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(57) Sang ché dé cap dén san pham sira dugc axit hoa, c6 d6 pH nam trong khoang tir 3,0

dén 5,0 va ham luong lactoza it nhat bang 1,5mg/mL, trong d6 san pham nay chta lactaza

ma duy tri dugc hoat tinh cia né ¢ d6 pH bang 5,0 va nhiét d6 37°C ¢ muc it nhat bang 5%

so v6i hoat tinh ctia no & d6 pH ti wu cua lactaza; quy trinh san xuat san pham sita duoc

axit hoa; va quy trinh san xuét san pham sita 1én men.

Lactoza con lai khi dwgc bio quin & nhiét d§ 25°C
Bo sung lactoza xudi dong (dé6 pH bing 4,30)
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Linh vire ky thuat dwoc dé cap
Séang ché dé cap dén san phim sita duoc axit hoa c6 ham luong lactoza giam.
Tinh trang ky thuit ciia sang ché

W02009/071539 dé cap dén lactaza c6 ngudn gbc tir Bifidobacterium bifidum, co
kha nang thily phan rat hiéu qua trong sita, va c6 hoat tinh trong khoang d6 pH rong, bao
gbm d6 pH thép, vi du, d6 pH thap hon 5. Lactaza c6 thé dugc sir dung trong quy trinh
san xudt sira va san phém stta 1én men, nhu pho mat, stra chua, bo, bo sita, kem chua v.v.,

dé 1am giam ham lugng lactoza.

WO02013/160413 dé cap dén phuong phap san xuat san phim sita 1én men bing
cach st dung su két hop cta ching vi khuén axit lactic 4m tinh v6i glucoza va lactaza
thong thuong nhim muc dich 1am giam ham lrong lactoza trong san phim sira 1én men

trong khi lam tdng ham Iugng cta glucoza.

EP-A1-2 957 180 d cap dén phuong phap san xudt san phim sira 1én men bing
cach str dung su két hop cta gibng khoi dong va lactaza thong thuong nhim muc dich

lam gidm ham lugng lactoza va mirc sau axit hoa trong sdn pham sira 1én men.
Ban chat ky thuat cda sang che

Muc dich cua séng ché 1a dé cép dén san pham sira dugc axit hda cai thién c¢d ham

lugng lactoza gidm.

Muc dich ctia sang ché dat duoc bing san phim sita dugc axit hoa, ¢6 d6 pH nim
trong khoang tir 3,0 dén 5,0 va ham luong lactoza it nh4t bang 1,5mg/mL, trong d6 san
phim nay chira lactaza, duy tri dugc hoat tinh cia né & d6 pH bing 5,0 va nhiét d6 37°C

& mirc it nhit bang 5% so vdi hoat tinh ctia né & d6 pH t6i wu cua lactaza.

Sang ché ciing dé cap dén kha ning cai bién san phim thuc phdm chtra lactoza v6i
d6 pH nam trong khoang tir 3,0 dén 5,0 trong pha bao quan & nhiét d6 méi trudong, tuc 14
khéng can phai lam lanh, sau khi hoan thanh san xuét ¢ dia diém san xuét, vi du, trong
qué trinh van chuyén va bao quan tai cira hang béan 1¢, d 1am giam ndng d6 lactoza. Séng

ché dua trén viéc nhén thirc dugc rang doi véi san pham c6 dd pH thap va du dinh d€ véan
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chuyén va bao quan & nhiét d6 moi trudng, vi du, san phém sita 1én men sau thanh trung,
¢6 thé thuc hién viéc 1am giam ham luong lactoza sau khi hoan thanh sin xuét & dia diém
san xuit bang bd sung lactaza cé hoat tinh & d6 pH thip sau khi quy trinh san xuét thuc
phim thong thuong di hoan thanh va cho phép lactaza chuyén hoéa lactoza thanh
galactoza va glucoza trong qua trinh pha sir dung tiép d6 ctia san phdm cho dén khi nguoi
tiéu ding cudi tiéu thu hét né. Do d6, sang ché cho phép thu dugc budc chuyén hoa
lactoza theo cach don gian va hiéu qua vé chi phi bén ngoai dia diém san xuat, va do d6
quy trinh san xuét san phim sita 1én men & dia diém san xuit c6 thé dugc don gian hoéa
bing cach khéng bao gdm budc hoan thanh chuyén ho4 lactoza, nho d6 tiét kiém dugc

thoi gian va cong suat thi€t bi san xuat.

Hon nita, khi lactaza duoc bd sung sau khi xir Iy nhiét san phim stra 1én men, cé
thé sir dung lugng lactaza nhd hon so véi khi lactaza c6 hoat tinh trong qua trich 1én men,
vi lactaza c6 thé duoc phép c6 hoat tinh trong mot khoang thoi gian dai, trong khi trong
quy trinh 1én men trong san xu4t mong mubdn thye hién quy trinh cang nhanh cang tt dé
1am gidm chi phi. Phin 16n lactaza s& bi bat hoat trong qua trinh xtr 1y nhiét va do d6 s&
khong con hoat tinh sau khi x1r Iy nhiét. Do d6, sang ché @ cap dén kha ning 1am giam
lwong lactaza cin dé loai bd duge ham lugng lactoza clia san phim sita 1én men. Ngoai
ra, khi lactaza duoc bd sung sau khi xtr Iy nhiét sén phim sira 1én men, mirc phan tmg
Maillard gy ra boi bude xir Iy nhiét san phdm sita 1én men dugc giam, vi lactoza lam tang
phan tmg Maillard it hon so v6i chit chuyén héa hydrat cacbon cia lactoza. Cubi cing, khi
lactaza dugc bd sung sau khi xtr 1y nhiét san phim sita 1én men, c6 thé tranh duogc tac
dung phu bt 1oi cta vi khuén axit lactic dugc st dung trong 1én men dbi vé&i hoat tinh
cua lactaza.

Trén toan thé gi6i, mot luong 16n ngudi tidu dung khdng dung nap hodc nhay véi
lactoza. Vi vdy, ¢6 nhu ciu 16n vé cac san phim sira, bao gdm san pham sira 1én men, c6
ham luong lactoza giam hodc vé co ban khong chira lactoza. Sang ché @ cép dén phuong
phép san xuét san phim nhu vy theo cach don gidn va tiét kiém vé chi phi.

MBS ta vit tit cac hinh vé

Fig.1 thé hién ndng d6 lactoza con lai trong cdc mau dd dugc xir 1y bing lactaza
duoc bd sung vao sira chua thanh phdm thu duogc sau thanh tring cho ndéng dd lactaza
nim trong khoang tir 1000, 2000 dén 3000 LAU/L.
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Fig.2 thé hién ndng dd lactoza con lai trong cc mAu di duge xir 1y bang lactaza
duoc bd sung vao stta chua thanh phém thu dugce sau thanh trung cho nﬁ‘)ng do lactaza
nam trong khoang tir 200, 400, 600, 800, 1000 dén 1200 LAU/L & 8, 24, 48 va 76 gid.

Fig.3 thé hién dir liéu cia Fig.2 chi & 48 gio.

Fig.4 thé hién dir liéu cua Fig.2 chi & 76 gid.
M5 ta chi tiét sing ché

Lactaza

Lactaza cia san phim sita 1én men theo séng ché c6 thé 13 lactaza bat ky, duy tri
duoc hoat tinh cia né & do pH bang 5,0 va nhiét 46 37°C & muc it nhét bang 5% so véi

hoat tinh ctia né & d6 pH tdi wu ctia lactaza.

Lién quan dén sang ché, hoat tinh trong LAU cua lactaza dugc do nhu dugc néu
trong phéan “Dinh nghia” dudi day.

Theo phuong 4n wu tién, lactaza duy tri duoc hoat tinh ctia n6 ¢ 46 pH bang 5,0 va
nhiét 5 37°C & muc it nhit bang 10 %, tdt hon it nhit 1a 20%, tot hon nita it nhét 1a
30%, tbt hon nita it nhat 1a 40%, tdt hon nita it nhét 1a 50%, tot hon nita it nhat 1a 60%,
t6t hon nita it nhit 12 70%, va t6t nhit néu it nhét 1a 80%, so v6i hoat tinh ciia né & dé pH

t0i uu cua lactaza.

Theo phuong 4n wu tién, lactaza duy tri dugc hoat tinh ctia n6 ¢ d6 pH bing 4,0 va
nhiét d6 37°C & muc it nhit bing 5%, tot hon it nhit bing 10%, tt hon nita it nhat 1a
20%, tét hon nita it nhét 12 30%, tét hon nita it nhat 1 40%, tot hon nita it nhét 1a 50%,
t6t hon nita it nhat 13 60%, tdt hon nita it nhat 1a 70%, va tét nhat néu it nhat 12 80%, so
v6i hoat tinh cia n6 & 46 pH t61 vu cua lactaza.

Theo phuong 4n uu tién, lactaza duy tri dugc hoat tinh ctia n6 ¢ 46 pH bang 3,0 va
“nhiét d6 37°C & mirc it nhat bang 5%, tot hon it nhat bang 10%, tt hon nira it nhat 1a 20
%, t6t hon nira it nhat 13 30%, tdt hon nita it nhét 12 40%, t6t hon nira it nhit 1a 50%, tot
hon nita it nhit 13 60%, tdt hon nita it nhét 13 70%, va t6t nhit néu it nhat 13 80%, so v6i
hoat tinh ctia n6 & d6 pH t8i wru ctia lactaza.

Lién quan dén sang ché, @6 pH tdi wu ciia lactaza duge xac dinh bang cach do hoat

tinh lactaza & d¢ pH khac nhau bang cach sir dung phuong phép dugc néu trong phan

_4-



38943

“Pinh nghia” duédi ddy va xac dinh do pH véi hoat tinh tdi wu. Dic biét, hoat tinh lactaza
& @6 pH khac nhau dugc do trong dung dich dém M va & nhi€t 4o 37°C. Theo cach khéc,
hoat tinh lactaza dugc néu trong don sang ché 12 ty 18 phén tram ctia hoat tinh & do pH tbi

uu cua lactaza thay vi xem la ty 1€ phan trim ctia hoat tinh lactaza & d6 pH 6,5.

Theo phuong an wu tién, lactaza duy tri duoc hoat tinh cua nd & nhiét do 10°C va
d6 pH bing 6,0 & mirc it nhat bing 10% so vdi hoat tinh cla né & nhiét do toi wu clia
lactaza. T6t hon néu, lactaza duy tri dugc hoat tinh cta né ¢ nhiét 46 10°C va d6 pH b?mg
6,0 & mitc it nhit bing 20%, t5t hon nita it nhit 12 30%, tt hon nita it nhét 1a 40 %, tot
hon nita it nhat 13 50%, tbt hon nira it nhat 1a 60%, tdt hon nita it nhat 1a 70%, va tot nhét

néu it nhat 12 80%, so véi hoat tinh ciia nd & nhiét d¢ toi uu cia lactaza.

Lién quan dén sang ché, nhiét do tdi wu cia lactaza duoc xac dinh béng cach do
hoat tinh lactaza & cac nhiét do khac nhau bang cach sit dung phuong phap dugc néu
trong phén “Pinh nghia” dudi diy va xac dinh nhiét do véi hoat tinh tdi wu. Theo cach
khéc, hoat tinh lactaza dugc néu trong don sang ché 13 ty 1é phan trim cta hoat tinh &
nhiét d6 tdi wu cua lactaza thay vi xem 12 ty 1¢ phén trim cla hoat tinh lactaza & nhiét do

37°C.

Theo mot phuong an dugce vu tién, lactaza dé duoc sir dung trong san phim theo
sang ché c6 hoat tinh lactaza & nhiét do 37°C dén do pH 5 it nhét 1a 55%, nhu it nhét 1a
60%, it nhit 13 65%, it nhét 1a 70% hogc it nhét 12 75%, cua hoat tinh lactaza cta né &
nhiét d6 37°C va do pH 6.

Theo mot phuong an duge uvu tién khac, lactaza dé duoc st dung trong san phém
theo sang ché c6 hoat tinh lactaza & nhiét do 37°C va d6 pH 4,5 it nhét bang 10%, nhu it
nht 12 20%, it nhit 1a 30%, it nhét 12 35% hofc it nhét 1a 40%, ciia hoat tinh lactaza cia
n6 & nhiét 6 37°C va 46 pH 6.

Theo mot phuong an duge uvu tién khac, lactaza d dugc st dung trong san phdm
theo sang ché c6 mirc tdi wu 46 pH ctia hoat tinh lactaza ¢ nhiét d6 37°C la cao hon 5,5.

Theo mot phuong an dugce uu tién khéc, lactaza dé dugc st dung trong san phém
theo sang ché c6 hoat tinh lactaza & nhiét d6 12 52°C va d6 pH bang 6,5 it nhat 1a 50%,
nhu it nhat 13 55%, it nhét 1a 60%, it nhat 1a 65%, it nhét 1a 70%, it nhat 1a 75% hodc it
nhét 12 80%, cua hoat tinh lactaza ciia né & nhiét d¢ 1a 38°C va do pH b%lng 6,5.
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Theo mot phuong an uu tién, Km (hing s6 Michaelis) ctia lactaza & nhiét o 5°C
12 nho hon 25 mM, nhu nhé hon 20 mM, nhé hon 15 mM hodc nhé hon 10 mM. Theo
mot phuong 4n duge wu tién khic, Km cuia lactaza & nhiét do 37°C 1a nh6 hon 25 mM,
nhu nhé hon 20 mM hodc nhd hon 15 mM. Ngudi c6 hiéu biét trong linh vuc k¥ thust
ndy sé biét cach xac dinh Km déi véi hoat tinh lactaza & nhiét do cu thé. Km c6 thé dugc
xé4c dinh bing phuong phap dugc mo ta trong W0O2009/071539.

Theo modt phuong an duge uu tién khac, enzym khi thity phén lactoza trong san
phém sita c6 ty 1€ giita hoat tinh lactaza va transgalactosylaza 1a 16n hon 1:1, nhu 16n hon
2:1 hodc 16n hon 3:1. Theo mdt phuong 4n duge wu tién khac, budc xtt 1y enzym dugc
thuc hién trong céc diéu kién c6 hoat tinh lactaza ctia enzym 1a cao hon so véi hoat tinh

transgalactosylaza, nhu cao hon it nhét hai 14n hodc cao hon it nhat ba lan.

Ty 1€ giita hoat tinh lactaza va transgalactosylaza trong san phim sita c6 thé, vi du,
dlfoc xé4c dinh bang phan tich HPLC. Theo mdt phuong &n dugc vu tién khéc, budce xir 1y
enzym dugc thuyc hién trong cac didu kién trong d6 it nhit 50% (% khéi lrong/khéi
lugng) cua lactoza da thiy phan duoc chuyén héa thanh galactoza tr do. Theo mot
phuong 4n dugc vu tién khac, bude xir Iy enzym dugc thuc hién trong cac diéu kién trong
d6 lactoza d3 thuy phan duoc chuyén héa thanh lugng glucoza tu do va galactoza tu do

bang nhau.

Lactaza theo sing ché 1a glycosit hydrolaza c6 kha ning thiy phan disaccarit
lactoza thanh cdc monome galactoza va glucoza thanh phin. Nhém lactaza ma bao gbém
lactaza theo sing ché bao gém, nhung khong chi giéi han &, enzym thudc 16p phu EC
3.2.1.108. Enzym thudc céac 16p phu khac nhu, vi dy, EC 3.2.1.23, ciing ¢6 thé 13 lactaza
theo sang ché. Lactaza theo sang ché c6 thé c6 cac hoat tinh khac ngoai hoat tinh lactoza
thay phan, vi du, hoat tinh transgalactosyl héa. Trong ndi dung sing ché, hoat tinh
lactoza thily phan cua lactaza con c6 thé duoc goi 1a hoat tinh lactaza hodc hoat tinh beta-

galactosidaza.

Enzym c6 hoat tinh lactaza dugc s dung trong phuong phap sang ché co thé c6
ngu@)n géc dong vat, thuc vat hodc vi sinh vat. Lactaza dugc uu tién c6 nguﬁ‘)n géc vi sinh

véat, cu thé 1a tir nAm dang s¢i hodc nam men, hodc vi khuén.

