Chapter I

considerable interest

worldwide £ food colorants from
natural sourcg ks Wi this is the number
and distribut; f o288\ e ':;a ents issued in the

years 1969 ¥ e R Woet of patents issued
in the last e is approximately
ear span, 1969-1878.

are attracting more

interest than W since there were 356

patents on '!-" .:'- 71 on synthetics

(Francis, 194 ) .

v

61 94) DI LH TN Gesines carod

phycab1*hprutains. arg a group of p1gmen which occur
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cy nuphyta (blue-green algae) where they function as
light absorbers. The absorption spectra of the major
biliproteins lead to the classification of these proteins

into three groups: phycoerythrins, red biliproteins with



the phycoerythrobilin chromophores having absorption
maxima at 490-570 nm ; phycocyanin, blue biliproteing
with the phycocyanobilin chromophores having a major
absorption band at approximately 620 nm = and

blye biliprotein with a sharp

allophyccocyanin, the
|
absorption maximumgs "l. f/ In primary structure all

of the major ﬁ;jf' eins

e igomers of an ﬂtﬁ

monomer, wheroo s Bmcdissimilar polypeptide

chains of apg dues (Glazer,1984).
Phycobiliprg olored. Thus,
phycocyanin d be utilized as
natural pigmei#s § : i osmetics industries

to replace the g -' ; \ tic pigments that are

suspected of bg _?, ;‘_ P Pigment preparations
soluble in either s : #cchol can be prepared and
are suggdshe ' -_ g gum, frozen

. v AY | ; ;
confectionS4s B candied ices

|
(Francis, 1%#7) and miX 1n liquo

Chemic ¢ SR ) i ware.,applied in the
year 1Eﬂ:ﬂ§ﬁﬂw mﬂiﬁwith Spirulina
( ia, 98 1) ﬁy'fﬁﬁﬁsa]ready
biﬁﬂﬁ:ﬁﬂzi m:lﬁl h EL of Japan

under the name of "Linablue”. The product is an ocdorless

< Dainippon Ink and

nontoxic blue powder with a slight sweetness and has
brilliant blue with a faint reddish fluorescence 1in

water. In another patent, Dainippon Ink describes the



buffer extract of Spirulina, the blue pigment obtained
being used for eye shadow, eye liner and lipstick. Since
it is not water-soluble, it does not run when it is wet
by water or sweat and does not irritate the skin

(Richmond, 1986).

For other applications, the

phycobiliproteins i i #dely applied as fluorescent

uncommon with€h e % v ﬂ‘xw contain Photosystem
I (PSI) andvﬁ? e efr in There are, however,
some nnteworth, ;;“ :{ - § the composition and
organization .J~j~v-f. ot structure 1in these
organisms (3 ah ;yfr plants contain
both chlo The latter is a

prominent FS II
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grana regions , formed of appressed thylakoids, so
characteristic of higher plant chloroplasts, are absent
in cyanobacteria and red algae. Instead, the outer

surface of their thylakoid membranes is studded with



regularly spaced phycobilisomes multiprotein complexes
of which biliproteins make up over 85 % (Tandeau de
Marsac and Cohen-Bazire,1977 ;Yamanaka, Glazer and
Williams, 1978 ). The strong absorption bands of the

major biliproteins 1ig

I'n the region of 470-650 nm,
whereas those of SSRENEH) ‘ a complexes are at
approximately ; nm. This separation
of the major o= eopits analysis of the
relative ccs _ Lliproteins and of
chlorophyl1 S oo ™ of PS I and PS II
( Glazer, 1984 cyanobacteria, P-
700, the reac Fentollir AY %s associated with an
antenna of sgie g ' ‘ a molecules. The
reaction centej associated with only
approximately 20-58: é_@-g a molecules, but receives

most, ifi.A0 _ harvested by
phycobili v : :."{ ne-bound pigment-

protein " blexes that function®® in harvesting or

absorb, 'Eiﬁ\ ﬂ ing it to the
photos u Y]iﬂ ﬂﬂiﬁ% found in all

3 ohactar‘ia
gﬁ)‘tﬁiﬂ imﬂﬁi ﬁﬁﬁ arvesh ng
complex he phycobilisome, water-soluble,
supermolecular structure attached to the stromal surfaces

of the thylakoid membranes (Conley, Lemaux and Grossman,

1988 ). The phycobilisome is far more efficient



than any man-made device for the transduction of solar
energy. Depending on their organismal origin,
phycobilisomes contain between 300-800 tetrapyrrole
chromophores which absorb 1light over much of the visible

spectrum. The design qf the phycobilisome is such that

excitation energy ru., y from any one of these many

chromophores top jon#2em®™ . in the photosynthetic

membrane with - P ieh o o ing 100 ¥ (Glazer,

1984). ycobiliprotein is
conferred ; AL ﬁﬂ-LH“'near tetrapyrrole
chromophores

Figure 1 Chemy 'f,:'{jr S }1 cocyanobilin

COOH CDOH

AuEAnEmIneng
qﬁi&ﬁnﬁﬂuﬂ@ﬂﬁa



Crespi and Smith (1970) proposed that
phycocyanobilin was doubly linked to the polypeptide
chain, one bond being an ester involving the F-carboxy1
group of an aspartyl residue and the hydroxyl group of

