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(57) Sang che dé cap dén phuong phap chiét tach colagen tur hdn hop vay ca nudc ngot

Viét Nam gdm cac bude sau: Lam sach vay cé, loai bo chat beo va protein trong vay ca

bang hon hgp NaOH va Ca(OH),, két hop khudy siéu am tdc do cao; tach khoang bang hdn

hop axit HCI va H,SOy; tach colagen bang dung dich axit axetic, thim tich thu colagen tinh
khiét.

Sang ché ciing dé cap dén colagen dugc chiét tach tir hdn hop vay ca nudc ngot Viét
Nam c6 d6 tinh khiét > 99%, 1a colagen loai I, duong kinh soi 0,5-1 um, c6 chura 20 axit
amin; co trinh tu axit amin: SEQ ID NO: 1-5. Ngoai ra, sang ché con dé cap dén vt liéu to
hop & dang hat dugc tao ra bang phwong phép gel ion héa, vat liéu ndy bao gom (% khbi

lugng):
- Colagen 35-45
- Carrageenan 35-45, va

- Allopurinol 10-30.
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Linh vue k§ thuit dwoce dé cap

Séng ché @& cap dén phuong phap chiét tich colagen tir vay cd nudc ngot Viét
Nam va cic san pham colagen thu dugc tir phuong phép nay. Ngoai ra, sang ché ciing
d8 cap dén <tmg dung colagen trong ché tao vat lieu 8 hop

colagen/carrageenan/allopurinol dang hat.
Tinh trang k§ thuit ciia sing ché

Colagen 13 mét protein c6 cdu triic bac 4 dién hinh, do cc don vi tropocolagen
c4u tric béc 3 t6 hop theo cac huéng doc va ngang 1am colagen c6 nhiéu murc cu tric.
Colagen 14 loai protein cu tric chinh yéu, chiém khoang 25% - 35% téng lwong
protein trong co thé & cac dong vat c6 xuong sdng. Colagen duge phan bé trong cac bd
phan nhu da, co, gan, sun, ring, hé thong mach mau cta dong vat va c6 miit trong cac
16p mang lién két bao quanh cdc co va 1a thanh phin chinh cia diy ching va gan.
Colagen duoc trich ly chu yéu tir da, xuwong ciia cac loai gia stic va lon.

Hién nay, colagen, ddc biét la colagen tir ca (da cé, vay cd) hién dang dugc quan
tdm nghién ciru nhu mdt loai vat li€u sinh hoc méi thay thé colagen tir dong vat vi
ngudn colagen tir c4 nay an toan, vira giai quyét dugc vAn dé phé thai tir c4 sau khi ché
bién ddng thoi mang lai hiéu qua kinh té cho nganh thiy san.

Trong sd nhitng ngudn thay thé, c4 cung cip mot ngudn nguyén lidu thd tét nhét
vi:

- D& tim, sin c6 dé sir dung.

- Khong ¢6 su lay truyén bénh.

- Khong gap phai tré ngai vé& mit ton gio.

- C6 kha ning thu dugc colagen v6i hidu suét cao.

Khoang 70% tong trong luong co thé ctia ca bi bo di dudi dang cac phé phdm
nhu da, xuong, vy, dau, vay, rudt, v.v. trong sudt qua trinh ché bién. Viéc tan dung
nhitng chit thai nay c6 thé ning gi4 tri kinh té cta cac loai ca 1én. Colagen trong da,
vay, xuong va vay chiém phan 16n trong tong lugng colagen trong co thé ca.

Trong céc cong trinh nghién ciru, qui trinh thu nhan colagen gbm 3 giai doan
chinh:
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< Giai doan phé v& t€ bao:

Céc phén tir colagen khong c6 kha ning di qua mang t& bao, vi vy cin pha vo
cdu tric té bao dé chuyén colagen vao dung dich. C4c bién phap dugc sir dung c6 thé
1a cac bién phap co hoc nhu tién hanh ngién vé6i bot thuy tinh hodc cat thach anh, sau
d6 tién hanh dong hoa (homogenizator). Thiét bi nay c6 chay thity tinh gén v6i mo-to
quay va c6 thé didu chinh téc do quay theo yéu cau. Cac té bao ndm gitta chay thiy
tinh va thanh cdi s& bj pha v&.

St dung cdc dung mdi hiru co nhu butanol, axeton két hop véi cac chit tiy rira.
Céc héa chét nay giup cho viée pha v& cac bio quan cia té bao.

+ Giai doan tach chiét colagen:

Sau khi phd v& cdu tric t& bao, viéc tach chiét colagen dugc tién hanh d& dang
hon, colagen c6 thé duoc chiét tach bing axit hodc bing enzim, qua trinh tach chiét
colagen dugc thyc hién trong céc reacto & nhiét do lanh va trong diéu kién vo trung,
Kkét hop khuéy tron lién tuc dé dam bao colagen thu dugc co chét lugng tdt.

< Giai doan tinh sach colagen:

Trong dich chiét tho, ngoai colagen con ¢6 céc protein tap, cac lipit, mubi khoang,
& loai cac thanh phan nay cin st dung céc bién phap khac nhau.

Dé loai mubi khoang thudng dung phuong phéap thim tich hoic 1i tim. Tham tich
1a sy khuyéch tan vi phan qua mang vén khong thidm ddi vé6i nhitng chit keo hoa tan
(protein, mdt sb polysacarit) nhung thim d6i véi cac dung dich tinh thé (cac mudi cua
hop chét hitu co ¢6 trong luong phan tir thap). Dé loai cac protein tap c6 thé tién hanh
két tia phan doan bing mubi trung tinh hodc cdc dung moéi hitu co hay dung cac
phuong phép séc ky trao dbi ion, dién di, phuong phép loc gel.

WO02015/151030 Al d cap dén quy trinh chiét tach colagen/gelatin tir rong
bién. US 6,271,350 B1 va WO 2010/074552 Al d& cap dén colagen chiét tach tir da
cd. TW20040132627 @€ cap dén colagen chiét tach tir vay c4 bing phuong phap
enzym. EP 2 644 620 B1 dé cap dén colagen chiét tach tir vdy c4 10 phi bang cic dung
dich kiém va axit, va tng dung tao mang trong subt tir colagen khéng phai dang soi.
WO 2017/122216 Al d cép dén colagen chiét tach tir vay ca nudc ngot bang cic dung
dich kiém va axit, va tmg dung tao cac san pham chitosan — colagen vé6i c4c hinh thai
khéc nhau.

An phdm “Preparation and Characterisation of Colagen from Freshwater Fish
Scales” (Food and Nutrition Sciences, 2011, 2, 818-823) dé cap phwong phép tach
chiét colagen tir vay ca chép theo cac bude nhu lam sach so bd, khit protein bing dung
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dich NaCl 10% trong 24 gid, khir khodng bing dung dich HCI 0,4M trong 90 phut va
tach colagen bang cich ngdm vay da khu khodng trong axit axetic 0,5M trong 2 ngay.
Ngoai ra, tai ligu nay con mé ta qua trinh thily phan mau colagen va mé ta thanh phin

axit amin cia mau colagen.

