Chapter II

teria
Chemicals
hydrogen carbonate
were from B ¥ SEE !2¥, m chloride, sodium

nitrate were Sodium chloride,
calcium chlordy fi ‘Al ﬁ} Ate , potassium di-

hydrogen phosphates = Sigma Chemical Company,

U.s.A.
v
DEaﬂ . , a i) was from Sigma
Chemical Compgn, USA. adex G-150 (fine particle)

wee 1ol S %%H%ﬁ P HA
ﬂ RAIATUNRINGAGE -

ac yiam1da (BIS) were from Sigma Chemical Company ,U.S.A.
N,N,N,N ' tetramethylenediamine ( TEMED ) , coomassie
brilliant blue were from BDH Laboratory Chemicals Ltd.,

England. 2-Mercaptoethanol was from Fluka, Switzarland.
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Standard protein: bovine serum albumin
(BSA,grade VI), ovalbumin(grade II), chymotrypsinogen A
(bovine pancreas Type II), myoglobin, cytochrome c were

from Sigma Chemical Compgpy USA.

ATl c'f~ﬂu, 5 menteetlgwabove were analytical

grade except e als were from Sigma

Chemicals, d Fluka Company,

Switzerland

Specimens

Three | fuﬁ; 35j Mlina of which the first

two were iscolated. iﬁéﬁﬁ$¥ cond in Wat Benjamaborpit,

designateq ;1____n_"____m__ £ond, designated as

MP. The t Y - 1~'

a1

donated from the

National and Fisheries Institste, Department of

""““"ﬁauﬂ?ﬂ ﬂvr%’wzﬁﬁ%‘"
qmmmmumwmaa
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Methods
1. 1 jon f rom_n ral water

sources
Samples ollected at the surface of
water from varioys MEFSF S Jhe pH of the water was

measured and thEmamtPho]olimem®pirulina was observed
under a micrg we11s were counted by
a Haemacyto ith a magnification

of 100 X.

Bion of Spirulina from

2980 ml flask
and fifty ml of water

.;11on sieve, The

sample wasgsSEEs

cells retalfoy ="e suspended in 20
L]
ml of Zarrour

wr @UEINETINYINT T,
TRTRTHAIN6Y. ..

in 2.1.1 but the pH of Zarrouk medium was adjusted to

medium (see Appendix)™n a 50 ml flask and

7.0,7.5,8.0 and 8.5.
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2.2 i ion _in 500 ml glass chamber
2.2.1 Four liters of water sample from
Makkasan Pond was filtered through a 40 u nylon sieve.
The cells retained on the nylon sieve were suspended in

a glass chamber contai 500 ml of Zarrouk medium. The

culture was aera mp and grown for 2 weeks.
, 4 was done as described

in 2.2.1 but S B emead ium was adjusted to

and 1isclation of

——

Purification was dos®: by a modification

i T3N3 V0 L
TRTRNIRIaIRE. o

were added to 6-8 drops of Zarrouk medium previously

placed on a watch glass. The set up is shown in Figure
2 . The same dilution process was repeated on another

watch glass. The next step was to pick out a single cell



Y] :
=nes arranged with a

¥

watch glass ®upported by a

AU NN T . o
QRINNIULTITND AL,
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.

of Spirulina using a specially made fine capillary
Pasteur pipette (Figure 4). This was done under a
stereomicroscope (Figure 5). The single cell that was
picked out was then subjected to a series of successive

washing on a glass slide containing 4-6 drops of Zarrouk

medium arranged asssl  1|1 gure 3 B.