the enol form of ring A the bilin (see Figure 1 ) and

the other bond a ed from a cysteine side-

chain to the m A-e ethylidene group at

position 2 of —oom off pLlesenebilin (Glazer,1976).
The intenselq r /7 f. ins allophycocyanin,
| two dissimilar
vary in molecular
weight from 1 2 5 i. A\rWwber of chromophores
varies for : R,ci]iprotain subunits
(Conley et.al.,| Figure 2, for example

i R-phycocyanin =t ’ )3, contains six

.--}-f-"_ Fogd

gfsrythrobilin (PEB)
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4B and one PEB. The

phycucyan-;;

groups pe v carries one PCB,

n

whereas eachs/? subunit carries one
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the organismal source of the protein (Glazer, 1984).
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propart1es. They are stable in concentrated solutions

of the various

subun

of certain salts ( for example, 0.65-1.0 M sodium
potassium phosphate or 0.8 M Na,50, at pH 7-8, but

dissociate into a mixture of their constituent complexes



upon dilution of the salt. Either partial or complete
dissociation into water-soluble subcomplexes can be
achieved by appropriate manipulation of conditions. The
final and perhaps most 1important feature is that the

open-chain tetrapyrr01- chrnmaphores (bilins) of the

linked to the polypeptide

chains through s ' nds (Glazer,1984).

all of the
biliproteing® i £4f o \ up of two
different pg e ' .?Ew-cumented later, in
phycobilisomeg & | 1 ol S T\ a0 the rod
(phycoerythrig V’;;Awa ) :H'ns,phycocyanins] are
present as hex - 1% _ complexes with linker
polypeptides, j,’{:?=;f§ ] icated allophycocyanin-

containingd AcfiDNEREs fe) broadly described
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(iph, and (PLPJE (Glazer, 1984). Native phycocyanin is

unstable at pH values below 4.0 and higher than 9.0

(Glazer, 1976).



There has been increasing interest for the study
of Spirulina which is commonly known in Thailand as Saa
Rai Kliew Thong (its meaning is golden spiral algae which

may be so called because of its appearance as spiral
as gold). Spirulina is a member
of the prokaryoti;_ nlg/ E1cngs to genus Spirulina

of the Oscilatc _--_-"fi ! ..—i!ﬁﬂlﬂﬁ is a ubiquitous

Turpin in 1827 from

shape and the high va1u=

organism. Afims
a fresh watg _ ' : : b 1 ina have been
found in a v el B n 7 0% W8oil, sand, marshes,

brackish watg ter (Ciferri,1983).

In general, A "Whe conductivity and

predominantly the more marked was

the predominance arri, 1983 ), Spirulina

is a multicellulargaa s cyanobacterium. Under the

Mmicroscopei4s green filaments

composed -'yix P ?: in unbranched,

W

;i1 ) I
o) UGN RTIR R (1 L

same species, differences have been ocbserved 1n these

The filament® are motile,gliding

parameters or may be induced by changing the
envircnmental conditions such as growth temperature

(Ciferri,1983). Spirulina has granular cytoplasm usually
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containing gas vacuoles and easily visible septa (Glazer,
1984). Sexual reproduction being absent, Spirulina
reproduces by binary fission. (Rippka, Deruelles,
waterbury, Herdman and Stanier, 19738). Spirulina

=4 by a diameter of the helix of

platensis is characteri

»35 to 50 mm and g V t'ﬁ;ﬂf h_c1ferr1, 1983). Electron
Microscope Of wmamal|in scres® il of Spirulina platensis

revealed that e saosed of possibly four

layers . T : membrane layer (L-

IV) is compg inearly in parallel

with the tr gl idered analocgous to

that present y§ -negative bacteria.

f\orotein fibrils wound

Layer III is
helically -,_ F% ( dmes, whereas the
peptidoglycan- conge (L-II) folds towards the
inside ofjA i _7' together with a

Y e i

putative septum separating

g1
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p1tch, the smaller the folded area and vice versa (Drews

: -
. ®The septum separating®®the cells would be

and Weckesser, 1982).

Spirulina has high nutritional value, high
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protein content of from 55 to 77 % ( Zafaralla, Barril,
Vidal, Serrana, Aguila and Tansinsin, 1985), recommended
as health food and it is to serve as a vitamin food such
as vitamin B1,B2 and Bi12 contents being relatively high.