An phdm “Saponin Isolation as Main Ingredients of Insecticide and Colagen
Type I from Crown of Thorn-Starfish (Acanthaster planci)” (IOP Conference Series:
Earth and Environmental Science 89 (2017) 012032) dé cap dén phuong phap chiét
tach colagen loai I tir loai sao bién gai A. planci (“Crown of Thorn-Starfish). Tai liéu
ndy ciing mo ta rang hiéu suét phan tach tot nhét v6i dung moi Ca(OH), 0,2M. Ngoai
ra, tai liéu nay con mo ta thanh phén axit amin cua colagen thu dugc.

An phim: “Extraction of Colagen from Fish Waste and Determination of its
amino acid composition” (ICAMS 2014 — 5th International Conference on Advanced
Materials and Systems, 7 pages) trinh bay phwong phdp tich chiét colagen tir phé
phim c4, bao gém vay c4, phwong phap niy vé co ban bao gdm céc budc: bao quan
phé pham c4 bang cach sir dung mubi; didu ché san phim thity phan colagen bing cach
thity phan bing enzym-axit vi enzym-bazo; x4c dinh thanh phén colagen thu dugc.
Ngodi ra, tai liéu ndy con mo ta rang san phim thay phan colagen c6 thé thu dugc
bang c4ch thity phan bing cic don axit (H,SO,, HCI hodc H;POy), thity phan bing don
bazo (NaOH, KOH ho#c Ba(OH),), thily phan bing enzym hodc vi khuén.

An phidm “Technology for Extracting Effective Components form Fish Scale”
(Journal of Food Science and Engineering 7 (2017) 351-358) mé t4 cac k§ thuét chiét
tach hiéu qua cac thanh phan, bao gém colagen va hydroxyapatit, tir vay ca, vi du, k¥
thuat tach chiét colagen bang axit, k§ thuat tach chiét colagen bang kiém, k§ thuat tach
chiét colagen bang enzym. Tai liéu nay con mo ta ring dé t6i wu hoa ty 16/hiéu suit thu
duogc colagen, cé thé su dung cac phuong phap hd tro, vi du, siéu Am, vi song, hodc

si€u vi hat.

C6 thé thiy céac sang ché va 4n phim nay khong mo ta mot cach cu thé colagen
v6i thanh phén axit amin, trinh ty axit amin, duong kinh sgi nhu dugc mé ta theo sang
ché, va do d6 colagen néu trong don duogc xem la dap ung diéu kién tinh méi so véi
céc sang ché va 4n phim néu trén. Ngoai ra cic sang ché va in phim nay chwa d& cap
dén colagen chiét tach tir hdn hop véy ca nuéc ngot Viét Nam. Mdi mot da dang sinh
hoc s& tac dong dén su truéng thanh cia ca nude ngot 13 khac nhau. O cac nhiét do va
mdi truong sdng khac nhau s& dn dén thanh phan va cu tao ctia vay c4 12 khac nhau.
Do vay, sang ché nay dé cap dén phuong phép chiét tach colagen tir hdn hop vay ca
nude ngot Viét Nam va colagen, thu duoc tir phuong phép nay 13 cac san phdm hoan
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toan méi. Pong thoi, sang ché cling d& cap dén tmg dung colagen trong ché tao vt liéu
t6 hop colagen/carrageenan/allopurinol dang hat.

Ban chat ky thuit ciia sang cheé
Sang ché dugc de xuat d€ gidi quyét cac van dé néu trén.

Muc dich ctia sang ché 1a d& xuét phuong phap chiét tach colagen tir vay ca
nude ngot Viét Nam, colagen thu dugc tir phwong phép nay, cu thé nhu sau:

- Phuong phap chiét tach colagen gdm cac buéce sau:

+ Lam sach vay cd nudc ngot, loai bé chit béo va protein trong vay ca bang dung dich
chira hdn hop NaOH 0,2M va Ca(OH), bdo hoa theo ty 18 khdi luong 20:9 két hop
khudy siéu am tdc do cao.

+ Téach khoang bang hdn hop dung dich axit HCI 0,2M va H,S0,4 0,5M theo ty 18 thé
tich 1:2.

+ Tach colagen bang dung dich axit axetic 0,5M, thdm tich thu colagen tinh khiét.

- Colagen thu dugc tir phuwong phap nay 1a colagen loai I, dd tinh khiét > 99 %, c6
chira 20 axit amin v6i ham luong cu thé trong bang 2. Colagen c6 duong kinh soi 0,5 —
1 pm. Colagen 1a c4c protein duge chon tir nhém bao gdm: Hypothetical protein
cypCar_00045321, partial [Cyprinus carpio] (khdi Ivgng phan tir 115674 Da); Colagen
type I alpha 2 [Carassius auratus] (khéi lwong phan tir 127652 Da); Colagen type I
alpha 1 [Ctenopharyngodon idella] (khéi lugng phén tir 138104 Da); Colagen alpha-
1(I) chain isoform X1 [Pygocentrus nattereri] (kh6i lugng phén tir 137928 Da);
Hypothetical protein cypCar_00006571 [Cyprinus carpio] (khdi lwong phén ti 136996
Da);

Ngoai ra, sang ché ciing dé xuét tng dung colagen trong ché tao vat liéu t4 hop
colagen/carrageenan/allopurinol dang hat bang phuong phéap gel ion héa. Cu thé 14, hat
vat liéu 6 hop chira cac thanh phin dudi day tinh theo % khéi luong:

- Vit lidu t6 hop colagen/carrageenan/allopurinol dang hat:

+ Colagen 35-45
+ Carrageenan 35-45
+ Allopurinol 10-30

Mo ta vin tit hinh vé kém theo

Hinh 1. Anh hién vi dién tir (SEM) ctia mau colagen thu dugc theo sang ché.
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MG ta chi tiét sang ché

Thuét nglt “tinh theo % khdi lugng” duge dung trong ph?m mo ta, trir khi co
quy dinh khac, dugc hiéu 1a tinh theo % khéi luong cia hat vat liéu td hop theo sang
ché.

- Colagen dugc chiét tich tir vay c4 nude ngot theo phuong phap sau:

(i) hdn hop vay ca nuéc ngot duogc thu gom tir cac cho, rira v6i nude sach,
phoi kho, bdo quan trong ti boéng sach;

(ii) khudy hdn hop vay cé trong dung dich hdn hop NaOH 0,2M va Ca(OH),
bdo hoa trong 8 gid bang may khudy co hoc két hop khudy siéu am téc do cao, sau do,
loc, rira v6i nuéce sach dé thu dugce vay ca hdn hop da duoc xir ly protein va tap chit;
trong d6 ty 1 khbi lugng ctia NaOH va Ca(OH), 1a 20:9.