Enzym cé thé, vi du, c6 nguon gbc tir ching Agaricus, vi du, A. bisporus;
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Ascovaginospora; Aspergillus, vi du, A. niger, A. awamori, A. foetidus, A. japonicus, A.
oryzae; Candida; Chaetomium; Chaetotomastia; Dictyostelium, vi du, D. discoideum;
Kluveromyces, vi du, K. fragilis, K. lactis; Mucor, Vi dl,i, M. javanicus, M. mucedo, M.
subtilissimus; Neurospora, vi du, N. crassa; Rhizomucor, vi du, R. pusillus; Rhizopus, vi
du, R. arrhizus, R. japonicus, R. stolonifer; Sclerotinia, vi du, S. libertiana; Torula;
Torulopsis; Trichophyton, vi du, T. rubrum; Whetzelinia, vi du, W. sclerotiorum,
Bacillus, vi du, B. coagulans, B. circulans, B. megaterium, B. novalis, B. subtilis, B.
pumilus, B. stearothermophilus, B. thuringiensis; Bifidobacterium, vi du, B. longum, B.
bifidum, B. animalis; Chryseobacterium; Citrobacter, vi du, C. freundii; Clostridium, vi
du, C. perfringens; Diplodia, vi du, D. gossypina; Enterobacter, vi du, E. aerogenes, E.
cloacae Edwardsiella, E. tarda; Erwinia, vi du, E. herbicola; Escherichia, vi du, E. coli;
Klebsiella, vi du, K. pneumoniae; Miriococcum; Myrothesium; Mucor; Neurospora, vi
du, N. crassa; Proteus, vi du, P. vulgaris; Providencia, vi du, P. stuartii; Pycnoporus, vi
du, Pycnoporus cinnabarinus, Pycnoporus sanguineus; Ruminococcus, vi du, R. torques;
Salmonella, vi du, S. typhimurium; Serratia, vi du, S. liquefasciens, S. marcescens;
Shigella, vi du, S. flexneri; Streptomyces, vi du, S. antibioticus, S. castaneoglobisporus,
S. violeceoruber; Trametes; Trichoderma, vi du, T. reesei, T. viride; Yersinia, vi du, Y.

enterocolitica.

Theo mot phuwong an duge uu tién, lactaza co nguﬁ‘)n gbc tir vi khuén, vi du, tir ho
Bifidobacteriaceae, nhu tir gibng Bifidobacterium, nhu tir chung B. bifidum, B. animalis
hodc B. Zongi:m. Theo mét phuong 4n uu tién hon nita, lactaza co ngudn gdc tir
Bifidobacterium bifidum.

Theo mdt phuong an dugce wu tién, enzym cé hoat tinh lactaza dé duoc st dung
trong san phdm theo sang ché chtra trinh tu axit amin c6 do twong ddng it nhit bang 50%
so vdi trinh tr duoc chon tir nhém bao gﬁ“)m céc axit amin 28-1931 c¢6 trinh ty nhu néu
trong SEQ ID NO.1, céc axit amin 28-1331 ¢6 trinh ty nhu néu trong SEQ ID NO.2, SEQ
ID NO.3, SEQ ID NO.4 va cac manh hoat tinh lactaza cia ching. Theo mdt phuong an
uu tién hon nita, enzym chira trinh tu axit amin cé d¢ tuong ddng it nhit bang 60%, nhu
it nhét bing 70%, it nhat bing 80%, it nhat bang 90%, it nhit bang 95% hodc it nhit bang
98% so v&i trinh tur duge chon tir nhém bao gém cac axit amin 28-1931 ¢6 trinh tu nhu
néu trong SEQ ID NO.1, c4c axit amin 28-1331 c6 trinh tur nhu néu trong SEQ ID NO.2,
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SEQ ID NO.3, SEQ ID NO.4 va cic manh hoat tinh lactaza cua ching.

Enzym dugc uu tién 12 lactaza c6 trinh tu ¢6 do tuong ddng it nhat bang 50%, nhu
it nhit 60%, it nht bing 70%, it nhét bing 80%, it nhit bang 90%, it nhit bang 95% hodc
it nhat bang 98% véi cac axit amin 28-1931 ¢ trinh tw nhu néu trong SEQ ID NO.1 hodc
v6i manh hoat tinh lactaza cia ching. Manh hoat tinh lactaza nhu vay ¢4 trinh ty nhu néu
trong SEQ ID NO.1 ¢6 thé 13 manh bat k¥ c6 trinh tw nhw néu trong SEQ ID NO.1 ¢6
hoat tinh lactaza. Manh hoat tinh lactaza c6 trinh ty nhu néu trong SEQ ID NO.1 c6 thé
13, vi du, cac axit amin 28-979, cic axit amin 28-1170, céc axit amin 28-1323, cac axit

amin 28-1331, hoidc cac axit amin 28-1600 c6 trinh ty nhu néu trong SEQ ID NO.1.

Theo mot phuorig an duoc uu tién, enzym cé hoat tinh lactaza dé duoc st dung
trong san pham theo séng ché chira trinh tw axit amin cé d6 twong dong it nhit bang 50%
véi cAc axit amin 28-1331 ¢6 trinh tu nhu néu trong SEQ ID NO.2. Theo mét phuong an
wu tién hon nita, enzym chira trinh tu axit amin c6 d0 tuong dong it nhét bang 60%, nhu
it nh4t bing 70%, it nhit bing 80%, it nhit bing 90%, it nhét bing 95% hodc it nht bang
98% vGi cac axit amin 28-1331 ¢6 trinh ty nhu néu trong SEQ ID NO.2.

Theo phuong 4n khic, enzym c6 hoat tinh lactaza dugc st dung trong san phim
theo sang ché c6 trinh ty axit amin ¢6 d6 twong ddng it nhit bang 50% so véi trinh ty nhu
néu trong SEQ ID NO.3. Tét hon néu, enzym c6 trinh tir axit amin c6 d6 twong dong it
nhét bing 60%, nhu it nht bing 70%, it nht bing 80%, it nht bing 90%, it nhat bing
95% hoic it nhat bang 98% so vdi trinh tw nhu néu trong SEQ ID NO.3.

Theo phuong an khac, enzym c6 hoat tinh lactaza dé duogc sir dung trong san phim
theo sang ché c6 trinh tyr axit amin c6 d6 twong ddng it nhat bang 50% so véi trinh t nhu
néu trong SEQ ID NO 4. Tt hon néu, enzym cé trinh ty axit amin c¢é d6 tuong ddng it
nhit bang 60%, nhu it nhét bing 70%, it nhat bing 80%, it nhit bing 90%, it nhit bang
95% hodc it nhat bdng 98% so v&i trinh tw nhu néu trong SEQ ID NO.4.

Nhim muc dich sang ché, d6 twong ddng giira hai trinh ty axit amin dugc x4c dinh
bing cach st dung thuét toAn Needleman-Wunsch (Needleman and Wunsch (1970) J.
Mol. Biol. 48: 443-453) nhu dugc thuc hién trong chuong trinh Needle ctia géi EMBOSS
(EMBOSS: The European Molecular Biology Open Software Suite, Rice et al. (2000)
Trends in Genetics 16: 276-277), tét hon néu phién ban 3.0.0 hoic méi hon. Cac thong sb
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tuy chon dugc st dung la diém phat mé cho khoang trng bang 10, diém phat mé rong
cho khoéng tréng bing 0,5, vi ma tran thay thé EBLOSUMS62 (phién ban EMBOSS ctia
BLOSUMS62). Piu ra clia “dd twong ddng dai nhat” d& dan nhin Needle (thu dugc bang
c4ch st dung tiy chon ngén -no) dugc st dung lam ty 1& phén trim twong dong va duoc
tinh todn nhu sau: (Géc twong ddng x 100)/(Chiéu dai sip hang - tbng sé khoang tréng
trong sap hang)

Lactaza thuong phim cu thé thich hop dé ding theo sang ché 13 Lactaza F
“Amano” 100SD sin c6 tir Amano Enzyme Europe.

Lactaza dugc sir dung trong phuong phap sang ché c6 thé 13 ngoai bao. Chung c6

thé ¢6 trinh tu tin hiéu & déu tn cung N clia ching, ma bi cat dut trong qua trinh tiét.

Lactaza dugc st dung trong phuong phép sang ché c6 thé c6 ngudn gbc tir ngudn
bét ky trong sé cac ngudn duge dé cap & day. Thuat ngir “cé ngudn gdc” trong ban mod ta
nay c6 nghia 13 enzym c6 thé @3 duoc tach ra tir sinh vat ma & d6 né c6 mit nguyén thé,
tac 12 d6 twong ddng cla trinh tir axit amin cla enzym la gidng véi enzym nguyén thé.
Thuat ngit “cé ngudn gbc” cling c6 nghia 13 enzym c6 thé d3 duoc tao ra bang tai t6 hop
trong sinh vét chd, enzym duoc tao ra bang tai t6 hop c6 trinh tr axit amin tuong ddng
vl enzym nguyén thé hodc c6 trinh tu axit ainin cai bién, vi du, c6 mét hodc nhiéu axit
amin duoc khuyét doan, cai xen va/hodc duoc thé, tirc 1a enzym duogc tao ra béng tai tb
hop 12 thé dot bién va/hodc manh cia trinh ty axit amin nguyén thé. Trong nghia cia
enzym nguyén thé bao gbm cac bién thé tur nhién. Hon nita, thudt ngit “c6 ngudn gbc”
bao gébm enzym dugc tao ra bang téng hop bing, vi du, peptit tbng hop. Thuat ngit “cd
ngudn gbc” ciling bao gbdm enzym di dugc cai bién, vi du, béng cach glycosyl hoa,
phosphoryl hod v.v.., du 1a in vivo hay in vitro. Déi véi enzym duoc tao ra bang tai to
hop, thuat ngit “co ngudn gbc tir” duge s dung trong ban md ta dé chi d6 twong dong
ctia enzym va khong phai 1a 4§ tuong ddng cua sinh vat chit trong d6 n6 dugc tao ra béng
tai td hop.

Lactaza c6 thé thu dwoc tir vi sinh vat bang cach sir dung k§ thuat thich hop bét
ky. Vi du, ché phém enzym lactaza co thé thu duoc béng cach 1én men vi sinh vét thich
hop va tiép theo 13 phan 14p ché pham lactaza tir canh thit da 1én men thu dugc hoac vi
sinh vét bang cac phuong phap da biét trong linh vuc k¥ thuit ndy. Lactaza cling ¢6 thé
thu duoc bang cach str dung k§ thuat ADN tai t6 hop. Phuong phap nhu vy thuong bao
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gbm nudi cdy té bao vat chi da bién nap bang vat truyén ADN tai t6 hop chira trinh tu
ADN m3 héa lactaza dang nghi ng¥ va trinh tu ADN duoc lién két c6 diéu khién véi tin
hiéu biéu hién thich hop dé né c6 kha ning bidu hién lactaza trong méi truong nubi ciy
trong cac didu kién cho phép biéu hién enzym va thu hdi enzym tir mdi trudng nudi cay.
Trinh tu ADN ciing c6 thé dugc dua vao bo gen ciia té bao vat chit. Trinh tr ADN c6 thé
c¢6 ngudn gbc tir bd gen, cADN hoic tdng hop hodc cac td hop bét ky clia ching, va cé
thé dugc phan 1ap hoic tbng hop theo cac phuong phap da biét trong linh vuc ky thuat
nay.

Lactaza duoc st dung trong phuong phdp sang ché ¢ thé duoc tinh ché. Thuat
ngit “dugc tinh ché” nhu duoc st dung trong ban mé ta ndy bao ham protein enzym
lactaza vé co ban khong chira cac hop phan khong hoa tan tir sinh vat san xuét. Thuét ngit
“dugc tinh ché” cling bao ham protein enzym lactaza vé co ban khong chira cac hop phan
khong hoa tan tir sinh vt nguyén thé ma tir d6 thu duoc n6. Tt hon néu, né cling dugce
tach khoi mot sb hop phan hoa tan ciia sinh vat va méi trudng nudi cdy ma n6 dugc din
xuét. Tt hon nita néu, n6 dugce tach bﬁng mot hodc nhiéu budc van hanh don vi: loc, Kkét

tda, hodc sac ky.

Do d6, enzym c6 hoat tinh lactaza cé thé duge tinh ché, tic 12 chi mdt lugng nhd
clia cac protein khac dang c6 mit. Thuét ngit “cac protein khac” d& cap cu thé dén cac
enzym khac. Thuat ngit “duoc tinh ché” nhu duogc st dung trong ban md ta nay ciing
dung dé chi viéc loai bo cac hop phan khac, t6t hon néu céc protein khac va tot nhét 13
cac enzym khac c6 mit trong té bao c6 ngudn gbc lactaza. Lactaza c6 thé “vé co ban tinh
khiét”, tirc 12 khong chira cac hop phﬁn khéc tir sinh vat trong d6 n6 dugc tao ra, tic 1a, vi
du, sinh vt chi déi véi lactaza duoc tao ra bang tai td hop. Tt hon néu, lactaza 1a ché
phém enzym protein tinh khiét it nhit 1a 40% (khdi lugng/khéi lugng), tot hon nita it nhat
12 50%, 60%, 70%, 80% hozc thdm chi it nhét bing 90% tinh khiét.

Thuit nglt enzym c6 hoat tinh lactaza bao gdm hop chit bd tro bét ky c6 thé can
cho hoat tinh xtc tac ctia enzym nhu, vi du, chit nhan hoic déng yéu t thich hop, c6 thé
c6 mit hodc ¢ thé khong cé mit tw nhién trong hé phan tmg.

Enzym c6 thé 12 dang bit ky thich hop dé sir dung dang nghi ngd nhu, vi du, &
dang bot kho hodc hat, hat khong bui, chét 16ng, chét léng di dugc 1am 6n dinh, hodc

enzym bao vé.
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San pham sira dugc axit hoa

Theo phuong 4n cu thé theo sang ché, san pham d3 dugc axit hoa theo sang ché ¢6
d6 pH nam trong khoang tir 3,2 dén 4,8, t6t hon nita néu nim trong khoang tir 3,4 dén 4,6
va t6t nhat 12 ndm trong khoang tir 3,6 dén 4,4.

Theo mdt phuong 4n, san phdm sira duoc axit héa 1 san phim sira dugc axit héa
béng héa hoc. Su axit hda co thé duoc thuc hién bﬁng chét axit hoa bat ky da dugc phé
chuén cho san phém thuc phém nhu axit lactic, axit xitric, axit malic, axit tartric, axit

phosphoric, axit fumaric, nudc ép hoa qua, bot hoa qua va hdn hop hoa qua.

Theo mét phuong én khac, san pham sira dugc axit hoa 1a san phim sira 1én men
duoc san xudt bang cach 1én men st dung gibng khéi dong. Gidng khoi dong ¢ thé 1a
gidng khéi dong thong thuong bét k¥ chira vi khuén axit lactic, bao gbém moi trorong nudi
cdy mot ching duy nhét va hdn hop moéi trudng nudi cdy, dugc sir dung dé tao ra loai cu
thé ctia san phim sita 1én men. Vi khuén hitu ich khéc, c6 thé duoc bd sung vao san phim

ngoai gidng khéi dong, bao gbm loi khuén Bifidobacterium spp.

Theo phuong 4n uvu tién, san phim sira 1én men sau khi 1én men dugc dua vao
buéc xtr 1y nhiét dé 1am giam ham luong vi khuén cta gidng khoi dong dén ham luong
khong 16n hon 1X10exp02 CFU/g, va trong d6 lactaza di dugc bd sung sau khi xir 1y
nhiét.

Gidng khéi dong co thé 1a gidng khéi dong thong thuong bét ky chira vi khuin
axit lactic, bao gdbm mdi trudng nudi cdy mot ching duy nhat va hdn hc}p moi trudng
nudi cdy, duoc sir dung dé tao ra loai san phim sita 1én men cu thé. Theo mot phuong én
duoc uu tién cla san phém theo sang ché, su 1én men dugc thuc hién dé thu duogc do pH
ndm trong khoang tur 3,0 dén 5,0, tét hon néu nim trong khoang tir 3,2 dén 4.8, tdt hon
nita néu ndm trong khoang tir 3,4 dén 4,6 va t6t nhat 12 nim trong khoang tir 3,6 dén 4,4.

