CHAPTER III

natural water

ples were collected
during May ¥ = \ cells could be
detected 'in2 WMarious locations and
Spirulina was £ 1 Whdant in Makkasan pond
and Wat Benjamalb@rp 44«@!- éamples from these two
ponds also conta'jr!j of Oscillatoria. 'In other

locations, ¥

3 § rot University at

Bang Saen, ‘V.'_ ,‘." ’ could be detected

but the appes ) ances 0O e cells werdd not in good shape,

=% Wﬁﬁﬁﬁﬂmﬁﬁ’i

A11 20 samples containing Spirulina cells were

isolated and purified as described in section 3. Only
2 samples from Makkasan Pond and Wat Benjamaborpit pond

could be isolated and purified as unialgal culture., This
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was probably due to high concentration of cells existing
in the sample initially (Table 1, items 3 and 4 ).
Another factor contributing to the success of the
isolation and purification of those 2 samples was because
of the basic pH of the sample. Figures 8, 9 and 10

showed that Spirulina

gared as filaments composed of
cylindrical cell unbranched helicoidal

trichomes.

e J ',fff three strains of

Spirulina

phycocyanin

culture gave thyg phycocyanin for all 3

strains of Spi tly in later optimization

experimentsy after 12 day

cultivatiomdd ,r"‘[. Spirulina was
1 -

compared = ing days cui@ivation under 5
concen i m oynd_that in 9 days
there Eﬁ' 1§ﬂﬁm Hﬁﬁ h. After 9 days
at. 2 1.sl t ffj wth observ in all three
OV DRI L1107t

(Figure 14). Figure 15 showed that at day 12 all three

strains of Spirulina gave the highest yield of
phycocyanin when cultured with 8.4 g/1 NaHCO;.

Furthermore, at this concentration of NaHCO; phycocyanin



Table 1 Loecations and Characteristics of Water Samples

Locations

Characteristics of Water

\ li,"'f}y
Slrain Ceersa | Characteristics of Spirulina

1. Fighing Pond at Bang-Pfi,
Samulprakarn

2. Fishing pond at Bang-Poo,
Samulprakarn

3. Tusthe Pond at
Wat Benjamaborbit, Bangkok

4. Makkasan Pond
5. Dusit Zoo Surrounding Canal,
Banghkok

6. Alanton Canal at
Srinakarin Rioad, Bangkok

(Under express way), Bangkok

gresn water

green waler
see green dust of Spirulina

greon sakor
see green dust of Spinulina

Spiral cedl, large cell,

I8
{I} predominant species

AU AN

m'mzﬂ‘wf

SNNIU ST IN ey

Other Living Organisms

| Spiral cel Draphnia, Diatom,
Oscillatoria, Spherical algae
green algae

Distom, Oecitatoria
Daphnia,
mamy living onganism

Diatom, Daphnia,
Oscillatoria

Diatom & predominant

34



Locations Characteristics of Water Characteristics of Spirulina | Other Living Organisms

7. Onnoj Canal, Banglkok Chear, no color Spiral, ehort cell Daphnia, Diatom

8. Onnai Fish Farm, Bangkok green water ' Al 2 | Spiral, short cell Daphnia, Diatom

9. Fish Farm at Bang-Pi, green water adacmaed \\\ | sviral, long cell Spherical algae
Wﬂ.‘ﬂn '

10. Fish Farm &l Bang-Pli, (around green waler , 7 _ Spiral, short cell Green algae, Dialom
people area), Samutprakann e

11. Fish Farm in Front of Bugn-Yal, green water Yo RY Joiral, short cell Daphnia, aigae
Bangkok 1l Diatom

12. Canal around Udom-Suk Road, dark green water call Crecillatoria is predominant

e AUEINETINGNS -

Sehool, Bangkok p
o Y
13. Canal behind Klong-Chan, mwﬂwﬂ M‘q‘jmﬁmqw ¢ B El Oscillatoria
14. Srinakarintaravirat Bang-San, green water 8.10 1%10° - 25X10° | Spiral, targe cell Osciatoria is predominant
Chon-buri species

i/l



Locations Characteristics of Water flams BN ") Characteristics of Spirulina | Other Living Organisms