(iii) khudy vay ca hén hop thu dwoc & bude (i) trong dung dich hdn hop axit
HC10,2M va H,SO, 0,5M theo ty 1¢ thé tich 14 1:2 dé tach khoang bing may khudy co
hoc trong 20 phit, sau d6 loc tach phan dung dich va phin vay da tach khoang, rira vay
v6i nuée cit thu duge vay cé da tach khoang;

(iv) khudy vay c4 hén hop thu duge & bude (ii1) trong dung dich axit axetic 0,5
M trong 24 gi® bang may khudy co hoc két hop khudy siéu am tdc d cao. Loc thu
dung dich colagen trong axit axetic, phn chat rin duoc thu gom dé xir Iy chén 14p;

(v) thém NaCl rin vao dung dich colagen trong axit axetic & buéc (iv), lam lanh
dung dich dé thu colagen tir dung dich trén. Chiét bang phéu chiét thu duoc colagen
tho;

(vi) colagen thd dugc hoa trong axit axetic 1M va két tinh lai bing NaCl rin;

(vi) tién hanh thim tich colagen thd & (vi) bing mang thdm tich trong 48 gitr dé
thu colagen tinh khiét;

(vii) dong khd colagen & (vi) & nhiét dd -20°C thu dugc colagen tinh khiét &
dang mang kho, x6p, mau tring nga.

Vay ¢4 nudc ngot st dung trong sang ché 13 cac loai vay ca troi, vay ca chép,
vay cé trim, vay ca rd phi, vay ca diéc, vay ca qua thu gom tai cic chg trén dia ban
tinh Vinh Phuic va Ha Noi. C6 thé ty y sir dung vay c4 nude ngot thu gom trén céc dia
ban khéc.

Céc héa chét duoc sir dung theo sang ché bao gdm NaOH (rén, do tinh khiét
> 99%), Ca(OH), (rdn, do tinh khiét > 99%), HCI (16ng, ndng dd 36,5 %), H,SO,
(l6ng, ndng d6 98 %), NaCl (rin, d6 tinh khiét > 99%), axit axetic (16ng, ndng dd 99,5
%) 1a cac san phdm thuong mai ctia Trung Quéc c6 sin trén thi truong.

Mang thdm tich 1a san phdm thuong mai c6 sn trén thi trudng.

Nudc cat str dung trong sang ché nay 14 nu6e cat mot an.
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Theo mdt phuong 4n cia sang ché, colagen thu dugc tir phuong phap néu trén c6 cac

dac tinh k¥ thudt nhu sau:

+ Chu trac: Colagen thu dugc cia sang ché c¢é ciu trac dang sgi, dudng kinh sgi 0,5 —

1 um, cac sgi colagen tap trung thanh bé soi, kich thuéce 2,5-4 um (hinh 1). Cac nhém

chirc trong colagen la NH, amit bac 1, amit bac 2, amit bac 3, CH no (x&c dinh bﬁng

phd hdng ngoai).

+ Thanh phén: Colagen thu duoc cta sang ché c6 chira cac nguyén td C, O, N, S

(bang 1).

Bang 1. Thanh phin cic nguyén t6 trong colagen thu dugc clia sang ché duoc x4c dinh
bang phuong phap phd tan xa ning luong tia X (EDX).

Nguyén 16 % Khbi luong % Nguyén tir
C 55,41 £ 1,62 61,34 + 1,64
O 28,55+ 0,56 23,74 £ 0,53
N 15,46 £ 1,17 14,68 £ 1,15
S 0,58 +0,10 0,24 + 0,04

+ Ham luong axit amin: Colagen thu duoc ciia sang ché c6 chira 20 axit amin (bang 2).

Bang 2. Ham lwong cic axit amin trong dung dich colagen thu dugc clia sang ché xéc

dinh bing phuong phap thir H.HD.QT.046 (Séc ky 16ng hiéu ning cao - HPLC)

STT Axit amin Pon vi Ham lugng
1 Threonin mg/mL 1,704
2 Prolin mg/mL 0,487
3 Axit glutamic mg/mL 0,550
4 Arginin mg/mL 0,425
5 Serin mg/mL 0,357
6 Alanin mg/mL 0,218
7 Glyxin mg/mL 0,140
8 Axit aspartic mg/mL 0,099
9 Cystin mg/mL 0,059
10 Histidin mg/mL 0,047
11 Lysin mg/mL 0,043
12 Leuxin mg/mL 0,039
13 Phenylalanin mg/mL 0,028
14 Valin mg/mL 0,026
15 Isoleuxin mg/mL 0,022
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16 Methionin mg/mL 0,020
17 Tryptophan mg/mL 0,012
18 Tyrosin mg/mL 0,007

+ K&t qua dién di SDS-PAGE da pha lodng mau colagen cho thiy kiéu bang dién hinh
ctia colagen Type 1 v6i 2 bang vach c6 gia tri khdi lwgng phan tir udc luong 1an luot 12
129kDa va 139kDa.
+ Két qua xac dinh trinh tu axit amin dua trén co s& dit liéu NCBIprot dad xac dinh va
nhén dién dugc 5 protein thudc nhém protein da-vay (colagen) ciia ho ca c6 hé s6 bit
cip 16n bao gdm:
1/ Protein: hypothetical protein cypCar_ 00045321, partial [Cyprinus carpio]

+ S6 protein trong co s& dit liéu: KTF73577.1

+ Piém sb protein: 318
+ Khéi lugng (M) (Da) 115674
+ pl dugec tinh toan: 9,18

+ Trinh tu axit amin: SEQ ID NO. 1

2/ Protein: colagen type I alpha 2 [Carassius auratus]

+ S4 protein trong co sé dit liu: BAG72201.1

+ Piém sb protein: 294
+ Khéi luong (M;) (Da 127652
+ pl dugc tinh toan: 9,41

+ Trinh ty axit amin: SEQ ID NO. 2

3/ Protein : colagen type I alpha 1 [Ctenopharyngodon idella]
+ S4 protein trong co s& dit liéu: ADK35755.1

+ Piém s6 protein: 231
+ Khéi luong (M,) (Da): 138104
+ pl dugec tinh toan: 5,44

+ Trinh ty axit amin: SEQ ID NO. 3

4/ Protein: colagen alpha-1(I) chain isoform X1 [Pygocentrus nattereri]

+ S6 protein trong co sé dit lidu: XP_017540674.1
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+ Piém sb protein: 149
+ Khéi luong (M,) (Da): 137928
+ pl dugc tinh toan: 5,46

+ Trinh tu axit amin: SEQ ID NO. 4

5/ Protein: hypothetical protein cypCar 00006571 [Cyprinus carpio]
+ S6 protein trong co sé dit liéu: KTG43775.1

+ Piém sd protein: 101
+Khéi luong (M,) (Da): 136996
+ pl dugc tinh toan: 5,60

+ Trinh ty axit amin: SEQ ID NO. 5
Theo mdt phuong 4n cia sang ché, vat liéu & hop

colagen/carrageenan/allopurinol dang hat chtra cic thanh phan dudi day tinh theo %

khéi luong:
+ Colagen 35-45
+ Carrageenan 35-45
+ Allopurinol 10-30

Colagen st dung dé ché tao vat liéu t6 hop colagen/carrageenan/allopurinol
dang hat trong sang ché nay la colagen duogc chiét tach tir hdn hop vay ca nudc ngot
Viét Nam theo phuong phap trén. Ham lugng colagen trong vét liéu to hop dang hat
néu trén chiém 35-45 % khdi luong. Néu sir dung lugng colagen dudi 35 %, vt liéu
thu duoc c6 dang mang, khong ra dugc dang hat. Néu luong colagen trén 45 %, vat
liéu thu duoc bi hut Am va chay, khong ra dugc dang hat.