Tt hon néu, budce xit 1y nhiét dé 1am giam ham hrong vi khuan cia giéng khéi
dong dén ham luong khéng 16n hon 1,0X10exp02 CFU/g sita da 1én men dugc thyc hién
bang cach dua gidng khéi dong san phim sita 1én men dn nhiét d6 nam trong khoang tir
50°C dén 110°C, tbt hon néu ndm trong khoang tir 50°C dén 100°C, tét hon néu nim
trong khoang tir 50°C dén 90°C, tét hon néu nim trong khoang tir 60°C dén 85°C, tbt
hon nita néu ndm trong khoang tir 65°C dén 82°C, va tét nhét 1a nim trong khoing tir
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70°C dén 80°C. Tét hon néu, budc xir 1y nhiét duoc thuc hién trong khoang thoi gian tir 5
gidy dén 180 gidy, t6t hon néu nim trong khodng tir 5 gidy dén 120 gidy, t6t hon nita néu
ndm trong khoang tir 5 gidy dén 90 gidy, tot hon nita néu nim trong khoang tir 5 gidy dén
60 gidy, tt hon nita néu nim trong khoang tir 8 gidy dén 50 gidy, t&t nhit 13 nim trong
khoang tir 10 va 40 gidy. Tét hon néu, ham lwong vi khuin cia gidng khéi dong dugc
giam dén ham lugng khéng 16n hon 1,0X10exp01 CFU/g sita di 1én men, t6t hon nira
néu 0 CFU/g.

Enzym duogc bd sung véi lugng thich hop dé dat dugc ndng dd lactoza thiy phan
mong mubn trong cic diéu kién phan tmg di chon. Theo phuong 4n cu thé theo sang ché,
san phim sita chira lactaza & lugng ndm trong khoang tir 100 dén 20000 LAU/L san
phém stta, tbt hon néu nam trong khoang tir 100 dén 10000 LAU/L san pham sita, tbt hon
néu nim trong khoang tir 100 dén 5000 LAU/L san phim sita, tot hon néu nhé hon 3000,
nhu nho hon 1500, nhd hon 1000, nhd hon 750 hogc nhoé hon 500, LAU/L san phim sira.

Theo mdt phuong 4an dugc wu tién, lactaza duoc bo sung & ndng do nam trong

khoang tir 5 dén 400 LAU trong mdi g lactoza trong san pham sita, t6t hon néu nam trong

khoang tir 5 dn 200 LAU trong mdi g lactoza trong san phém sira, tot hon néu ndm trong

khoang tir 5 &n 100 LAU trong mdi g lactoza trong san pham sfta, tot hon néu nho hon
50, nhu nhd hon 40, nho hon 30, nhd hon 20 hodc nhé hon 10, LAU trong mdi g lactoza

trong san pham sira.

Theo phuong an uu tién, san pham sira dugc axit héa c6 ham lugng lactoza nim
trong khoang tir 2,0mg/mL dén 50mg/mL, tot hon néu ndm trong khoang tir Smg/mL dén
48mg/mL, t6t hon nita néu nim trong khoang tir 10mg/mL dén 46mg/mL, va t6t nhat 13
ndm trong khoang tir 20mg/mL dén 45mg/mL.

Theo phuong 4n wu tién, san pham sfta dugc axit héa chira san pham thyc pham
khac nita dugc chon tir nhém bao gdm do uong hoa qua, san pham ngii coc 1€n men, san
pham ngfi cc da dugc axit hoa bang hoa hoc, san pham sita ddu nanh va hon hop bét ky

cua chung.

San phim sira dugc axit héa thudng chtra protein & mirc nim trong khoang tir
2,0% khéi lwong dén 3,5% khdi lrgng. San pham sira duge axit héa cling ¢6 thé 1a san

phdm protein thip v6i ham lugng protein nim trong khoang tir 1,0% khdi lugng dén
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2,0% khéi luong. Theo cach khéc, san phém sita dugc axit héa cé thé 13 san phim protein
cao voi ham lugng protein cao hon 3,5% khéi luong. Theo phuong 4n cu thé cta san
pham sita dugc axit héa theo sang ché, san phdm 13 hdn hop cua san pham sita dugc axit
héa va san pham ngii cbc, vi du, san phim yén mach, trong d6 san phim ngii cbc c6 thé 1a

san pham ngil coc 1én men, vi du, san pham yén mach 1én men.
2

Theo phwong 4n cu thé theo sang ché, san phim sita dugc axit héa chira san pham
ngll cbc 1én men. San phém ngil cdc 1én men c6 thé dugce tao ra b%lng cach nghién hat cia
nguyén li€u nguén ngtl cbc sinh hoc dé tao ra bot ngil cde, sau d6 duoc dua vao 1én men.
Su 1én men bdt ngl céc ¢ thé duoc thuc hién b%mg cach st dung vi khuén axit lactic

(gidng khoi dong) gidng nhu d dugc st dung d& 1én men co chit sira nhu duge mo ta &

cac doan khac trong don nay.

Theo phuong 4n cu thé theo sang ché, san pham sita dugc axit hda 1a d6 udng hoa
qua. D6 uong hoa qua c6 thé con chira, vi du, yén mach, dau nanh, hanh nhan, nudc sira

va/hodc sita khong 1én men, vi du, & dang sira bot.

Theo phwong 4n cu thé theo séang ché san phim sita dugc axit hoa theo sang ché 1a
san phém da duoc axit hoa bé'mg hoda hoc. Su axit hda cd thé dugc thuc hién b::fmg cach st
dung chét axit héa bét ky thich hop dé bd sung vao san phim thuc phim, nhu axit lactic,
axit xitric, nu6e ép hoa qua, bot hoa qua va hdn hop hoa qua. Theo phuong 4n cu thé, san

pham stta dugc axit hda dugc axit hda bang nudc €p hoa qua.

Theo phuong én cu thé theo sang ché, san phim sita dugc axit héa 1 san phim
ngii cbe di duoc axit héa bing héa hoc. San phdm ngil cbe da dugc axit héa bang héa hoc
c6 thé dugc tao ra bz?mg cach nghién hat nguyén li¢u ngué)n ngil cbc sinh hoc dé tao ra bot
ngii cbc, sau d6 dugce st dung dé tao ra nudc huyén phu, va @ pH cta huyén phi ndy sau
d6 dugc didu chinh dén mirc mong mudn.

San phim sita dugc axit héa chira nudc sita axit hodc sin phim thim qua mang
cla nudc sira axit

Theo khia canh cu thé theo séng ché, san phém stta duogc axit hda chira san phém
nudc sita axit dugc chon tir nhém bao gdm nudc sira axit va san phim thdm qua mang
cua nudc stra axit. Pac biét, san phém nudc stra axit thu dugc tir viéc c6 san phém sita 1én

men dé chia né thanh phan doan d3 c6 va phin doan nudc sita axit dugc phén tach.

-13-



38943

Nuéc sita axit va san phdm thdm qua mang cta nudc sita axit 1a cac san phim phu
cta qué trinh san xuét mot s& pho mat tuoi nhu phd mai, pho-mét ricota, Skyr, sita chua
Hy Lap, Tvoroq, pho-mat Dc va Labneh. Nudc sira axit va san phim thdm qua mang
ciia nuéc sita axit ¢6 do pH nho hon 5,1 trong dung dich 10%, va vé mit lich sir rit kho
tim ra vi€c st dung dbi véi cac san phém phuy, vi du, do tinh axit ctia nd. Nudc sira axit
thu dwgc bing cach cd sita chua trong thiét bi tach. San phdm thdm qua mang ctia axit thu

duoc bang cach c6 stra chua trong thiét bi si€u loc.

Theo khia canh nay, sang ché dé cép dén viée st dung nudc sita axit va sadn phém
thAm qua mang ciia nudc sita axit dé tao ra san phim sita, vi du, d6 udng tir sira. Khia
canh nay dua trén viéc nhén thirc dugc réng nudc sita axit va san phém thAm qua mang
clia nudc sita axit 13 thich hop dé tao ra san pham sita theo sang ché c6 ham luong lactoza

giam, do viéc tao ra san phim can su thily phan bang enzym lactoza & 40 pH thip.

Theo phuong 4n cu thé ctia khia canh thi ba cia quy trinh theo sang ché, gibng
khéi dong san phdm sita 1én men dugc dua vao buée cd @ chia giéng khoi dong san
pham sira 1én men thanh phan doan d3 cd va phan doan nudc sita axit dugc phén tach,
trong d6 phan doan nudc sita axit duoc phan tach va khong phai phan di ¢ duge dwa vao

cac budc tiép theo cua quy trinh.
Quy trinh san xuat san pham sita 1én men

Theo khia canh thir nhét, sang ché dé cip dén quy trinh san xuit san phim sita
duoc axit héa bao gdm céc bude didu ché san phim sita dugc axit héa co ban, c6 d pH
nim trong khoang tir 3,0 dén 5,0 va ham lugng lactoza it nhit bing 1,5mg/mL, bd sung
lactaza, duy tri dugc hoat tinh ciia né & d6 pH bang 5,0 va nhiét d 37°C & mirc it nhat
bang 5% so v6i hoat tinh ctia né & do pH t6i wu cla lactaza, vao san phdm sira dugc axit
héa co ban dé thu dugc san phim sita dugc axit héa chira lactaza, va bao quéan san phim

stta dugc axit hda chira lactaza & nhiét 49 it nhét bang 2°C trong it nhit 1 ngay.

Theo khia canh thi hai, sing ché d cap dén quy trinh sin xut san phdm sira duoc
axit héa bao gdm cac budc diéu ché san phim sira dugc axit héa co ban, c6 4o pH nim
trong khoang tir 3,0 dén 5,0 va ham luong lactoza it nhét bang 1,5mg/mL, dwa san pham
sita duoc axit héa co ban vao buéc xit Iy nhiét dé 1am giam ham lugng vi khuén d&én ham

lugng khong 16n hon 1X10exp02 CFU/g dé thu dugc san phim sira dugc axit héa dugc
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xt 1y nhiét, bd sung lactaza, duy tri duoc hoat tinh ctia né & d6 pH béng 5,0 va nhiét &
37°C & mitc it nhat bing 5% so v6i hoat tinh clia né & d6 pH t6i wu ciia lactaza, vao san
phém stra dugc axit héa dugc xr Iy nhiét dé thu duogc san phém stra duogc axit hda chira
lactaza, va bao quan san pham sita dugc axit héa chira lactaza ¢ nhiét do it nhét bang 2°C

trong it nhat 1 ngay.

Néi cach khac, khia canh thir hai 1a phuong an cu thé cua khia canh thtr nhit bao
gdm cac budc dua san phim sita duge axit héa co ban vao bude xir Iy nhiét dé 1am giam
ham lwong vi khuén dén ham luong khong 16n hon 1X10exp02 CFU/g dé thu duogc san
phém stra dugc axit hda dugce xr 1y nhiét, bd sung lactaza, duy tri dugc hoat tinh cia né ¢
o pH bang 5,0 va nhiét d6 37°C & murc it nhit bang 5% so vdi hoat tinh ciia né & d6 pH
t8i vu cia lactaza, vao sin phém stta dugc axit héa duoc xt 1y nhiét dé thu dugc san
phim sita dugc axit héa chira lactaza, va bao quan san phim sita duoc axit héa chira

lactaza & nhiét do it nhat bang 2°C trong it nhit 1 ngay.

Theo khia canh thi ba, sang ché dé cap dén quy trinh sin xudt san phdm sira 1én
men bao gém céc budc 1én men co chit sira bang cach str dung gidng khéi dong cua vi
khuén axit lactic dé thu duoc gidng khoi dong san phim sita 1én men, c6 d6 pH nim
trong khoang tir 3,0 dén 5,0 va ham lugng lactoza it nhit bang 1,5mg/mL, dua giéng khoi
dong san pham sita 1én men vao budc xr Iy nhiét dé 1am giam ham luong vi khuén dén
ham lugng khong 16n hon 1X10exp02 CFU/g dé thu duoc san phdm sita 1én men dugc xir
1Y nhiét, b6 sung lactaza, duy tri dugc hoat tinh ciia né & d pH bang 5,0 va nhiét 4o 37°C
& mirc it nhét béng 5% so v&i hoat tinh cua nd & do pH tdi wu cua lactaza, vao san phém
stta 1én men dugc xur 1y nhiét dé thu dugc san phém stra 1én men chtra lactaza, va bao

quéan san pham sita 1én men chira lactaza & nhiét do it nhit bang 2°C trong it nhét 1 ngay.

No6i céach khac, khia canh thir ba 1a phuong éan cu thé ctia khia canh th nhét, trong
d6 san pham sita duoc axit héa dugce tao ra 1a san phim sita 1én men, va trong d6 quy
trinh bao gdm cac budc 1én men co chit sira bing cach st dung gidng khoi dong cia vi
khuén axit lactic dé thu duoc gidng khéi dong san phim sita 1én men, ¢6 d6 pH nim
trong khoang tir 3,0 d&n 5,0 va ham lugng lactoza it nhét bang 1,5mg/mL, dua gidng khoi
dong san pham sita 1én men vao budc xir 1y nhiét dé 1am giam ham luong vi khuin dén
ham luong khong 16n hon 1X10exp02 CFU/g dé thu duoc san phim sita 1én men dugc xir

1 nhiét, bd sung lactaza, duy tri dugc hoat tinh ciia né & d6 pH bang 5,0 va nhiét do 37°C
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& muec it nhat bang 5% so véi hoat tinh ctiia né & d6 pH t0i wu cua lactaza, vao san pham
stta 1én men duoc xir 1y nhiét @€ thu dugc san pham sira 1én men chira lactaza, va bao

quéan san phdm sita 1én men chtra lactaza & nhiét o it nhét bang 2°C trong it nhit 1 ngay.

Theo mot phuong 4n cta quy trinh theo sang ché, sin pham sita dugc axit hoa la
san pham stta dugc axit hoa bang héa hoc. Theo mot phuong dn khac, san pham sita duge
axit hoa 13 san pham sita 1én men dugc san xuat bang cach 1én men st dung giong khoi

dong.

Theo mot phuong an cua quy trinh theo sang ché, san pham sita dugc axit héa co
ban hoic giéng khoi dong san pham sita 1én men c thé duoc dua vao bude xir Iy nhiét dé
lam giam ham lugng vi khudn dén ham luong khong 16n hon 1X10exp02 CFU/g. San
pham d3 duogc axit héa duge xur 1y nhiét nhu vay ciing dugc goi 1a san phim sau thanh
~ trung, ma theo d6 chi ra rang san phim d3 dugc dua vao thanh tring sau khi tao ra san
phim sita dugc axit héa bang héa hoc hoic san phim sira 1én men. San pham di dwgc
axit hda dugce xir ly nhiét nhu vay khong can phai gitt & nhiét 4o dong lanh, va do d6 n6

thich hop dé van chuyén va bao quan & nhiét o méi truong.

Do d6, theo mot phuong 4n dugc uvu tién cia quy trinh theo sang ché, san phdm da
duoc axit hoa hodc san phém sita 1én men chira lactaza dugc bao quan & nhiét do it nhét
bing 5°C, tbt hon it nhat bing 10°C, tét hon nira it nhit bang 15°C, va tét nhat néu it nhét
12 20°C.

Theo phuong 4n cu thé cia quy trinh theo sang ché, san phim da duoc axit héa
hodc san phim sita 1én men chira lactaza dugc béo quan trong it nhit hai ngay, tot hon it
nhit 13 3 ngay, t6t hon nita it nhét 12 4 ngay, tét hon nita it nhit 13 5 ngay, tot hon nfta it
nhét 13 6 ngay, va tot nhat néu it nhat 12 7 ngay.

Theo phuong én cu thé theo sang ché, san phdm di dugc axit héa hodc san phim
stta 1én men chira lactaza sau khi bao quan cé ham lugng lactoza nhé hon 40mg/mL, t6t
hon néu nhé hon 35mg/mL, t6t hon nita néu nho hon 30mg/mL, t6t hon nita néu nho hon
25mg/mL, t5t hon nita néu nhé hon 20mg/mL, t5t hon nita néu nhé hon 15mg/mL, t6t
hon nita néu nhé hon 10mg/mL, tét hon nita néu nhé hon 5mg/mL, tét hon nita néu nhé

hon 3mg/mL, va t6t nhat 1a nho hon 1,5mg/mL.

