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ABSTRACT KEYWORDS
Halobacterium salinarium, a euryarchaeote, is a member of haloarchaea Haloarchaes;
requiring at least 3.5 M NaCl for optimal growth. Weintended to biochemi- Nucleoid;
cally analyze the chromatin from this organism because of the reported Chromatin;
nucleosomal structure of the chromatin. Chromatin (nucleoid) wasisolated Micrococcal nuclease;
fromH. salinariumH3. Nucleoid fractionsisolated from themid logarithmic Nucleosome.

and late logarithmic phase cellswere separated into two peaks (peaks| and
I1) by sucrose density gradient centrifugation. Growth cycle dependent
variation inthe two chromatin Peakswas observed asreported earlier. DNA
and protein compositions were determined for the isolated chromatin fac-
tionsfrom both mid logarithmic and late logarithmic cells. Micrococcal nu-
clease digestion and agarose gel electrophoresis of the different chromatin
factions showed absence of repeating units (nucleosome-like) of DNA
protein complexes and DNA fragments did not resolve into DNA ladder
pattern up on gel electrophoresis. Our results suggest that the chromatin
of H. salinarium is more like bacterial and crenarchaeal chromatin and
unlikethat of other euryarchaeal chromatin from thermophilic methanogens
which is organized like mini nucleosomes with the help of histone fold
proteins (e.g. HMf). © 2012 Trade ScienceInc. - INDIA

INTRODUCTION chromatin fibert. Chromatin organizationin archaea

hasboth eukaryd and eubacteria characteristics. Some

Eukaryotic chromatin consists of DNA-protein  euryarchaea (thermophilic methanogens) contain his-
complexescontaining nucleosomd repedtingunitswhere  tonesthat have primary sequenceswhichformahis-
DNA iswound around an octamer of histonestoform  tonefoldthat facilitate DNA wrappinginto nucleasome-
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like structures. Nucleosome in Methanobacterium
Thermoautotrophicum and Methanobacterium
fervidus comprisean archaeal histonetetramer wound
around by about 80 bp of DNA andiscompacted into
nucleosome-like particlesby proteinsof HMf familyi>
4. In comparison, Crenarchaea (mostly
thermoacidophiles) do not contain histone homologues
but contain abundant amounts of DNA binding pro-
teinsbelonging to Sac 7 and sac10 family proteing®™.
Inthermophilic archaea, the organization of intracellu-
lar DNA ismorelikebacteria nucleoid with no gppar-
ent eukaryotic chromatin like organi zation® 9. In bac-
teria, severa factors contributeto DNA compaction
and organi zation whichinclude entropic effects, super-
coilingand DNA—protein interactions (involving at least
tendifferent DNA binding proteins) and macromol ecu-
lar crowding with no gpparent nucleosomal organiza:
tion™*13, Thechromatinin Halobacteriumsalinarium
has been reported to consist of regionsof DNA asso-
ciated with protein and regionsof DNA freeof protein.
Electron microscopy of the two typesof the nucleoid
fractions showed morenucleosomelikestructure (chro-
matin) of protein associated DNA fraction chromatini®3,
Takayanagi et al '™ further reported that sheared chro-
mosomesobta ned from thelate exponentia phasecdls
resolved into two peaks on asucrose density gradient.
The peak | consists of protein free DNA and peak |1
congstsof rugged fiberscong sting of nucleosomelike
structures as seen under microscope. Most of the DNA
isinpeak | form during exponential phaseandin peak
Il form during late logarithmic phase. Thetransition
between thetwo forms occurs during the late exponen-
tial phase.

Inthe present study, biochemical characterization
of Hal obacterium salinarium H3 chromatin (nucleoid)
fractionswasunder taken with respect toitsassociated
proteinsand themode of compaction, whether itislike
nucleosomal type asin methanogenic archaeaor non
nucleosomal typeasin mesophilic bacteriaand. ther-
mophilic archaea. Wefound growth phase dependent
variationin nucleoid fractionson sucrosegradient cen-
trifugation asreported earlier!¥, Thetwo typesof nucle-
oproteinsdiffer intermsthe amount of protein associ-
ated with DNA. Micrococcal nuclease digestion of
nuceoid fractionsfollowed by agarose gel € ectrophore-
ssshowed that both are non-nucleosomal type asindi-
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cated by the e ectrophoretic pattern of the digests. Our
results are contrary to what wasreported beforel*s 14
based on e ectron microscopi ¢ studiesof nucleoid frac-
tions. We suggest that the condensed chromosomal
structurein Hal obacteriamay bereferred asnucleoid
asitlacksnucleosomal organization.