Carrageenan st dung dé ché tao vat lidu td hop colagen/carrageenan/allopurinol
dang hat trong sang ché nay 1a san phdm thuwong mai c6 sin trén thi trudng. Ham
lugng carrageenan trong vat li¢u td hop dang hat néu trén chiém 35-45 % khdi lugng.
Néu sir dung lugng carrageenan dudi 35 % hay trén 45 %, vat liéu thu dugc c6 dang
mang, khong ra dugc dang hat.

Allopurinol sir dung dé ché tao vat liéu td hop colagen/carrageenan/allopurinol
dang hat trong sang ché nay 1a san phdm thuong mai c6 san trén thi truong. Ham

luong allopurinol trong vt liéu tb hop dang hat néu trén chiém 10-30% khéi lugng.
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Néu st dung lugng allopurinol duéi 10 % hodc trén 30 %, vat li€u thu dugc c6 kich

thude hat 16n va ¢& hat khéng ddng déu.

Vit lidu tb hop colagen/carrageenan/allopurinol dang hat dugc ché tao theo

phuong phap sau:

(1)

(i)
(iii)
(iv)

™)

(vi)

Colagen dugc hoa tan trong axit axetic 5 % st dung may khudy tir;
Carragennan dugc hoa tan trong nude cét st dung may khudy tir;
Allopurinol dugc hoa tan trong dung dich NaOH sir dung méy khudy tir;
Db dung dich thu dwgc & (iii) vao dung dich thu duoc & (ii), khudy siéu am
trén thiét bi khudy siéu 4m tdc do cao & tdc dd 20000 vong/phit trong thoi
gian 30 phut. Tiép theo, thém dung dich KC1 1% vio dung dich nay va dun
néng dung dich dén nhiét d6 70°C dé thuc hién qué trinh gel hoda
carrageenan. Sau do, dé ngudi dung dich vé dén nhiét do phong.

Nhé tir tir dung dich thu duge & (i) vao dung dich thu duge & (iv) véi tdc do
0,5ml/phut, khudy siéu 4m & tdc do 20000 vong/pht trong thdi gian 60 phiit
thu dugc dung dich trong sudt.

Dung dich thu dugc & (v) dugc dé vao ngin da ta lanh, sau d6 dong khd &
phiét do -20°C trong 48 gid thu dwoc vit lidu 5 hop

colagen/carrageenan/allopurinol dang hat.

Céc dic trung cua colagen va nanohydroxyapatit thu duge & sang ché nay dugc

so sanh véi cac vat lidu tuong tu thé hién trong Bang 4 va Bang 5 duéi day.

Bang 4. Cac dic trung cua colagen cia sang ché

STT Tinh chét Theo sang ché nay Vit liéu tuong tu
(colagen ciia sang ché
WO 2017/122216 Al
1 Loai colagen Loail Loail
2 Cac nhém chuc trong | -N-H,-C-H, -C=O0, - -N-H, -C-H, -C=0, -
colagen NH,, -C-O- NH,, -C-O-
3 | Buong kinh s¢i colagen 400-500 nm -
4 | Thanh pha én tt -
anh phan nguyén t C.O.N. S
trong colagen
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5 17 axit amin (Axit
20 axit amin (Threonin, aspartic, Glyxin,
Prolin, Axit glutamic, | Hydroxyprolin, Axit
Arginin, Serin, Alanin, glutamic, Alanin,
Glyxin, Axit aspartic, | Prolin, Lysin, Valin,
Axit amin trong colagen | Cystin, Histidin, Lysin, | Isoleuxin, Methionin,
Leuxin, Phenylalanin, Leuxin, Serin,
Valin, Isoleuxin, Threonin, Tyrosin,
Methionin, Tryptophan, Histidin,
Tyrosin) Phenylalanin,
Arginin)
6 | Khéi lugng phan tir wée 120- 150
115-139
lugng (kDa)
7 Trinh ty axit amin SEQIDNO: 1-5 i

Tir két qua & bang 4 cho thiy colagen ctia sang ché c6 mot s6 dic diém khac

biét so vé6i colagen thu duge tir cac sang ché hay 4n phim khac. Cu thé colagen thu

dugc cua sang ché c6 duong kinh soi 0,5-1 pm, c6 chira 20 axit amin v6i ham lugng

cu thé trong bang 2; ¢6 trinh tr axit amin: SEQ ID NO : 1-5;

Cac dédc trung cua vét liéu td hop colagen/carrageenan/allopurinol dang hat thu

dugc & sang ché nay duoc thé hién trong Bang 5 dudi day.

Bang 5: Céac dic trung clia colagen/carrageenan/allopurinol ciia sang ché

dang hat trong dung dich dém pH

STT Tinh chét Tri s6 do dugc Vit liéu tuong tu
(allopurinol)

1 | Trang thai/hinh dang Dang bot/hinh cau Dang bot/hinh que

2 | Cac nhom chuie trong vt liéu t6 | -CO-NH-, -N=C- | -CO-NH-, -N=C-N,
hop N, -C=N, -C=0, - | -C=N, -C=0, -C-H,
colagen/carrageenan/allopurinol | C-H, -C-N, - O-H, - -C-N
dang hat N-H

3 |Dudng kinh vét liéu t& hop 1-9 pm 1-50 pm
colagen/carrageenan/allopurinol
dang hat

4 |Po tan cua vat lidu to hop
colagen/carrageenan/allopurinol 54-85 12-13
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7,4 sau 30 gid ngam (%)

Tir bang 5 c6 thé thiy két hop colagen cung carrageenan dé mang dugc chét
allopurinol c6 kich thudc hat nhé hon dang ké va do tan t6t hon 3-6 lan so véi dugc

chét ban diu.
Vi du thwe hién sang ché
Vi du 1: San xuét 2 g colagen

Hdn hop vay ca (vay cé troi, vay ca chép, vay ca trim, vay ca rd phi, vay c4
diéc, vay ca qua thu gom tai cac chg trén dia ban tinh Vinh Phtic va Ha No6i) dugc ria
sach v6i nuée va phoi kho dudi ning. Can 1 kg vay ca khd cho vao binh nhwa c6 chia
10 1it dung dich hdn hop NaOH 0,2M va Ca(OH), bdo hoa (khéi luong NaOH 1a 80
gam, khbi luong Ca(OH), 1a 36 gam). Lip thiét bi khudy co, khudy lién tuc hdn hgp c6
chira vay c4 & trén trong 8 gid. Sau do, loc thu vay cé4, phan dung dich dd vao binh
khac dé xir 1y trung hoa trudce khi thai ra mdi truong. Vay ca duoc rira sach bang nudc
dén moi trudng trung tinh. Sau d6, thém 4 lit hdn hop dung dich axit HC1 0,2M va
H,SO,4 0,5M (thé tich dung dich HCI/H,SO, = 1/2) vao vay ca & trén, khqu hdn hop
trong 20 phut. Loc thu vay ca va phﬁn dich loc dé riéng. Vay cé tiép tuc duoc rta sach
v6i nude thudong, sau d6 rira nude cat. Thém 3 lit dung dich axit axetic 0,5 M vao vay
c4 & trén, khudy hdn hop lién tuc trong 24 gio.

