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ABSTRACT

Nucleoid of Sulfolobusacidocaldarius, ahyperthermophilic crenarchaeon,
was analyzed to determine the composition of its nucleoprotein complexes.
The nucleoid was found to have two components, a tightly aggregated
membrane associated component and the membrane free component. The
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two components differ with respect to DNA, RNA and protein composi-
tions. Analysis of micrococcal nuclease digest of the nucleoid suggests
that the S. acidocaldarius chromatin lacks nucleosomal structure and its
DNA isbound by different sets of proteinsin different (domains) regions

of varying length. © 2007 Trade SciencelInc. - INDIA

INTRODUCTION

Inbacteria, DNA isatightly condensed into super-
coiled structurecdled, nucleoid2, Severd factorsmay
contributeto the compaction of bacteria nucleoidlike
macromolecular crowding, polyamines, DNA binding
proteins etc®*4. Among archaea, Euryarchaeal
(Methanobacterium thermoautotrophicum and
M ethanobacterium fervidus) chromatin sharessimilari-
tieswith eukarya chromatinin having histone homo-
logues that wrap DNA into nucleosome-like struc-
tures®8l, In comparison, Crenarchea(mostly thermo
acidophiles) do not contain histone homol ogues but
contain abundant amountsof DNA binding proteins
belonging to Sac 7 and sac10 proteind™. Work from

our |aboratory identified four acid solublelow molecu-
lar weight proteinsreferred to asHSNP (Helix stabiliz-
ing nucleoid protein) A, C and C’ and DBNP B from
Sulfolobusacidocal dariug®®. HSNP-A and HSNP-C
were shown to be present exclusively on the genomic
DNAM, HSNPC’ and DBNP B, the most highly abun-
dant among these proteinswerefound to be identical
to Sac 7d and Sac 10b respectively!'1223, Sac 10b
bindsDNA forming different typesof complexesat dif-
ferent protein to DNA ratiog**4. See ref. 15 for a
review onarchaea chromatin proteins. Sac7d hasbeen
extensively studied both with respect toits structure
anditsinteraction with DNAI&2,

Inthisstudy, Sacidocaldariusnucleoid (chroma-
tin) wasisolated and itscompositionwasandyzed. The
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nucleoid isshown to contain two distinct components
with different protein composition onewhichismem-
brane associated and the other membranefree nucle-
oid. Anadlyssof micrococcd nudeasedigest of thenudle-
oid suggeststhat the S.acidocal darius chromatin lacks
nucleosomal structureand itsDNA isbound by differ-
ent setsof proteinsat different regionsof DNA of vary-

inglength.
MATERIALSAND METHODS

Bacteriological reagents were purchased from
Himedia. Other reagents and chemicals used were
DNase(Boehringher-Mannheim), Sephacryl S-1000
(Pharmacia), Acrylamide (Pharmacia), Agarose (Ban-
gdoregend), ethidium bromide(Sigma), Diphenylamine
(Sisco Research Laboratories), Orcinol (SRL), Folin-
Ciocalteau reagent(SRL), protein and DNA markers
(Bangalore Genei) and Micrococcal nuclease
(Fermentas)

Sulfolobus acidocaldariusstrain DSM 639 wasa
gift from Prof Rolf Bernander, Dept of Microbiology,
Uppsala University, Sweden. S acidocaldarius was
grown according to?Y. Sulfolobusacidocadariuswas
grown at 750C for 40-48 hr with vigorousaerationin
amedium containing 0.1% yeast extract, 0.1% bacto
tryptone, 0.5% casamino acids, 0.1%, glucose, 0.2%
sodium chloride, 0.13% ammonium sulfate, 0.03%
potassium dihydrogen phosphate, 0.025 magnesium
sulfate, 0.07% calcium chloride and pH was adjusted
to 2.8with 1 M sulfuric acid. Thecellswere harvested
by centrifugation at 3000 rpm at 4°C for 15 minutes.
The cell pellet was washed by resuspendingitin 10
mM Tris—Cl (pH 7.6), 50mM KCI, 10 mM Magne-
sium acetate, 7mM [-mercaptoethanol followed by
centrifugation at 5000 rpm at 4°C.