15. Figh Pond behind Tab Buiding, Chlean, no color, B A oy \\ N | Spiral, large cell, Spherical aigae, Diatom,

Chidalongkorm University have fountain Nl ' W | ceil aggregate Daphnia, Oscillatorka
16. Fish Pond at Dusit Palace, green water " T Spiral, short cell Daphnia, Oscillatoria is
Bangkok e s predominant species

Laksaes, Bangkok ? bia:ﬁniuul

18. Pond in Front of Thaitextile brown water sbout non
coman e S ¢ uti'mzm'swm

19. Pond In Soan-Siam, green water ¢25x10° many Iving organism
Daraiu QW ﬁNﬂ'mJlIW]'JW 88

pi. Pond in Pimarn-Make Palaca, green water 5X10° - 75X 10" Spiral, large cell Craciiatoria
Bangkok T

£Y




Figurt M from Wat Benjamaborpit pond
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Figura B §gjru‘ling from te National Inland
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Figura 10 §g1ru1m§ from . akkasan pond
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Figure 11 Growth and phycocyanin contents of Spirulina
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Figure 12 GrowEh and phycocyamn cnn ents of Spirulina
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Phycocyanin (mg/g dry weight)
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ina in Zarrouk medium

Figure 14 Growth of ySpiru

Wi, F s NaHCO, concentrations
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of Spirulina (BP) was highest followed by that of (MP)
and (NIFI) respectively. In later experiments NaHCO,

concentration was fixed at 8.4 g/1.

3.2 Effect of NaNO, on growth and phycocyanin

Conceniy@ions of sodium nitrate did not
‘ jrowth of 3 strains of
Spirulina
slightly red

®ulina (BP),there was
s when grown under
1.25 or 5.0 ¢ ad that the minimum
value that o# anin for Spirulina
IFI) and Spirulina

t affected by NaNOg

(BP) was 2.5
(MP) the phy:

K
A
J -

concentrations 5.0 g/1 . In later

exbariments 2 . was fixed at 2.5 g/1.

‘ld.iru1' na (MP) had

high growth - 0.370 g

o awi"iwﬁmm - g
W N 615 aloh /)T 1

the optimum condition for three strains of Spirulina. In

,HPO, wherBas Spirulina (NIFI)

later experiments K,HPO, concentration was fixed at 0,185

g/1.
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Figure 16 Growth

ofydnirulina in Zarrouk medium

contag Vi S ¥ 4 NaNO; concentrations
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Phycocyanin (mg/g Dry weight)
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Figure 18 Growth of g, Spirulina in Zarrouk medium
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Phycocyanin (mg/g Dry Weight)
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3.4 ct NacC]
At various NaCl concentrations,there were
no differences in terms of growth in Spirulina (NIFI)

whereas Spirulina (BP) and Spirulina (MP) had slight

re 20). A1l 3 strains of

!
=
|

difference of growth
Spirulina could gg high as 20 g/1. Figure
21 showed that s hbtions of NaCl did not

affect phyco 2 NaCl concentration

at 1 g/l dition for later
experiments
in
gcntent
.-Sgirg11na ,the lowest
growth occurred a ﬁg:;;tgt dqure 22). Optimum light

intensitieW tS_SFSETR—OT ST —= Ny n s of Spirulina
were found *ﬁ=A -E 3,000 Tux slightly

reduced gro h uccurrad F'h:w:::.a.::ua:;warfr content was also

affectﬂ ﬂﬂfarﬂ meﬁ"ﬂTt phycocyanin

contentQpas found at 5. Spiru ]]ng (BP) and

ﬁm@g\i‘mmumfm gRy-
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Figure 20 Growth of pggirulina in Zarrouk medium

aCl concentrations
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Figure 22 Zarrouk medium
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Phycocyanin (mg/g Dry Weight)
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3.6 t of irulin row r

optimized condition vers ouk conditi
In all 3 strains of Spirulina optimized
condition of Zarrouk medium gave both higher growth and
higher phycocyanin than in normal Zarrouk (Figures 24 and
25 ). In spirulina (BP) the highest yield of phycocyanin
occurred at day f_ \ 'k‘ﬂ’ # ,in spirulina (NIFI) and

Spirulina (MP) _;-f;; | ghes > of phycocyanin was

7/

detected af Lamer wegion (Figure 25 ).