MATERIALSAND METHODS

DNase |, bovine serum albumin, Nonidet P-40,
sucrose, agarose, Coomassie brilliant blue R-250,
pancreatic RNase, polyethylene glycol-20,000, so-
dium deoxycholate and ethidium bromide were ob-
tained from Sigma-Aldrich chemical company.
TritonX-100 was from Fluka chemicals, Germany.
Sephacryl S-200, Acrylamideand Trishydroxyl me-
thyl aminomethane (Tris) were obtained from
Amersham Pharmacia chemical company, U.S.A.
Sodium dodecylsulfate (SDS), N-N’ methylene bis
acrylamidewere purchased from Servachemica com-
pany, Germany. Yeast extract, casein acid hydroly-
sate were obtained from Hi-mediachemica company
Mumbai, India. Protein Molecul ar weight markers,
Micrococcal nuclease (MNase) and LambdaDNA
Hind I11/Eco digest were purchased from Bangalore
Genei, India. HalobacteriumsalinariumH3 strain
was obtained from National Collection of Industrial
Microorganism (NCIM) Pune, India

Growth and cdll harvesting

H. Salinariumwas grownin amedium containing
0.75 % casein acid hydrolysate, 0.2% K Cl, 2 % mag-
nesium sulfate, 0.005 % ferrous sulfate, and 40 pg of
manganese chloride and 20 % sodium chloride, pH
adjusted to 7.0 with 2N NaOH. The cellswere har-
vested by centrifugation at 6000 rpm at 4 °C for 20
minutes. Thecell pellet waswashed by resuspending
in solution containing 50 mM KCl and 3.14 M NaCl
followed by centrifugation at 6000 rpm at 4 °C. Cells
grown up to 5 days (mid logarithmic phase) and 7
days (latelogarithmic phase) were used for theisola
tion of nucleoid.

| solation of nucleoid from H. salinarium by sucrose
density gradient centrifugation

The procedure described by Takayanagi et all*4l
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was used for theisolaion of nucleoid. Freshly harvested
mid logarithmic phaseand latelogarithmic phasecells
were suspended gently in 6 ml of buffer containing 50
mM Tris-HCI pH 7.6, 1 mM Na,-EDTA, 1mM mag-
nesium acetate, 7 mM 2-mercapto ethanol, 3.4 M NaCl
andwereallowedtolyseat 0°C for 30 minutes. The
resulting viscouslysate (2 ml each) wasgently applied
on 5-20 % sucrose gradient containing the above buffer
and centrifugedin Sorval ultracentrifugeat 105,000g/
1 hr. Fractionsof 1.5 ml fromthetop each of the gradi-
ent tubewere collected and the absorbance was mea-
sured at 260 and 280 nm.

| solation of total Nucleoid

Nucleoid fromH. salinariumwasalsoisol ated ac-
cording to aprocedure developed in our |aboratorys,
Freshly harvested cdlls(4 g) were suspendedin 12 ml
of nucleoid buffer containing 20 mM Tris-HCI pH 7.6,
0.5M NaCl, 3.4 M KCl, 0.1 M magnesium acetate, 1
mM Na,-EDTA, 7 mM 2-mercaptoethanol and after
the addition of 1.5 ml of lysis mixture (NP-40, 1 %
Triton X-100and 0.1 % sodium deoxycholate) the sus-
pension wasincubated for 1 hr at 4°C with constant
gentle shaking. Theviscous|ysate was centrifuged at
1000 rpm for 20 minutesat 4°C. The supernatant was
collected and | oaded onto a30 % sucrose cushion and
centrifuged at 10,000 rpmfor 1 hr at 4°C. The nucle-
oid pellet was coll ected and resuspended in nucleoid
buffer applied againona20% sucrosecushioninnucle-
oid buffer and centrifuged at 30,000 rpmfor 1hr. The
nucleoid pellet thus obtained was collected and sus-
pended in nucleoid buffer and used for further sudies.