Gidng khéi dong c6 thé 1a gibng khoi dong thong thudng bat ky ciia vi khudn axit
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lactic, bao gdbm mai trudng nudi cdy mot ching duy nhét va hdén hop moi trudong nudi
cy, dugc st dung dé tao ra loai san phém sita 1én men cu thé. Theo mdt phurong an duoc
uu tién cua san phém theo sang ché, sy 1én men duoc thuc hién dé thu dugc do pH nam
trong khoang tir 3,0 dén 5,0, tot hon néu nim trong khoang tir 3,2 dén 4,8, tot hon nira
néu nim trong khoang tir 3,4 dén 4,6 va t6t nhat 12 ndm trong khoang tir 3,8 dén 4,4.

Tét hon néu, bude xi 1y nhiét dé 1am gidm ham lugng vi khudn cua gidng khoi
dong dén ham lugng khong 16n hon 1,0X10exp02 CFU/g sita da 1én men dugc thyc hién
béng cach dua gibng khoi dong san pham sita 1én men dén nhiét d6 nam trong khoang tir
50°C dén 110°C, tdt hon néu nim trong khoang tir 50°C dén 100°C, t6t hon néu nim
trong khoang tir 50°C dén 90°C, t6t hon néu nim trong khoang tir 60°C dén 85°C, tbt
hon nita néu nim trong khoang tr 65°C dén 82°C, va tét nhit 13 nim trong khoang tir
70°C dén 80°C. Budc xir 1y nhiét t6t hon néu duge thuc hién trong khoang thoi gian tir 5
gidy dén 180 gidy, t5t hon néu ndm trong khoang tr 10 gidy dén 180 giay, tot hon néu
nam trong khoang tir 12 gidy dén 120 gidy, t6t hon nita néu nim trong khoang tir 14 gidy
dén 90 gidy, tot hon nita néu nim trong khoang tir 16 gidy dén 60 gidy, t6t hon nita néu
ndm trong khoang tir 18 gidy dén 50 gidy dén tot nhat 1a nam trong khoang tir 20 va 40
gidy. Tét hon néu, ham luong vi khuin cia gidng khoi dong dugc gidm dén ham luong
khong 16n hon 1,0X10exp01 CFU/g sita d 1én men, t6t hon nira néu 0 CFU/g. San phim
sita 1én men duoc dua vao bude xir Iy nhiét dé 1am gidm ham lugng vi khuin dén ham
lugng khong 16n hon 1X10exp02 CFU/g la thich hop dé str dung bao quan & nhiét do moi
trudmg, nhu bao quan & nhiét do it nhit bing 5°C, tét hon it nhét bang 10°C, t6t hon nita
it nhat bang 15°C, va t6t nhét néu it nhat 1a 20°C.

Theo khia canh thi tu, sang ché dé cip dén quy trinh san xuit san phim stta 1én
men bao gém cac budc 1én men co chét sita bang cach st dung gidng khoi dong cua vi
khuén axit lactic dé thu duoc giéng khéi dong san phim sira 1én men, c6 d pH nim
trong khoéang tir 3,0 dén 5,0 va ham luong lactoza it nhat bang 1,5mg/mL, dua gidng khoi
dong san pham sita 1én men vao budc xir 1y nhiét dé 1am giam ham luong vi khuin dén
ham lugng khéng 16n hon 1X10exp08 CFU/g d8 thu dwoc san pham sita 1én men dugc xir
1y nhiét, bd sung lactaza, duy tri dugc hoat tinh ciia né & dd pH bang 5,0 va nhiét d6 37°C
& muc it nhit bang 5% so vé6i hoat tinh cia né & do pH t6i wu cua lactaza, vao san phdm

sita 1én men dugc xir 1y nhiét d€ thu duoc san phim sita 1én men chira lactaza, va bao
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quéan san phim sira 1én men chira lactaza ¢ nhiét do it nhét bang 2°C trong it nhit 1 ngay.
Tét hon néu, ham luong vi khudn cua gidng khéi dong duge giam dén ham luong khéng
16n hon 1,0X10exp07 CFU/g sita da 1én men, t6t hon nita néu khong 16n hon
1,0X10exp06 CFU/g sita da 1én men, va t6t nhit 13 khong 16n hon 1,0X10exp05 CFU/g
sira d3 1én men. San phim sita 1én men dugc dua vao buéce xi 1y nhiét &€ 1am giam ham
luong vi khudn dén ham lugng khong 16n hon, vi du, 1X10exp08 CFU/g c6 thoi han st
dung kéo dai & nhiét 46 dong lanh.

~ Enzym duoc b6 sung v6i lugng thich hop dé dat duoc ndng do lactoza thity phan
mong mudn trong cic diéu kién phan tng di chon. Theo phuong an cu thé theo sang ché,
san phim sira chira lactaza & lugng nam trong khoang tir 100 dén 20000 LAU/L san
phim sira, tt hon néu nim trong khoang tir 100 dén 10000 LAU/L san phim sita, tbt hon
néu nam trong khoang tir 100 dén 5000 LAU/L san phim sita, t5t hon néu nhé hon 3000,
nhir nhé hon 1500, nhd hon 1000, nhé hon 750 hodc nhé hon 500, LAU/L san phém sira.

Theo mdt phuong an dugc uu tién, lactaza dugc bd sung & ndng dd nam trong
khoang tir 5 dén 400 LAU trong mdi g lactoza trong san pham stra, tot hon néu nim trong
khoéng tir 5 dén 200 LAU trong mdi g lactoza trong san pham sita, t6t hon néu nam trong
khoéng tir 5 dén 100 LAU trong mdi g lactoza trong san pham sita, t5t hon néu nhé hon
50, nhu nhé hon 40, nh6 hon 30, nho hon 20 hodc nhé hon 10, LAU trong mdi g lactoza

trong san pham stra.

Theo phuong an uwu ti€n, san pham sira duge axit héa c6 ham lugng lactoza nim
trong khoang tr 2,0mg/mL dén 45mg/mL, t6t hon néu nam trong khoang tir Smg/mL dén
40mg/mL, t6t hon nita néu n3m trong khoang tir 10mg/mL dén 37mg/mL, va tét nhét la
nim trong khoang tir 20mg/mL dén 37mg/mL.

Theo phuong 4n uu tién, san pham sita dugc axit hda, ma lactaza dugc bb sung
vao, ¢ do nhét, cho phép phén phéi dé dang lactaza trong san pham sita dugc axit hoa,
vi du, bang cach tron. Theo mot phuong an duge uu tién cla quy trinh theo sing ché,
lactaza dugc bd sung vao san phidm sita 1én men dugc dé cap dén & dang ché phim v
trung. Theo mot phuong 4n duge uvu tién khac cla quy trinh theo sang ché, lactaza dugc
bd sung vao san pham sita 1én men trong cac didu kién vo trang, vi du, bang cach loc v

tring dung dich chua lactaza.
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Theo mot phuong an dugc vu tién cia quy trinh theo sang ché, lactaza dugc bd
sung vio san phim sira duoc axit héa bang cach dinh luong 15p sin. Lién quan dén sang
ché, thudt ngit “dinh luong 14p sin” duoc sir dung trong ban mé ta dé chi dinh luong truc
tiép vao 6ng ma san phdm sita dugc axit héa chay qua. Do d6, thuat ngit “bng” dugc sir
dung trong ban mo ta dé chi 6ng hodc dang tuong tu bt ky ciia ching, bao gdm kénh,
duong din, dudng éng, dng din, mach din, kénh dn, éng thong va éng. Vi du vé hé dinh
lugng 1ép sin thuong mai thich hop dé dimg theo sang ché 13 h¢ dinh luong 1ép sén Tetra
FlexDos® Aseptic va hé dinh lugng lip sin Tetra Aldose® Aseptic.

Theo mot phuong an dugc wu tién cia quy trinh theo sang ché, lactaza duoc bd
sung vao san pham sita dugc axit héa bang cach dinh lugng 15p sin vao 6ng, va tiép theo
13 lactaza duoc trén vao sita chua trong 6ng b?mg dung cu tron. Tbt hon néu, dung cu tron
duoc chon tir nhém bao gdm it nhat mot phan uén cong cla bng, 10 xo 6n 4p, thiét bi
khudy tinh hodc thiét bi khudy roto/tinh. Vi du thuong mai vé thiét bi khudy roto/tinh 1a
thiét bi 1am ddng nhit Ytron-Z (bom cit).

B4 sung lactaza hai buéc

Theo phuong an cu thé ciia khia canh thi ba va thit tu ciia quy trinh theo sang ché,
lactaza dugc bd sung ngﬁqc dong bude xtr Iy nhiét gidng khéi dong san phim sira 1én
men. Lactaza dugc bd sung nguoc dong cé thé 12 lactaza bét ky, bao gdm lactaza dugc
chon tir nhém bao gdm Ha-lactaza va lactaza dugc st dung trong quy trinh theo sang ché,
tirc 1a lactaza, duy tri dugc hoat tinh ctia n6é ¢ do pH béng 5,0 va nhiét d6 37°C & muc it
nhét béng 5% so v&i hoat tinh ciia né & 46 pH tdi wu cua lactaza. Ha-lactaza 13 lactaza thu
duoc tr ndm men tir giéng Klyveromyces, éu thd 13 dugc chon tir nhém bao gdm

Klyveromyces lactis va Klyveromyces fragilis. |

Theo phuong an cu thé lactaza dugc bd sung ngugc dong dugc bd sung & thoi
diém béat diu 1én men cing vé6i giéng khéi dong. Trong trudng hop nay, t6t hon néu
lactaza duoc bd sung nguge dong 12 Ha-lactaza.

Theo phuong 4n cu thé khéc, lactaza duoc bd sung ngugc dong duge bb sung sau
khi bat d4u 1én men.

Khi bd sung lactaza ca & thoi diém bét ddu 1én men va sau khi xir 1y nhiét giéng

khoi dong san phdm sita 1én men, mot phin lactoza s& dugc thily phan trong budc 1én
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men va mot phin lactoza con lai s& duge thiy phin trong qua trinh bdo quéan san pham
sita 1én men dugc xr 1y nhiét. Khi bd sung lactaza ca & thoi diém bat diu 1én men va sau
khi xir Iy nhiét giéng khoi dong san phim stra 1én men, c6 thé 1am giam dn téng luong
lactaza dugc bd sung dé 1am giam ndng d6 lactoza trong san pham sita 1én men dén muc
mong mubn so v&i chi bd sung lactaza sau khi xtt 1y nhiét gidng khéi dong san phim stra
1én men. Do d6, lactaza dugc bd sung & thoi diém bit ddu 1én men s& c6 hoat tinh & do
pH cao hon so vé1 d6 pH nam trong khoang tir 3,0 dén 5,0, vi du, & d6 pH nam trong
khoang tir 5,0 va 7,0, va phan 16n lactaza c6 hoat tinh cao hon ¢ d9 pH cao hon nhu vay.
Vi vay, lugng lactaza da cho dugc bd sung & thoi diém bat diu 1én men sé& thu dugc mirc
thily phan lactoza cao hon so véi cung lugng lactaza dugc bd sung sau khi xtr 1y nhiét

giong khéi dong san pham sira 1én men.
Str dung

Sang ché ciing md ta viéc st dung lactaza, duy tri dugc hoat tinh ctia né ¢ 46 pH
bing 5,0 va nhiét d6 37°C & mic it nhit bing 5% so véi hoat tinh ctia né & do pH toi uu
cta lactaza, dé bd sung vao san phém stra duogc axit hoa, c6 do pH nam trong khoang tir
3,0 &n 5,0 va ham luong lactoza it nhit bang 1,5mg/mL, dé 1am giam lactoza ndy trong
qua trinh bao quan. ’

Dinh nghia

Lién quan dén sang ché, cac dinh nghia sau dugc st dung:

Thuat nglt “LAU” dugc su dung trong ban mo ta dé chi “cac don vi Lactoza” va 1
don vi lactaza (1 LAU) 1a lugng enzym giai phéng 1 micromol glucoza trong mdi phut
trong dung dich dém M & @0 pH 6,5 va 37°C v6i ndng db lactoza 4,75% khéi lugng/thé
tich. Dung dich dém M duogc tao ra bf‘mg cach hoa tan 3,98 g C¢HsNa;0,-2H,0, 8,31 g
axit xitric, 0,9 g K,S04, 2,6 g K,HPO,, 7,35 g KH,PO,4, 5,45 g KOH, 4,15 g MgCly-
6H,0, 3,75 g CaCl,-2H,0 va 1,4 g NaHCO; trong 4 lit nudc, bd sung 12,5 ml NaOH 4N,
didu chinh dén pH 6,5 bing cach sir dung HCI, va b6 sung nuéc 1én dén tong thé tich 12 5
lit.

Hoat tinh trong LAU cua lactaza cu thé c6 thé duoc xac dinh béng cach do truc
tiép glucoza dugc gidi phong tir lactoza trong cac diéu kién dugc mo ta néu trén. Ngudi

¢6 hidu biét trong linh vuc k¥ thuét ndy sé biét cach xac dinh hoat tinh nhu vay. Theo
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cach khac, hoat tinh c6 thé duoc xac dinh béng c4ch st dung thir nghi€ém hoat tinh lactaza
mo ta trong Vi du 1 cda don sang ché. O day, hoat tinh thu duoc b%mg cach so sanh véi
dudng cong chuin dugc chay bang lactaza ciia hoat tinh d3 biét, va hoat tinh ctia miu
chura biét dugc tinh toan tir viéc so sanh nay. Lactaza ciia hoat tinh da biét c6 thé 1a, vi

dy, Lactozym thu dugc tir Novozymes A/S, Denmark.

Thuat ngit “xir Iy nhiét” duoc st dung trong ban moé ta dé chi bude xir 1y bt ky
bang cach dung nhiét do bét ky, trong khoang thoi gian bét k¥ va bang phwong tién hogc
thiét bi bat ky, ma gy bat hoat it nhit mot phan vi khuén cta gibng khéi dong. Lién quan
dén thuat ngit “lam bat hoat” dugc st dung trong ban mo ta dé chi viéc 1am ngimg, 1am

giam hodc trc ché bat ky su sinh trudéng ctia vi khuén, vi du, 1am tiéu té bao.

Thuét ngir “vi khuan axit lactic” duge st dung trong ban mo ta dé chi vi khuan
gram duong, ua vi khi hodc ki khi, 1én men dudng véi viéc tao ra cac axit bao gém axit
lactic dudi dang axit dugc tao ra chu yéu, axit axetic {fé axit propionic. Vi khuén axit
lactic hiru ich nhit trong cong nghiép dugc phét hién thudc Bo “Lactobacillales” bao gbém
Lactococcus  spp., Streptococcus spp., Lactobacillus spp., Leuconostoc spp.,
PseudoLeuconostoc spp., Pediococcus spp., Brevibacterium spp., Enterococcus spp. va
Propionibacterium spp. Ching thudng dugc sir dung lam moéi trudong nudi chy thuc pham

riéng r& hoc két hop voi vi khuan axit lactic khac.

Vi khun axit lactic, bao gdm vi khuin ctia loai Lactobacillus sp. va Lactococcus
sp., thuong dugc cung cip cho nganh cong nghiép sita dudi dang moi trudong nudi chy
dong lanh hodc mdi truong nudi ciy dong kho dé nhan gidng men san xuét hoic dudi cai
duoc goi 1a moi trudong nudi ciy “Direct Vat Set” (DVS) (canh trudng cho Véo truc tiép),
du dinh dé céy truc tiép vao binh hodc bé 1én men dé tao ra san phém stta nhu san phém
stta 1én men hodc pho-mat. Mdi trudng nudi chy vi khudn axit lactic nhu vay thuong
dwoc goi 14 “gidng khéi dong” hodc “gidng khéi dong”. Thong thudng, gidng khoi dong
cho sita chua bao gdm Streptococcus thermophilus va Lactobacillus delbrueckii subsp.
‘bulgaricus, va & hau hét cac nuéc sita chua theo lut dugc dinh nghia 14 san phim sita 1én

men dugc tao ra bang cach st dung gidng khoi dong chira hai chung nay.

Thuét ngit “sitra” dugc st dung trong ban mo ta @8 chi sira tiét ra thu dugc bing
cach vit stra dong vat cé vu bat ky nhu bo, clru, dé, trau hodc lac da. Theo mdt phuong an

duoc wu tién, sita 12 stra bo. Thuét nglr “sita” cling bao gbm cac dung dich protein/chét
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béo dugce 1am tir nguyén liéu thuc vat, vi du, stta dau nanh.

