obtained designated as NPW-1 to
NPW -13 and preserved. All the isolates were
preliminary screened for PHB production. Potent
four PHB producers were used further to study
enzyme activity.

Growth and kinetics of f — ketothiolase Producers
The maximum four PHB producing isolates were
inoculated in to 100 ml of TYES medium and
incubated at 37 °C on shaker at 180 rpm. The cells
were harvested by centrifugation at 10,000 rpm for
15 min after 14 days incubation. The cells were
lysed in 2% sodium hypochlorite solution and again
centrifuged. The supernatant was then assayed for
the presence of B — ketothiolase as mentioned below
(Nishimura ef al., 1978; Satoh et al., 2002).

f — ketothiolase assay (Senior and Dawes, 1973)

B — ketothiolase activity was assayed by the thiolysis
of acetoacetyl — CoA. The assay mixture (a total
volume of 1 ml) contained 100mM Tris — HCI
buffer (pH 8.1) (750 pl), 60mM MgCl, (100 pl),
0.05mM acetoacetyl — CoA (10 pl), 0.05mM CoA
(30 ul) and B — ketothiolase (10ul). The culture
supernatant containing the enzyme was added after
preincubation of the reaction mixture at 25°C for 2
min. The decrease in acetoacetyl CoA was then
measured spectrophotometrically at 303nm at 30°C
using a millimolar extinction coefficient of 12.9mM"
'em™.One unit of B — ketothiolase was defined as the
amount of enzyme that catalyzes the cleavage
(conversion) of 1 umol of acetoacetyl CoA in 1 min.
The absorption at 303nm is due to the chelation of
magnesium to the enolate form of acetoacetyl — CoA
(Stern, 1956).
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Identification of isolate producing maximum [f —
ketothiolase enzyme activity

One of the isolate which showed maximum f —
ketothiolase enzyme activity had been identified by
its molecular characterization i.e., 16S rDNA partial
sequencing (Xcelris Labs., Ahmedabad, Gujarat,
India).

Optimization of Media for f§ — ketothiolase
production

Among the four isolates maximum enzyme was
produced from Haloarcula sp. 1 which was further
selected for optimization. Various parameters used
for optimization were pH, temperature, salt,
Inoculums sizes, Carbon source, Nitrogen Sources
and phosphate as substrates (Data Not Shown).

Partial Purification of f — ketothiolase Enzyme

Among the four isolates maximum enzyme was
produced from Haloarcula sp. 1 which was further
selected for optimization and the purification of the
B — ketothiolase. 10® cells / ml of Haloarcula sp.
Iwere inoculated into 100ml TYES medium
containing glucose (5 g/I) and ammonium chloride
(0.02 g/1) as carbon and nitrogen in ratio 3:1 with all
the optimized conditions as mentioned above (Data
not Shown). Eight days old culture was reinoculated
in IL TYES medium under similar conditions and
incubated at 37°C for 8 days. All the steps were
carried out at 20 - 24°C unless otherwise indicated.
Step — 1 Crude extraction: - 1L culture was
centrifuged and pellets were collected at 10,000 rpm
for 15 min at 4°C (Eppendroff 5840R). About 40g
of wet cells of Haloarcula sp. 1 were suspended in a
200ml breakage buffer [SOMm Tris — HCI, pH 7.0,
2M  KCl, 5mM 2 - mercaptoethanol, ImM
phenylmethylsulfonyl  fluoride (PMSF)], and
disrupted by sonic oscillation using TOSHCON
sonicator for (10 min with 3s of pulse and 2s of
pulse off time) 10 cycles of 15 sec on and 45 s off
(Liu et al., 2007). The cellular lysate was
centrifuged at 10,000 rpm for 15 min and the
supernatant was used as “crude extract” for enzyme
purification (Liu et al., 2002). Step — 2 Ammonium
sulphate: - The cell extract was saturated 40 — 60%
with ammonium sulphate AR grade with slow
stirring on ice for 1 — 2 h and the precipitated
proteins were removed by centrifuging at 10,000
rpm for 20 — 30 min at 0°C. The supernatant was
dialyzed for 24 h against two changes of 5L portions
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of 10mM Tris — HCI buffer pH 7.3 plus 1mM
dithiothretiol. Step — 3 DEAE - Cellulose
chromatography: - The dialyzed crude enzyme
solution was loaded on DEAE — Cellulose column
(28 x 2.6 cm) previously equilibrated with buffer.
The enzyme then eluted at 4°C by running a linear
gradient of KCl (0 — 300mM) in 2 x 300 ml of
10mM Tris — HCI buffer, pH 7.3, plus 1Mm
dithiothreitol at a speed of 1ml/ min. Eluted
fractions were assayed for protein and enzymic
activity. Step — 4 Sephadex G - 200
chromatography: - The active fractions obtained
from the previous step were combined and loaded on
Sephadex column (2.5 x 5 cm) previously
equilibrated with 10mM Tris — HCL, pH 7, plus
0.5mM dithiothreitol. The column was washed with
50ml of the same buffer and the enzyme activity was
eluted by stepwise elution with linear gradient of
KCI (0 — 300mM) 2 x 300 ml of 10mM Tris — HCI
buffer, pH 7.3, plus IMm dithiothretiol at a speed of
Iml/min. Eluted fractions were assayed for protein
and enzymic activity.
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SDS Polyacrylamide gel electrophoresis (SDS —
PAGE) (Laemmli, 1970)

