CHAPTER II

MATERIALS AND METHODS

Materials

2.1 Equipments

Autoclave ing Cooperation, Japan
Autopipette

Centrifuge, Refrige Instrument Inc, USA
Electrophoresis unit a1l Cell: Bio-Rad, USA

armacia LKB, Sweden
“ entific co.inc., USA

Fraction collector
Incubator

Larminar flow . LF+124, Intemational Scientific Supply

Microcentrifuge

Peristaltic pump =2
pH meter : {'meter, Radiometer,
I

Power supply : Pharmacia, England
o, 4] 7 NURTHE ARG
Spectrophoto UV-240 Shlmadzu Japan and du series 650,
A ﬂ N i o

. | SRTANHIAL. .
Water bath Charles Hearson, England

Water bath shaking - Heto Lab Equipment, Denmark



2.2 Chemicals
Acetic acid 3 Merck Ag Darmstadt, Germany
Acrylamide g Merck, USA
Ammonium chloride s Sigma, USA
Bio-Gel Hydroxyapatite Bio-red, USA

Calcium chloride k Ag Darmstadt, Germany
Coomassie brillant blue
Coomassie brillant bl
DEAE-cellulose

DEAE-Toyopearl

Dialysis Tubing

DTT (Dithiothreitol)

EDTA (Ethylenediami ma, USA

Ethanol ayama Chem, Japan

Ferric sulfate in krodt Chemical, USA

Glycerol Ag Darmstadt, Germany

Glycine

Hepes

L-Glutamic acid 4

Lysozyme ‘

Magnesiam sulfate ¢ g Merck Ag Darmstadt, Germany

i 147 112191 5 S DY o

B-mercaptoethianol : Katayama Chem, Japan
NTUNRTR T INT™

Metﬂﬁofg] a i m u MI:Q ET

N,N’-methylene-bis-acrylamide : Sigma, USA

N-(1-naphthyl)ethylendiamine dihydrochloride : Sigma, USA

Phosphoric acid : Sigma, USA

Potassium chloride : Merck Ag Darmstadt, Germany

Potassium phosphate monobasic : Merck Ag Darmstadt, Germany
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Sodium chloride : BDH, England
Sodium dodecyl sulfate : Sigma, USA

Sodium molybdate : BDH, England
Sodium nitrate : BDH, England
Sodium nitrite - Fluka AG, Switzerland
Sodium dithionite : M&B, England
Sodium hydrogencarbonate Sigma, USA

Sodium p-chloromercuribenz
Sobitol
Standard molecular wei
Sucrose 2| R ayama Chem, Japan
Sulfanilamide

Toluene

Tris — hydrochloride ’ \- 2 Chem, Japan
Triton x-100 -ﬁ k

Zinc sulfate

2.3 Kits

Standard molecul ‘f;

Centricon concent PMIi(

ﬂUEl’J‘VIEWIiWEJ']ﬂ?

2.4 B erlal strains
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organisms was kindly provided by Dr. T. Takabe of Nagoya University, Japan.
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Methods

2.5 Growth rate determination

2.5.1 Growth of A. halophytica in various NaCl concentrations

alt Solution plus modified BG,
medium. The mediu d ltrogen-source, the pH of the
medium was adjusteds ne grown on a rotary shaker
with 160 rpm at 2,000 lux of continuous
illlumination. The €0 e medium was 0.5 M for
normal condition and 2. s ess o ' At various time intervals, an

aliquot of the culturg 5 Swithdrawn “and its turbidity was measured by a

@ in different nitrogen-sources

4.halo BRebutotrophically in  BGi,
medium plus 18 m]\E«aN O; and Tv and Sait Soth with 0.5 M NaCl, the pH
of the medium was adjnsted to 7.6 for growth under normal condition. L-glumine or

ammonium ﬂl% mﬂﬂﬁ% t%éwoﬂlﬂ(ﬂa me concentration (18
@ QG im0t hinied 101wl

with 2,000 lux of continuous illumination at 30°C without CO, supplementation. At
various time intervals an aliquot of the culture was withdrawn and its turbidity was

measured by a spectrophotometer at 750 nm.
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2.6 Determination of nitrate reductase activity