Micrococcal nuclease (M Nase) digestion of nucle-
oid fromH. salinarium

Nucleoid fractionsweredigested with MNasefol -
lowing the procedure of Owens-Hughes and Work-
man™¥, Nucleoid was didyzed against the M Nase di-
gestion buffer containing 20 mM Tris-HCI pH 7.6, 50
mM NaCl, 50 mM MgCl,and 1 mM CaCl,. After di-
alysis, nucleoid fraction (1-2 mg/ml DNA) wasincu-
bated withMNase(0.1 unit/ug DNA) in digestion buffer
for different timeintervas(1min, 3min, 5min, 10min,
20 min, and 30 min). Reaction was stopped by adding
SDSand EDTAtoafina concentration of 1% and 25
mM respectively. Thereaction productswereanayzed

= Regular Paper
by electrophoresison a0.8 % agarose gel.

I solation of M Nasedigested productsof nucleoid
by Sephacryl S-200 column:chromatogr aphy

Sephacryl S-200 was packed to abed volume of
100 ml inacolumn (55 cmx 1.6 cm) and equilibrated
with the buffer containing 20 mM Tris-HCI pH 7.6,
250 mM NaCl, 1 mM EDTA, 7 mM 2-
mercaptoethanol. Nucleoid fractions (2 ml of peak |
and peak |1 obtained through sucrose density gradient
centrifugation of midlogarithmic, latel ogarithmic phase
cdlsandtota nucleoid from midlogarithmic phaseand
latelogarithmic phasecdls) weredigested with MNase
(0.1 U/1ug DNA) as described above and dialyzed
against buffer containing 20 mM Tris-HCI pH 7.6, 250
mM NaCl, 1 mM Na-EDTA, 7 mM 2-
mercaptoethanol were chromatographed on separate
Sephacryl S-200 columns. Elution of thecolumnswere
carried out with 2 bed volumes of the buffer and 3 ml
fractionswere collected at the rate of 24 ml per hour.
Fractionswere measured for absorbance at 260 and
280 nm and analyzed by SDS-PA GE and 0.8% agar-
osegd eectrophoresis.

Agarose gel electrophoresis

DNA and nucleic acid: protein complexeswere
electrophoresed on 0.8 % agarose gels. Agarose gel's
wereformed in 1X TAE (40 mM Tris-acetate pH 7.8
and 1 mM sodium EDTA) buffer. Samplesweremixed
with 6X buffer containing 0.25 % bromaophenol blue,
0.25 % xylene cyanol and 30 % glycerol to afina con-
centration of 1 X. Electrophoresiswascarried out with
1X TAE aselectrode buffer at 40V till the bromophe-
nol bluedyereached 3 quartersof thegel. Thegel was
stained with 0.5 pg/ml ethidium bromide for 30 min-
utes, destained withwater for 1 hour and visualized by
UV illumination.

SDS- polyacrylamidegel electrophoresis

SDS-PAGE was performed using 18 % gel asde-
scribed by Thomas and K ornberg™”.

Other methods

Protein concentration was estimated by the
method of Lowry et al*®. DNA and RNA contents
weremeasured with calf thymus DNA and yeast RNA
as standards by the methods of Burton*® and
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Ceriotti®® respectively.

RESULTSAND DISCUSSION

| solation of nucleoid fractionsby sucrosedensity
gradient centrifugation

Centrifugation of lysates obtained from mid loga-
rithmic phase and late logarithmic phase cellson su-
crosegradient resulted inresolution of nucdleoidinto two
components, peak | and peak |1 (rapidly sedimenting
fraction). Theoverall yield of thetwo peaks showed
growth phase dependent variation. Peak | was higher
than peak Il in mid logarithmic phase (Figure 1A)
whereas peak 11 washigher than peak | inlatelogarith-
mic phase (Figure 1B) i.e. therewasadecreasein peak
| inlatelogarithmic phaseascompared to pesk | inmid
logarithmic phase asreported earlier™, Both nucleic
acid and protein content inthetwo fractionswere ana
lyzed. Therewasreduction of both protein and nucleic
acid (DNA) content in peak | obtained from lateloga-
rithmic phase cellsand therewas an increasein both
protein and nucleicacid (DNA) contentsin peak |1 ob-
tained from latelogarithmic phasecells.