Nucleoid isolation

Nucleoid wasisolated asdescribed earlier for the
isolation of nucleoid associated proteing® with some
modifications. Cell pellet (2g) wasresuspended in 4ml
of buffer containing 10 mM Tris-Cl (pH 7.6), 150 mM
KCl. Lyssbuffer (4 ml) containing 10mM Tris-Cl (pH
7.6), 1% NP-40, 2mM spermidine-HCI, 10mM so-
dium EDTA(pH 8) wasadded to the cell suspension
and incubated at 10°C for 1hr. Thelysate was centri-
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fuged at 1500rpm at 4°C for 10 minutes. The superna-
tant was collected and loaded on to a 30% sucrose
cushion and centrifuged at 10,000rpm at 4°C for 1hr.
Thenucleoid pellet wasresuspended in 2-3ml of buffer
containing 20mM Tris-Cl(pH 7.6), 150mM KCl, 2mM
sodium EDTA and 6mM [3-mercaptoethanol .

(nucleoid buffer)
Sephacryl S-1000 column chromatogr aphy

Nucleoid (2ml) wasmildly sonicated and clarified
by centrifugation at 1500rpm at 4°C for 10 min and
loaded onto the S-1000 column (100ml). Elution was
carried out with 2 bed volumesof buffer and 3ml frac-
tionswere collected a 24 ml per hour. Fractionswere
analyzed for absorbance at 260 and 280nm, protein,
DNA and RNA content. Fractionswerea so analyzed
by SDS-PAGE and agarose gdl electrophoresis.

Micrococcal nhucleasedigestion of chromatin

Thiswasperformed according to®. Nucleoid (1ug)
wasincubated with 1 unit of micrococcal nucleasein
20mM Tris-Cl pH 8.8, 50mM NaCl, 50 mM MgCl2
and 1mM CaCl2 at 37°Cfor 1hr. Reaction wasstopped
by addition of SDSand EDTA to 1% and 25mM final
concentrationsrespectively.

Sephacryl S-200 column chr omatogr aphy

Micrococca nuclease digest of the nucleoid was
loaded onto the Sephacryl S-200 column (50cmx
1.6cm). Elution wascarried out with 2 bed volumes of
nucleoid buffer and 3ml fractionswerecollected. Frac-
tionsweremeasured for absorbance at 260 and 280nm
and anayzed by e ectrophoretic techniques.

I solation of S-layer

S-layer wasisolated as described earlier?d, Cells
harvested at mid logarithmic phasewere suspendedin
10mM NaCl, ImM PM SF, 20mM magnesium sulfate
and 0.5% sodium lauroyl-sarcosine (SolutionA). 2ug
DNase | wasadded per ml suspension and incubated
for 20min a 45°C. The suspension was centrifuged for
10 min at 14000 rpm, the supernatant was discarded
and the pell et was resuspended in solution A and the
above stepswererepeated. Thewhitelayer (Slayer)
ontop of the pellet was suspended carefully inbuffer B
containing 10mM NaCl, 20mM magnesum sulfateand
0.5% SDS, incubated for 20 minutes at 45°C and cen-
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Figurel: (A) Sephacryl S-1000 column elution profile of
Sulfolobusacidocaldariusnucleoid; (B) Agarosegel elec-
trophor etic analysisof thenucleopr otein complexesin frac-
tionsfrom Sephacryl S-1000 column chromatography. The
gel wasstained with ethidium bromide. Lane1-7: Peak |
fractions 8-14; Lane 8-16: Peak |1 fractions 15-23 and
Lane17: Nudleoid; (C) Electrophoressof extracted nucleic
acid component in the column fractions. nucleoprotein
complexesweredeproteinized prior to electrophoresison
a 14 % agarose gel. Lane 1-7: Peak | fractions 8-14;
Lane 8-14: Peak |1 fractions 15-21; Lane 15: Nucleoid
and Lane16-17: E. coli tRNA; (D) 18 % SDS- PAGE fol-
lowed by stainingwith Coomassieblue. Lane 1-3: Peak |
fractions 14, 15 and 16 respectively; Lane4-11: Peak ||

fractions21to 28 respectively. Lane12: Nucleoid (10ul).
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trifuged at 14000 rpm for 10min. The supernatant was
discarded and the pell et suspended againin buffer B
and the above steps were repeated. The white pellet
(S-layer) waswashed thoroughly with water and sus-
pended findly inwater.

DNA cdlulose column chromatogr aphy of S-layer
proteins

The S-layer sample(2mg) was dialyzed against
nuceloid buffer and loaded on a5ml double stranded
DNA cdllulosecolumn equilibrated withthesamebuffer.
The column was washed with 150mM and 300mM
K Cl containing buffers. Fractions(1ml) were collected
and protein compositionwasanayzed by SDS-PAGE.

