I) Isolation

Sl:ound in various

environmentigd is present in small

number. In 1 § 7 ol i s of microorganisms

including :.,: Wrulina. Isolation of

Spirulina fromj very difficult since

Spirulina in natu W ansitive to the change of

anvironme;i

ng and eventually

die upon ¥ M) ironment. It is

therefor Hoassary o maintain®Wspirulina 1in such

condi ﬂﬁ’ lﬁ’ o their isolation via
sing1ﬂu amm ﬂeﬂﬁﬂ on why we could

na#xin Makkasa@/Pond and Wat
ARSI R HETA g .

spirulina at that time in which Spirulina was predominant

species in that water.In order to know the real condition
of natural water that Spirulina was grown it is generally

suggested that the chemical analysis of water sample
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should be done such as ; measuring pH,salinity, dissolved
oxygen (D.0.), temperature. Aiso the water sample should
be analyzed for its alkalinity, 1its contents of

bicarbonate, nitrate, ammonia, nitrogen, sodium,

phosphate and hardg }standard method for the

e present experiment we

only measured 2 emmmemie 11 as observing their

characteristic : I 3 {Bﬁﬁgut doing any

A p M1 flask containing

RN
Zarrouk med¥ Q\'\ % Sn although a 5 weeks

\

period was r is e Shuse in both Makkasan

and Wat Benjall ab S water was polluted with
wastes ang il T v gre were many factors
cnntribut{;{ Fi ing Spirulina with

air pump. I?-r 3. Wapdtation of the water

A

resulting i gthe raduc volume medium hence

conceﬂ%ﬂ 'Jon H%?W E}'}l ﬂﬁreased Another

factor as bubble qanarated by air pum might be too
QW’IEMGH@ RHIRIIRYA ﬁﬂ“““‘
b of suitabie size and correspond to light intensity
( Venkataraman, 1983). If cell concentration is too high
a phenomenon of cell shading will occur resulting in a
low growth due to an uneven exposure of individual celis
to light. On the other hand if cell concentration is too

low a bleaching of cells will result. Temperature is also
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an important factor. Spirulina can grow well between 28-
34°C. If the temperature is lower than 20°C and higher
than 37°C Spirulina will not grow and will eventually die

(Venkataraman, 1985).

single cell isqlation technique can be done in

many different waye \ f,’/ a on type of algae . We

modified this -_i-:. e A to make it easier to

isolate Spiry e adency .

T ™Aand needs high skill

because it i “Bapillary pipette due

to the capill 4\ 8% capillary depends on
the cell type \-. less than 10 Mm 1in

diameter are .s and to isolate with

-

i’ ) were done in order

.II
to select tHE best me

iruld i h me digestion did not work
even : 4 h nﬁﬁﬁgnﬂﬁe was used. The
é a t 1! o compl€sely diges@ithe cell wall

a Ellﬁ!ﬁ ﬁﬂi mﬁgyﬂﬂ i]:argj unsuitable

conditions used 1in the experiment. Another important

nod or extradtling phycocyanin from

reason that we didn’t use this method because lysozyme
is very expensive. The methods of Sonication and French

press were also used. However, the conditions for these
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two methods were so strong that after centrifugation
the color of the supernatant became dark green (instead
of blue supernatant) because chlorophyll came out
together with phycocyanin. Before we could measure the
absorbance of phycocyanin at 620 nm we had to remove

chlorophyll by using acetone extraction. Breaking cell
1]

\\M/,

a long time angEmesot

by homogenization.i onvenient method .It took

e ible. However, freeze

thaw method vasemes fecal =t .its many advantages ;
reproducibig _i   ::ﬂ  SS@nd  suitable for
quantitativy I : e method could not
break the 3t-reakaga} all of
phycocyanin & -_NY E H~ the leakage of the
cell because ¥ ='ﬂ’ “ ?; ’ “\ K;ition time and in the
experiment wevr; ‘ Be until the cell debris
became devoid of bes