Thepaternsof proteinsfromisolated nucleoid pesk
fractionswereanalyzed by SDS- PAGE. Protein pro-
files of peak | and peak Il nucleoid fractions of mid
logarithmic phase (5 days) cdlscollected fromthegra:
dient showed presenceof both high andlow molecular
weight proteinsranging from 10 KDato 110 KDain
both the peak fractions of nucleoid (Figure 1C & Fig-
ure 1D). The peak | fractions contain high molecular
welght proteinsand low amount of low molecular weight
proteins, followed by fractionstowards bottom corre-
spondingto pesk |1 which havesimilar protein banding
pattern asseenin peak |. SDS-PAGE analysis of the
nucleoid or chromosomal fractionsof peak | and peak
I1 obtained from the latelogarithmic phase cellsalso
showed both high and low molecular weight protein.
Peak | from|atelogarithmic phase contained fewer pro-
teinsin comparisonto Peak |1 fractions (Figure 1E &
Figure 1F). Overall, therewas decreasein proteinin
both Peak | and Peak 11 fractions obtained from late
logarithmic phasenucleoid. A 29 kDaproteinisconss-
tently presentindl fractionsin substantiad amount.

Agarose gel analysisof deproteinized samplesof
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thepeak | and peak 11 from mid logarithmic (5 days)
phase cellsshowed presence of high molecular weight
DNA bandsa ongwith low molecul ar weight smear of
DNA intheboth peak | and peak Il fractions (Figure
1G & Figure H)). Theresults obtained indicate that
peek | hasrd atively morehigh molecular weight DNA
than peak |1 from mid logarithmic phase cells. DNA
content of thegradient peak | fractionfrom lateloga
rithmic phase cell s showed very |ow concentrations of
high molecular weight DNA bandswhereaspesk I frac-
tions contained higher concentrations of both highand
low molecular weight DNA bands(Figurell) & Figure
1J). Wedid not observe any differencein agarose gel
el ectrophoretic pattern after treatment with RNasein-
dicatinglack of RNA intheisolated nucleoid fractions.

MNase digestion studies of nucleoid. Since
Takayanagi et d.*¥ have used chromatin fractionsiso-
lated from | ate exponentia phasewe have used nucle-
oid fractionsisolated from latel ogarithmic phase. The
Different fractionsof nucleoid analyzed by MNasedi-
gestion are Sucrosegradient Peak | and peak 11 frac-
tionsfrom latelogarithmic phase cells, total nucleoid
isolated mid logarithmic phasecellsand latel ogarithmic
phasecdls.

I solation of M Nasedigested productsof nucleoid
by Sephacryl S-200 column chromatogr aphy

Peak | and peak 1l fractions obtained by sucrose
density centrifugation of nucleoid from latelogarithmic
phase cellswereindividually treated with MNase. The
M Nase digested productswere chromatographed on
Sephacryl S-200 columns. Sephacryl S-200 column
chromatography of H. salinariumnucleoid (or) chro-
mosomal peak | fraction digested with MNasefrom
|atel ogarithmic phaseresolved into two pesks, asmaller
peek intheinitid fractionsand abigger peak inthelater
fractions(Figure2A). SDS-PAGE anaysis(Figure 2B)
showed presence of proteinsinrange of ~60 kDato
20 kDainthepeak | fractions. Sephacryl S-200 peak
I1 mainly comprised of abundant amount of 29 kDa
protein and afew other proteinsinthemolecular weight
range of 20 KDaand 14 KDa. Agarose gel analysis
(Figure C) showed that Sephacryl S-200 peak | frac-
tion contained muchlessDNA than pesgk 11 which con-
tained DNA fragments of about 200 bp.