2.6.1 Effect of NaCl concentration on nitrate reductase activity

After eight days, A.habphytica culture in BG;, medium plus 0.5
Mor 2.0 M NaCl attained an exponential growth phase. The cells were harvested
by centrifugation at 5000 g fe ‘ ashed twice in 50 mM Tris-HCI
buffer, pH 7.5, containing " ‘ orbit t the cell from lysis. For the

estimation of cellular nitraté reductase activ , an in situ assay was used. To 1
ml of this cyanobactesial ‘ added and the mixture was

shaken rigorously a final volume of 1 ml)

contained NaHCO5-N#C O biffef (100 pumol, pH.10:5); NaNO; (20 umol), methyl
viologen (4 umol), FiiQ, ol NaHCO3) and toluenized
cyanobacterial cells. A under light, the nitrite (NO7)
formed was determi vas ined by adding 200 pl of 10%
sulfanilamide in 3.0 MA#ICIand 206 1 ‘of £ N-(1-naphthyl)ethylendiamine
dihydrochloride accordi ___ [ bySnell and Snell (1949). Then this

mixture was centrifuged at: ‘IE@ m for 10 min, the clear supernatant was

ctrophotometer at for the amount of nitrite
present at zero time/Wwas done. Tl ‘average of three replicates of
independent culturesﬂOne unit @ ity is d@ned as the amount of nitrite
formed (nmol) per mm;uﬂ:r the assay cond_}ion

AUEINENINEING

2 6.2 Effect of different nitrogen. sources on fitrate reductase

AR w9 Tl AT g7a 8

An experiment was done to compare the effect of

nitrogen-sources among L-glutamine , ammonium chloride (NH4Cl) and nitrate at the
same concentration. 4. halophytica was grown in medium containing different

nitrogen sources, harvested and the assay of nitrate reductase activity was performed
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as described in section 2.5.1. The culture medium containing nitrate as nitrogen-

source is the control condition.

2.7 The localization of nitrate reductase in A. halophytica cells

2.7.1 Isolation of periplasmic proteins by cold osmotic shock.

A. halophy /&i hedin containig 0.5 M NaCl 1o
exponential growth phase. - days, Alﬁ from 100 ml of culture were
harvested by centri 000 ¢ @kwashed twice with 20 ml cold
wash buffer [10 mM Tris-H€1 (pH 7.6) and 0.5 M NaCl]. The cells were resuspended
in 20 ml of plasmolysis biffi ol, ris-HCI (pH 7.6) and 0.5 M

of 1 mM, shaken gently

for 30 min at M te ature;—and centrifuge i as above. The cells were

centrifuged once more to e aining.ce 1is clear supernatant represented
the fraction of periplasmic ﬂ&e“rﬁ,_w ich wés concentrated by centricon. Protein
content was estimated by thc-ﬁ}dfﬁtd?’ sthod (Bradford, 1976).

(A ,,
=

¢ o Q/

d}iﬂ ngmjm BG;; medium plus
0.5 M or ﬂlyl&l attain expone ase. The cells were
harvested centrifugation a fOOO or 26°min, washed fwice in 50 mM
oICHR LS Lo kb Heobi & b b o s T

cells a'ere resuspended in 10 ml of the resuspened buffer [SO mM Tris-HCI buffer,
pH 7.5, 0.5 M NaCl , 1 mM EDTA, 20% glycerol (v/v), 10 mM DTT and 4 mM
benzamidine]. This suspension was treated by sonic disintegration for 7 min below

15°C. After sonication, the mixture was centrifuged by ultracentrifugation in Ti 70
rotor at 40,000 rpm, 120 min (Gangeswaran et.al, 1993). The high speed supernatant
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was collected and the pellet (membrane fraction) was washed once by suspending it in
the 50 mM Hepes-NaOH pH 7.5, 10% glycerol (v/v), 10 mM EDTA and 5 mM DTT
that also contained 0.3 % Triton X-100 and centrifuging again at 40,000 rpm for 60

min. The final pellet was resuspended in the same buffer.
2.7.3 Spectrophotometric assay for nitrate reductase activity