SDS PAGE was performed on 12 % separating and
5 % stacking polyacrylamide gels at 25°C using
Miniprotean II (Biorad) apparatus. The gels loaded
with enzymes samples and molecular markers
(Bangalore Genei) were run at 25 / 50 V till the dye
front reached the end of the separating gel. The
proteins bands were visualized by silver staining
(Morrisey, 1981).

RESULTS AND DISCUSSION

Identification of isolate producing maximum [ —
ketothiolase enzyme activity

Results of 16S rDNA partial sequencing (642 bp) of
the strain NPW-9 showed maximum sequence
identity (100%) with the complete sequence of
Haloarcula sp. AB19 (GenBank Accession No.
DQ471854.1) (Fig. 1). Thus, the isolate NPW-9 is
affiliated to Haloarcula species and hence in the
present study it is referred to as Haloarcula sp.1 as
referred to previously.

Haloarchaeon EH4 (FI868736.1)

Haloarcula californiae (AB477984.1)

Haloarcula marismortui strain CGMCC1.1784 (EF645693.1)
2zl Haloarcula vallismortis strain CGMCC1.2048 (EF645688.1)
Halobacterium sp. NCIMB 714 (AB074561.1)

NPW-9

Haloarcula sp. AB19 (DQ471854.1)

Haloarcula sp. B44A (DQ373062.1)

Uncultured Halobacteria archacon clone LLGI0U (EF106615.1)

[ Haloarcula sp. AJ4 (AY208973.1)

wl— Haloarcula amylolytica BD-3 (NR_028229.1)

Figure 1
Phylogenetic tree of isolate NPW-9 (using neighbor-joining method)

Table 1summarizes the purification procedure of the
enzyme. Following all the steps i.e. ammonium
sulfate  precipitation, dialysis and column
chromatography, 39.3 fold purification of J-
ketothiolase with an overall recovery of 12.02%, and
specific activity 1.181 units/mg was obtained.
During each purification step, specific activity and
fold purification increased, while enzyme activity
and % yield decreased. As shown in Fig. 1, fraction
8 showed highest activity and was used for
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purification and determination of its molecular
weight on SDS PAGE. The purified B-ketothiolase
was analyzed by SDS PAGE. Silver staining of the
purified enzyme (fraction 8) with SDS — PAGE
showed that enzyme subunit molecular weight
putatively identified was 45 kDa (Fig. 2) (Kyriakidis
et al., 2005). SDS PAGE with crude enzyme
preparations showed multiple bands with one of the
bands at the same position as in purified preparation
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indicated the presence of B-ketothiolase also in the
crude enzyme preparation.

CONCLUSION

In the present work the purification of a f —
ketothiolase of Haloarcula sp. 1, the first enzyme of
the biosynthetic pathway of PHB has been described
from a halophilic archaeon Haloarcula sp. 1. This is
the first report on purified halophilic f
ketothiolase that acts at high salt concentrations.
These thiolases exhibit not only an extreme salt
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requirement but also has unique kinetic properties
that differ significantly from Bacteria and eukarya.
It is possible that there is a special thiolytic
mechanism in haloarchaea. The results are supported
by Kyriakidis et al., 2005 who obtained a single
band of 45.5 KDa molecular mass on SDS — PAGE
with purification of 390 fold and 7% recovery.
Papoutsakis et al., 1988 have performed denaturing
gel electrophoresis and reported that the enzyme
obtained from Zoogloea ramigera and Clostridium
acetobutylicum ATCC 824 showed molecular
weight as determined by PAGE to be 44 kDa.