Phin vay c4 khudy véi dung dich axit axetic 0,5M & phia trén sau 24 gio dugc
dem di loc trén phéu loc hit chin khong. Phan vay cting con lai duge gom riéng dé
dem di chén 14p. Phan dich loc dugce loc 2 14n, sau d6 1am lanh dich loc bing d4, thém
NaCl rin (khéi lugng béng 10 % khbi lugng dich loc) vao dich lgc & trén thu duogc
colagen két tia bong mau tring ndi 1én phia trén bé mit dung dich. Ding phéu chiét
thu colagen thd. Colagen thd dugc hoa tan trong axit axetic 1M va két tinh lai bing
NaCl 10%. Tién hanh thim tich colagen thd & trong 48 gidr dé thu colagen tinh khiét.
Dong kho colagen & nhiét d6 -20°C thu dugc colagen tinh khiét & dang mang kho, xbp,
mau tréng nga. Khdi luong colagen tinh khiét thu dugc 1a 2g.

Vi du 2: Ché tao 5 g vat lidu td hop colagen/carrageenan/allopurinol dang hat.

Hoa tan 2 g colagen trong 200 ml dung dich axit axetic 5 % thu dugc dung dich
1. Hoa tan 2 g carrageenan trong 50 ml nudc cét thu duge dung dich 2. Hoa tan 1 g
allopurinol trong 20 ml dung dich NaOH 1M thu dugc dung dich 3. P6 dung dich 3
vao dung dich 2, khudy dung dich hdn hop nay trén thiét bi khudy siéu 4m téc do cao &
tdc d6 20000 vong/phit trong thoi gian 30 phut. Tiép theo, thém 3 ml dung dich KCl
1% vao dung dich nay va dun néng dung dich dén nhiét d6 70°C dé thuc hién qué trinh
gel hoa carrageenan. Sau do, dé nguoi dung dich vé dén nhiét d6 phong thu duge dung
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dich 4. Nho tir tir dung dich 1 vao dung dich 4 véi téc d6 0,5ml/phut, tiép tuc khudy
siéu am & tdc d6 20000 vong/phut trong thodi gian 60 phit thu dugce dung dich trong
subt. Dé dung dich trén vao ngin da tu lanh, sau d6 dong kho & nhiét do -20°C trong
48 gidr thu duoc vat lidu td hop colagen/carrageenan/allopurinol dang hat.

Hiéu qua dat dwgc ctia sing che

Colagen thu duoc & sang ché nay c6 mot sb dic trung, tinh chét ndi bat vé kich
thude, ham luong axit amin va trinh ty axit amin so véi cac loai colagen dugc & cac
sang ché hay 4n pham khéc. Diém dic biét trong phuong phép chiét tach colagen d6 la
viéc st dung céc dung dich hdn hop NaOH + Ca(OH), va HC1 + H,SO, két hop khudy
siéu am téc do cao trong qua trinh chiét tich thu colagen. Pdng thoi, séng ché sir dung
nguén nguyén liéu ban dau 1a hdn hop céc loai vdy cé nudc ngot Viét Nam dé chiét
tach ddng thoi colagen. Viéc sit dung hdn hop cac loai vay ca nudc ngot phu hop voi
cac hoat dong budn ban tai cac chg, cic qudy thuc phim, cic cong ty thuc phim &
nudce ta vi khi so loai vay ca, nguoi ta khong tach riéng tung loai vay ca ma dé 14n 16n
céac loai vay nay vGi nhau. Thong thuong céc céc loai vay cé nay dugc thai truc tiép ra
moi truong ma khéng qua xtr ly, phan loai. Diéu nay gop phan gia ting & nhiém moi
treong vi cac loai vay ca nay chira céc chét béo va protein dé bi phan hiy tao ra mui
kho chiu. Vi vay, viée xir Iy vay c4 dé tao ra céc san phim c6 ich nhu colagen ¢6 ¥
nghia vé mit khoa hoc va thuc tién. Viéc lam nay gitp giam thiéu 6 nhiém méi truong
tir vay c4. V& mat kinh té, gia thanh 250 mg colagen duoc chiét tach tir da c4 do cong
ty héa chit Sigma Aldrich cung cip 1a khoang 13 — 14 triéu dong. Nhu vay, chiét tach
duoc colagen theo sang ché str dung cac héa chét ré tién, sin c6 s& mang lai hiéu qua
kinh té dang ké cho nganh cong nghiép thity san.

Viéc tmg dung colagen trong ché tao vat ligu t6 hop mang dugc chit cling cho
thdy cac dugc chit duge mang béi colagen két hop 1 sb polyme thién nhién khéc c6
kich thu6c nhé hon déang ké so vé6i duge chat ban d4u. Piéu nay gitp cai thién do tan

va sinh kha dung cuia duge chit khi dugc mang béi cac polyme.
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YEU CAUBAO HOQ
1. Phuong phap chiét tach colagen tir c4c loai vay c4 nudc ngot Viét Nam bao gbm céc

budc:

(i) hdn hop vay c4 nudc ngot duge thu gom tr cac chg, rira voi nude sach,
phoi kho, bdo quan trong ti boéng sach;

(ii) khudy hdn hgp vay c4 trong dung dich chita hdn hgp NaOH 0,2M va
Ca(OH), bdo hoa trong 8 gid bing may khudy co hoc két hop khudy siéu 4m tbc do
cao, sau dé, loc, rira voi nudc sach dé thu dugc vay c4 hon hop di dugc xir Iy protein
va tap chét; trong d6 ty 1& khdi lugng ciia NaOH va Ca(OH), 1a 20:9;

(iii) khudy vay c4 hdn hop thu dugc & bude (ii) trong dung dich chira hén hop
axit HCl 0,2M va H,SO, 0,5M theo ty 18 thé tich 1a 1:2 dé tach khoang bing may
khudy co hoc trong 20 phut, sau d6 loc tach phin dung dich va phan vay da tach
khoéng, rira vay v6i nuée cit thu dugce vay ca da tach khoang;

(iv) khudy vay ca hdn hop thu dugc & budc (iii) trong dung dich axit axetic 0,5
M trong 24 gid bing may khudy co hoc két hop khudy siéu am téc d6 cao; Loc thu
dung dich colagen trong axit axetic, phin chit rén dugc thu gom dé xir Iy chon 14p;

(v) thém NaCl rén vao dung dich colagen trong axit axetic & bugc (iv), lam lanh
dung dich dé thu colagen tir dung dich trén; Chiét bang ph&u chiét thu dugc colagen
tho;

(vi) colagen thd dugc hoa trong axit axetic 1M va két tinh lai bang NaCl 10%
rin;

(vi) tién hanh thim tich colagen thd & (vi) bing mang tham tich trong 48 gidy dé
thu colagen tinh khiét;

(vii) dong khd colagen & (vi) & nhiét do -20°C thu dugc colagen tinh khiét &

dang mang kho, x0p, mau trang nga.