Thuat ngit “co chét sita” dugc sir dung trong ban mo ta dé chi nguyén liéu sita tho
va/hoic sita ché bién bat ky c6 thé duge 1én men theo phuong phép cuia sang ché. Do do,
co chét sira hitu ich bao gdm, nhung khéng chi gi6i han &, dung dich/huyén phti ctia sita
hodc san phim gibng sita bét ky chira protein, nhu sita nguyén chét hoic sira it béo, sita
gﬁy, bo sita, stra bot hoan nguyén, sita dic, sita khd, nudce sita, nudc sita axit, san phém
thAm qua mang cia nudc sita, bao gbm san pham thAm qua mang clia nudc sira axit, bot
nudc sita, bao gém bdt nudc sira axit, bot nudce stta cd duong, bét nudc sita khir khoang
va bot nudc sita khir lactoza, lactoza, nudce cai tir qua trinh két tinh lactoza, protein nuéc
sita ¢ dic hodc kem. RS rang 13, co chét sira c6 thé c6 ngudn gbc tir déng vat cd vii bét

ky, vi du, 12 sita dong vét c6 va v€ co ban nguyén chat, hodc sita bot hoan nguyén.

Thuét ngit “san phim thdm qua mang ctia nudc sita axit” duoc st dung trong ban
md ta d& chi san phdm thdm qua mang cla nudc sita thu duoc tir Viécl cb san pham sita
1én men br?mg céch siéu loc dé tao ra pho-mat tuoi, nhu pho-mat 1am tir stra da gan kem,
pho-mét ricota, Skyr, sita chua Hy Lap, Tvorog, pho-mét Drc va Labneh, dugc san xudt
bing cach lam dong axit nhd 1én men vi khuén axit lactic, va trong d6 do pH cua sén

phim thdm qua mang clia nudc sita axit trong dung dich 10% la thip hon 5,1.

Thuat ngir “nudc sita axit” duoc sir dung trong ban mo ta dé chi phan doan nuéc
stta thu duoc tir viéc cO san phém stta 1én men trong thiét bi tach trong viéc tao ra pho-
mét tuoi, nhu pho-mat 1am tir sita d& gan kem, pho-mat ricota, Skyr, sita chua Hy Lap,
Tvoroq, pho-mat Duc va Labneh, dugc san xuét bang cach 1am dong axit nho 1én men vi
khuén axit lactic, va trong d6 ¢6 pH ctia phan doan nudc sira axit trong dung dich 10% la
thip hon 5,1.

Trudc khi su 1én men, co chét sira c6 thé duge 1am d&“)ng nhét va thanh trung theo

cac phuong phép da biét trong linh vuc k¥ thuat ndy.

Thuét ngit “lam dong nhét” duoc str dung trong ban mo ta dé chi budc tron manh
dé thu duoc huyén phu hoéc nhii tuong hoa tan. Néu viéc lam déng nhét duge thuc hién
trudc khi 1én men, n6 c6 thé dugc thie hién d& pha v& cac chit béo sita thanh cac kich c&
nho hon dé né khong con tach ra khéi sita. Didu nay c6 thé dugc thuc hién bang cach ép

sita & 4p sudt cao di qua c4c 16 nhd.
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Thuit ngit “thanh tring” dugc st dung trong ban md ta dé chi budc xir Iy co chat
stta dé 1am giam hodc loai bd sy c6 mit cla cac sinh vat séng, nhu vi sinh vat. T8t hon
néu, viéc thanh tring dat duoc béng cach duy tri nhiét d¢ dugc chi dinh trong mot khoang
thoi gian nhét dinh. Nhiét d6 dugc chi dinh thudng dat dugc b%lng cach gia nhiét. Nhiét
6 va thoi gian c6 thé duge chon dé diét hodic khir hoat tinh ctia mét s6 vi khuén, nhu vi

khuan cé hai. Budc 1am méat nhanh c6 thé tiép theo sau.

“Su 1én men” trong phuong phép theo sang ché nghia 13 su chuyén ho4 ctia hydrat
cacbon thanh ruou ho#ic cic axit thdng qua cac tic dong cua vi sinh vat. Tét hon néu, su
1én men trong phuong phép theo sang ché bao gbm su chuyén ho4 ctia lactoza thanh axit

lactic.

Quy trinh 1én men dugc st dung d8 tao ra san phim sita 1a da biét va ngudi c6
hiéu biét trong linh vuc k¥ thuit nay s€ biét cach chon loc cac diéu kién quy trinh thich
hop nhu nhiét d9, oxy, luong va dac diém dic trung cta vi sinh vét va thoi gian quy
trinh. RO rang 1a, céc diéu kién 1én men duoc chon loc dé hd trg dat duoc muc dich theo
sang ché, tic 13 dé thu duoc san phém sita & dang ran (nhu pho-mat) hodc dang 16ng (nhu

san pham stra 1én men).

Viéc sir dung thuét ngit “mot” va cac thuat ngir twong tu trong ndi dung ban mb ta
sang ché (dic biét 12 trong ndi dung cua yéu cAu bao ho duéi day) dugc hidu Ia bao gébm
ca sb it va sd nhiéu, trir khi ¢6 quy dinh 13 rang trong ban mé ta hodc cé mau thudn 15
rang theo ngit canh. Cac thuit nglt “bao gbm”, “c6”, “gdm” va “chira” dugc sir dung
trong ban mo ta dé chi cac thut ngit m& (nghia 12 “bao gbm, nhung khong chi gi6i han
&,”) trir khi c6 quy dinh khac. Viéc doc cac day gia tri trong ban mo ta nay chi nham muc
dich viét tit dé chi riéng 1¢ ting gié tri riéng biét nam trong pham vi, trir khi ¢6 quy dinh
khéac, va mdi gia tri riéng biét dugc dua vao ban md ta nhu thé n6 duoc néu riéng ré trong
bén mo ta ndy. T4t ca cac phuong phap duge mo ta & day co thé dugc thuc hién theo trinh
tur thich hop bét ky, trir khi c¢6 quy dinh khéc trong tai liéu nay hodc mau thuan 10 rang
theo ngir cénh._ Viéc st dung vi du bét ky va tat ca cac vi du hodc ngdn ngit mau (vi duy,
“phu”) dugc cung cdp & day, chi nhdm hiu sang ché t6t hon va khong nhim gidi han
pham vi cua sang ché, trir khi c6 quy dinh khac. Ngbn ngit trong ban mé ta khong duge

hidu 12 viéc chi ra yéu t6 khong bao ho bét ky cén thiét dé tmg dung thyuc té sang ché.
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Thu4t ngit “san phim sita 1én men” dugc sir dung trong ban mo ta dé chi san phdm
thuc phém hoic thirc n chdn nudi trong d6 viéc tao ra san phém thuc phém hodc thic an
chin nudi bao gdm viéc 1én men co chét sita bang vi khudn axit lactic. “San phim sira 1én
men” nhu dugce st dung trong ban mo ta nay bao gdm, nhung khong chi giéi han &, san
phém nhu san phém stta 1én men wa nhiét, vi du, sta chua, san phém stta 1én men ua

nhiét trung binh, vi dy, kem chua va bo sita, cling nhu nuéce sita 1én men.

Thuét ngit “va nhiét” dugc st dung trong ban mé ta dé chi vi sinh vat phat trién t6t
nhat & céc nhiét do trén 35°C. Vi khuan wa nhiét hitu ich nhit trong céng nghiép bao gdm
Streptococcus spp. va Lactobacillus spp. Thuét nglt “su 1én men uva nhiét” dugc sir dung
trong ban md ta dé chi sy 1én men & nhiét d6 trén khoang 35°C, nhu nim trong khoang tir
khoang 35°C dén khoang 45°C. Thuét ngir “san phim sita 1én men va nhiét” dugc st
dung trong bédn mo ta d8 chi san phdm sita 1én men dugc san xuét bang cach 1én men wa
nhiét giéng khéi dong ua nhiét va bao gbm cac san pham sita 1én men nhu vay dudi dang

sita chua truyén théng, sita chua khuéy va sita chua udng, vi du, Yakult.

Thuét ngit “uva nhiét trung binh” dugc s dung trong ban mo ta dé chi vi sinh vat
phét trién t5t nhét & c4c nhiét do vira phai (15°C-35°C). Vi khuén wa nhiét trung binh hira
ich nhit trong cong nghiép bao gbm Lactococcus spp. va Leuconostoc spp. Thuét ngit “su
1én men wa nhiét trung binh” dugc st dung trong ban mo ta dé chi sy 1én men & nhiét d6
nim trong khoang tir khoang 22°C dén khoang 35°C. Thuat ngit “san phim sita 1én men
wa nhiét trung binh” dugc str dung trong ban mo ta dé chi san phim sira 1én men dugc sén
xuht bing cach 1én men ua nhiét trung binh gidng khoi dong wa nhiét trung binh va bao
gbm céc san phim sita 1én men nhu vy nhu bo sira, sira chua, sita nu6i cdy, vang sita,

kem chua, Kefir va pho-mat twoi, nhu pho-mat Puc, tvarog va pho-mat kem.
Vi du thwce hién sang ché
Vidul

Thir nghiém hoat tinh lactaza trong 6ng Eppendorf ¢ nhiét d6 37°C, 46 pH bﬁng
6,5

Nguyén ly:

Lactaza thity phan lactoza thanh glucoza va galactoza. Glucoza dugc do sau phién

bén cai bién cua thir nghiém glucoza oxidaza/peroxidaza thong thuong (Werner, W. et al.
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(1970) Z. analyt. Chem. 252: 224.).

LAU duogc x4c dinh 13 lugng enzym giai phéng 1 micromol glucoza trong mdi
phut & nhiét 4o 37°C, d6 pH 6,5 trong dung dich dém M (M-dém dugc x4c dinh trong
phin mo ta cia don sang ché nay). Theo cach khac, hoat tinh trong LAU cho lactaza cu
thé c6 thé dugc xac dinh bing phuong phap dugc mé ta & ddy. Gia tri thu duge dugc so
sanh vé6i dudong cong chuin dugc chay bang lactaza ctia hoat tinh da biét, va hoat tinh ctia
mau chua biét dugc tinh toan tir viée so sanh ndy. Lactaza cta hoat tinh da biét 6 thé, vi

du, 12 Lactozym thu dugc tir Novozymes A/S, Denmark.
Dung dich:

Dung dich dém thir nghiém: 50 mM sucxinat, 50 mM HEPES, 50 mM CHES, 150
mM KCl, 2 mM CaCl,, 1 mM MgCl,, 0,01% Triton X100, d6 pH 6,5

Dung dich GOD-Perid: 65 mM natri phosphat, 46 pH 7, 0,4g/L glucoza oxidaza,
0,013g/L HRP (Peroxidaza cdy cai ngua), 0,65g/L ABTS (axit 2,2’-azino-bis(3-
etylbenzthiazolin-6-sulphonic)).

Co chét:

160 mM lactoza, 50 mM sucxinat, 50 mM HEPES, 50 mM CHES, 150 mM KCl,
2 mM CaCl,, 1 mom MgCl, do pH 6,5.

Dung dich chun:

Lactozym (sén c6 tir Novozymes A/S, Denmark) v6i hoat tinh da biét trong
LAU/g duogc sir dung lam dung dich chuén, dugc pha lodng trong dung dich dém thi
nghiém trong khoang tir 0,09 - 0,7 LAU/g.

Mau:

M3u enzym dugc pha lodng thich hop trong dung dich dém thir nghiém.

Céc budc thuc hién:

1. 375uL co chét dugc u 5 phiit & nhiét d 37°C.

2. 25uL enzym dugc pha lodng trong dung dich dém thir nghiém dugc bb sung.
3. Phan mg dugc dung sau 30 phut bang cach b sung 60uL 1 M NaOH

4. 20uL duge chuyén dén dia vi chuén d¢ 96 giéng va 200pL dung dich GOD-
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Perid dugc bd sung. Sau 30 phut & nhiét do trong phong, do hép thu dugc do & budce séng
bang 420 nm.

Vidu?2

100mL 15 hodc 30%(khéi lwong/khdi lugng) san phim thim qua mang cta nudc
sita chia lactoza co ban va ion dugc tao ra bang cach tron 15 hodc 30 g bot thdm qua
nudc sita dong khé (Variolac, Arla) trong 14n lugt 85 hodc 70mL nudc ion. Dung dich
duoc rét vao binh chira thanh khudy tir va dit trong bé nuéc & nhiét do 37°C. Sau khi 15
min, enzym dugc bd sung. Enzym duge thir nghiém 13 Lactozym, lactaza san c6 trén thi
truomg ciia Novozymes A/S, Denmark, c6 hoat tinh 1a 3060 LAU/g, va lactaza thir
nghiém tir Bifidobacterium bifidum c6 trinh ty mi héa dugc thé hién trong SEQ ID NO.2
va hoat tinh 12 295 LAU/g.

Liéu luong 13 4225 LAU/ sita cta Lactozym va 2025 LAU/I sita cua lactaza cua
Bifidobacterium. Mau sira duge léy déu dan cho dén 5,5 gi¢ va enzym dugc lam bat hoat
bing cach gia nhiét dén 99°C trong 10 phut trong thiét bi khudy nhiét. Mau dugc pha

loang thich hop va dugc loc qua mang loc 0,20pum.

Sy thiy phén lactoza dugce do béng c4ch str dung Dionex BioLC dugc trang bi cOt
Dionex PA1 va thiét bi do Pulsed Amperiometrisk Detektor (PAD). Cac dinh dugc xac

dinh va dinh lurong biang cach so sénh véi cac chuén lactoza, glucoza va galactoza da biét.
Két qua duoc thé hién dudi day.

Béang 1: Lactoza, glucoza va galactoza trong 15% DS san phim thdm qua mang

ctia nudc sira sau khi xir Iy bang Lactozym hodc lactaza cia Bifidobacterium.

Lactozym Lactaza cua Bifidobacterium
Thoi gian | Lactoza | Glucoza | Galactoza | Lactoza | Glucoza | Galactoza
(phut) (mM) (mM) (mM) (mM) (mM) (mM)
0 499 1 2 499 1 2
30 312 135 106 410 61 63
60 211 224 155 349 119 122
120 110 295 221 220 199 202
180 66 324 249 149 281 290
240 50 346 279 84 336 348
330 37 372 312 31 350 368

Béang 2: Lactoza, glucoza va galactoza trong 30% DS san phim thAm qua mang

cua nudc sita sau khi xir Iy bang Lactozym hodc lactaza cia Bifidobacterium.
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Lactozym Lactaza cua Bifidobacterium
Thoi gian | Lactoza | Glucoza | Galactoza | Lactoza | Glucoza | Galactoza
(phut) (mM) (mM) (mM) (mM) (mM) (mM)
0 - 848 1 4 848 1 4
30 824 109 75 819 43 45
60 615 253 150 788 86 83
120 420 370 242 651 159 158
180 291 459 300 625 232 230
240 246 559 373 501 283 273
330 154 544 367 391 333 324
1440 54 649 545 20 727 739

Ngoai ra, khi dugc thir nghiém & cac néng d6 lactoza cao hon nhu & 15% hodc
30% san phdm thdm qua mang cua nudc sita thi khong c6 hodc cé rit it
galactooligosaccarit dugc tao ra. Ngoai ra, mirc galactoza va glucoza dugc tao ra la bing
nhau va phu hgp vé6i lugng lactoza dugc thuy phén. Pé so sanh, lactozym tao ra it
galactoza hon so v6i glucoza, cho thy rd rang galactooligosaccarit da dugc tao ra.

Vidu3

Pic tinh d6 pH (¢ nhiét do 37°C) va dac tinh nhiét d6 (¢ do pH 6,5) cua lactaza
thir nghiém tir Bifidobacterium bifidum bang cach st dung lactoza 1am co cht.

Nguyén ly:

Lactaza thiy phén lactoza va glucoza + galactoza dugc tao ra. Glucoza duge do
sau phién ban cai bién cua thir nghiém glucoza oxidaza/peroxidaza théng thudng
(Werer, W. et al. (1970) Z. analyt. Chem. 252: 224.)

Pdc tinh 6 pH

Co chit:

167 mM lactoza, 50 mM sucxinat, 50 mM HEPES, 50 mM CHES, 150 mM KClI,
2 mM CaCl,, 1 mM MgCl, va d6 pH dugc didu chinh dén 3, 4, 5, 6, 7, 8, 9 va 10 bang
NaOH.