Sucrosegradient chromosomal peak 11 fractionfrom
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Figurel: (A) Sucrosedensity gradient (5-20%) centrifugation profileof chromatin fractionsfrom mid logarithmic phase
cells (5 days culture). (B) Sucrose density gradient (5-20%) centrifugation profile late logarithmic phase cells (7 days

culture). A, (--) and A280 (-0-). SDS-PAGE analysis of peak I and Peak Il fractions obtained from sucrose density gradient
centrifugation of chromatin fractionsfrom mid logarithmic (C, D) and latelogar ithmic phasecdlls. (E, F). Fractions (100 ul
in each case) were T CA precipitated and analyzed on an 18% SDS-Polyacrylamide gd followed by Coomassebluestaining.
Number sgiven on thetop of thegelsrepresent thepeak fractionsanalyzed. Positionsof themolecular weight markersare
indicated. Agarose gel electrophor esisof DNA from of peak | and Peak || fractionsobtained from sucr ose density gradient
centrifugation of chromatin fractionsfrom mid logarithmic (G, H) and latelogarithmic phasecells(l, J). Peak fractions (50
ul) from density gradient centrifugation were phenolized; nucleic acids were precipitated with ethanol and analyzed by 0.8%
agar osegel eectrophoress. Thegelswer estained with ethidium bromide. Number sgiven on thetop of thegelsrepresent the
peak fractionsanalyzed.
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Figure?2: (A) Sephacryl S-200 column elution profile of H
salinarium H3 gradient chromatin peak | fraction (fromlate
logarithmic phase, Fig. 1B) digested with micrococcal nu-

clease. Absorbance of fractionswasmeasured. A, (-*-) and
A, (-0-). (B) SDS-PAGE analysisof peak | and Peak |1 frac-
tionsabtained from Sephacryl S-200 column. Fractions (60 ul)
wer e analyzed on 18% polyacrylamidegels. Lanes1and 2,
fractions6 and 19; Lanes3-6, Peak | fractions20, 21, 22 and
24repectively; Lanes7-12, fractions28-33; Lane 13 molecu-
lar weight markers. (C) Agar osegel electrophoresisof DNA
extracted from Peak | and peak Il Fractionsobtained from
Sephacryl S-200 column Fractions (60 pl) were phenolized
and with ethanol pr ecipitated DNA wasanalyzed on 0.8% aga-
rosegels. Lanes1-3, fractions4, 8and 16 respectively; Lanes
4-7: peak | fractions20, 21, 22 and 24 r espectively; Lanes8-
11: Peak I | fractions29, 30, 32 and 33respectively; Lane12:
Total DNA extracted from peak | pool fraction.
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Figure3: (A) Sephacryl S-200 column elution profileof H.
salinarium H3 chromatin peak 11 fraction from sucr osegr adi-
ent centrifugation of latelogarithmic phase(Fig 1B) digested
with M Nase. Absor bance of fractionswasmeasured, A, (- +-)
andA_, (-0-) (B) SDS-PAGE analysisof fractionsobtained from
Sephacryl S-200 column chromatogr aphy. Fractions (60 ul)
wer e analyzed on 18% SDS- Polyacrylamide gels. Lane 1:
molecular weight markers, Lanes2 and 3: fractions 12, 15;
Lanes4-7: Peak | fractions 22, 24, 26 and 28 respectively;
Lanes8-13: Peak |1 fractions33-38respectively. (C) Agarose
gel electrophoresisof DNA extracted from Peak | and peak ||
Fractionsobtained from Sephacryl S-200 column Fractions
(60 ul) were phenolized and ethanol precipitated DNA was ana-
lyzed on 0.8% agar osegels. Lanes1-3: fractions5, 10and 15
respectively; Lanes4-7: Fractions22, 24, 26 and 28 r espec-
tively; Lanes8-11, fractions 35, 36, 37 and 38 respectively;
Lane12, Total DNA extracted from Peak | | pool fraction; Lane
13: LambdaDNA Hind I11/Ecol digest.
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late logarithmic phase cells was also digested with
MNase and the digest was chromatographed on
Sephacryl S-200. Chromatography resultedintheelu-
tion of two distinct peaks (Figure 3A). SDS-PAGE
analysis(Figure 3B) showed smilar protein pattern as
inFigure(2B) inthe Sephacryl S-200 pesk | fractions.
Thefractionsof Sephacryl S-200 peak || mainly com-
prised of abundant amount of 29 kDaprotein along
with afew proteins of 20 KDaand 14 KDa. Agarose
gel analysis of extracted DNA (Figure 3C) in the
Sephacryl S- 200 peak | and peak 11 fractions showed
presence of DNA fragments of the size of 200 bp mi-
grating towardsthe bottom of the gel.