2. Colagen duoc chiét tach tir hdn hop vay c4 nuéc ngot Viét Nam thu dugc bing
phuong phép theo diém 1, trong d6, colagen nay c6 dd tinh khiét > 99%, 1 colagen
loai I, duong kinh sgi 0,5-1 pm, chtra 20 loai axit amin; c6 trinh tu axit amin la hén
hop ctia céc protein c6 trinh tu SEQ ID NO: 1-5.

3. Vét liéu t6 hop & dang hat dugc tao ra bing phuong phap gel ion hoéa, vat liéu nay
¢6 thanh phan bao gdm (% khéi lugng):

- colagen theo diém 2 35-45
- carrageenan 35-45, va
- allopurinol 10-30.
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DANH MUC TRINH TU

<110> Vién k¥ thudt nhiét doi (VN)
PHUONG PHAP CHIET TACH COLAGEN TU VAY CA NUOC NGQT VIET NAM,

COLAGEN THU DUQC TU PHUONG PHAP NAY VA VAT LIEU TO HOP CHUA COLAGEN

<120>

NAY

<130> 1-2018-04660

<160> 5
<170> Patent trong phién ban 3.3
<210> 1
<211> 1227
<212> Protein
<213> C& nudc ngot
<220>
<223> colagen Hypothetical protein cypCar_ 00045321, partial
[Cyprinus carpio]
<400>
1 MGPQGFQGHA GEPGEPGQAG AVGSRGPPGP PGKNGDDGNN GRPGKPGDRG
51 VPGAQGARGF PGTPGLPGMK GHRGYTGLDG RKGEPGAAGL KGENGAAGSN
101 GTPGQRGARG LPGERGRVGP SGPAGARGAD GNTGPAGPAG PLGAAGPPGF
151 PGAPGPKGEI GPAGPTGPPG PQGQRGEPGT NGAVGPVGPP GNPGANGING
201 AKGAAGTPGV AGAPGFPGPR GGPGPQGPSG ASGPRGLAGD PGPVGVKGDA
251 GVKGEPGSSG PQGPPGPSGE EGKRGSTGEQ GPTGAVGLRG PRGMPGARGA
301 TGTPGARGPP GDAGRAGEPG LVGARGLPGS PGSSGPPGKE GPVGLPGQDG
351 RSGPPGPTGP RGQPGNIGFP GPKGASGEAG KPGEKGPSGP TGLRGLPGPD
401 GNNGPAGPVG LAGAPGEKGE QGPSGAPGFQ GLPGPAGPVG EAGKPGDRVS
451 IHGSDSTQLM  QFLVHLHNTG CIVSCKSLQI FNISQQGIPG DQGVSGPAGV
501 KGERGNPGPA GASGAQGPIG ARGVAGTPGP DGNKGEPGAA GAAGAPGHQG
551 AAGMPGERGT AGTPGPKGEK GELGYRGLEG NAGRDGARGA PGPSGPPGPA
601 GANGDKGETG SFGPPGPAGP RGSPGERGES GPAGPSGFAG PPGADGQTGQ
651 RGEKGPAGGK GDAGPPGPAG PVGNTGPLGA AGPAGPPGAR GDSGPPGLTG
701 FPGAAGRVGP PGPAGIVGPP GLTGAPGKDG PRGARGDVGP AGPPGENGLI
751 GPPGLAGEKG SPGEAGPAGA PGSAGPQGQL GSQGFSGLPG SRGDRGLPGG
801 PGAVGEPGRV GPAGAPGPRG PIGNIGMPGM TGPQGEAGRE GSPGNDGPPG
851 RPGAAGLKGD RGEPGSPGTA GPVGAPGPNG PSGAVGRPGN RGESGPSGSV
901 GPAGAVGARG APGPAGPRGE KGVAGDKGER GMKGLRGHPG LQGMPGPNGH
951 SGDSGPAGIA GPAGPRGPAG PNGPPGKDGS NGMPGAIGPP GHRGPPGHVG
1001 PSGPPGSPGL PGPAGPAGGG YDTSGGYDEY RADQASLRAK DYEVDATIKS
1051 LNTQIENLLS  PEGSKKNPAR TCRDIRLSHP  EWSSGFYWID PNQGCAMDAI
1101 KAYCDFSTGQ TCIHPHPESI PRKNWYRGSQ EKKHIWFGET INGGTEFGYN
1151 DETLSPQSMA TQLAFMRLLA NQAVQNITYH CKNSIAYMDA ENGNLKKAVL
1201 LQGSNDVELR AEGNSRFTFS VLEDGCS
<210> 2
<211> 1352
<212> Protein
<213> C& nudc ngot
<220>
<223> colagen type I alpha 2 [Carassius auratus]
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<400>

<210>
<211>
<212>
<213>
<220>
<223>

<400>

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1001
1051
1101
1151
1201
1251
1301
1351

3

1448

MLSFVDTRIL
PGPPGPPGPP
QGFQGHAGEP
AQGARGFPGT
GQRGARGLPG
PGPKGEIGAA
AAGTPGVAGA
GEPGSSGPQG
AGRSGPMGMP
PPGKEGPVGP
GPAGPTGLRG
AGPVGEAGKP
PAGTPGPDGN
GYRGLEGNAG
PGERGESGPA
NTGPLGAAGP
GAPGKDGPRG
AGPQGQLGSQ
NIGMPGMTGP
GAPGPNGPSG
AGDKGERGMK
PPGKDGSNGM
SGGYDEYRAD
DIRLSHPEWS
NWYRGSQEKK
VQNITYHCKN
DGCSRHTGQW
FK

Protein
C4 nudc ngot

colagen type I alpha 1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

MFSFVDIRLA
CQICVCDSGT
PRGTPGEKGD
GFDEKSGGAM
PMGPRGAAGP
GHRGFSGLDG
PGAAGARGND
PQGARGEAGN
GPPGPSGAAG
EGKRGARGEP
VVGPKGATGE
GPPGPVGARG
VGAPGAPGPA
EAGAPGPAGS
GAPGAQGPPG
TGPIGPPGPA
PPGADGLPGA
GAAGPPGATG
AGRTGEVGAP
QRGERGFPGL