ey ae® s finished, the single

cell was tran seaplate containing 1.5

incubated at 30°C

ml of Zarrog
with 1igh Jux (intermittent
illuminatio dark ) for 2 weeks
or until the J01§

ansfer was repeated

|

until no contaj ted, To scale up the

culture, cells fraos nf the culture plate were

‘_ie 20 m1 of Zarrouk

|;-.‘

inoculated,

medium and™ 50 rpm) at 27-30°C

with contmus i1lumination of 1800 Jux provided by

o mmm 110711 B,
Wﬁ“&ﬂ“ﬂ’iﬁ&iﬁ*ﬁ?‘rmaﬂ

4. G h of ulin Zarrouk ium
5 % inoculum of Spirulina was inoculated into

a 500 m] flask containing 250 ml1 of Zarrouk medium and

grown on a rotary shaker (160 rpm) at 27-30°C with



burner.

kY )
U]

& |Fine capillary

ame of an alcohol

ﬂUﬂ?“fIﬂﬂiWﬂl”ﬂ‘i

’QWI AINIUNNIAY
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Blckrjgle cell by a
L

P under a
I

AUt Ineninens
RINNINUNIININY
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continuous illumination of 1500 lux. The organisms were
harvested at the 12 th day of growth and used for

subsequent experiments.

Dirul Q \U'F rown in Zarrouk medium
containing 0 .3 & and 25.2 g/1 NaHCO,,
the pH of the mew =) JasSMmwmased to 8.2 . A 50 ml
7 . on a rotary shaker
lumination arranged
as 14 hr 1igf (figure 6). At 3
days interva] Wollected for growth
analysis and mination, 2 ml of the

day 12 culture |

4

Jefed as described in

section 5 im#which NaHCO; content i% Zarrouk medium was

k?: Eﬂs‘u ﬂw gﬂ{“ﬂ;‘iﬁ‘f NaNO, were O,
ARIRNA QQHEWWH'MH

The experiment was performed as described in
section 5 in which NaHCO; content in Zarrouk medium was
kept at 8.4 g/1 , NaNO; contents was kept at 2.5 g/1 and

the final contents of K,HPO, were 0.083, 0.185, 0.370,



n of &4 lina ina 125 ml
<
’ shaker (160 rpm)

r [}
-:i N
W

at 27°C with cor¥inuous illumination

Flu ﬁﬁﬂﬂﬂﬁwgﬁmﬁ by fluorescent
QRININIAUARINGINY
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0.56 and 0.74 g/1.

8. Effect of NacCl

The experiment was performed as described in

content in the Zarrouk medium

secticon 5 in which NaH
was 8.4 g/1,NaNO.o0) .5 g/1 and K,HPO, content
Was  0.185 g/ TumeBia f ina Peeelonts of NaCl were 1, 5,

10, 15 and 20

%R0 ml Zarrouk medium

contained in Nintensities of light

were 1,500 F ool BP0\ 8,000 l1ux and the

aeration was prj ump .,

Y |

Came! of Zarrouk medium

in a L) lask under normal fite light at the

mn

70

:’;:“”ﬁﬁ};ﬁmmfm’mi i
RN T NI £ g1 16

or green plastic filter between the white light and the

culture flask.
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11.Effect of changing level of nitrate

Two regimes of changing level of nitrate

experiments were performed as follows
I

11 ey Iﬁt/ . of NaNO, from low to

hat o

grown 1in Zarrouk

medium cnntf’ of 0.33 g/1 in the

same manner After 7 days the
cells were ha-v into Zarrouk medium
containing 2}5 i.inus time intervals,
aliquots were n ”"—-”"_ : @halysis of phycocyanin
content ,0D 750 aniﬁ', fé The control experiments

were also |dQ inoculated into

Zarrouk metd B0, .

,mm’u’i‘mjﬁiir

medium and after 7 days were inoculated into Zarrouk

medium containing 10 g/1 NaNO,.
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2. Partial purification of phycoccyanin
12.1 Growth of Spirulina

Spirulipa cells were grown in 3 1 of

Zarrouk medium in.J as described in section 4
- \! ij

but the aerati -Hh_‘ done W=t pq an air pump and the
illumination wuzose =dod b f*-A ight at 4,000 lux and
with a cyclg ar dark (Figure 7).
After 14 dag Mested by filtering