SDS-PAGE was performed using 18% gel 4.
DNA was estimated by diphenylaminemethod?, Pro-
tein was estimated as described using bovine serum
abumin asastandard. RNA wasestimated by orcinol
method?".

RESULTSAND DISCUSSION

The nucleoid isolated on a30 % sucrose cushion
was mildly sonicated and chromatographed on a
Sephacryl S-1000 column asdescribed inthe methods
section toisolate nucleoprotein complexes. Asseenin
figure 1A, nucleoid wasresolved into two peaks. The
total amount of protein, DNA and RNA ismuch higher
in peak 11 than peak 1. Peak | has 350ug of protein,
68ug RNA and 16 ug DNA per ml whereas peak 11
has 310-ug protein, 544ug RNA and 43ug DNA.

Nucleoprotein complexesfrom Sephacryl S-1000
column nucleoid fractionswere analyzed by agarose
gel electrophoresis (Figure 1B) Peak | fractions con-
tained high molecul ar wei ght nucleoprotein aggregeates
which wereretained in the wells of the gels. Nucle-
oprotein complexesinpeak Il initia fractionsmigrated
asasmear ranginginsizeof 1 kbpto5kbpandinthe
later fractions of 500 bp and 1 kbp bands along with
high molecular weight smear of 5 kbp to 10 kbp.
Nucleic acidsextracted from peak | and peak || were
analyzed by agarose gel e ectrophoresis (Figure 1C)
which migrated asasmear. In thefractions of peak |
thenucleicacidsmigrated asasmear of 1 kbpto 3kbp
aongwith high molecular weight nucleicacidsretained
inthewells. Peak Il fractions migrated asa smear of
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Figure2: I solation of S-layer proteinfrom peak fractions
of nucdeoid chromatogr aphed on Sephacryl S-1000. S-layer
protein wasisolated, asdescribed in the methods section,
from exponential phasecellsand from peak | and peak ||
obtained from chromatogr aphy of nucleoid on sephacryl
S-1000. Thepr oteinswer eanalyzed by electrophoresison
an 18 % SDSpolyacrylamidegd followed by Coomassie
blue staining. Lane 1: S-layer from peak |; Lane 2: S
layer frompeak |1; Lane3: S-layer from S. acidocaldarius
cells, Lane4: Molecular weight markers(94kDa, 66 kDa,
43kDa, 29kDaand 21 kDa).
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Figure3: (A) DNA cdlulose column elution profile of S-
layer proteins. Fractions1to7,0.15M salt elutionand 8
t0200.3M salt elution; (B) SDS-PAGE analysisof frac-
tionsfrom DNA cellulose chromatogr aphy of S-layer pro-
teins. Peak fractions(70pl) analyzed on 18% SDSpoly-
acrylamidegelsand visualized by Coomassiebluestain-
ing. Lane 1: S-layer protein from isolated from
S.acidocaldarius, Lane2: 150 mM wash fraction. Lane 3-
4: 300mM wash fraction

200 bp to~2 kbp. Slower migration of nucleicacidsas
seeninfigure 1B could be dueto complex formation of
nucleic acidswith proteins. SDS-polyacrylamide gel
electrophoresisof peak | and peak I fractions (Figure

1D) showed presence of mostly highmolecular weight
proteins (>60kDa) in peak | and proteinsranging from
high molecular weight to low molecular weight (~100
kDato 7 kDa) in peak Il. Thelow molecular weight
proteins, HSNP A, DBNP B(Sac 10b) and HSNP
C’(Sac 7d) are present in abundance in peak II frac-
tions

S-1000 columnfractionsweredeprote nized, tregted
with DNase | and electrophoresed to see RNA frac-
tioninthenucleoid. RNA migrated aslow molecular
welght specieswithmigration smilar totRNA (results
not shown). Thelow molecular weight size could be
dueto degradation of RNA duringisolation procedures.
The peak | fractions showed opal escent appearance
which could be dueto membranouscontamination. We
triedtoisolate S-layer protein (component of themem-
brane of Sulfolobus) from Peak | and Peak 11 pooled
fractions. The Peak | contai ned substantial amount of
150 kDaand 60 kDasubunitsof S-layer protein (fig-
ure 2) and Peak 11 contained very small insignificant
amount which could be due contamination during pool-
ingof thefractions. S-layer proteinfractionisolated from
S. acidoca dariuscdlswas chromatographed onaDNA
cdlulosecolumnto seeif any of thetwo proteinshinds
DNA. The60kDaS-layer protein showed srong DNA
binding activity asdetermined by DNA cdllulosechro-
matography (Figure 3A and figure 3B). DNA binding
activity of 60 kDas-layer proteinisalsointeresting be-
cause earlier work hasindicated that the 60 kDasub-
unit isfacing the cytoplasmic membrane side of the
cd 1?1, Mgority of thenucleoid DNA of heterogeneous
szefragmentsassociated with|low molecular weight ac
7d and Sac 10b) eluted as Peak 11. Peak |1 therefore
represents the major component of the nucleoid and
peak | membrane associated minor component