Furthermore phycocyanin under

optimized 11 3 strains of
Spirulina ely 290 mg/g dry
weight.

quali on ph

Vv 'n.‘"
light (35 T=¢ E=Xes 'm™2) and white

1ight (270 UFs'm2 ). Measurement of*the photon flux was
¢ a

parforﬁu ﬂﬂw‘%{ww"ﬂj-wg The light

source QJis a fluoréscent’ 'lamp, specific chromatic

AR TN I TR

available in arts supply stores). Typical transmission
spectra of green and red filters routinely used are shown

in Figure 26 ( Tandeau De Marsac,1977 ).
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S ff P in Zarrouk medium

N/

Figure 24 Growthy
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g, of Spirulina grown in

Figure 25 Phycog )7
: 3 3
dium e and optimized Zarrouk
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4.1 Effect of red light compared with white

light
Growth of all 3 strains of Spirulina in

white light was higher than in red light (Figure 27).
Figure 29 showed that in red light phycocyanin content

was higher than in white

ight.

ompared with white
light
lated better growth

than green ajns of Spirulina

(Figure 28). Mt in green 1light

phycocyanin c: A% in white light.

*;\ |
level of NaNO,

o tha

{ from 1o
-

%

¥

||
= Growth of S 1naa*-F} and (NIFI) were

r— @ﬁﬂ%ﬁﬂﬁfﬂ&i‘iﬂ" om0
q ﬁlﬁ g ﬂﬁ:ﬂjﬁ ﬁﬁ 3 WPJ A ﬁﬂﬁ contents

5.2 Changing lev of N fro hat of

Zarrouk medium to high content

Growth of Spirulina (BP) and (NIFI) were
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Figure 27 Growth F#f@na 1in Zarrouk medium

and white light (——)
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Figure 28 P @ in Zarrouk medium under

 ( %’f white light ( —)
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Figure 29 EffH§ tﬂ;ﬁﬁ@iii 1z ty on phycocyanin at
day 1£%Lﬁtﬂ;i strains of Spirulina
A. =

W ' gwang (BP),

-l T

5-1r J1ina (NIFI) and Sp¥-ulina (MP) were

ﬂuﬁiﬂwfwmnf
ﬂmaﬁfﬁmm’l’a NYIAL, o

Spirulina (NIFI) and Spirulina (MP) were

29.3 ,22.7 and 15.5 mg per g dry weight

respectively.

B Spirulina (BP) Spirulina (NIF1) Spirulina (MP)
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not different from the control but in Spirulina (MP)
growth was lower than the control (Figures 30,31 and 32).
In Spirulina (MP) and (NIFI) phycocyanin contents were
higher than the control but in Spirulina (BP) the higher
content was observed only at 12 and 15 hours culture

(Figures 33,34 and 35)

6., Pz a_* i f 1’ anin
extraction of
phycocyani
=ariments were done

to obtain th Ling phycocyanin from

Spirulina . TYE

( Boussiba gt ”%  et 19 % 2) sonication ,3)

lysozyme digestion

homogenization gerns, 1979 ) , 4) French

pressure and 5 thaw ( Boussiba and

Richmond, 138 fll , obed that when cells
| =4
were froze y{» : ‘.ater bath at 37°C

CcYC ™ , hearly all of %Shycocyanin could be

Z:Z"i“ﬂﬂ?fﬁ“ﬂ“i[ﬂ P10 —
W*Tmﬁ*m UNIINYIAY

6.2 ium sulfate precipitation

E mg wet weight of Spirulina were

suspended in 500 m]l of 0.1 M sodium phosphate buffer pH

7.0. Five cycles of freeze and thaw were done and finally
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the suspension was centrifuged at 2,000 x g 20 min to
remove cell debris. The supernatant was precipitated with
0-50 ¥ , 0-75 %, 20-45 %, 20-65 % and 20-75 % ammonium
sulfate.The suspension was centrifuged at 2,000 x g, 20
min. The pellet was suspended in 0.1 M sodium phosphate

buffer pH 7.0 , the absogiance was measured at 620 nm and

1/
using E = 73

iCm

phycocyanin conte

(Boussiba and i

e 2 showed that

20-65 % ammcs %"fmum condition for

phycocyanin the highest yield

of phycocyanil a=EV=tant was clear ( no

'

\! A e ;
bilue color of o _k oERcocyanin) indicating

that phycocyanii ecipitated.