Micrococcal nuclease sensitivity of isolated total
nucleoid and analysisof theproducts

MNase digestion of total nucleoid from both mid
logarithmic phaseand latelogarithmic phasecellswas
carried out and digestion products were analyzed by
agarose gel electrophoresis. Agarose gel analysis of
MNasedigested productsof nucleoid from5dayscells
showed smear like DNA bandswith decreasing size
with increasing incubation time (Figure 4A). After
deproteinization of MNase digested products, DNA
bands of approximately 200 bp were observed in all
fractions (Figure4B). The smear like appearancein
Figure4A could betheresult of binding of the protein.
MNase digested products of nucleoid from lateloga-
rithmic phase cellsa so showed smilar resultsasinmid
logarithmic phasecells. Noladder pattern of DNA was
observed with dl thechromatin fractions.

Sephacryl S -200 column chromatography of
M Nasedigested productsof total nucleoid

Sephacryl S -200 column chromatography of
MNasedigested productsof tota nucleoidisolated mid
logarithmic phased so resol ved into two peaks (Figure
5A). Proteinand DNA wereanayzed by SDS-PAGE
and agarose gel electrophoresis respectively. SDS-
PAGE analysis of peak | fractions obtained from
Sephacryl S-200 column chromatography of total
nucleoid digested with M Nase showed (Figure5B) high
mol ecular weight proteinsintherange of ~100 kDato
~ 35 kDaand afew low molecular weight proteins.
Peak I1 fractions showed presence of afew high mo-
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(B)
Figure4: (A) Agarosegd dectrophoresisof M Nasedigest of
H. salinarium total chromatin from mid logarithmic phase
cells. Chromatin (10 pg) was digested with 1 U of MNase and
nucleoprotein complexeswer eanalyzed on 0.8% agar osegel
asdescribed. Lane1, chromatin (control); Lanes2-7, chro-
matin digested with M Naseat 37 °C for 1, 3, 5, 10,20, 30 min
respectively. (B) After digestion (asin A) the sampleswere
deproteinized and ethanol precipitated DNA wasanalyzed on
0.8% agarosegel Lane 1, DNA from undigested total chro-
matin (control); Lanes2-7, DNA extracted from M Nasedi-
gested samplesat 37°C for 1,3, 5 10, 20, 30 min respectively.
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lecular weight proteins60 kDato 43 kDaand several
low molecular weight proteinsintherange of 30 kDa
to 14 kDa. Inall fractions of peak | and peak I, a29
kDaproteinispresent predominantly. Fractions peak |
and pesk |1 weredirectly (i.e. DNA protein complexes)
analyzed by 0.8% agarose gdl e ectrophoresis(Figure
5C). Pegk | fractions contained high molecular weight
DNA protein complexesmigrating asasmear fromthe
top of thegel towardsthemiddleof thegel (lanes 1-6)
along with about 200 bp length DNA which could rep-
resent protein free DNA. However peak Il fractions
showed negligibleamount of DNA (lanes7-11). DNA
extracted from peak | and peak 11 (deproteinized frac-
tions) werea so anadyzed by 0.8% agarose gel dectro-
phoresis(Figure5D). DNA in peak | fractions (lanes
1-6) migrated as a smear of 2 to 4 kbp and ~200 bp.
DNA inPegk 11 fractions contained very small amount
of ~ 200 bp length DNA (lanes 7-10) which could not
be detected in the presence of protein. Total nucleoid
from latel ogarithmic phase cellswasa so subjected to
MNase digestion followed by Sephacryl S-200 chro-
matography which resulted in resolution into two peaks
asabove (Figure6A). Resultsof SDS-PAGE (Figure
6B), and agarose gel € ectrophoresisof DNA protein
complexes (Figure 6C) and deproteinized DNA frac-
tions(Figure6D) obtained weresmilar tomid logarith-
mic phasetota nucleoid except that the DNA wasmore
susceptibleto MNase digestion asindicated by pres-
enceof higher amount of 200 bp DNA fragments. This
could beduetolessamount of DNA bound protein. In
both cases peak | fractions of Sephacryl S-200 col-
umn contai ned heterogeneous higher molecular weight
DNA and pesk I fractionshaslow molecular weight
DNA. Thelow molecular weight DNA band was seen
prominently only after deproteinization. Sephacryl S-
200 peak | and pesk |1 fractions showed differencein
theprotein profileasvisudized by SDS-PAGE. These
resultsobtained by M Nase digestion of nucleoid frac-
tion from Hal obacteria cellsshowed that the nucleoid
contained different region of DNA bound by different
proteinsand DNA fragmentsdid not resolveinto alad-
der pattern whichwould be expected if DNA isorga
nized into nucleosoma structure.