Baen at -70°C  until

@\1 S cocyanin.
) '-,l\ 1.,
*; precipitation of crude

through a 4C

required for |

extract
~4  ADOUL 14U Su "Ofﬁmiul_u_rmwas
frozen at vi» l‘[ for 3 cycles to

rupture the: " ell wall. The suspshision obtained was

il v’ ﬁiﬁané’ﬁmﬂxf i
RTASHS AN g AL

could be observed by the appearance of an olive green
color of the residue. The washings were combined with
the previously collected blue supernatant. The crude

phycocyanin was then subjected to 20-65 % ammonium
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an air pump wheW:as illumination at

ﬂum wﬁﬁiﬂmﬂf“ b
qmaﬁﬂimumaﬂmaa
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sulfate precipitation. The final pellet was suspended
in 20 ml of 0.02 M sodium phosphate buffer pH 7.5 and

dialyzed overnight in the same buffer.

12.3 DEAE-cGceJ ose column chroma

8 I / AE-cellulose was swelled
in 1 liter of S Sot , é] then washed several

times at room e 2 taregc e the fine particles.,
sequentially with
excess voluu ' i "o min followed by
distilled waj : %% The resin was then

treated with o 1lowed by distilled

L'l, "-,I
water until tha¥fpj PR i*\ 84ivated resin was pre-
equilibrated wif umuehosphate buffer pH 7.5
for 30 min and tbewgsa ated with 0.02 M sodium

fried DEAE-cellulose

e cm) at the height

phosphate D) rTer overl

was packed v
m
of 30 cm. =It was equilibrated &fith 0.02 M sodium

phosph f‘ﬁ:ﬁ? ﬁfﬁ t for 300 ml at
the F‘Iﬁﬂirn -Ejﬂ A Eﬂﬁﬁ of the protein
s nhalini gﬁ ' Was d d allowed
tg‘m‘aagﬁ i ﬁﬁﬁﬁﬂiﬂlﬁ 5£[ont1‘ nuous
linear gradient of 0 to 0.5 M NaCl prepared in the
buffer. A flow rate of 25-30 ml/hr was maintained and 4

ml fractions were collected. The concentration of NacCl

in the fraction was estimated by using a conductivity



32

meter. The absorbances of the fractions were read at 280

nm and 620 nm.

12.4 Sephadex G-150 column chromatcgraphy

hydrated Sephadex G-150 was

swelled in 1 1itec s ing -‘?“sdium phosphate buffer pH

é’ladex G-150 suspension

was poured 1Nl (6] CrT— at the height of 50

7.5 by boilingws
cm. It was M sodium phosphate
buffer pH 7 lioree m1 of dialyzed
phycocyanin was layered on the
column. the same buffer and
S AT AN
the flow rate M o AN 2-15 ml/hr. Two ml
e absorbances of the
fraction were reﬁ’ﬂﬁéﬁf,n? jnd 620 nm.

romatograpn

»

10 g of Hydroxylapetite was swelled in

z;::.,ﬂmi TN (NI ) LI e W ,::
AN NI DN L o

followed by distilled water until the pH was 7. The

activated resin was equilibrated with 2.5 mM sodium
phosphate buffer pH 7 overnight. The prepared

Hydroxylapatite was packed into a plastic column, 1.4 x
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11 cm at the height of 9 cm. It was equilibrated with
2.5 mM sodium phosphate buffer pH 7.5 at least for 30 m]l
at the flow rate of 30 ml/hr. About 2-4 ml of the
protein solution containing about 7-18 mg was loaded and

allowed to be absorbe Elution was carried out by a

stepwise gradien {i] F 30, 50 and 80 mM of
phosphate. A flgiee ' " was maintained and 0.5
ml fractions es 3] 1§ct i mmrie absorbances of the

fractions weg 77k ' "Wamm and 650 nm.

nm The si&@hdard curve was cons®%ucted using bovine

ﬁﬂﬂiﬂﬂﬂﬁﬂmza il
ammﬁ‘ﬁniﬂiaﬁmm%

1 % Cuso4
These 3 solutions were mixed at 100:1:1 ratio

Reagent B : 1 M phenol reagent
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14 .Determination of phycocyanin