£fl phycocyanin from

|“;’

10 g weight *of Spirulina was

'}
171 PV 1) e
7.5 an reeze thawe 1% s fi o :;rcantrifugaticn
[}
a +) ! ” | _ . ipitated
A NS ST IR YL
wi - % ohi 17dt ' 1y gainst the

same buffer overnight.

wet

Procedure of phycocyanin purification for three
strains of Spirulina was as described by Boussiba and

Bichmond ( 1979 ). Phycocyanin from each strain was
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Table 2 Result of ammonium sulfate precipitation

AUt INeNInens
ARIAIATAUNNIING 1A Y
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purified by Ion exchange chromatography on DEAE-
cellulose column and gel filtration on Sephadex G-150
column. Results of purification were summarized in Table
3 . Details of purification step for each strain are

described below.

ograph

tion from 20-65 %
ammonium s ml 0.02 M sodium
phosphate b, on DEAE-cellulose
column (I) ( oteins were washed
with the same '_ Tfr. Was eluted by 300 ml
of linear grad, 1 prepared in 0.02 M
sodium phcsphﬁt our ml fractions were
collected and the _ =o%5 i ere measured at 280 and
620 nm. T-?;;______;_;;;;__~ﬁ -j cellulose column
(I) (F1gur :j eak with a small

shoulder. ”‘ ncyan1n (OD 620) was“®luted between NacCl

iZ:?ZHUﬂTmm AT e
A ST A

sulfate before rechromatography on DEAE-cellulose
column .The elution profile in Figure 37 showed a single
peak of protein coincident with phycocyanin peak which

was eluted at 0 - 0.3 M NaCl. The phycocyanin peak



90

Table 3 ycocyanin from

“;‘i%% 1 purification
and dialysis)

cocyanin was

73

—
==

4
v

i
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B. Spirulina (NIFI)

Crude Phycocyanin

DEAE Cellulose 1.30

DEAE Celiulose (|l) = A 3L 1.41

smeﬂaup'a%m Yang| o
qmmmmummmaa




C. Spirulina

DEAE Cellulose (1)

DEAE Cellulose (ll)

Sephadex qu

Crude Phycocyanin

(MP)

93

i
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i

53 peNTNeL

N3

1.36

473
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fractions (81-96) were pooled and precipitated by 20-65

% ammonium sulfate before loading on Sephadex G-150

column.
2 Sephadex G-150
8.5 mg of R ftein (3 ml) was loaded on
Sephadex G-150 cgs \ ArFS 4 ted with 0.02 M sodium
phosphate buffem ——E . &ct‘ions were collected

and the recovas = cd ;?-. ; 6 % (Table 3 A). The

was loaded on DEAE
cellulose coluj linear gradient was
performed. The e after DEAE-cellulcse

column wasigesaomr—r - L A= )X recovery was 63

| S

%. Rechromasps ﬁ; on DEAE-cellulose

column (II};J orty-nine mg protein T9 ml) was loaded on

o/

DEAE—cﬂlﬁE{ﬂwvﬂ wirw mnﬂ ?.of'i le was shown

in Figufg 40 and the % recovery was

PRSI A INEA Y

66 mg protein (4 ml) was loaded on Sephadex
G-150 column. The elution profile after Sephadex G-150
column was shown in Figure 41 and the ¥ recovery was

22 % (Table 3 B).
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Figure 36 of 65 % ammonium
. ;r rulina (BP) on

; b X 30 cm column
D - 0.5 M NaCl in
buffer pH 7.5 was
used . T HGEEEd i cWas maintained at
actions were collected

are
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— - . T
Figu 'f"fT:{-h; ‘m'__ﬁv-f the first
£l NN Se ™ fraction from
S0 on another
',' Scolumn.The protocol

% s that in Figure 36.
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Figure 38 Ch ' 1 k= gl pooled fractions
Jtose column from
G-150 column

(1. 5405 '3‘, \ as maintained at
15 miMr, :jfﬁ “E'a.ns were collected
and the . l measured at 620 and

280 nm.

