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Tom tat

Vi khudn lam (VKL) 1a nhém céc sinh vét tlen nhan, Gram 4m va sdng tu dudng (prokaryotic autotroph). Cho t&i nay,
nguoi ta da biét VKL c6 chira nhiéu loai sic t6 thudc nhom chlorophyll, carotenoid va phycobiliprotein voi mau sac da
dang va phd hap thy anh sang rong. Nghién ctru thye nghiém cho thay cac sic t6 & VKL c6 hoat tinh chdng oxy hoa va
chong 130 hoa rat hiru ich. Do d0, cac sac t6 nay da duoc Gng dung trong nhiéu linh vyc nhu cong nghiép che blen thuc
pham duogc pham va my pham Bai viét nay gidi thi¢u mot so6 dac diém hoa hoc, sinh hoc cua cac loai sic t& VKL va
{mg dung phd bién cua ching.

Tir khéa: Vi khuan lam; sic t; chdng oxy héa; my phdm; cong nghé ché bién thuc pham.

Abstract

Cyanobacteria are Gram negative, prokaryotic autotrophs. Cyanobacteria have several types of pigments such as
chlorophyll, carotenoid and phycobiliproteins with diverse colors and broad range of wavelength absorption spectra.
Those cyanobacterial pigments exhibit potent anti-agent and anti-oxidant bioactivities. Hence, they are widely used in
food processing technology, pharmaceutical engineering and cosmetic. This review paper introduces biological and
chemical properties of cyanobacterial pigments and their most important applications.
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1. Giéi thiéu

Vi khudn lam (VKL) 14 sinh vat tién nhén,
Gram am, quang tu dudng va c6 vai trd c¢b dinh
carbon dioxide (CO2) va nitrogen (N2) quan
trong trong hé sinh thai. San phim dy trir 1a
glycogen, thanh té bao c¢6 chira duong amino va
amino acid. Trudc day ching dugc goi 1a tao
lam va duoc xem 13 ngudn gdc cua luc lap &
sinh vat nhan chuan. Dé sinh truong, VKL can
cac chat dinh dudng so cip va sinh trudng
nhanh chéng bang cach sir dung ning lugng
mit troi, nude va cac nguyén to khong thay thé
nhu C, K, P, S, N va Fe. VKL ¢6 mit ¢ khip
moi thiy vuc nhu ao, hd, song, sudi va bién,
V.V... Phitc hé sic té trong VKL bao gdm
chlorophyll a (mdt s loai ¢6 chira chlorophyll
b hodc d), carotenoid va phycobiliprotein, dam
nhan chitc ning hip thu ning lwong anh sang
mat troi (ASMT) va thuc hién phan ung cia
pha sang cua qua trinh quang hop. Cac sinh vat
quang hop nhu thue vat, VKL va vi tao da tién
hoéa chudi thy thé tiép nhan ning lwong 4anh
sang tir d6 cho phép diéu khién nhiéu qua trinh
sinh 1y va trao doi chat cta chung [1].

V& mit hoa hoc, VKL duge ching minh la
ngudn tai nguyén giau peptide, acid béo, amino
acid, vitamin, khoang va nhiéu loai sic to [2].
Hé sic t6 & VKL khé da dang, cé nhiéu mau
sdc khac nhau. Phycobiliprotein (c6 mau xanh-
phycocyanin, do-phycoerythrin) duogc str dung
lam mau thyc phiam va trong nganh my pham
do chung khong ddc, khong giy ung thu va co
gia tri chita bénh néu so sanh véi cac chat mau
tong hop khac [3,4]. Carotenoid dic biét quan
trong voi dong vat bao gdm ca con ngudi voi
cac dic tinh nhu chdéng oxy hoa, va ciing giup
didu khién qué trinh biét hoa té bao bao gdm
chét té bao theo chuong trinh (apoptosis) va
chu trinh té bao. Ngoai ra, carotenoid con dong
vai trd quan trong trong hé thong mién dich nhu
tham gia vao cac con duong tin hi¢u [5]. Céac
thanh phan dinh dudng trong méi truong sdng,

budc song anh sang, cuong do va thoi gian
chiéu c6 anh huong truc tiép t6i sinh trudng,
ham lugng sinh khdi va sic t6 & VKL. Trong
bai bao nay, ching toi cung cip mot sé thong
tin vé hé sic t6 chinh ciia VKL ciing nhu nhiing
ung dung cua chung trong céic linh vuc thuc
pham, hoa duoc va my pham.