2775

LLLAVTSYLA
GLGGNFAAQY
GEPGQAGAVG
PGLPGMKGHR
ERGRVGPSGP
GPTGPSGPQG
PGFPGPRGGP
PPGPSGEEGK
GARGATGSPG
SGQDGRSGPP
LPGPDGNNGP
GDRGIPGEQG
KGEPGAAGAA
RDGARGAPGP
GPSGFAGPPG
AGPPGARGDS
ARGDVGPAGP
GFNGLPGSRG
QGEAGREGSP
AAGRPGNRGE
GLRGHPGLQG
PGAIGPPGQR
QGSLRAKDYE
SGFYWIDPNQ
HIWFGETING
SIAYMDAENG
SKTVIEYRTN

LLLSATVLLA
VMCDEVICED
RGPAGPPGND
AVPGPMGPMG
PGKNGEDGES
AKGDTGPSGP
GAAGAAGPPG
PGPAGPAGPA
APGPKGNTGE
GAAGGRGPPG
PGRNGEPGMP
QPGVMGFPGP
GPAGERGEQG
RGDRGFPGER
LQGMPGERGA
GAPGDKGETG
KGEAGDNGAK
FPGAAGRVGP
GPPGAPGEKG
PGPSGEPGKQ

SCQSGLRGPK
DGAKGPEPGP
SRGPPGPPGK
GYTGLDGRKG
AGARGADGNT
QRGEPGTNGA
GPQGPSGASG
RGSTGEQGAT
ARGPPGDAGR
GPTGPRGQPG
AGPVGLAGAP
ASGPAGVKGE
GGPGHQGAAG
SGPPGPAGAN
ADGQTGQRGE
GPPGLTGFPG
PGENGLIGPP
DRGLPGGPGA
GNDGPPGRPG
SGPSGSAGPA
MPGPNGPSGD
GPPGYVGPSG
VDATIKSLNT
GCTMDAIKAY
GTEFGYNDET
NLKKAVLLQG
KPSRLPILDI

RGQGEDDRTG
TTDCPNPVIP
GIPGQPGLPG
PRGPPGPPGT
GKPGRPGERG
KGEAGAPGEN
PTGPAGPPGF
GNNGADGAAG
VGAPGAKGEA
ERGAPGARGF
GSKGMTGSPG
KGAAGEAGKP
PAGPPGFQGL
GAPGPAGPAG
AGLPGLKGDR
APGLVGPTGA
GDAGSPGPAG
PGPAGNAGPP
TPGAEGPTGP
GPSGPSGERG
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GPRGERGPKG
GPIGLMGPRG
NGDDGNNGRP
ELGAAGLKGE
GPAGPAGPLG
VGPAGPPGNP
PRGLAGDPGP
GPAGLRGPRG
AGEPGLTGAR
NIGFPGPKGA
GEKGEQGPSG
RGGPGPAGAA
MPGERGTAGT
GDKGETGSFG
KGPAGGKGDV
AAGRVGPPGP
GLAGEKGSPG
VGEPGRVGPA
AAGLKGDRGE
GAAGARGAPG
SGPAGIAGPA
PPGSPGLPGP
QIENLLSPEG
CDFSTGQTCI
LSPQSMATQL
SNDVELRAEG
APLDIGGADQ

GSCTLDGQVY
HDECCPVCPD
PPGPPGPPGL
PGPQGFTGPP
PPGPQGARGF
GTPGAMGPRG
PGGPGAKGEV
PKGSPGTPGI
GAKGEAGAQG
PGADGSAGPK
SPGPDGKTGP
GERGVMGAVG
PGPQGATGEP
ARGSPGSAGN
GDQGAKGTDG
RGPPGERGET
ATGAPGPQGP
GPPGPGGKEG
AGIPGPQGIA
PPGPMGPPGL

PDGKPGRPGH
PSGPPGAPGP
GKPGDRGVPG
NGAAGANGTP
AAGPPGFPGA
GANGINGAKG
VGVKGDSGVK
AAGTRGLPGM
GLPGSPGSSG
TGEAGKPGEK
APGFQGLPGP
GAQGPIGARG
PGPKGEKGEQ
PPGPAGQRGT
GPPGPAGPAG
AGIVGPSGPT
EPGPQGAPGS
GAPGPRGPIG
PGSAGPSGPA
PAGPRGEKGV
GPRGPAGPNG
AGPAGGGYDT
SKKNPARTCR
HPHPESIPRK
AFMRLLANQA
NSRFTFSVLE
EFGLDIGPVC

[Ctenopharyngodon idella]

NDRDVWKPEP
DDFQEPSVEG
GGNFSPQMSG
GEPGEAGAPG
PGTPGLPGIK
LPGERGRAGP
GPQGARGAEG
AGAPGFPGPR
VQGPPGPPGE
GAPGERGGPG
SGTPGQDGRP
ATGAPGKDGD
GKSGEQGVPG
DGAKGDAGAP
APGKDGIRGM
GAPGPAGFAG
VGATGPKGAR
QKGNRGETGP
GQRGIVGLPG
AGPPGEPGRE



<210>
<211>
<212>
<213>
<220>
<223>

<400>

<210>
<211>
<212>
<213>
<220>
<223>

<400>

1001
1051
1101
1151
1201
1251
1301
1351
1401

4
1352

GTPGNEGSAG
RGESGPAGPA
MQGPPGPPGP
GPRGRNGEIG
RADDANVMRD
PDWKSGEYWI
NIKEKKHVWF
TYHCKNSIAY
SHTGAWGKTV

Protein
Ca& nudc ngot

colagen alpha-1(I) chain isoform X1 [Pygocentrus nattereri]

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1001
1051
1101
1151
1201
1251
1301
1351
1401

5
1352

MFSFVDIRLA
CQICVCDSGT
PKGMPGEKGD
GFDEKSGGMP
MGPRGAAGPP
HRGFSGLDGA
GAAGARGNDG
QGARGEPGNP
PPGAAGTPGA
GKRGARGEPG
VGAKGATGEP
PPGPGGARGQ
GAPGAPGPAG
AGAPGVAGSR
APGAQGPPGL
GPIGPPGPAG
PGADGQPGAK
AAGPPGATGF
GRPGEIGAAG
RGERGFPGLP
TPGNEGAAGR
GEAGPAGPAG
QGPPGPPGPS
PRGRTGEIGP
ADDANVMRDR
DWKSGEYWID
IKEKKHVWFG
YHCKNSIAYM
HTGAWGKTVI

Protein
Ca nudc ngot

hypothetical protein cypCar_ 00006571

1
51

MFSFVDIRLA
CQICVCDSGT

2775

RDGAPGPKGD
GAAGPAGPRG
SGEPGPAGAS
PAGPPGAPGP
RDLEVDTTLK
DPDQGCNQDA
GEAMTDGFQF
MDQASGNLKK
IDYKTTKTSR

LLLSATVLLA
VMCDEVICED
RGPAGPPGND
IPGPMGPMGP
GKNGEDGESG
KGDGGPAGPK
AAGAAGPPGP
GPAGPAGPAG
PGPKGNTGEA
AAGVRGPAGE
GRNGEPGMPG
PGVMGFPGPK
PSGERGEQGP
GDRGFPGERG
QGMPGERGAA
AQGDKGEPGA
GEPGDTGAKG
PGAAGRVGPP
PPGPSGEKGT
GSSGEPGKQG
DGAVGPKGDR
ASGPAGPRGP
GESGPAGASG
AGPPGPPGPP
DLEVDTTLKS
PDQGCNQDAI
EAMTDGFQFE
DQATGNLKKA
DYKTTKTSRL