P lcd the population

ne majorebarameters to follow

5
of Spirulinsfby measuring

the ovayge ‘j it { ight hus, measurement
of turﬁnﬂ t% ﬂ?j . ﬂﬂgﬁ‘ﬂitarmine changes
j ‘ pilat m nsity . ver, nefsurement of
tﬂ'ﬁnﬁﬁﬁlﬁ ' ﬁﬂgiﬂﬂn a Hantitativa
indication of the variations in biomass that take place
in the culture. It should be noted that these

measurements should always be accompanied by a detailed

microscopic evaluation because environmental change may
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cause morphological modification in some species which
should be recorded and analyzed. The most 1important
reason for microscopic examination is to monitor the
development of foreign algal species as well as protozoa
or fungi that may threaten to take over the cultivated

species or cause severgjgamage to the culture. When the

invading organig ’ ged early, they should be

easier to co important, the mere
appearance Cimsne s of other organisms
in the culs AS a warning signal
that the : SR £ ﬁjn hecome under some
pressure. I, ature decreases or
increases ty ative advantage to
another specjle: [ o LN signal that the
concentration gj s ient has declined below
the concentration for the culture species.
Indeed, alAASSIoHE: he ci __ hecies provides an

opportunit a « rapidly increase

their popu1'qicn ( Richmond , 1986%

AUEADENINGDDS ... . o
SV ECIPT R N (111 A

in the cell. The density of the cells becomes less and
hence pellet down becomes difficult. It can be harvested
by using nylon sieve or even by filtration. This 1s a

well established practice. But in this experiment, for
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a quantitative analysis we still used centrifugation
method. Some of Spirulina cell floating on the surface
of the tube could be recovered by using a Pasteur

pipette.

II) Optimiz

The ophy terminology of

algae stems lar 9 and intergrading of

the various n Yo the ability of many

N

algal species ional patterns 1in

response to®eny . In general, two

major forms @ : autotrophy and

heterctrophy & : loyed in algaculture.

Autotrophs ( or nall the elements they

need from i od the energy for their

metaboli s eresm— e b ':l' ion of inorganic
¥ I'

compounds ojif . cTalgae cobtain their

J
W AF

material anq‘ energy needs from organic compounds

whaﬂﬂ&l’ﬁ‘ﬁﬂﬁﬁﬁ&ﬁﬂﬁ““ o

researc‘ has been cquucted to detarm1ne the optimum
@Wﬂﬁ“ﬂ’ﬂt‘ﬁ’mﬂmﬁ’}ﬂmﬂﬂm

p cies. Most formulas for culture media differ greatly
from what the algae would have 1in the natural
environments because the concentrations of all the
required nutrient elements usually far exceed their

natural levels
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Spirulina has been cultured with Zarrouk medium
(see appendix) internatiéna1]y. This medium 1is very
expensive and contains several chemicals. For larger

scale cultivation it is ngcessary to establish an optimal

nutrient standards prices are high and

! "."f g
contribute con y -éduct‘mn costs.Zarrouk

medium has 1tsem scexent contamination of

other organi#f® Jrry lgae because the pH
of medium 1: increase up to 10

when Spiruligy

One oJ Zglles in cultivation of

Spirulina in arj B s the high bicarbonate

requirement of this= amount of bicarbonate in

the standgcl or ' \sfabout 16.8 g/1. It
~d

was found St e in medium could

be reduced ‘-n1f1can y DY 51ow1ya dapting the alga to

booll;0) 1301111123 1101 S

fmn tha#™ high con@éntration of
AN IR LN 1A B o
phycacyan1n content ( Figure 15) could be partly
explained in relation to the nitrogen requirement . As
growth at high NaHCOs content could be sustained, it was
likely that nitrogen reserves 1in the cells were also
utilized by the cells in conjunction with NaHCO;. The

resuiting depletion of nitrogen reserves was possibly
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compensated by the degradation of phycocyanin 1in the
cells.