~
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Figure 39 of 65 % ammonium

lina (NIFI) on

X 30 cm column
W - 0.5 M NaCl in
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Figure 41 pooled fractions
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lina
1.DEAE- lulose chroma
162 mg protein (20 ml) was loaded on DEAE-
cellulose column (I) and the 1linear gradient was
performed. The e1utia;
column was shown & SESali s A d the % recovery was 56
%. Rechromatog : Ane on DEAE-cellulose

n (7 ml) was loaded

profile after DEAE-cellulose

column (II).

on DEAE-ce]l lution profile was

shown in Fig was 48 %.

Mas loaded on Sephadex

G=-150 column. after Sephadex G-150

column was shown i ;ﬁg@ e and the % recovery was

24 % (Tabi t—aa -
|.' "-

AP

Polyac ide gel ®iectrophoresi

.14

dial yzeq ovar ni ghﬂamm E::JD:::: :I : ::’::
YRR el M

single band was present (Figures 45,46 and 47 ) when the
amount of the sample loaded was low but when increasing
the amount of the sample another faint band was also

observed.
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Figure :5 Pc1yacry1am1de gel electrophoresis of

uEInBTinE g -
AN FaimaINed

B, 10 ug protein
C. 15 ug protein
D. 20 ug protein
E

25 ug protein
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Figurs 45 Polyacrylamide ge¥ electrophoresis of

ﬂuEI’JVI‘EWf‘SWEI"Iﬁ‘EM
“W"mﬂmﬂﬁ‘!ﬂﬁﬂmaﬂ

C. 15 ug protein
D. 20 mg protein

E. 25 ug protein
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F1gura :T Poiyacrylamida ga“ electrophoresis of
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C. 15 wmg protein
D. 20 ug protein

E. 25 ug protein
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Determi ion of molecular i hycocyani
6.5 SDS-pol r ide gel electr resis
The fractions having the highest

phycocyanin content from DEAE-cellulose (I),DEAE-

cellulose (II) and Sephgjex G-150 column were analyzed
A\

by SDS-PAGE. Thegs |  }| ,;J 4spatterns were shown 1in

Figures 48,50 wimmsey TuO" sewere detected and the

UPPer ONne WasS.me genfbe SEEMWRRE. 1ower one suggesting

that these . different proteins

of differinad ern also indicated

that repeated Wiiollowed by Sephadex

G-150 column, i Mother contaminating

proteins. By i es (Figures 49,51 and

53 ), the 2 p na (BP) were determined

to have moIecu1amg§5" 4,000 and 13,000 daltons

whareas fQedtoirulina (NTET ina (MP) these

|

values werec—y =000 daltons. The

higher moléfular weight protein™was 1likely to be

::::::wyéjm Linmﬂwlﬁinten% band of
RAMNIUHIINGRY .. ..

molecular weight protein, the peak fractions eluted from
3 chromatographic columns were scanned for the spectrum
from 400 to 700 nm. As shown in Figures 54,55 and 56 for

all 3 strains of Spirulina ,apart from one main peak at
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Figure 48 Sbi-Po1yacry1dm1de gel e¥ctrophoresis of

fiu ....m'mmmmn o g
QW'leL?MJJd'J?YLEﬂﬂEJ

ug DEAE-cellulose (I) fraction
C. 25 ug DEAE-cellulose (II) fraction
D. 25 wmg Sephadex G-150 fraction

E. 50 wug of standard phycocyanin (Linablue)
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F1gure 49 Daterm1n§t1on of the mu1acu1ar weight of
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proteins were bovine serum albumin
(68000),ovalbumin (43000), chymotrypsinogen
(25000), myoglobin (17500) and cytochrome c

(12300)
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Figure 50 in-Po Y ol - -ai_f1actrophnresis of

yégmyanin fromySpirulina (NIFI). Standard

ﬂ u&gml &Lﬂ@ﬂrﬂs’}ﬂ% the left .
A ax‘m SINBIINNA Y

umg DEAE-cellulose (I) fraction
C. 25 ug DEAE-cellulose (11) fraction
D. 25 wug Sephadex G-150 fraction