Analysisof micrococcal nucleasedigested nucle-
oid

Tota nucleoid isolated was digested with micro-
cocca nuclease and the digest was chromatographed
on Sephacryl S-200 column. The chromatography pro-
file of the digested nucleoid showed threedistinct re-
gions, amajor peak (fractions 13 to 20), a shoulder
region (fractions 21 to 29) and asmall peak (fractions
30to 37) (Figure4A).

SDS-PAGE andysis(Figure4B) showed that the
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Figure4: (A) Sephacryl S-200 column elution pr ofile of
Sulfolobusacidocaldariusnucleoid digested with micro-
coccal nuclease; (B) SDS-PAGE analysisof theabovecol-
umn fractions. Column. fractions(200I) wer edectrophor e-
sed on 18 % SDS-polyacrylamidegel. Lane 1-13: Frac-
tion 14-26 respectively; Lane 14-20: Fraction
28,30,32,33,34,35 and 36 respectively; Lane 21: micro-
coccal nucleasedigested nucleoid; Lane22: Crudenucle-
oid; Lane23: Nucleoid acid extract; Lane24: Molecular
weight markers(94 kDa, 66 kDa, 29kDa, 21 kDaand 14
kDa); (C) Agarosegel analysisof theabove column frac-
tions. Fractions (500ul) were analyzed on a 0.8 % agar-
ose gel electrophoresis Nucleic acid was stained with
ethidium bromide. Lane 1-15: Fraction number s 14-26,
28 and 30regpectively; Lane 16: M olecular weight mark-
ers, Lane 17: Nucleoid digested with micrococcal nu-
clease; Lane 18: Nucleoid. Lane 19: E.coli tRNA. Lane
20: M olecular weight marker s(1kb ladder, 10to 1kb).

major peak containshigh molecular weight proteins~
100 to 45 kDa and afew proteins of ~30 to 20 kDa.
Sac 10b wasa so present ong with asmall amount of
HSNPA. Thefractionsintheshoulder region had Sac10b
aongwith proteinsinthemolecular weight range65kDa

—=== Regdular Peper

to15kDa Thesmdl peak contained dbundant amounts
of Sac 7ddongwith smdl amountsof HSNPA.

Asevident from agarose gel analysis(Figure4C)
the major peak fractions of the Sephacryl S-200 col-
umn comprises nucl eoprotei n complexesranging from
~500 bp to 10 kbp. Part of the complexesisalso re-
tainedinthewells. Shoul der fractionsconta ned 500bp
DNA predominantly. Thesmall peak fractionsrichin
HSNP C’, however, show very low amounts of low
molecular weight DNA (500bp).

Thethreedistinct regionsin S200 column profile
showed distinctly differing composition of both nucleic
acid and protein. Although Sac 7disamajor nucleoid
proteinit isrel eased from nucleoprotein complexesas
indicated by itselutioninrelatively nucleicacid freere-
gion Previous studies on the DNA binding proteins of
S. acidocddariushaveshownthemtoform severd types
of complexeswithDNA. HSNP C’ was observed to
condenselargeregionsof DNA toformacentrd DNA-
protein corewith loops of free DNAIY, Qur results
on the electron microscopy of complexes of HSNP-
C’(Sac 7d) and HSNP-A with DNA indicated binding
of thesetwo proteinsat different regionson DNA (our
unpublished data). Immunogol d €l ectron microscopy
has shown localization of Sac 7d and HSNPA within
distinct nucleoid sub domaing®?. Therefore, the ob-
served e ution pattern of these proteins separately sug-
gestsdifferent nucleoid proteinsbind at different re-
gionson thechromosomal DNA. Thee ution pattern
on S-200 column also suggests that thereis no evi-
denceto indicate the occurrence of nucleosome-like
repetitive DNA-protein aggregatein the Sulfolobus
nucleoid unlikethechromatinin euryarchaeota
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