In most casgal growth of algae is limited

by the supply of corly buffer system like

nutrient med iyl a1 m = of carbon dioxide and

bicarbonate algae caused the
equilibrium™to #F FLF oNge hcreased pH, due to
a release -

coz | =y T W+ HCo, — H*+ co;”

]

o)/ U1 oo S
ARSI AATARL..

cells. The addition of carbon dioxide in the form of pure

At values above 9.3rthe carbonate may

gas from cylinders helps to stabilize the pH, and also
acts as a carbon source for autotrophic growths

{Venkataraman, 1985 ).
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100

(=]
o

AT gquantitatively the

most importa g to the dry matter
of algae celle medium for Spirulina
it contains 2y G atE@ Nitrogen requirements

and metabolism alga culture, were

( 1986 ). i _;."r as the percent of

summarized A4 £jnsky and Aaronson

dry weight [ vary from to 10 % .nd in exponentially
growi &l ‘i ) ‘t.{w microalgae, nitrogen
accﬂu:ﬁuﬂb ﬂm ﬂz]:!ﬁitter and carbon
far 5 ﬁ 1 53 nder ndition for
%ﬁjagﬂj ﬂﬁjn ehijzj a osynthetic
pigments decrease and the rate of photosynthesis 1is
reduced ( Fogg, 1966 ).The accessory pigment phycocyanin
is rapidly and specifically degraded in nitrogen-limited

cell and reappears rapidly when nitrogen Dbecomes

available ( Lau, Mackenzie and Doolittle,1976; Foulds and
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carr, 1877 ). In Anabaena cylindrica ({ Wood and

Haselkorn, 1976 ) and Spirulina platensis ( Boussiba and
Richmond, 1980 ) protease can degrade phycocyanin and
appears to be activated or preferentially synthesized

during nitrogen starvatio In the present study NaNG3

WEFd guch effect on growth of
\[I// ’)' .
ec &yanin production. The

culture contaic e . e othld grow because there

in the medium dif

Spirulina but g

was some Na inoculum. Spirulina

could use thg Msource for growth.

Phos P 31 algaculture and its

metabolism wergf 3Men, Richmond, Dubinsky

{8 is one of the major

and Aaronson
nutrient elements._; or normal growth of algae.

It plays |2

¢i;1u1ar processes,

particularsd !‘d transfer and in

i

nucleic acad
microa quire @phosphorus is as 1inorganic
phnsuhﬁ ﬁ(ﬁlﬁﬁ miwﬂ’lrlﬁaquiremnts for

rowth d1ff‘r considarably fro@/ species to
iﬁ?lﬁ NAIALLAII NN B cine. me

ptake of phospharus from the surrounding medium by algal

synthes’is malitbr form 1in which

is generally stimulated by 1light. It is an energy-
dependent reaction as shown by 1ts sensitivity to
uncoupler ( Healey,1973 ). The uptake rate is also

influenced by the phosphate concentration in the medium
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the pH, and in several algae species, on the availability
of Na*, K* or Mg* ( Kuhl, 1974 ; Mohleji and Verhoff
,1980). Some of the symptoms of phosphorus deficiency are

similar to those observed in nitrogen deficiency. The

contents of protein hyll-a, RNA and DNA tend to

decrease ( Heal

In the algae as a group

exhibit an exi Phwtolerance to salts in

their surrou u‘;s can tolerate only

millimolar *amgfl 40 i’é’ A1 ™ others survive 1in
b

saturated bréme gl / 'ﬂ'.:‘fb', »n to salinity, algae
‘| ; ]

may be roughl#®d

J . —
the latter regQi "-if-u...;.z:

] AT S - . :
former having oot =sms that permit their

\ 5\
% C erant and halophilic,

bptimum growth and the

existence [we '*"'““‘““‘--"_““mgd-, 1986 ). Indeed,

high-salt aﬁha- irophy11 content per

AF

cell and are‘thus able to absorb more light per cell.