Today, it is 'better wn as a high protein food

Spirulina contains all

&rri. 1983). The amino

supplement for hu
of the essenti

acid pattern e favorably with the FAO

standard (Z : Compared with other
algal SCPs _4 ¥ JaE i“ Bllcsmus, Spirulina is
' Nits maximum reported
pgainst those of the

\
other algae M40-55%. It comparaes

favorably with § 2 B0 i1 protein feed with 35-
40% protein. Spirk 3200 p, advantage because of its
high digegdtANNE 'his : " jc is a plus factor
as it ‘y ‘r" treating algal

cells in or#€r to counteract the d¥destibility problems
¢ . .
W NN e
Ch a . YAMO th o ﬁju!ar algae SCPs
VRPRIRIOE b it
h the ra 1 » he former

contains all of the essential fatty acids . Spirulina

has phycobiliprotein about 60 % of total soluble cellular
protein and low nucleic acid content about 4.2-4.4 %

( Ciferri, 1983 ). Spirulina consists of 0.85 %
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chloreophyll, 0.23 % beta-carotene, 0.12-0.15 %
xanthophylls and phycobilin 12-15 % (Santillan, 1982).
As a health food Spirulina SCP eliminates hunger pangs,
relieves the stress of light dieting, satisfies the needs

of weight watchers and,gleanses the body of excess fat

(zafaralla, 1985), «';/p e, due to its high B12

,éura] ly chelated iron

compound, SD it SoaSPRmen, among vegetarians,

content , a i—ﬁ"

Spirulina mig ith the normal diet

of athletes 4 their strength and
stamina. Thaf 4 y ) v ) Rlwable from the alga

has been well e g countries like the
M apan where Spirulina

is sold as proj i;é;i,i_ anllla et.al., 1985). 1In

United Stateé

Thailand the weathgoy itable for cultivation of

pr—
T
_,..-; o s

Spirul ina S AENENSIET ;Q'-een commercially
producing ?Lh "{ also as a fish
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Since phycobiliproteins are the major proteins

carps since 1978 (R"™hmond, 1986). Mass

in cyanobacteria,a lot of work have been carried out to
study these proteins. Allen and Smith (1969) were the

first to point out the possibility that phycocyanin may



13

be a nitrogen storage compound in the cell and nitrogen
deficiency reduce phycocyanin in Anacystis sp.. Later
on Boussiba and Richmond ( 1980 ) showed that

c-phycocyanin serves as a nitrngeﬁ source 1in Spirulina
platensis during nitrogep
reported that nitg ' 11j!f gocy during growth causes

a change in ‘_h-ifﬁ,_'; cm but no significant

changes in whae 2. 11pi2s meatty acid composition

starvation. Dé Loura (1987)

of the tw T4 JIFt Wlianabaena sp. and
Oscillatori ficiency does not
affect the ophy11l a , but it
causes a sele ] Ew-roteins; carotenoid

contents incre, depletion (De Loura

;i'raported that the

pigmentati»’tu. an be modified by

m
light quali®™:

AN <)Lk ) 130011
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adaptation”. However, the existence of such a chromatic

the growth of such®organisms behind a

response was questioned by several investigators, who
were unable to repeat the observations of Engelmann

and Gaidukov on other strains of cyanobacteria.
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The controversy was resolved by Boresch ( 1922 )
who was the first to confirm the results of
Engelmann and Gaidukov and who showed that the
chromatically induced change 1in the color of the cells

is largely attributable o a change in phyccerythrin -

redominates after growth
in red 1ight anceeentry . ominates after growth
in green 11ghtimms s ans| mMPeeLn-ing at a wave length
\ 1975) also studied

MBous cyanobacteria,

o othrix i losiphon. Two main
this work, The
1-3.-f the phycoerythrin-
phycocyanin ratighigrmss e protein synthesis, not
turnover {Emarsonjégﬁfjgﬁ? 1942), There is evidence,

both indi{ kit ane ey | £pgests that the
?‘l >

relative ré Fawfocyanin synthesis

are controll=fi by a regulatory pigmest analogous to, but

0N /131711331 (131010 e
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Tandeau De Marsac and Cohen - Bazire (1977)
isolated phycobilisomes from eight different species of

cyanobacteria and found that 1light quality affected



differentially the rate of phycoerythrin and phycocyanin
synthesis ; phycobilisomes prepared from algae after
growth in white, red and green light differed markedly
in their phycobiliprotein composition. "Green-light

phycobilisomes had a high PE:PC ratio, "white-light”

L} / _lower PE:PC ratio, and

-.Avirtuaﬂy devoid of
[t-Tmmegoonodifications of the
major phycoks ‘ ing protein were
accompanied ™in the relative
concentratioy p II polypeptides
(Bennett an _ sF 8

L

Reunjif asuporn, Chitnumsub and

Tanticharoen (1988 #. W imal condition to produce
pigment friHdONEUINNS iffhat concentration
LY/ A

of NaCl led growth of cells.

However at =.0 % NaCl chlorophyl® a and phycocyanin

cnntenﬁ ﬁﬂﬁwwwyﬂi ﬂ f respectively.
AWIAINEUL ML

because Spirulina spp. contains single type of
phycocyanin (Anusuya, 1982). Furthermore, Spirulina can

be found predominant in various environments in Thailand.

017894
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The aims of this thesis are :

1.to isqQ 1f 4 na spp. wWith high growth
conditions for

of phycocyanin .

3. £ AL 2 oo cyanin.
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