The fractions # ic, membrane and cytoplasmic were
assayed to determine nitri med. en-lmkcd nitrate reductase was

dlthlomte The assay mixture
contained 100 mM Tris- -3, 40 m} 03, 20 mM methylviologen

30°C for 3-5 min.

suspension was centri ).ipi 10.min to give a clear supernatant. The

((NH,),SOs), DEAE-Toyopeas ' and  Bio-Gel
hydroxyapatite chromatography column. Al] punﬂcatlon processes were performed

“< FAULININTNYINT
am’é’@‘ﬁ“ﬁfﬁﬁﬁ'wnwmaa

The frozen cells of A .halophytica were thawed in 20 ml of the
resuspension buffer [50 ml of 50 mM Tris-HCI, pH 7.5, 0.5 M NaCl, | mM EDTA,
20% glycerol (v/v) and 4 mM benzamidine]. The cell suspension was treated by
sonic disintegration for 7 min below 15°C. The pooled crude extract from 10 g (wet
wt.) cells was centrifuged by ultracentrifugation in Ti 70 rotor at 40,000 rpm, for 120
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min. The blue-green supernatant contained nitrate reductase activity from
A.halophytica.

2.8.2 Ammonium sulfate (NH4);SO4 precipitation

The solid ammonium sulfate was added to the blue-green

supernatant in four ranges from 0-20 % saturation, 20-40 % saturation, 40-60 %

saturation and 60-80 % saturatio e precipitate from each range was

| iy it was dissolved in 10 ml of buffer
A [50 mM Tﬁs—HCIP\ DT@ glycerol] and assayed for
nitrate reductase act% ] - d | by dialysis against buffer A at 4

°C with 3 changes of bu

collected by centrifugation at

283

ith excess volume of 0.5 N HCI

for 3 h followed by di , .0 and then washed with 0.5 N
NaOH for 3 h followed by @istilled wa in pH about 7.5. The DEAE-
Toyopearl was equilibrated with huf A. ) desalted enzyme solution was applied
to a DEAE-Toy ope | ....... ounded proteins were eluted

from the column : hroteins were eluted from the
column with linear Eadnen of Na centration fo with 250 ml of buffer A
and 250 ml of the samg buffer containing .5 M NaCl with a flow rate of 1 ml min™.

The fracti(ﬂ usal nﬁ‘] %&%@SW%W elution profile was

monitored fokprotein by measurinf the absorbance at 280 nm. The enzyme activity

R S S S T

sorb.
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2.8.4 Bio-Gel hydroxyapatite chromatography

Bio — Gel hydroxyapatite was washed with excess volume
of water and buffer B [S0 mM potassium phosphate, pH 7.5, 0.1 mM EDTA]. The
washed Bio-Gel hydroxyapatite was packed into a column (2.2x20 cm) using
peristaltic pump at flow rate of 15 mLh"'. The Bio-Gel hydroxyapatite column was
equilibrated with buffer B for 5 col
section 2.7.3 was desalted by,
buffer B. The desalted enzyi

volumes. The pooled enzyme fraction from
/ ainsy buffer B at 4 °C with 3 changes of
app

_ Bio-Gel hydroxyapatite column.

The column was washedwith 500 m!'9f b ove the unbounded proteins.
Then, the column was : ed with a linear gradient of phosphate concentration
formed with 200 mil"of / Hosphate) &\ 5 and 200 ml of 500 mM
phosphate buffer, pH'7.5.4 ke &: .fractions we pled and concentrated with

W\

the Centricon PM-10 g6

characterized for the

i . : activity. The Michaelis
constant (Km) andgnaxim v : calcu@d from x-axis and y-axis
intercepts respectively of the double-reciprocal plot, i.e., 1/[s] vs 1/[v].

AUINYNINYINT

42.9.2 Effect of vanous mhlbltors on nitrate rednctase

RN FRUAAANEAR L, e

that aﬁ'ect protein structure, as well as inhibitors of biochemical protein structure

(p-chloromercuribenzoate, iodoacetamide) and electron transport (KCN). The
inhibition of the enzyme nitrate reductase was studied by observing the initial rates of
nitrate reductase activity. The nitrate reductase activity was measured as described in
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section 2.7.3. The nitrate reductase activity was expressed as the percentage of
remaining nitrate reductase activity compared to the control.