The present investigation deal swith thestudieson
nucleoid from Ha ophilic euryarchaeote, Hal obacterium
salinarium. Intracelular DNA inal cell typesisin con-
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densed statewith the hel p of severa proteins. How-
ever, thetype of condensationisdifferent in different
typeof cdls. Ineukaryotic cels, the DNA isorganized
into chromatin with repeating nucleosomal structure.
Thisfeatureisinvariably present inal theeukaryotic
cdlsstudied. Intracellular DNA in prokaryotesisorga
nizedintoill defined rapidly sedimenting condensed
sructurecalled nucleoid. Severd studiesonE. coli and
other bacteriashowed lack of nucleosomal structurein
bacterial nucleoid, but contain different domains con-
densed by variety of different DNA binding proteing**
2l and thefactors contributingto DNA compaction and
organization include entropic effects, supercoilingand
DNA-protein interactions and macromolecular crowd-
ing® 122223 However, no defined organization can be
described for bacterial nucleoid and no distinct role of
different proteinsin DNA condensationisreported. In
case of archaeait has been reported that euryarchaeote
Methanococcus fervidus contained proteins named
HMf A and HMf B with histone domain and interact
with DNA to form nucleosomal structure® 4. In
Crenarchaeoteslike thermophilic Qulfolobus, no his-
tone homol ogues have been found in spite of the pres-
enceof amdl DNA binding proteinwhich compact DNA
which were however referred as histone-like because
of thebasic nature of the proteing® &, The organization
of intracellular DNA inthermophilic crenarchaeais
nucleoid- likeasin bacterid® . Biochemical charac-
terization of nucleoid (chromatin) from thisHa ophilic
archaeon was carried because of the reported chro-
matin like structure of part of the nucleoid from this
organism as studied by electron microscopy!*3 4,
Shiodaet a.*¥ in fact prepared DNA protein com-
plexesdirectly from cdll coloniesisolated fromagar plates
on aloop for studying by el ectron microscopy. Inthe
caseof Peak 11 fractionsthe DNA protein complexes
were highly concentrated (10 fold) and thentrested with
very high concentration (5%) of formaldehyde™. In
both these cases, formal dehyde treatment could have
led to non specific protein-protein and protein DNA
aggregateswhich could havegiven rugged fiber images.
Thereareno reportson thebiochemical characteriza-
tion of the nucleoid from hal ophilic archaed?!. Hence,
weinvestigated whether Hal obacterium chromatinisof
nucleosomal type seen in Methanococcusfervidusor
the organizationismorelike nucleoid of bacteriaand
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Figure5: (A) Sephacryl S-200 column elution pr ofile of M Nasedigested H. salinarium total chromatin isolated from mid
logarithmic phasecells. A (- =) and A, (-0-). (B) SDS-PAGE analysisof fractionsobtained from Sephacryl S-200 column
chromatogr aphy. Fractions (60ul) were analyzed on an 18% SDS-polyacrylamide gels. Lane 1, protein molecular weight
markers; Lanes2-9, fractions7-14 respectively; Lanes10-17, fractions 21-28 respectively. (C) Agar ose gel electrophoresis
of Peak | and peak |1 Fractions (50 ul) directly loaded (DNA-protein complexes) Lanes 1-6: fractions 7 — 12 respectively;
Lanes 7-11: fractions 21 -25 respectively. (D) Agarose gel electrophoresis of Peak | and peak 11 Fractions (50 pl) were
deproteinized and loaded on 0.8% agarose gel. Lanes 1 - 6, fractions 7 — 12 respectively; Lanes 7-10, fractions 21-24
respectively; Lane13, LambdaHind I 11/EcoRI digest.
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Figure6: (A) Sephacryl S-200 column elution profileof M Nasedigested H. salinarium total chromatin isolated from late