E. 50 ug of standard phycocyanin (Linablue)
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Figure 52 Slf—Puiyacry1amida gel eMctrophoresis of

AREINY ,...ﬂnﬁfamﬁ Lowrmsy
wmmmmmmaa

25 ug DEAE-cellulose (I) fraction

C. 25 wg DEAE-cellulose (II) fraction
D. 25 aug Sephadex G-150 fraction
E. 50 umg of standard phycocyanin (Linablue)
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Figure 54 Absorption spectra of fraction from

DEAE-cellulose column I (—),
DEAE-cellulose column II (-=—-- )
and Sephadex G-150 column (——-—- )

of Spirulina (BP)
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Figure 55 Absorption spectra of fraction from

)

DEAE-cellulose column II (-=---)

DEAE-cellulose column I (

and Sephadex G-150 column (—-—.—.2)

of Spirulina (NLFI)
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1gura 56 Absorption spectra of fraction from

)s
DEAE-cellulose column II (----- )

DEAE-cellulose column I (

and Sephadex G-150 column (——-—-)

of Spirulina (MP)

" 700
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620 nm there existed a shoulder at 650 nm. The shoulder
peak at 650 nm was attributed to the presence 1in
small amount of another class of pigment called
allophycocyanin. This allophycocyanin was absent in the

standard phycocyanin (Linablue) as shown 1in Figure

57,1ie., no absorption peak occurred at 650 nm.

g2 I umn hromatograph

seotein was loaded on

Hydroxylapa stepwise gradient

of phosphatg Showed two peaks. The

first one, as eluted between

phosphate cor and the second one,

allophycocyani Ated between phosphate

concentration of }%n“ c3858,59 and 60). These 2

peaks were Furthqﬁﬁ@é@ﬁ?ﬁ SDS-PAGE and the results

som the first peak

were showr s

. LY
(phycocya _,‘_ one band whereas

that from th ’ second peak (allophycoe#yanin) gave 2 bands.

130 11311 10
o) WKl kLT L

and 64. The allophycocyanin sample contained a shoulder

at 620 nm apart from a main peak at 650 nm.
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Figure 57 Absorption spectra of " Linablue " in 0.02 M

phosphate buffer pH 7.5
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Figure 58 Chr® Wpeak fraction
lumn from
lapatite column
se gradient of
100 mM phosphate
\ sed. The flow rate

30 mi/hr. The 0.5 ml

: i Jrd the absorbance

R e
¢

y V !ﬁ,
e Gm) and 650 nm.
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Figure 59 Chr eak fraction
lumn from
ylapatite column
jse gradient of
100 mM phosphate
\ sed. The flow rate

30 mli/hr. The 0.5 ml

£ the absorbance
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Figure 60 peak fraction
mn from

patite column
A gradient of
00 mM phosphate
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Figure 61 SD sphoresis of peak

atite column.

A. 50 ug of fractfoniiass nm (Spirulina (BP)

e
e

B. 50 ug of fractioffedetai 520 nm (Spirulina (BP)

D. 50 umg of (Spirulina

[NIFI}

F. 50 ug of Frﬁft1an abscrb1ng at 52- nm (Spirulina

f”ﬂ’UEl’J‘VIEWI'iW 81113

Sﬂ‘ug fraction absnrh1ng at 650 nm (EE rulina (MP)

" W’iﬂﬂﬂ?fﬁ“ﬂﬂ“ﬂmﬁ‘l BT

Lanes C, E and I were 50 ug of samples before loading on
Hydroxylapatite from spirulina (BP), (NIFI) and (MP)

respectively.
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F1 ure 62 Absorption spectra of the two major
phycobiliproteins of Spirulina (BP) after

Hydroxylapatite column.

Phycocyanin

Allophycocyanin
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F1 ure 63 Absorption spectra of the two major
phycobiliproteins of spirulina (NIFI) after

Hydroxylapatite column.
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F1gure 64 Absorption spectra of the two major
phycobiliproteins of Spirulina (MP) after

Hydroxylapatite column.

() Phycocyanin
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From all these results, the upper band
and the lower band in Figure 61 were identified as
phycocyanin and allophycocyanin respectively and their

molecular weights were as described in section 6.5.
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