They gﬂwﬁeﬂq W&l mwrﬂqaﬂﬁmes and exhibit

a h1gh h1ornphy11 a/b ratwu Also, h?gh -salt algae
% NI RFUNAINHVTE oo =

ht and a higher bicarbonate concentration for half-
saturation of CD}-assimi1ation { Gimmler, Wiedemann and
Moller, 1981 ). Chiu (1980) found that the optimum
concentration of sodium chloride for growth of Spirulina
platensis was between 0-0.5 g/1 and Tel-Or (1980) found

that Spirulina can grown in sodium chloride up to 20-30
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g/1l.

Effect of light intensities on phycocyanin in
Figure 23 showed that at 6500 and 8000 lux phycocyanin

was much lower than at 5000 lux. This might be

attributed to t heat generated by high

intensity of the destruction of
phycocyanin. the cool white lamp
should be Ss@ome the problem of
overheat.

1t WAt the efficiency of
1ight uti11£ak D Exincreased by exposing
the cell to altg rk periods. The maximum
duration of giving the highest

afoatively correlated

photosynthcki ncy, 4

with 1igh wd "'_"r than one, above

o]

’ -
which the esficiency begins to deddease under constant

i11umipatd ’Ejm i’ ._Standardization of
the saﬂjﬂ‘r ngaﬂ lﬂﬁjﬂﬁm terms of only

o apeter ﬁf jnitia® slope (aWha) and the
FRIANSNUTANIIRY ... .
saturating light (P max) often referred to as the
assimilation number ( Jassby and Platt,1976 ). Light
saturation of photosynthesis is nevertheless influenced

by several other factors such as nutrients and chemical

composition and particularly, by the temperature
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( Verity,1981 ). An important aspect of the interaction
of 1ight and temperature was that the optimum temperature
for photosynthesis increased with 1increasing light
intensities. At 1low light intensities (42 and 99

LUE/m?/sec), the photgsynthetic rate decreased with

increasing temperag 1s at night temperature

(40°C) the photo S NERS 1 C M. creased with increasing
: timum 1ight intensity
~was related with
temperature - Fan v' MEpirulina in outdoor
scale have 14 ' y o }Z;en 20000-30000 Lux.
In 1abnrataf3 Yerature was lower than
in out door sgj intensity for growth

was between 800 Tz CWllerri,1983 ).

J . e two filters used
are shown ‘v:,. Py *ana in green and

1 . o
red light esferiments was de ermingll turbidimetrically

UM, .
AT

occurring in the sample grown in white 1ight might partly
resulted from the dead cells as we noticed that the
culture turned pale green during the first days after

inoculation. In thais respectivable count should be done

in order to check the real amount of living cells
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especially when Spirulina was grown for a long time in
order to prevent a change in growth rate as a result of
overshadowing during the course of the experiments.
venkataraman ( 1985) suggested that the culture should

be diluted several timegs, when overshadowing occurs.

The rw-;;;_;_ e data on the cellular

pigment contelts M SDirulina showed that

in both red 48" cocyanin was higher
than that 1in urthermore, it was
noted that igF o ‘ A min was higher than
that in red 131 7 that the quality
of light gre Hay ocyanin content in

Spirulina

wcocyanin contents

in the celadl R Ji980 : De Loura,

o]