M3u enzym:

Lactaza thir nghiém tir Bifidobacterium bifidum c6 trinh tw ma héa dugc thé hién
trong SEQ ID NO.2 dugc pha lodng thich hop trong 150 mM KCI, 2 mM CaCl,, 1 mM
MgCl,, 0,01% Triton X100.

Cac budc thuc hién:
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« 10pL mau enzym dugc pha lodng trong dung dich dém pha lodng enzym duogc
bd sung vao bng PCR & nhiét do trong phong.

« 90uL co chét dugc bd sung & nhiét do trong phong va dat nhanh trong thiét bi
luan nhiét Peltier Thermal Cycler (PCT-200, nghién ctru MJ) ¢ 37°C va dugc u trong 30

phiit va sau d6 dugc dat trén nudc da.
« Phan tmg dugc dung bang cach bd sung 100uL NaOH 0,25M.

e 20ulL dugc chuyén dén dia vi chuén do 96 giéng va 230pL 65 mM natri
phosphat, d0 pH 7, 0,4g/L glucoza oxidaza, 0,013g/L HRP, 0,65g/L. dung dich ABTS
duoc bd sung. Sau 30 phit & nhiét do trong phong, do hép thu dugc do & budce song bang
420 nm.

Bang 3:

Hoat tinh tuong dbi cua lactaza B. bifidum
(% hoat tinh ¢ d6 pH bang 6)

3 0
4 4
5 75
6 100
7 85
8

9

10

39
10
4

Pic tinh nhiét do
Co chét:

167 mM lactoza, 50 mM sucxinat, 50 mM HEPES, 50 mM CHES, 150 mM KC(l,
2 mM CaClo, 1 mM MgCl, va pH duge diéu chinh dén do pH 6,5 bing NaOH.

Mau enzym:

Lactaza thir nghiém tir Bifidobacterium bifidum c6 trinh ty ma hoa duge thé hién
trong SEQ ID NO.2 dugc pha loang thich hop trong 50 mM sucxinat, 50 mM HEPES, 50
mM CHES, 150 mM KCl, 2 mM CaCly, 1 mM MgCla, 0,01% Triton X100 dén pH duogc
didu chinh dén do pH 6.5.

Cac budce thuc hién:

« 10pL mAu enzym dugc pha loang trong dung dich dém pha lodng enzym dugc
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b sung vao 6ng PCR ¢ nhiét d trong phong.

« 90puL co chit dugc gia nhiét so bd (trong thiét bi luan nhiét Peltier Thermal
Cycler 30-70°C) dugc bd sung va viéc céy duoc thuc hién voi gradien nhiét d6 nam trong
khoang 30-70°C trong 30 phut va sau d6 dugc dat trén nudc da.

* Phan (mg dugc dung bang cach bd sung 100puL NaOH 0,25M.

e 20uL duoc chuyén dén dia vi chuidn do 96 giéng va 230pL 65 mM natri
phosphat, d6 pH 7, 0,4g/L glucoza oxidaza, 0,013g/L HRP, 0,65g/L dung dich ABTS
duoc bd sung. Sau 30 phut ¢ nhi¢t do trong phong, do hép thu dugc do ¢ bude song béng
420 nm.

Bang 4:
Nhiét d6 | Hoat tinh tuong ddi cna lactaza B. bifidum
(°C) (% hoat tinh & nhiét d6 38,1°C)
20 54
21 63
22 64
24 68
26 73
29 81
31 38
34 94
36 96
38 100
43 96
48 91
52 83
57 76
62 58
66 32
69 20
70 17
Vidu4

X4c dinh Km cho enzym lactaza ¢ nhiét d6 5°C
Nguyén ly:

Lactaza thuy phan lactoza va glucoza + galactoza duoc tao ra. Glucoza dugc do
sau phién ban cai bién cua tht nghiém glucoza oxidaza/peroxidaza thong thuong

(Werner, W. et al. (1970) Z. analyt. Chem. 252: 224.)

Co chét:

-29-



38943

Cac ndng do lactoza khac nhau nam trong khoang tir Km/5 dén 10*Km, 50 mM
sucxinat, 50 mM HEPES, 50 mM CHES, 150 mM KCIl, 2 mM CaClz, 1 mM MgCls va
pH dugc diéu chinh dén do pH 6,5 bang NaOH.

Mau enzym:

Lactaza thtr nghiém tir Bifidobacterium bifidum c6 trinh ty ma hoa duogc thé hién
trong SEQ ID NO.2 dugc pha loang thich hop trong 50 mM sucxinat, 50 mM HEPES, 50
mM CHES, 150 mM KCI, 2 mM CaClp, I mM MgCl, 0,01% Triton X100, do pH dugc
didu chinh dén do pH 6,5 bing NaOH.

12g/L. Lactozym (lactaza s%n ¢6 trén thi trudng clia Novozymes A/S, Denmark)

dugc pha loang 6000 lan trong cung dung dich dém.
Céac budce thuc hién:
- 10pL mAu enzym (5°C) dugc bd sung vao dia vi chuin do 96 giéng trén nudc da.
- 90uL co chét (5°C) duogc bd sung va dugc U trong 2 gio & nhiét do 5°C.
- Phan ing dugc dung bang cich bd sung 100puL NaOH 0,25M.

- 20pL dugc chuyén dén dia vi chudn do 96 giéng va 230pL 65 mM natri
phosphat, d6 pH 7, 0,4g/L glucoza oxidaza, 0,013g/L HRP, 0,65g/L dung dich ABTS
duoc bd sung. Sau 30 phut & nhiét do trong phong, do hép thu dugc do & bude song bang
420 nm.

Xac dinh Km:

Phuong phap binh phuong t6i thiéu khong tuyén tinh may tinh héa va phuong
trinh Michaelis-Menten: v = (Vmax*S)/(Km+S)

duoc st dung. Km cho lactaza cua Bifidobacterium va Lactozym dugc xac dinh

Jin lwot 1a 8 mM va 30 mM.

Trong thir nghiém tuong ty dugc thuc hién & nhiét do 37°C, Km cho lactaza cua

Bifidobacterium va Lactozym dugc Xac dinh lan lwot 12 13 mM va 30 mM.
Vidu5
San xuét sita chua sau thanh trung chira lactaza dugc bd sung sau khi thanh trung

Co chat stra
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Ham luong chét béo 2,8%*

Ham luong protein 2,8%*

Lactoza 3,0%

Sucroza 5,0% (dugc bd sung)

Tinh bt cai bién E1442 Cargill loai 75720 1,50%

Pectin loai LMA CP Kelco loai LM 106 AS-YA 0,25%

Gellan Gum loai Kelcogel YSS 0,05%

*Mirc trong thanh phém, tic 1a sau khi xur ly nhiét, bd sung ching bao quan &
nhiét @ mdi trudng va bao quan trong 150 ngay.

Gibng khéi dong

Gidng khéi dong YoFlex® loai FD-DVS YF-L904 chira hai chung Streptococcus
thermophilus va Lactobacillus delbrueckii spp. bulgaricus.

Lactaza

Lactaza tir Bifidobacterium bifidum c6 trinh tw ma hoa duoc néu trong SEQ ID
NO. 2 va hoat tinh 12 295 LAU/g.

Céc bude thuc hién tao ra san pham

1. Phan tan c4c thanh phan kho vao sita

2. Dé yén trong 3 gio két hop khudy nhe

3. Gia nhiét sita cho dén khi dat dén nhiét 9 65°C
4. Lam ddng nhét & 150 ba (150x10*2 kPa)

5. Xir ly nhiét dén nhiét do 95°C trong 5 phut.

6. Lam ngudi dén nhiét o 1én men 43°C

7. Bom sita vao bé 1én men

8. Céy gidng khoi dong YoFlex loai YF-L904.

9. Lén men cho dén khi do pH dat dén 4,30.

10. Pha v& cuc sira dong va khudy cho dén khi thu dugc céu tric tron nhan
11. Xt Iy nhiét & 75°C trong 30 gidy.

12. Lam ngudi dén 25°C
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13. B6 sung lactaza & mirc bang 1420 LAU/L san pham sita chua va trn nhe sira
chua dé phan b lactaza déu trong sita chua.
14. Nap sita chua vao cac d chira.

15. B4o quan sita chua & nhiét d§ 20°C trong khodang thoi gian 7 ngay.
Vidub6
B6 sung xudi dong lactaza vao sita chua sau thanh tring

Muc dich cta thir nghiém dugce thuc hién 1a nhim cho thdy ring c6 thé bd sung
lactaza thich hop sau khi xtr ly nhiét cudi cing sita chua sau thanh tring dé dat duoc

ndng d6 lactoza con lai 1a <0,01%.

Stra chua sau thanh trung v&i thanh phﬁn 1a 2,9% protein va 2,8% chit béo duge
tao ra. Co chét sita duoc 1én men dén do pH bang 4,30 bing gidng khdi dong YoFlex loai
YF-L904. Sau khi dat dén do pH béng 4,30 sita chua dugc lam mat xuéng 15°C trong
thiét bi trao ddi nhiét dang tAm va dugc giit trong thung dung dich dém cach dién & 15°C
trong ba gio trudce khi thuc hién bude xur ly nhiét cudi ciing. Buéc xir Iy nhiét cudi cling
dugc thuc hién & 74°C, 20 gidy. Trong thiét bi trao ddi nhiét dang tAm, va san phém duoc
nap & 25°C vao cac cbe vo trung. Maiu duoc bao quan & nhiét do moi trudng (22°C) trong

mdt ngay trude khi bd sung lactaza vo trung.

Co chat stra

Thanh phén Thong sb ky thuit Liéu lwong

Stra twoi 3,5% chét béo, sita thuong mai, Arla 74,15%
Foods
Nudc 16,6%
Sucroza 7,0%
Chét ¢6 dic protein nudc sita Nutrilac YO-7830, Arla Food 0,60%
Ingredients
Tinh bot cai bién Clearam CJ 5025, Roquette 1,50%
LM Pectin LM 106-AS YA, CP Kelco 0,12%
Go6m Gellan Kelcogel YSS, CP Kelco 0,03%
Mai trudng nudi cdy FD-DVS YF-L904 200 don vi/tan hé mét
Phén tich Milkoscan:

Ham luong chét béo 2,8%
Ham lugng protein 2,9%

Céc thong so sau dugc st dung dé 1én men va xu ly:
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Nhiét do tron: 10°C
Thoi gian hydrat hoa: 3 gios két hop khudy nhe
Lactaza

Lactaza tir Bifidobacterium bifidum c6 trinh tw ma hoa dugc néu trong SEQ ID
NO. 2.

Gidng khéi dong
Gidng khéi dong YoFlex® loai YF-L904 tir khoang san phim Chr. Hansen

YoFlex® chtra hai loai Streptococcus thermophilus va Lactobacillus delbrueckii spp.

bulgaricus.
Quy trinh san xuét sita chua
Ap suét 1am ddng nhét: 150 ba (150x10™* kPa)
Diéu kién thanh trung: 95°C, 5 phut
Nhiét d6 1én men: 43°C
Do pH cudi: 4,30
Phé v cuc sita dong bang tay va khudy cho dén khi thu dugce cdu tric tron nhan.
Lam nguoi dén 15°C trong thiét bi trao dbi nhiét dang tAm
Xir Iy nhiét trong thiét bi trao dbi nhiét dang tAm, toc do dong 414L/h
Ap suét 1am dong nhét: 0 ba (0x10** kPa)
Diéu kién xur 1y nhiét: 74°C, 20 gidy
Nap vao cac cdc v trung dung tich 100mL, nhiét do nap 25°C.

B6 sung lactaza

Lactaza duoc loc vo trung va duoc bd sung vao cbc dung tich 100mL chua sita
chua sau thanh tring voi lidu luong sau: a) 0 LAU/L - tham chiéu, b) 1000 LAU/L, ¢)
3000 LAU/L, va d) 10000 LAU/L

Miu duoc béo quan & nhiét d trong phong (22°C) va mau dugc ldy dé phan tich

lactoza con lai & cac thoi diém sau; 24 gio, 48 gio va 1 tuan.

Két qua
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Trong Fig.1 lactoza con lai cua mAu véi viéc bd sung lactaza duge thé hién.
Lactoza con lai cia mau tham chiéu dugc do 13 2,4% lactoza con lai. Tur Fig.1 théy ro
rang rang ndng do lactoza giam dén muc khoang 0,005% d6i v6i cac ndéng do lactaza
3000 LAU/L va 10000 LAU/L sau 24 gio b sung. Ngoai ra, ndng do lactoza giam dén

muttc khoang 0,005% dbi v6i tAt ca ba ndng do lactaza sau 48 gid va sau 1 tudn bd sung.
Vidu7
B6 sung xudi dong lactaza vao sira chua sau thanh trang

Muc dich cia thtt nghiém dugc thuc hién la nhim cho thiy rang c6 thé bd sung
lactaza thich hop sau khi xtr ly nhiét cudi cing sita chua sau thanh trung dé dat dugc

néng do lactoza con lai 1a <0,1%.

Sita chua sau thanh tring véi thanh phan 14 2,87% protein va 2,89% chét béo dugc
tao ra. Co chét sita dugc 1én men dén do pH bang 4,30 bang gidng khéi dong YoFlex loai
YF-L904. Sau khi dat dén do pH bang 4,30 sita chua dugc lam mat xubng 15°C trong
thiét bi trao d6i nhiét dang tAm va dugc gitt trong thung dung dich dém cach dién & 15°C
trong ba gid trude khi thuc hién budc xur Iy nhiét cudi cing. Budc xur ly nhiét cudi cing
duoc thuc hién & 74°C, 20 gidy. Trong thiét bj trao dbi nhiét dang tdm, va san phdm duge
nap ¢ 25°C vao cac cbe vo trung. Mau dugc bao quan ¢ 25°C trong mot ngay trudc khi

b sung lactaza vo trung.

Co chat stta

Thanh phén Théng s6 k¥ thuit Liéu lwong
Sita tuoi 3,5% chét béo, sita thwong mai, Arla Foods 74,15%
Nudc 16,6%
Sucroza 7,0%
Chét ¢ dic protein Nutrilac YO-7830, Arla Food Ingredients 0,60%
nudc sira
Tinh bot cai bién Clearam CJ 5025, Roquette 1,50%
LM Pectin LM 106-AS YA, CP Kelco 0,12%
GOm Gellan Kelcogel YSS, CP Kelco 0,03%
Mbi trudng nudi cdy FD-DVS YF-L904 200 don vi/tn hé mét
Phan tich Milkoscan:

Ham luong chét béo 2,87%
Ham luong protein 2,89%

Céc thong s6 sau dugc st dung dé 1én men va xt ly:
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Nhiét do tron: 10°C
Thoi gian hydrat hoa: 3 gio két hop khudy nhe
Lactaza

Lactaza tir Bifidobacterium bifidum ¢ trinh tu ma hoa dugc néu trong SEQ ID
NO. 2.

Gidng khéi dong
Gidng khéi dong YoFlex® loai YF-L904 tir nhém san phim Chr. Hansen

YoFlex® chira hai loai Streptococcus thermophilus va Lactobacillus delbrueckii spp.

bulgaricus.
Quy trinh san xuét sita chua
Ap suit lam ddng nhat: 150 ba
Piéu kién thanh trung: 95°C, 5 phut
Nhiét do 1én men: 43°C
Do pH cudi: 4,30
Ph4 v cuc stta dong bang tay va khudy cho dén khi thu duoc cdu trac tron nhan.
Lam ngudi dén 15°C trong thiét bi trao dbi nhiét dang tAm
Xir 1y nhiét trong thiét bi trao ddi nhiét dang tAm, toc dd dong 414L/h
Pidu kién xur Iy nhiét: 74°C, 20 gidy
Nap vao cac cbe vo trung dung tich 100mL, nhiét 46 nap 25°C.

Bé sung lactaza

Lactaza dugc loc vO trung va dugc bb sung vao cdc dung tich 100mL chira sira
chua sau thanh trung véi lidu luong sau: a) 0 LAU/L - tham chiéu, b) 200 LAU/L, c) 400
LAU/L, d) 600 LAU/L, e) 800 LAU/L, f) 1000 LAU/L, va g) 1200 LAU/L

Mau dugc bao quan ¢ 25°C va mau duoc 13y ra d8 phan tich lactoza con lai ¢ cac
thoi didm sau; 8 gio, 24 giv, 48 gio va 76 gio.
Két qua

Fig.2-Fig.4 thé hién lactoza con lai ciia mau vé6i viéc bo sung lactaza. Lactoza con
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lai cua mAu tham chiéu dugc do 1a 2,4% lactoza con lai. Puong nim ngang & nong do
lactoza con lai 1a 0,1 va 0,5 biéu thi néng do lactoza, ma theo luét phap vé thuc phém la

du diéu kién vi khong chira lactoza lan lugt & chau Au va Trung Quoc.