LLLSATVLLA
VMCDEVICED

RGETGAAGTP
PAGPAGARGD
GPAGPRGPAG
PGPPGPSGGG
SLSQQIESIM
IKVYCNMETG
EYGSEGSKAE
ALLLQGSNEI
LPIIDIAPMD

RGQGEDDRTG
TSDCANPIIP
GIPGQPGLPG
RGPPGPAGIP
KPGRPGERGP
GEPGAAGENG
TGPAGPPGFP
NNGADGAPGL
GAPGAKGEAG
RGAPGARGFP
SKGMTGSPGS
GAAGEAGKPG
AGPPGFQGLP
APGAAGPAGP
GLPGLKGDRG
GGPVGPTGAR
DAGAPGAAGA
GPAGNSGPPG
PGAEGAPGPS
PGGPSGERGP
GETGASGAPG
AGPAGARGDK
PAGPRGPAGS
GPPGPSGGGF
LSQQIESIRS
KVNCNMETGE
YGGEESKAED
LLLQGSNEIE
PIIDIAPMDV

RGQGEDDRTG
TAHCSNPVIP
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GAPGPPGAPG
KGETGEAGER
SSGPAGKDGM
FDIGFIAQPQ
SPDGTKKNPA
ETCVYPTEST
DVNIQLTFLR
EIRAEGNSRF
VGAPNQEFGI

SSCTLDGQVY
PDECCPICPD
PPGPPGPPGL
GPQGFTGPPG
PGPQGARGFP
TPGAMGPRGL
GGPGAKGEVG
KGAPGASGIA
VKGESGAPGV
GADGAAGPRG
PGPDGKTGPA
ERGVMGAIGV
GPQGATGEPG
RGSPGAAGND
DQGAKGADGA
GPPGERGETG
TGAPGPQGPV
PPGPSGKEGP
GIPGPQGIAG
PGPMGPPGLA
APGPPGAPGP
GETGEAGERG
AGSPGKDGIS
DIGFIAQPQE
PDGTKKNPAR
TCVYPAQAEI
VNIQLTFLRL
IRAEGNSRFT
GAPNQEFGIE

[Cyprinus

GSCTLDGQVY
HDECCPVCPD

PVGPAGKTGD
GMKGHRGFTG
SGLPGPIGPP
EKAPDPFRHF
RTCRDLKMCH
IPKKNWYTSK
LMSTEASQNI
TYSVTEDGCT
EVGPVCFL

NDRDVWKPEP
DEYQEPRVEG
GGNFSPQMSG
EPGEAGAPGP
GTPGLPGIKG
PGERGRAGPP
AQGTRGAEGP
GAPGFPGPRG
QGPPGPPGEE
APGERGGPGV
GAPGQDGRPG
PGAPGKDGDV
KSGEQGVPGE
GAKGETGAAG
AGKDGIRGMT
APGPAGFAGP
GATGPKGARG
KGNRGETGSP
QRGIVGLPGQ
GPPGEPGREG
IGPAGKTGDR
MKGHRGFTGM
GLPGPIGPPG
KAPDPFRHFR
TCRDLKMCHP
PKKNWYTSKN
MSTEASQNIT
YSVTEDGCTS
VGPVCFL

carpiol

NDRDVWKPEP
DEFKEPGVEG



101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951
1001
1051
1101
1151
1201
1251
1301
1351
1401

PRGPAGEKGD
GYDEKSGGAM
PMGPRGAAGP
GHRGFSGLDG
PGAAGARGND
PQGARGEPGN
GPSGPAGAAG
EGKRGPRGEP
IVGPKGATGE
GPPGPVGARG
VGAPGAPGPA
EAGAPGPAGS
GAPGAQGPPG
QGAKGTDGAP
PPGERGETGA
GAPGPQGPVG
SGAPGKEGQK
IPGPQGIAGQ
MPFRESLANK
VMVLLDQRVT
VLLALLVPVD
PGPPGPSGEP
RNGEIGPAGP
ANVMRDRDLE
SGEYWIDPDQ
KKHVWFGEAM
QEFGIEVGPV

2775

RGLPGPPGND
AVPGPMGPMG
PGKNGEDGES
AKGDTGPAGP
GAAGAAGPPG
PGPAGAAGPA
APGPKGNTGE
GSAGARGPPG
PGRNGEPGMP
QPGVMGFPGP
GPTGERGEQG
RGDRGFPGER
LQGMPGERGA
GKDGIRGMTG
PGPAGFAGPP
STGPKGARGA
GNRGETGPSG
RGIVGLPGQR
DLLVPLVNVD
VVRLALLALP
PLCNVFIQGP
GPAGASGPAG
PGPPGLPGPP
VDTTLKSLSQ
GCNQDAIKVY
TDGFQSHTGA
CFL

GIPGQPGLPG
PRGPPGPPGS
GKPGRPGERG
KGEPGAPGEN
PTGPAGPSGF
GNNGADGAPG
VGAPGAKGEA
ERGAPGARGF
GSKGMTGSPG
KGAAGEAGKP
PAGPPGFQGL
GAPGPAGPAG
AGLPGLKGDR
PIGPPGPAGA
GADGLPGAKG
AGPPGATGFP
RTGEIGAAGP
GERGFPGLPG
LLDPWDPLDW
VLLDLLVLLD
AGARGDRGET
PRGPGGSSGA
GPSGGGFDIG
QIESIISPDG
CNMETGETCV
WGKTVIDYKT

-19-

PPGPPGPPGL
SGPQGFTGPP
PPGAQGARGF
GTPGAMGPRG
PGGPGAKGEV
LKGAPGAPGI
GAKGEAGAQG
PGADGSAGPK
SPGPDGKTGA
GERGVMGALG
PGPQGATGEP
ARGSPGSAGN
QMNRMAQILK
PGDKGETGAP
EPGDNGAKGD
GAAGRVGPPG
PGAPGEKGTP
QSKVGILCIN
LDLLVSLVVR
PLALLERLVI
GEAGERGMKG
AGKDGMSGLP
FIAQPVEKAP
TKKNPARTCR
YPAESSIPKK
TKTSRLPIID

GGNFSPQMSG
GEPGEAGAPG
PGTPGLPGIK
LPGERGRAGP
GAQGARGAEG
AGAPGFPGPR
VQGPPGPSGE
GATGERGGPG
TGTPGQDGRP
ATGAPGKDGD
GKSGEQGVPG
DGAKGDAGAP
TDNKFLSKGD
GLVGPNGARG
SGPPGPAGAT
PAGNAGPPGP
GAEGPPGSAG
HGKAFIILFI
ELQVMRVLLD
VESLALLVLP
HRGFTGMQGP
GPIGPPGPRG
DPFRSYRADD
DLKMCHPDWK
NWYTSKNIKE
IAPMDVGAPN