The cells were collected from aliquots of
culture by centrifugation at 2,000 x g for 15 min. Cell
pellets were then suspended in a small volume of 0.1 M

sodium phosphate buffer pH 7. The suspension was frozen

at -70° and thang A MIF Sy times before centrifuging
at 2,000 x g for e _ o ernatant was collected
and the pelle e, ri faﬁah;'; with 0.1 M sodium
phosphate buls 7k < WafUging at 2,000 x g
v % combined with the
previously cgf 14f F -  : N kept in the dark

before measury 620 nm. The content

AN 17
caWmg E = 73 ( Boussiba

of phycocyanip
v icm

and Richmond, 14§99

'.'j n1r a 10 ml culture

(except For“J e éxper1men on the e‘:~ct.of light quality
whereby 20 ‘ﬁ1 r, siﬂ was _filtered through a
Whatmaﬂ;ﬁyp pﬂ ﬂﬂ » ﬂ’lﬁin pump. Prior
t tragiop th ﬂij s _die ' ﬁuwava oven
ua ﬁ :jﬁﬁﬂﬁ jﬂﬁgﬁﬁiﬂj Spirulina
residue on the paper was dried in a microwave oven until
no further change in the weight occurred. The dry weight

of the Spirulina was then determined by the difference

between the weight of the paper before and after
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filtration.

16.Polyacryiamide gel electrophoresis
Preparation of the slab gel

The slab agel electrophoresis was done

according to Laemm \ I/ #1i, 1970 ) either in the
presence or absgiSe : .'~? ®. was formed between 18
X 16 cm. glassesmeesnb fod T BRn  thick spacer. In
1 ed using a linear

gradient of "wide for separating

gel and acking gel. The
concentration H%g:pared from a stock

solution as In non-denaturing
polyacrylamide ¢ ok (PAGE) 10 % acrylamide
of separating ge1

A v ,'-*d

y$b.2 % (w/v) OT acryla rda and 0.8 % (w/v)

0L, .....
MBI

e) D.025 M Tris, 0.192 M glycine (electrode

buffer)
f) 20 % SDS

19220190
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B. Working solution prepared from stock

solution:

Running solution:

for 10 ¥ gel : 6 ml of stock a, 4.5 ml of stock

.07 ml of d, 7.5 ml of

water, 0.36 ml of

M tock a, 4.5 ml of

ml of d, 3.0 ml

“ { Med water,0.36 ml of

'~ 8hd 0.01 ml of TEMED
\
!

1o A

el of stock a,1.5 ml of
yml of d, 3.6 ml

'l‘.atar, 0.03 ml of

stock T andld0.006 ml of TEMED

ANEANANINGINT.., . .o »
Wﬁéﬁﬁ’%ﬁmﬁﬁﬁ“?‘iif‘i"ﬁh

D. r fer for turin 10028

M Tris , 0.192 M glycine ,0.1 % SDS and distilled water

to 1 liter.
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E.Staining sclution : Coomassie brilliant blue
R 0.2 ¥ , methanol 50 % and acetic acid 10 %

F.Destaining solution : Acetic acid 7 % and

methanol 5%

7 aracterized by SDS-
PAGE.The sang#® o £//F g, SDS-sample buffer
Nouffer with final
concentratio: MM\oH 6.8, 2 % SDS, 10
% glycerol, 54% 'sj;i a E‘7,- 0.02 % bromphenol
blue as the dye . : 1 E,: sample, the protein
in the sampTa. Mated by boiling for 5

mins.

::z::m&ﬁwznﬂfwﬂms? kbt
A BRI ITE R
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Staining and destaining
After electrophoresis, the proteins in the slabs
were fixed for 2 hr with freshly prepared staining
solution at room temperature and destaining was performed

by repeated changes o

destaining solution until the

AU INENINYINS
QRIAINIUNMINAE
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