T Fig.2-4 thiy rd rang rang ndng d6 lactoza & 24 gid giam dén muc khoang
0,355% dbi voi ndng d6 lactaza 1a 400 LAU/L va dén mtrc dudi 0,01% dbi voi cac ndng
6 lactaza cao hon. O 48 gid, ndng do lactoza da giam dén muc 1a 0,015% ddi v6i nong
do lactaza 1a 400 LAU/L va dén murc dudi 0,01% dbi véi cac n6ng do lactaza cao hon. O
76 gio, néng d6 lactoza da giam dén muc dudi 0,01% dbi véi néng do lactaza la 400
LAU/L va cac ndng dd lactaza cao hon.

Do do, cac thir nghiém theo sang ché cho thiy ring c6 thé dép tng dich lactoza
con lai 13 0,01% hoiic nho hon véi lidu ding lactaza 1a 600 LAU/I & 48 gio va lidu ding
lactaza 1a 400 LAU/1 & 76 gio.

Vidu 8

B sung xudi dong lactaza vao sita chua sau thanh tring & mtc pH khéc nhau (tur
4,0 dén 4,4)

Muc dich cua thit nghiém dugc thuc hién la nhim cho thiy ring trong quy trinh
loai bo lactoza trong sita chua sau thanh trung (PPY) bang cach st dung lactaza c6 thé dé

thu dugc mirc loai bo lactoza mong mubn ddi voi PPY & do pH khac nhau nam trong

khoang tir 4,0 dén 4.4.

Co chét sita

Thanh phan Théng s6 k§ thuat Liéu lrong Liéu lwong
Lactoza chuin Lactoza cao
Sita tuoi 3,5% chat béo, sita thuong mai, Arla 74,30% 74,0%
Foods
Nude 16,45% 15,95%
Sucroza 7,0% 7,0%
Chét cb dic Nutrilac YO-7830, Arla Food 0,60% 0,60%
protein nudc sira Ingredients
Tinh b6t cai bién Clearam CJ 5025, Roquette 1,50% 1,5%
LM Pectin LM 106-AS YA, CP Kelco 0,12% 0,12%
Go6m Gellan Kelcogel YSS, CP Kelco 0,03% 0,03%
Méi trudng nudi FD-DVS YF-L904 200 don vi/tan hé 200 don vi/
cly mét tAn hé mét
Phén tich Milkoscan:
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Nén sita Lactoza chudn: Ham luong chét béo 2,88%, ham lugng protein 2,91%
Nén sita Lactoza cao: Ham luong chét béo 2,91%, ham lugng protein 2,94%
Lactaza

Lactaza tir Bifidobacterium bifidum c6 trinh ty ma héa dugc néu trong SEQ ID

NO. 2.
Quy trinh san xudt sira chua
Ap sut lam ddng nhét: 150 ba (150x10*? kPa) ¢ nhiét d6 60°C
Diéu kién thanh tring: 95°C, 5 phut
Nhiét do 1én men: 43°C
bo pH cudi dbi voi nén sita lactoza chuén: 4,0, 4,1, 4,2, 43 va 4,4
Do pH cudi ddi vai nén sita lactoza cao: 4,3
Pha v cuc sita dong bing tay va khudy cho dén khi thu dugc cdu tric tron nhén.
Lam ngudi dén 15°C trong thiét bi trao dbi nhiét dang tim
X1t 1y nhiét trong thiét b trao ddi nhiét dang tam, tbc do dong 414L/h
Diéu kién xt 1y nhiét: 74°C, 20 giay
Nap vao cac cbe vo trung dung tich 100mL, nhiét do nap 25°C.
B6 sung lactaza

Lactaza dugc loc vo trung va dugc bd sung vao cde dung tich 100mL chira sita
chua sau thanh trung véi lidu luong sau: a) 0 LAU/L - tham chiéu, b) 200 LAU/L, ¢) 400
LAU/L, d) 600 LAU/L, vae) 800 LAU/L

Miu duge bao quan & nhiét do 15°C, 20°C, 25°C dén 30°C va mau dugc lay ra dé

phan tich lactoza con lai & céac thoi diém sau; 24 gio, 48 gio va 72 gio.
Két qua

Nham muc dich ngan gon, chi thé hién cac két qua doi voi cac mau dugc cat trit &
25°C. Céc két qua tuong ung thu dugc doi voi cac mau dugce bao quan & 15°C, 20°C va

30°C.

-37-



38943

Bang 5: Nong do lactoza con lai dbi voi mau duoc bao quan & 25°C.

inamn | POPH | Uhea® | 24gi | 4sgio | 7280

cuoi cung (LAU/L) (%) (%) (%)
Chuén 4.4 200 0918 | 00220 | 0,034
Chuan 4.4 400 0,106 | 0,004 | 0,003
Chuén 4.4 600 0,077 | 0,003 | 0,003
Chuén 4.4 800 0,009 | <0,002 | 0,002
Chuén 4.4 1000 0,004 | 0,002 | 0,002
Chuén 43 200 1,322 | 0,567 | 0223
Chuan 43 400 0,566 | 0,043 | 0,008
Chuan 43 600 0,063 | 0,005 | 0,004
Chuén 43 800 0,015 | 0,003 | 0,003
Chuan 43 1000 0,007 | <0,002 | 0,002
Chuén 42 200 1,422 | 0,0803 | 0,356
Chuan 4,2 400 0,671 | 0,071 | 0,013
Chuén 42 600 0,177 | 0,008 | 0,004
Chuén 42 800 0,128 | 0,005 | 0,003
Chuan 42 1000 ND ND ND
Chuén 4,1 200 1,719 | 1,177 | 0,808
Chuan 4,1 400 0923 | 0266 | 0,051
Chuan 4,1 600 0,572 | 0,066 | 0,019
Chuén 4,1 800 0245 | 0,010 | 0,005
Chuan 4,1 1000 0,108 | 0,005 | 0,003
Chuan 4,0 200 1,725 | 1,196 | 0933
Chuén 4,0 400 1,236 | 0,589 | 0,265
Chuan 4,0 600 0,773 | 0,187 | 0,039
Chuan 4,0 800 0,502 | 0,049 | 0,010
Chuan 4,0 1000 ND ND ND
Cao 43 200 2,011 1,139 | 0,584
Cao 43 400 0,876 | 0,121 | 0,018
Cao 43 600 0,250 | 0,009 | 0,005
Cao 43 800 0,053 | 0,006 | 0,003
Cao 43 1000 0,017 | 0,004 | 0,003

Bang 6: Nong d6 lactoza con lai khong dugc bd sung lactaza.

Nén sita Po pH Liéu luong 24 gid
Lactaza (LAU/L) (%)
Chuan 4.4 0 2,6
Chuan 43 0 2,7
Chuan 4,2 0 2,6
Chuan 4,1 0 2,5
Chuén 4,0 0 2,5
Cao 4,3 0 3,2
Chuén (trudce khi 1én men) 0 33
Cao (trudc khi 1én men) 0 4,0

Tu Bang 5 va 6 thay rd rang d6 pH cudi cua sita chua cang thip thi ham lugng
lactoza con lai cang cao. Két qua cho thdy & do pH thAp nhit co thé dat dugc dich lactoza

con lai dudi 0,1% voi lidu dung lactaza 12 800 LAU/L ¢ 438 gio. Hon nita, & d pH cubi 1a
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4,1 co thé dat duoc lugng lactoza con lai 1a 0,18% v6i lidu dung lactaza 1a 1000 LAU/L &
24 gi0.

Vidu9

~ B6 sung xudi dong lactaza vao sira chua sau thanh tring & cac ndng do lactaza

duge bd sung thip

Muc dich cia thir nghiém dugc thye hién nham thir nghiém tinh hi¢u luc cua lidu
luong lactaza thap trong quy trinh loai bo lactoza trong sira chua sau thanh trung (PPY)
bing cach sir dung lactaza dé thiét 1ap lidu dung toi thiéu can thiét dé thu dugc dich

lactoza con lai mong mudn.

Co chat sita

Thanh phén Théng s6 ky thuat Liéu lwong
Sira tuoi 3,5% chat béo, sita thuong mai, Arla Foods 74,30%
Nude 16,45%
Sucroza 7,0%
Chét co6 dac protein Nutrilac YO-7830, Arla Food Ingredients 0,60%
nudc sira
Tinh b6t cai bién Clearam CJ 5025, Roquette 1,50%
LM Pectin LM 106-AS YA, CP Kelco 0,12%
GO6m Gellan Kelcogel YSS, CP Kelco 0,03%
Moi trudng nudi cay FD-DVS YF-L904 200 don vi/tan hé
mét
Phéan tich Milkoscan:

Nén sita: Ham luong chét béo 2,81%, ham lugng protein 3,11%
Lactaza

Lactaza tir Bifidobacterium bifidum c6 trinh ty ma hoa dugc néu trong SEQ ID

NO. 2.
Quy trinh san xuét sita chua
Ap suét 1am ddng nht: 150 ba (150x10** kPa) ¢ nhigt do 60°C
Piéu kién thanh tring: 95°C, 5 phiit
Nhiét do 1én men: 43°C
bé pH cubi dbi véi nén sira lactoza chuan: 4,15, 4,20, 4,25 va 4,30

Do pH cudi doi voi nén sira lactoza cao: 4,3
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Ph4 v& cuc sita dong bing tay va khudy cho dén khi thu duoc céu triic tron nhén.
Lam ngudi dén 15°C trong thiét bi trao dbi nhiét dang tAm

Xt Iy nhiét trong thiét bi trao déi nhiét dang tam, tdc do dong 414L/h

Diéu kién xir 1y nhiét: 74°C, 20 gidy

Nap vao cac cde vo tring dung tich 100mL, nhiét d6 nap 25°C.

B sung lactaza

Lactaza duogc loc vd trung va dugc bd sung vao cbc dung tich 100mL chta sira
chua sau thanh tring véi liéu lugng sau: a) 0 LAU/L - tham chiéu, b) 50 LAU/L, ¢) 100
LAU/L, d) 200 LAU/L, vae) 300 LAU/L

Mau duoc bao quan & 25°C va mau dugce liy ra dé phan tich lactoza con lai & cac
thoi diém sau: 24 gio, 48 gid va 72 gio.

Két qua

Nhim muc dich nge"m gon, chi thé hién cac két qua dbi v6i mau duge bao quan &
25°C. Thu duoc cac két qua tuong tng dbi voi mau duge bao quan ¢ 15°C, 20°C dén

30°C.

Bang 7: Nong do lactoza con lai doi voi mau

Nén sita b6 pH Liéu luong ctia 24 gio | 48 gio | 72 gid
cudi cung lactaza (LAU/L) (%) (%) (%)
Chuan 430 50 2,1 1,8 1,5
Chuan 425 100 1,8 1,3 0,9
Chuén 4,20 100 1,9 1,4 1,1
Chuin 4,15 100 1,9 1,5 1,2
Chuén 430 200 1,2 0,4 0,087
Chuén 425 200 1,1 0,5 0,119
Chuin 420 200 1,4 0,7 0,237
Chuén 4,15 200 1,4 0,7 0,317
Chuan 430 300 0,7 0,055 | 0,010
Chuén 425 300 0,8 0,102 | 0,017
Chuan 4,20 300 0,9 0,2 0,037
Chuan 4,15 300 1,0 0,3 0,081

Nén sita chua thanh tring v6i d6 pH bang 4,3, 4,25, 4,20 va 4,15 va khong dugc
bd sung lactaza co néng do lactoza lan luot 14 2,57, 2,52, 2,47 va 2,40.

Tir Bang 7 thiy rd rang rang c6 thé dé dat duoc dich lactoza con lai thip hon 0,5%

v6i lidu ding lactaza 1a 200 LAU/L & 48 git dbi v6i mau c6 do pH bang 4,3 va 4,25 va
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v6i ndng do lactaza thip hon 0,3 véi liéu dimng lactaza 12 300 LAU/L & 48 gidr d6i voi tat
ca cac mau duge thir nghiém.

Vidu 10

San xuit dd ubng dang nudc sita axit c6 ndng do lactoza thip bang cach bd sung
lactaza

Muc dich cta thir nghiém dugc thyc hién la nham cho thay rdng c6 thé loai bo
duoc lactoza ra khoi san phdm thim qua mang cta nudc sita axit va nghién ciru mace do

anh huéng cia liéu lwgng lactaza khac nhau, thoi gian phan ung va nhiét do.

Co chat stra

Thanh phén Théng s6 k§ thuat L(;e/‘l‘ol(‘)"(;"g)g
A : San pham tham qua mang cta nudc sita axit
Nude sita axit (san phdm phu tir qua trinh san xuét Skyr) 800
Sucroza buong Nordic 70
Nudce (da ion hoa) 90
HM Pectin YM-115-H, CP-Kelco 4.5
Téng cdng 979,5

San phim thdm qua mang ctia nudc sita axit (tir qua trinh siéu loc) la san pham
phu cta qué trinh san xuit Skyr. San phim thdim qua mang cua nudc sira axit c6 thanh
phdn sau: Protein 0,2%, Puong 3,7%, Chét béo 0,01%, Tro 0,8%, Do am 94,7%, D6 pH
4,27.

Lactaza

Lactaza tir Bifidobacterium bifidum c¢6 trinh tuy mi héa dugc néu trong SEQ ID

NO. 2.
Quy trinh

1. Gia nhiét san phdm thdm qua mang clia nudce sira axit dén 72°C, / 2 phit.
2. Lam ngudi dén

a. 5°C (2 x 1000mL)

b. 40°C (3 x 1000mL)
3. Pinh lugng lactaza:

a. 5°C: 2500 dén 5000 LAU/L (2 x 1000mL)

b. 40°C: 500, 1000 dén 2500 LAU/L (3 x 1000mL)
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a.Trudce khi bd sung lactaza
b.0 40°C dén 2500 LAU/L: cir sau 1 gid tir 3 dén 7 gidr va 24 gio
¢.Mau khéc: 24 gio.

5. X ly do udng trén co s& nudc sita axit

a. B6 sung dung dich HM pectin, hwong liéu va sucroza.

b. Didu chinh d6 pH dén 3,9 bang axit xitric

c. Gia nhiét dén 80°C trong 2 phut.

d. Lam ddng nhit & 150 ba (150x10*? kPa) ¢ nhiét do 80°C

e. Nap vao cac chai.

Két qua

Bang 8: Nong dd lactoza con lai (g/L) d6i v6i mau thir nghiém

Nhiét do 5°C 5°C 40°C 40°C 40°C

Lactaza

(LAU/L) 0 2500 5000 0 500 1000 2500
0 gio 2,7235 2,7235
1 gid
2 gio
3 gio 1,7793
4 gio 0,5527
5 gio 0,3117
6 gio 0,1681
7 gio 0,1376
24 gid 0,5646 | 0,1018 0,4381 | 0,0830 0,0378

Tu Bang 8 thiy o rang co thé lam giam ndng do lactoza dén murc khoang 0,1g/L
dbi voi miu thr nghiém & nhiét do 1a 40°C va d6i v6i cac ndng do lactaza nim trong
khoang tir 1000 dén 2500 LAU/L cling nhu & nhiét do la 5°C dbi v6i nong do lactaza 1a

5000 LAU/L. Dbi v6i hai mu khéc c6 thé lam giam ndng do lactoza dén mirc thdp hon

0,5g/L.

Céac trinh tu

SEQ ID NO.1 thé hién trinh ty cia thé dot bién c6 trinh tu nhu néu trong SEQ 1D

NO. 4.

SEQ ID NO.2 thé hién trinh tu ciia thé dot bién c6 trinh tu nhu néu trong SEQ ID

NO. 4.
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SEQ ID NO.3 thé hién trinh tu cla lactaza tur Bifidobacterium bifidum
DSM20215.

SEQ ID NO.4 thé hién trinh tu cta lactaza tir Bifidobacterium bifidum
NCIMB41171, trinh tu nucleotit ctia n6 dugc néu trong NCBI voi sb truy nhép la
DQ448279.