2. Mot sb loai sic td quang hop co ban & vi
khuin lam

Séc t6 1a cac hop chat hap thu anh sang &
cac dai song khac nhau cuia phd anh sang kha
kién. Chung 14 nhing hop chét c6 cau tric lién
hop phirc tap cho phép hap thu va birc xa dién
tor to anh sang ¢ cac muc nang lugng khac
nhau. Céu tric khung cia sic té bao gdm vong
isoprene va tetrapyrrole. Cu thé, chlorophyll va
phycobiliprotein c¢6 cu trac khung 13 vong
tetrapyrrole, trong khi d6 carotenoid dugc tao
nén tur cac don vi isoprene.

2.1. Chlorophyll

Chlorophyll a (Chl a) 1a sic t6 hap thu 4nh
sang chi yéu c6 mat trong mang thylakoid &
VKL. Mot s6 loai khac c¢6 chia Chl b
(Prochlorococcus, Prochlorothrix, Prochloron)
hoac Chl d c6 mat & Acaryochloris marina [1].
Chl c¢6 phd hap thy anh sang dic trung & dai
anh sang d6 va xanh dwong. Phan tir Chl ¢6 cau
tao gom 4 vong pyrrole (tetrapyrrole) duoc tao
thanh tir protoporphyrin IX. Vong porphyrin cé
chtra ion Mg?* & trung tim, gin boi nguyén tir
N nho cic lién két cong hoa tri va lién két phbi
tri. Vong pyrrole c6 4 don vi ciu triic goi 1a A,
B, C va D. Cyclopentone gin véi vong C, trong
khi d6 vong D ¢6 gbc phytol trong chudi bén va
bi ester hoa boi acid propionic. Cau tric phytol
c6 nhanh dai mang lién két C-C tir cdu tric
isoprenoid va 4 don vi isoprene [6]. Chl hap thu
anh sang tdt nhat 12 do su c6 mat cua lién két
don, doi lién hop cho phép khir vi tri cua
electron trong céu trac ctia chung. Sy thay dbi
vi tri ndy cua electron cho phép cac cdu tric
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polyene hap thu anh sang tir cac dai khac nhau
trong pho kha kién ciia 4nh sang mat troi va
khoi dong chudi truyén dién tir dén chit nhan
cudi cung 1a CO2. Diéu nay giai thich tai sao

2

o

o

0

-Q

/H

(A)

sdc t Chl c6 mit trong trung tim ctia phan tng
oxy hoéa khir cia quang phan ly nudc va hinh
thanh CO2 [7] (Hinh 1).

(B)

Hinh 1. C4u trac hoa hoc cua Chl a (A) va Chl b (B)

2.2. Phycocyanin

Phycocyanin 1a sic t6 protein hdp thu anh
sang. N6 c6 mau xanh ty nhién va c6 mat trong
hau hét cic loai phycobiliprotein & VKL [8].
Ching c6 mat trong cac phan tir phycobilisome
& phia mit ngoai ciia mang thylakoid va chiém
tr 40 - 50% tong so protein hoa tan.
Phycocyanin tan trong nudc va dugc chia thanh
3 nhdm chinh la phycocyanin (PC; mau xanh,
phycoerythrin ~ (PE; sic t6 do) va
allophycocyanin (AP; mau xanh nhat). Céac loai
sic t6 nay khac nhau vé cdu trac hoa hoc, mau
sic va phd hip thu. Cac VKL khac nhau san
xuit phycocyanin nhu Spirulina plantesis,
Spirulina maxima,  Pyrophyridium  sp,

Synechocystis sp. etc [9]. Phycocyanin c6 nhiéu
tmg dung nhu phu gia thyc pham, thuc pham
bd dudng, my phim, dugc pham va thube. Co
hoat tinh dugc hoc quan trong nhu khang viém,
chéng ung thu va chéng oxy héa. Phycocyanin
1 ngudn giau protein, sir dung lam thyc pham.