2.9.3 Electron donor availability

ectron donor as the physiological electron

A . halophytica. Nitrate reductase
ov&ng NADH, NADPH, ferredoxin
‘reductase was assayed in a

& ffer, pH 7.5, 30 umol NaNO;, 20

N instance varying NAD(P)H

concentrations we eddas élection d Afier incubation at 30°C for 10 minutes,

The ability to
donor was investigated for ni '
was assayed under differe
and methyl viologen (;

system of 1 ml, containing

the reaction was stopped by the addition of 200 pi sulfanilamide in 3.0 M HCI
after which 200 pl 4 (wigh N thy))ethylendiamine dihydrochloride
was added. The absorpfionl of tHe ' res Itant" - Was determined at 540 nm with

oxidation, the decrease in ab orbanc -' was monitored. To test whether

ferredoxin can rep i vic as electr ferredoxin — nitrate

HCI, pH 7.5, 30

, : ‘ mg ferredoxin and 0.025 mg
ferredoxin — NADP" uctase The assay mixture was iricubated at 30° C for 15 min.

The reactio ﬁ W g %’ﬂﬁ ,.T: cetate and heating in
boiling waET El xm ﬁn ged to give a color

supernatant to Wthh 5 plof 0.3¢mM phenazine methosulfate was added and was

! 0 B T S ol < Jed i e ety

viologen assay.
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2.10 Determination of enzyme purity by non—denaturing
polyacrylamide gel electrophoresis (native PAGE)

The enzyme from each step of purification was analyzed by native
PAGE to determine the native protein pattern and its purity according to the method
of Bollag et al .(1996). Electrophoresis conditions and protein detection were
described below.

OrT ed on the slab gel (10 x 10 x .
lacking gel. Tris — glycine

| J O AUOUS PAG]
0.75) of a 7 % (W/V) sep at \
buffer, pH 8.3, was" usec / a- 7O aration of solutions and
polyacrylamide gels wés désofibed in App

in_Appe s enzyme from each step was
NG

onto the gel. The

mixed with 5x samplé buffer by, casie
i i

athioud A
o Flal i’ 0
J#ﬁ;’ff;?l J

#F - & =
# Pt - A

2.10.2 Detectio af protein bs

electrophoresis was run {0

at room temperature.

.7 After ele : in Lhhe gel were visualized
by Coomassie blue staining. o as stained with staining solution [0.1% (w/v)
Coomassie brilliant blug R=250 in 10% (v/y) acetic acid and 45% (v/v) methanol] for

at least 20 %ﬂl&g éﬁ(ﬂ %.W"rﬁ% by immersing the gel

in destaining $blution (10% (v/v) acetic acid and 10% (v/v) methanol) followed by

st i1 b e ey



39

2.11 Molecular weight determination of nitrate reductase
2.11.1 SDS-Polyacrylamide gel electrophoresis (SDS-PAGE)

The denaturing gel electrophoresis (SDS-PAGE) was performed
according to Laemmli (1970). The slab gel (10 x 10 x 0.75 cm) system consisted of
0.1% (w/v) SDS in 12% (w/v) ing gel and 5.0% (w/v) stacking gel, 25 mM
Tris, 192 mM glycine (pH 8.8) con % SDS was used as an electrode buffer
(see Appendix C). ; treated with sample buffer (see

Appendix C) and boilec S*min prio application to the gel. The electrophoresis
was performed at : 20 mA_per slab in Midget LKB 2001

electrophoresis uni a'cathode toward the anode, the gel was stained with

Coomassie blue. were phosphorylase B

(97,400 dalton), boviaé saflnd dlbumin (66,200, dalton) ovalbumin (45,000 dalton),
carbonic anhydrase (3 {Om)s soybean trypsiiinhibitor (21,000 dalton) and
lysozyme (14,400 da Afier i-\\ s in the gel were visualized
by coomassie blue staifiing sscribed @bove. Relative molecular weight of the
protein sample was estimated ¥ om ' and plotted on semilog scale between

the molecular weight of protein nar era ative electrophoretic mobility (Ry).

qmmmzﬁumiwmé’ﬂ
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