Dubacgq and “ﬁﬂmas, 378 w e thougf: it would be worthy
of testd ﬁ ; A %ﬂen changes of nitrate in the
mediuﬂrﬁ iﬁ‘}j’ﬁn rﬂtﬁl\nnﬁlg a short Ctime

ra 7 yani fccntent &yas found@sto markedly
AR ARG TN LIRS v -..
g/1 to 10 g/1 (Figures 33,34 and 35). It was therefore
, concluded that c-phycocyanin was produced in large
excess in the algal cell due to the increase of nitrogen

supply in the medium. This is also supported by the fact

that c-phycocyanin is a nitrogen storage compound in the
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cell ( Boussiba and Richmond, 198CG). It may be worth
noting that 1n the cyanobacteria, c-phycocyanin differs
from other known storage materials in that it has a dual
role in the cell and that its synthesis occurs largely

during the logarithmi e of growth and practically

ceases at the stag § This is in contrast to

other storage ®isually accumulated at

the end of t > final stage of the

1ife cycle ( Wes0 ). The advantage
of c—-phycoc reduced nitrogen
skeletons cells which grow
logarithmica] H'_itrogan source are

oWy Y AN\
v = A Qk' nitrogen, they would
o 3 ¥ ml

exposed to a

be able to growl to another generation

before their groy sf?ﬁipﬁﬁﬁ so, when cells of these

algae so mMgEEeaE S #joms, a portion of

'F- |.' x
c-phycocyan = =" storage material,

g
1

which facil lates 1mmad1ata resumf®tion of accentuated

"B Mﬁmﬁ F s
TR TUUMINYAE

I11) Partial purificati

The crude extract containing phycocyanin was
contaminated with chlorophyll because when loading on
the first DEAE-cellulose column , a lot of green pigments

were trapped on the top of the column causing poor
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Figure 65 Absorption spectra of 65 % (NH,),80, fraction

of Spirulina (BP)
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Figure 66 Absorption spectra of 65 % (NH,),S0, fraction

400

of Spirulina (NIFI)
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Absorption spectra of 65 % (NH,),80, fraction

Figure 67

of Spirulina (MP)
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resolution. Another evidence was seen 1n the absorption
spectra of crude phycocyanin 1in Figures 65, 66 and 67
showing peaks of chlorophyll as well as carotenoids.

After passing through the second column of DEAE-cellulose

no green pigments werg jifpgred on the top of the column.
It should be ; ! /ude extract containing
biliprotein =" rom chlorophyl]l by

—

u'ltr‘aﬂentr*if' ' Auzu 1" Iﬂ"zsu = 1-4:'

(Kufer and loading the crude
phycocyani -Htrd, first to remove
unbind pro 1":ment$ then 1linear
gradient shgy Hiz*r and Scheer,1979).
The yellow | Bout first is mainly
carotenoids. Bul Myellow pigments present

in algal also.

el
L

AY |
h;-1umns the results

from the n-'1ve ge1 electrophores™ showed that there

e 0 mram TNHIE s
VGNP TEOwieh 1) I

spectra of Linablue a single peak with maximum absorption
at about 620 nm was observed (Figure 57 }. We then tried
to prove whether the Tlow intensity band might be
allophycocyanin contaminant or not by passing the peak

fraction of the third column (Sephadex G-150) on
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Hydroxylapatite column which was shown to separate
phycocyanin from allophycocyanin ({Boussiba and
Richmond, 1979). The elution profile in Figures 58,59 and

60 showed that in three rains of Spirulina phycocyanin

_ (0D 650) could be well
: by running absorption
spectra of L., } 1 €52 2 pigments. As
shown in F1 y was one main peak
at 620 nm T one peak at 650 nm
with a sligy or allophycocyanin
sample indi;' ycocyanin sample was
slightly conts R%-hin which was further

confirmed by ti -PAGE (Figure 61). The

algal b111prote1nfﬂu-zxy ored after treatment with

sDS and thgs@ : Yowed visually. The
Y, Y )

same holds™="

native biliprotein
Glazer andeohen-Bazire, 1971).

on po1yacry”" ide gels

AUEANENINEINT s o
C Rl 1I P VBT T

antioxidant such as L-ascorbic acid or sodium erythonate
increase 1its stability (Kawasaki and Kaneko ,1978)
Treatment with a proteinase will also increase color

stability (Yamanaka,Chiba,Morinaga, 1978).
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