Table 1
Purification of p-ketothiolase from Haloarcula sp. 1
Purification step Volume Protein Total Protein Enzyme Specific  activity Purification Recovery
(ml) (mg/ml) (mg) activity (units)  (Units/mg) Fold (%)

Crude extract 600 29.23 17542.19 532 0.030 1 100
(NH,),SO4 30 24.88 746.46 159 0.213 7.1 29.88
fractionation
DEAE - cellulose 10 19.63 196.3 89.73 0.457 15.24 16.86
column
Sephadex G — 200 5 10.83 54.15 63.97 1.181 39.3 12.02
column

Figure 1

Elution profile of p — ketothiolase showing enzyme activity, protein
Content and specific activity of Haloarcula sp. 1
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Figure 2
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SDS PAGE: Lane 1: Molecular Marker, Lane 2: crude extract,
Lane 3: purified enzyme Lane 4: Molecular Marker

97,400 _—

&6, 000 E—

43, 000 —

29, 000 —

18, 400 —

&5, 500 —_—
1

REFERENCES

1. Woese, Carl R.; O Kandler; M L

Wheelis. "Towards a natural system of
organisms: proposal for the domains Archaea,
Bacteria, and  FEucarya". PNAS  USA.
1990; 87 (12): 4576-4579.

Carl R. Woese, Gary J. Olsen, Michael Ibba,
and Dieter Soll. Aminoacyl-tRNA
Synthetases, the Genetic Code, and the
Evolutionary  Process, MMBR.2000; 64
(1):202-236.

Antonenkov VD, Croes K, Waelkens E, Van
Veldhoven PP, Mannaerts GP. Identification,

purification and characterization of an
acetoacetyl-CoA thiolase from rat liver
peroxisomes. European Journal of

Biochemistry. 2000 May 1;267(10):2981-90.

Antonenkov VD, Van Veldhoven PP,
Mannaerts GP. Isolation and subunit
composition of native sterol carrier protein
2/3-oxoacyl-coenzyme A thiolase from normal

rat liver peroxisomes. Protein expression and
purification. 2000 Apr 30;18(3):249-56..

Life Science

2
E

Dawes EA, Senior PJ. The role and regulation
of energy reserve polymers in micro-
organisms. Advances in microbial physiology.
1973 Dec 31;10:135-266.

Pantazaki AA, loannou AK, Kyriakidis DA. A
thermostable# x003B2;-ketothiolase of
polyhydroxyalkanoates (PHAs) in Thermus
thermophilus: Purification and biochemical
properties. Molecular and cellular
biochemistry. 2005 Jan 1;269(1):27-36.
MacDonell MT, Colwell RR. Phylogeny of the
Vibrionaceae, and recommendation for two
new genera, Listonella and Shewanella.
Systematic and applied microbiolog.
Mullakhanbhai MF, Larsen H. Halobacterium
volcanii spec. nov., a Dead Sea halobacterium
with a moderate salt requirement. Archives of
Microbiology. 1975 Jan 1;104(1):207-14..
Larsen H. The family Halobacteriacerae In:
The Prokaryotes - A Handbook on Habitats,
Isolation and Identification of Bacteria, , Starr
MP, Stolp H, Truper HG, Balows A, Schlegel
HG (eds), Springer, Berlin, 1981;(2): 985-994.

Microbiology



Research Article

10.

11.

12.

13.

14.

Oren A, Litchfield CD. A procedure for the
enrichment and isolation of Halobacterium.
FEMS microbiology letters. 1999 Apr
1;173(2):353-8..

Nishimura T, Saito T, Tomita K. Purification
and properties of [-ketothiolase from
Zoogloea ramigera. Archives of microbiology.
1978 Jan 1;116(1):21-7.

Satoh Y, Tajima K, Tannai H, Munekata M.
Enzyme-catalysed Poly (3- hydroxybutyrate)
synthesis from acetate with CoA recycling and
NADPH regeneration invitro, J Bioscience
Bioengg. 2002; 95(4): 335-341.

Dawes EA, Senior PJ. The role and regulation
of energy reserve polymers in micro-
organisms. Advances in microbial physiology.
1973 Dec 31;10:135-266.

Stern JR. Optical properties of acetoacetyl-S-
coenzyme A and its metal chelates. Journal of
Biological Chemistry. 1956 Jul 1;221(1):33-
44,

Life Science

ISSN 2250-0480

15.

16.

17.

18.

VOL 6/ ISSUE 3/JULY 2016

Liu Q, Ouyang SP, Kim J, Chen GQ. The
impact of PHB accumulation on L-glutamate
production by recombinant Corynebacterium
glutamicum. Journal of biotechnology. 2007
Nov 1;132(3):273-9..

Liu T, Liu SJ, Xue Y, Ma Y, Zhou P.
Purification and characterization of an
extremely halophilic acetoacetyl-CoA thiolase
from a newly isolated Halobacterium strain
ZP-6. Extremophiles. 2002 Apr 1;6(2):97-102.
Laemmli UK. Cleavage of structural proteins
during the assembly of the head of
bacteriophage T4. nature. 1970 Aug;227:680-
5.

Papoutsakis ET, Wiesenborn DP, Rudolph FB.
Thiolase from Clostridium acetobutylicum
ATCC 824 and its role in the synthesis of
acids and solvents, Appl Env Microbiol. 1988;
54(11): 2717-2722.

Microbiology