Phycoerythrin 1a loai phycobiliprotein mau
do ciing duoc chia thanh nhiéu 16p nhu Ia
R-PE, B-PE va C-PE [10]. Tén goi ndy xuét
phat tir ngudn gdc sinh vat ma chiung dugc tach
chiét ra 1an dau tién, vi du R-PE chiét tir tao do
(rhodophytes), B-PE chiét tir Baigiales (tio
bién do) va C-PE tr vi khuin lam
(cyanophytes). Pho hip thy cuc dai cia ching
lan luot 14 565,545 va 563nm (Hinh 2).
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Hién nay ché pham phycocyanin, ham lugng
25% trong lugng kho, da duoc san xuit thuong
mai tir Spirulina platensis. Nguoi ta tién hanh
nudi nhan tao chung S. platensis trong bé (ao)

COOH

COOH

A

tron, md, co6 canh khqu va diéu khién ché do
dinh dudng, anh sang, pH kiém (pH = 9.5-9.8)
cung véi su bd sung ngudn mudi carbonate va
bicarbonate phu hop [11].

(B)

Hinh 2. Cau tric hoa hoc ctia phycoerythrin (A) va phycoerythrobilin (B)

2.3. Carotenoids (Car)

La céc sdc t6 hap thu anh sang, thudng dugc
tim thdy cung v6i chl. Ching hip thy mot sb
loai 4nh sang & budc song kha kién vén khong
dugc hip thu boi chl [12]. Car bao vé chng lai
anh sang du thira bang cach 1am giam ca hai
trang thai singlet va triplet ciia Chl a. Ciu trac

cua carotenoid duoc tao nén tor 40 don vi
isoprene. Chung dugc chia thanh cac nhém
khac nhau boi sy ¢6 mat hoac Véng mat cua
oxygen & dau tan cung. Cac dan xuét khong bi
oxy héa duoc goi 1a carotene va din xuét bi oxy
hoa 1a xanthophyll (chi yéu 1a hydrocarbon).

NN

(A)

OH

XTI

HO
0 (D)

Hinh 3. Céu tric hoa hoc cua p-caroten (A), lutein (B), zeaxanthin (C) va asthaxanthin (D),
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Xanthophyll 13 hop chat wa nuéc do sy c6
mat cua cac nhém hydroxyl va keto ¢ tan cung
cua vong. Carotenoid c6 gia tri thwong mai vi
chung co hoat tinh chdng oxy hoa, mau sic tuoi
sang va tac dung tot véi sirc khoe con nguoi.
Nhiéu loai carotenoid dwoc téng hop & VKL
bao gdm: p-carotene, asthaxanthin, lutein (véi
zeaxanthin), lycopene, canthaxanthin va
fucoxanthin. Cong thirc héa hoc cia mét s6 loai
dugc trinh bay trong Hinh 3. Tuy nhién, céu
tric cua carotenoids thay doi dudi tac dong cua
anh sang, nhiét d6 va oxy do d6 gy ra mot sd
van dé trong viéc bao quan va sir dung [5].

2.4. Scytonemin

Scynotemin (Scy) 1a hop chat trao doi thu
cAp va sic to duogc tiét ra moi trudng bén ngoai
& nhidu loai VKL nhu Nostoc, Scytonema,
Calothrix, Lyngbya, Rivularia, Chloroghloeopsis,
V.V... [13]. VKL tong hop scy thuong sdng trén
can, trong nudc ngot va moi trudong ven bién.
Sac td nay duoc phat hién dau tién boi nha thuc

vat hoc Thuy Si Carl Nageli, nhung phai dén
nam 1993 ngudi ta méi kham pha ra cau tric
cua no [14]. Bén cum gen dugc nhan dién va
phan tich to NpR1271 t61 NpR1274 c6 chua
cac gen ma hdéa cho enzyme tham gia trong
chudi trao ddi chét. Tyrosine va tryptophan 1a
céc tién chit tham gia sinh tong hop 1én loai sic
t6 nay [15]. Scy hdp thu manh va rong dai song
trong vung t UV-C-UV-B-UV-A-tim-xanh
nudc bién va co phé cuc dai trong diéu kién in-
Vivo & budc song 370nm, phd cuc dai in-vitro &
hai mtrc 386 va 252nm. Chét nay c6 tac dung
bao vé bé mit VKL do d6 chung co thé sinh
truong dugc dudi tia UV-A. Scy hip thu hau
hét birc xa UV trude khi chung toi duge quang
hé va tranh dugc tac hai tir nang lugng cao cua
tia UV [16]. Pic tinh nay duogc sir dung dé tao
ra kem chdng ning chéng UV bang cach tron
v6i acid ascorbic. No ciing c6 Urng dung trong y
hoc nhu chat khang viém va chdng ting sinh té
bao [17]. (Hinh 4).