logarithmic phasecells. A, (- *-) and A, (-0-). (B) SDS-PAGE analysisof fractionsobtained from Sephacryl S-200 column
chromatography. Fractions(60ul) were analyzed on an 18% Polyacrylamide gel followed by Coomassie blue staining. Lanes
1-8, Fraction number 8-15 respectively; Lanes9 -16, fraction number 19 —26 respectively; Lane 17: Protein molecular
weight markers. (C) Agarose gel electrophoresis of Peak | and peak |1 Fractions (50 ul) directly loaded (DNA-protein
complexes) Lanes1-6: fractions7-12 respectively; Lanes7-11: fractions 21 -25 respectively. (D) Agar osegel electrophoresis
of Peak | and peak Il Fractions (50 ul) were deproteinized and loaded on 0.8% agarose gel. Lanes 1-6, fractions 10-15
respectively; Lane 7-11, fractions 20— 24 respectively; Lane 12: Lambda DNA Hind III digest.
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other thermophilic archaea. Nucleoid (Chromatin) was
isolated from H. salinariumby the method described
by Takayanagi et d*4 aswedll asthemethod devel oped
in our laboratory for the isolation of thermophilic
archaed nucdleoid®¥. Thesenucleoid preparationswere
analyzed for the protein and nucleic acid composition
and by sensitivity to Micrococca nuclease. Sucrose
gradient centrifugation of lysatesresolved intotwo nude-
oid components as described before. The nucleoid
components showed growth phase dependent varia-
tionin nucleic acid and protein composition. Peak |
fraction was more with more amount of protein and
nucleicacidthan pesk 11 (rgpidly sedimenting) frommid
logarithmic phasecellsonthe contrary pesk |1 fraction
from latel ogarithmic phase cellswasmorethan peak |
fraction with higher amountsof the proteinand DNA.
Although low amountsof both protein and nucleic ac-
idswere seenin pesk | fraction from latelogarithmic
phase cellsthe DNA (mostly fragmented) isnot free of
protein asreported by Takayanagi et al™. Both these
peak fractionswere subjected to agarose gel electro-
phoresisfor nucleic acid analysisand SDS-PAGE for
protein composition. Nucleoid from latelogarithmic
phase cells showed presence of some additional pro-
teinsin thelower molecular weight region (14 to 16
kDa). Nucleoid fractions obtained from the sucrose
dengty gradient centrifugation (Peak | and Peak II) and
sucrose cushion centrifugation (total nucleoid fraction)
were subjected to M Nase digestion. Sephacryl S-200
ge filtration chromatography of MNasedigestsin each
caseresolved into two peaks. Protein and nucleic acid
analysisby SDS-PAGE and agarose gel electrophore-
gsshowedthat therewasdifferentia distributionof DNA
fragments and proteinsin the MNase digested prod-
uctsobtained from different nucleoidfractions. MNase
digestion of different nucleoid fractionsand analysisof
DNA fragmentsby agarosegel € ectrophoresisdid not
show DNA ladder pattern whichis characteristic of
chromatin organized in nucleosoma structure. Differ-
entid distribution of DNA and proteinsin thedifferent
M Nase digestion productsindicate that different pro-
teinsarebound to different regionsof DNA inthenucle-
oid asindicated by e ution of theM Nasedigestion prod-
uctsafter Sephacryl S-200 gel chromatography. In eu-
karyotic cellsMNasedigestion of chromatinresultsin
production of different Szed DNA fragmentsdl of which

—— Regdular Peper

are associated with histone proteinsin constant amount.
Our resultsa so suggest lack of histonelike proteins.
H. salinariumnucleoid did not contain any acid ex-
tractablelow molecular weight basic proteins (results
not shown).
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