Hinh 4. Céu trac hoa hoc cua Scytonemin

3. Cac ing dung quan trong ciia sic t6 VKL

VKL di dugc sit dung lam ngudn dinh
dudng tr xa xwa trong lich s loai nguoi.
Spirulina va Athrospira c6 ham lugng dam cao
va dugc thuong mai héa. Cac loai Nostoc va
Anabaena ciing dugc st dung lam thic an &
mét s nudc nhu Chile, Mexico, Peru va
Philippine. Ngoai ra, Nostoc spp. (con co tén la
tao trimg éch) ciing duoc tiéu thu & Chau A lam
thue pham. Ngudi ta nghién ctu loai S.
platensis, véi ham luong 150mg/kg thé trong,

c6 thé lam giam dudng huyét t6i 33% va sir
dung trong diéu trj tiéu duong [18]. Ngay nay,
Spirulina sp va Chlorella sp dugc ban phd bién
trén thi truong vai gia khoang 40-50 USD/kg.
B-carotene c6 ngudn gbc tir carotenoid cé tac
dung chong oxy hoa va trc ché tac hai cua gbc
tr do trong hé tiéu hoa nguoi. Do dé, chét nay
dugc st dung lam thuc phim chic ning.
B-carotene ciling c6 vai trd quan trong voi trao
d6i chat ¢ nguoi do lién quan téi sinh tong hop
retina, chdt can thiét dé tao ra rhodopsin.
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Trong thap ky trude, sy thiéu hut p-caroten di
anh hudng nghiém trong tGi tré em tai nhicu
noi trén thé gidi [19, 20]. Carotene 1a mot trong
nhitng ngudn vitamin doi dao nht va dugc biét
dén nhu dang tién vitamin va st dung lam
ngudn cung cp vitamin.

Astaxanthin 13 sic t6 c6 trong nhiéu thuy
sinh vat nhu tom, gidp xac nhiing loai an vi tao
[21]. Céc loai carotenoid khéc nhu lutein va
zeaxanthin c6 gid tri thuong mai quan trong.
Chung lién quan tdéi tinh trang stc khée cua
mét vi 1a loai sic t quan trong trong thanh
phan céu trac cua diém vang (macula). Lutein
cling c6 vai tro trong trc ché bénh dyc thay tinh
thé (cataract) [22]. Canthaxanthin giup ngin
chin cac bénh vé mau, tuy nhién, né ciing giy
hai néu tiéu thu qua nhiéu. Fucoxanthin 1a mot
loai carotenoid c6 nhiéu dic tinh nhu chéng
ung thu, khang viém va chong béo phi [23].

Sinh khdi Spirulina chira ham luong dinh
dudng cao, vitamins, khoang chat va sic té
(phycocyanin, chlorophylls va caroteinoid)
[24]. Nhiéu loai my pham sir dung phycocyanin
nhu chat chong 130 hoa (anti-aging agents) vi
chting ¢6 hoat tinh chéng oxy hoa rat manh, tc
ché hoat dong cua gbc tu do dé kich hoat
enzyme metalloproteinase (MMP) gay pha huy
mang t& bao va collagen & biéu bi da do d6
ngan chan sy 130 héa nhu hinh thanh nép nhan,
vét ran trén da. VKL nhu Arthospira va
Chloreall vulgaris duoc sir dung nhiéu trong
nganh my pham dé tao ra loai kem chdng ldo
hoa [25].

4. Két luan

VKL c6 thé tong hop nhiéu loai sic t6 nhu
chlorophyll, phycobiliprotein, caroteinoid, v.v.
Nhiing sic té nay c6 mau sic da dang, kha bén
v6i cac diéu kién vat Iy va hoéa hoc nén tir 1au
ching di duoc sit dung phd bién trong céc
nganh cong nghiép thuc pham va hoa my pham
lam cac chat tao mau ty nhién, an toan. Viéc

cac nha khoa hoc gan day phat hién ra cac hoat
tinh chong oxy hoa, khang viém, khang ung thu
ctia mot sd loai sic t6 & VKL di mo ra mot
huéng nghién ctru tng dung rat co trién vong
trong nganh y dugc hoc.
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