SEQ ID NO.4 dugc thao ludn trong cac tai liéu tham khao sau, trong d6 no6 duoc

goi la bbgllIlI:
Appl Microbiol Biotechnol (2007) 76:1365-1372, T K Goulas et al.
Appl Microbiol Biotechnol (2009) 82:1079-1088, T Goulas et al.

Appl Microbiol Biotechnol (2009) 84:899-907, T Goulas et al.
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YEU CAU BAO HOQ
1. San pham sita dugc axit hoa c6 do pH nam trong khoang tir 3,0 dén 5,0 va ham lugng
lactoza it nhét bang 1,5mg/mL, trong d6 san pham ndy chira lactaza, duy tri dugc hoat
tinh ctia n6 & do pH bang 5,0 va nhiét d6 37°C & muc it nhat bang 5% so véi hoat tinh
ctia n6 & do pH tdi wu cua lactaza, trong do san phém sita nay la san pham sita 1én men
duoc san xuét bang cach 1én men st dung gidng khéi dong, va trong dé san phim sita 1én
men sau khi 1én men dugc dua vao budc xir ly nhi€t dé lam giam luong vi khuan cua
gidng khoi dong dén mat do khong 16n hon 1X10exp02 CFU/g, va trong do lactaza dugc

bd sung vao sau khi xtt 1y nhiét.

2. San pham sita theo didm 1, trong d6 lactaza duy tri dugc hoat tinh clia né ¢ nhiét do
10°C va do pH bang 6,0 & muc it nhét bang 10% so v6i hoat tinh ctia né ¢ nhiét do tbi wu

cua lactaza.

3. San pham sita theo di€ém bat ky trong so cac diém néu trén, trong d6 san pham nay

chira lactaza & lwong nam trong khoéng tir 100 d&n 20000 LAU/L san pham sita.

4. San pham sita theo diém bét ky trong s cac diém néu trén, trong do lactaza la lactaza

c¢6 ngudn gdc tir Bifidobacterium bifidum.

5. San pham sita theo diém 4, trong d6 lactaza c6 ngudn gbc tir Bifidobacterium bifidum
chtra trinh tu axit amin c6 d§ tuong d@)ng it nhét béng 50% so véi trinh ty dugc chon tu
nhém bao gdm cac axit amin 28-1931 ¢6 trinh tu nhu néu trong SEQ ID NO.1, cac axit
amin 28-1331 ¢6 trinh tw nhu néu trong SEQ ID NO.2, SEQ ID NO.3, SEQ ID NO.4 va

cac manh hoat tinh lactaza ctia chung.

6. San pham sita theo diém 1, trong d6 san pham chira san phdm nudce sita axit dugc chon

tir nhém bao gdm nudc sita axit va san pham tham qua mang cua nudc sira axit.

7. Quy trinh san xuét san pham sita dugc axit hoa bao gbm céc budc didu ché san phim
stta duoc axit hoa co sé, c6 dd pH nam trong khoang tu 3,0 dén 5,0 va ham luong lactoza
it nhit bang 1,5mg/mL, bd sung lactaza ma duy tri dugc hoat tinh ctia n6 ¢ do pH bang
5.0 va nhiét do 37°C & mirc it nhdt bing 5% so v6i hoat tinh ciia n6 & do pH t6i uu ciia
lactaza, vao san phém stta dugc axit hoa co sO dé thu duogc san phém stta dugc axit hda
chira lactaza, va bao quan san phdm sita dugc axit hoa chira lactaza ¢ nhiét do it nhét

bang 2°C trong it nhét 1 ngay.
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8. Quy trinh san xuét san phdm sita dugc axit hoa bao gdm cac budc diéu ché san phim
stta duoc axit hoa co sé, c6 do pH nam trong khoang tir 3,0 dén 5,0 va ham lugng lactoza
it nhit bang 1,5mg/mL, dua san phim sita dugc axit hoa co s¢ vao bude xit Iy nhiét aé
lam giam luong vi khudn dén mat do khong 16n hon 1X10exp02 CFU/g dé thu duogc san
phim sita dugc axit hoa dugc xur ly nhiét, bd sung lactaza ma duy tri duoc hoat tinh cla
n6 & d6 pH bang 5,0 va nhiét d6 37°C & muc it nhat bing 5% so v6i hoat tinh ciia né ¢ do
pH tdi wu cua lactaza, vao san phém stta dugc axit hoa dugce xtr 1y nhiét dé thu dugc san
phém stta dugc axit hoa chira lactaza, va bdo quan san phém stta duogc axit hda chira

lactaza & nhiét do it nhat bang 2°C trong it nhit 1 ngay.

9. Quy trinh san Xuét san pham sita 1én men bao gdm cic budc 1én men co chét sira bing
cach st dung gidng khéi dong vi khuan axit lactic dé thu dugc san pham sita duoc 1én
men bang gidng khoi dong, c6 do pH nam trong khoang tr 3,0 dén 5,0 va ham lugng
lactoza it nhét bang 1,5mg/mL, dua san phim sira duge 1én men bing gidng khdi dong
vio bude xit 1y nhiét dé lam giam lugng vi khun dén mat do khong l6n hon 1X10exp02
CFU/g dé thu dugc san pham sita 1én men dugc xir ly nhiét, bd sung lactaza ma duy tri
duoc hoat tinh cua né & do pH béng 5,0 va nhiét d6 37°C & muc it nhét béng 5% so voi
hoat tinh ctia né & do pH tdi wu cua lactaza, vao san phém stta 1én men dugc X ly nhiét
dé thu duoc san phdm sita 1én men chra lactaza, va bao quan san pham sita 1én men chira

lactaza & nhiét do it nhit bang 2°C trong it nhét 1 ngay.

10. Quy trinh theo didm 9, trong d6 san pham sita 1én men chtra lactaza duge béo quan &

nhiét do it nhat bang 15°C.

11. Quy trinh theo diém 9 hoac 10, trong d6 san phém sita 1én men chtra lactaza dugc bao

quén trong it nhit 7 ngay.

12. Quy trinh theo diém bét ky trong sb céac didm tr 9 dén 11, trong d6 san pham sita
duoc 1én men bang gidng khéi dong duge dua vao bude co dé chia san pham sita dugc
1én men bang giéng khoi dong thanh phan doan c6 ddc va phén doan nudc sita axit dugc
phén tach, trong d6 phan doan nudc sira axit dugce phén tach va phan doan co dac khong

duge dua vao budc tiép theo clia quy trinh.
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Lactoza con lai (%)

Lactoza con lai trong mau sita chua sau thanh trung

B6 sung xudi dong Lactoza (pH 4,30)
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Fig.1
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Lactoza con lai (%)

Lactoza con lai khi dwgc bao quan ¢ nhiét dg 25°C
B& sung lactoza xudi dong (d6 pH bang 4,30)

2,000
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Fig.2
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{ &

Lactoza cdn lai sau 48 gi¥ & nhidt 46 25°C
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DANH MUC TRINH TU

<110> CHR. HANSEN A/S
<120> SAN PHAM SUA PUQC AXIT HOA VA QuY TRINH SAN XUAT SAN PHAM SUA DUQC AXIT HOA
<130> P6079EP0O0
<160> 4
<170> PatentIn phién ban 3.5
<210> 1
<211l> 1931
<212> PRT
<213> Bifidobacterium bifidum
<400> 1
Met Lys Lys Pro Leu Gly Lys Ile Val Ala Ser Thr Ala Leu Leu Ile
1 5 10 15
Ser Val Ala Phe Ser Ser Ser Ile Ala Ser Ala Ala Val Glu Asp Ala
20 25 30
Thr Arg Ser Asp Ser Thr Thr Gln Met Ser Ser Thr Pro Glu Val Ala
35 40 45
Tyr Ser Ser Ala Val Asp Ser Lys Gln Asn Arg Thr Ser Asp Phe Asp
50 55 60
Ala Asn Trp Lys Phe Met Leu Ser Asp Ser Val Gln Ala Gln Asp Pro
65 70 75 80
Ala Phe Asp Asp Ser Ala Trp Gln Gln Val Asp Leu Pro His Asp Tyr
85 90 95
Ser Ile Thr Gln Lys Tyr Ser Gln Ser Asn Glu Ala Glu Ser Ala Tyr
100 105 110
Leu Pro Gly Gly Thr Gly Trp Tyr Arg Lys Ser Phe Thr Ile Asp Arg
115 120 125
Asp Leu Ala Gly Lys Arg Ile Ala Ile Asn Phe Asp Gly Val Tyr Met
130 135 140
Asn Ala Thr Val Trp Phe Asn Gly Val Lys Leu Gly Thr His Pro Tyr
145 150 155 160
Gly Tyr Ser Pro Phe Ser Phe Asp Leu Thr Gly Asn Ala Lys Phe Gly
165 170 175
Gly Glu Asn Thr Ile Val Val Lys Val Glu Asn Arg Leu Pro Ser Ser
180 185 130
" Arg Trp Tyr Ser Gly Ser Gly Ile Tyr Arg Asp Val Thr Leu Thr Val
195 200 205
Thr Asp Gly Val His Val Gly Asn Asn Gly Val Ala Ile Lys Thr Pro
- 210 215 220
Ser Leu Ala Thr Gln Asn Gly Gly Asp Val Thr Met Asn Leu Thr Thr
225 230 235 240
Lys Val Ala Asn Asp Thr Glu Ala Ala Ala Asn Ile Thr Leu Lys Gln
245 250 255
Thr Val Phe Pro Lys Gly Gly Lys Thr Asp Ala Ala Ile Gly Thr Val
260 265 270
Thr Thr Ala Ser Lys Ser Ile Ala Ala Gly Ala Ser Ala Asp Val Thr
275 280 285
Ser Thr Ile Thr Ala Ala Ser Pro Lys Leu Trp Ser Ile Lys Asn Pro
290 295 300
Asn Leu Tyr Thr Val Arg Thr Glu Val Leu Asn Gly Gly Lys Val Leu
305 310 . 315 320
Asp Thr Tyr Asp Thr Glu Tyr Gly Phe Arg Trp Thr Gly Phe Asp Ala
325 330 335
Thr Ser Gly Phe Ser Leu Asn Gly Glu Lys Val Lys Leu Lys Gly Val
340 345 350
Ser Met His His Asp Gln Gly Ser Leu Gly Ala Val Ala Asn Arg Arg
355 ' 360 365
Ala Ile Glu Arg Gln Val Glu Ile Leu Gln Lys Met Gly Val Asn Ser
370 375 380
Ile Arg Thr Thr His Asn Pro Ala Ala Lys Ala Leu Ile Asp Val Cys
385 390 395 400
Asn Glu Lys Gly Val Leu Val Val Glu Glu Val Phe Asp Met Trp Asn
405 410 415
Arg Ser Lys Asn Gly Asn Thr Glu Asp Tyr Gly Lys Trp Phe Gly Gln
420 425 430
Ala Ile Ala Gly Asp Asn Ala Val Leu Gly Gly Asp Lys Asp Glu Thr
435 440 445
Trp Ala Lys Phe Asp Leu Thr Ser Thr Ile Asn Arg Asp Arg Asn Ala
450 455 460
Pro Ser Val Ile Met Trp Ser Leu Gly Asn Glu Met Met Glu Gly Ile
465 470 475 480
Ser Gly Ser Val Ser Gly Phe Pro Ala Thr Ser Ala Lys Leu Val Ala
485 490 495
Trp Thr Lys Ala Ala Asp Ser Thr Arg Pro Met Thr Tyr Gly Asp Asn
500 505 510
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Lys Ile Lys Ala Asn Trp Asn Glu Ser Asn Thr Met Gly Asp Asn Leu
515 520 525
Thr Ala Asn Gly Gly Val Val Gly Thr Asn Tyr Ser Asp Gly Ala Asn
530 535 540
Tyr Asp Lys Ile Arg Thr Thr His Pro Ser Trp Ala Ile Tyr Gly Ser
545 550 555 560
Glu Thr Ala Ser Ala Ile Asn Ser Arg Gly Ile Tyr Asn Arg Thr Thr
565 570 575
Gly Gly Ala Gln Ser Ser Asp Lys Gln Leu Thr Ser Tyr Asp Asn Ser
580 585 590
Ala Val Gly Trp Gly Ala Val Ala Ser Ser Ala Trp Tyr Asp Val Val
595 600 605
Gln Arg Asp Phe Val Ala Gly Thr Tyr Val Trp Thr Gly Phe Asp Tyr
610 ’ 615 620
Leu Gly Glu Pro Thr Pro Trp Asn Gly Thr Gly Ser Gly Ala Val Gly
625 630 635 640
Ser Trp Pro Ser Pro Lys Asn Ser Tyr Phe Gly Ile Val Asp Thr Ala
645 650 655
Gly Phe Pro Lys Asp Thr Tyr Tyr Phe Tyr Gln Ser Gln Trp Asn Asp
660 665 670
Asp Val His Thr Leu His Ile Leu Pro Ala Trp Asn Glu Asn Val Val
675 680 685
Ala Lys Gly Ser Gly Asn Asn Val Pro Val Val Val Tyr Thr Asp Ala
690 - 695 700
Ala Lys Val Lys Leu Tyr Phe Thr Pro Lys Gly Ser Thr Glu Lys Arg
705 710 715 720
Leu Ile Gly Glu Lys Ser Phe Thr Lys Lys Thr Thr Ala Ala Gly Tyr
725 730 735
Thr Tyr Gln Val Tyr Glu Gly Ser Asp Lys Asp Ser Thr Ala His Lys
740 745 750
Asn Met Tyr Leu Thr Trp Asn Val Pro Trp Ala Glu Gly Thr Ile Ser
755 760 765
Ala Glu Ala Tyr Asp Glu Asn Asn Arg Leu Ile Pro Glu Gly Ser Thr
770 775 780
Glu Gly Asn Ala Ser Val Thr Thr Thr Gly Lys Ala Ala Lys Leu Lys
785 790 795 800
Ala Asp Ala Asp Arg Lys Thr Ile Thr Ala Asp Gly Lys Asp Leu Ser
805 810 815
Tyr Ile Glu Val Asp Val Thr Asp Ala Asn Gly His Ile Val Pro Asp
820 825 830
Ala Ala Asn Arg Val Thr Phe Asp Val Lys Gly Ala Gly Lys Leu Val
835 ’ 840 845
Gly Val Asp Asn Gly Ser Ser Pro Asp His Asp Ser Tyr Gln Ala Asp
850 855 860
Asn Arg Lys Ala Phe Ser Gly Lys Val Leu Ala Ile Val Gln Ser Thr
865 870 875 880
Lys Glu Ala Gly Glu Ile Thr Val Thr Ala Lys Ala Asp Gly Leu Gln
. 885 890 895
Ser Ser Thr Val Lys Ile Ala Thr Thr Ala Val Pro Gly Thr Ser Thr
900 i 905 910
Glu Lys Thr Val Arg Ser Phe Tyr Tyr Ser Arg Asn Tyr Tyr Val Lys
915 920 925
Thr Gly Asn Lys Pro Ile Leu Pro Ser Asp Val Glu Val Arg Tyr Ser
930 935 . 940
Asp Gly Thr Ser Asp Arg Gln Asn Val Thr Trp Asp Ala Val Ser Asp
945 950 955 960
Asp Gln Ile Ala Lys Ala Gly Ser Phe Ser Val Ala Gly Thr Val Ala
965 970 975
Gly Gln Lys Ile Ser Val Arg Val Thr Met Ile Asp Glu Ile Gly Ala
980 985 990
Leu Leu Asn Tyr Ser Ala Ser Thr Pro Val Gly Thr Pro Ala Val Leu
995 1000 1005
Pro Gly Ser Arg Pro Ala Val Leu Pro Asp Gly Thr Val Thr Ser
1010 1015 1020
Ala Asn Phe Ala Val His Trp Thr Lys Pro Ala Asp Thr Val Tyr
1025 1030 1035
Asn Thr Ala Gly Thr Val Lys Val Pro Gly Thr Ala Thr Val Phe
1040 1045 1050
Gly Lys Glu Phe Lys Val Thr Ala Thr Ile Arg Val Gln Arg Ser
1055 1060 1065
Gln Val Thr Ile Gly Ser Ser Val Ser Gly Asn Ala Leu Arg Leu
1070 1075 1080
Thr Gln Asn Ile Pro Ala Asp Lys Gln Ser Asp Thr Leu Asp Ala
1085 1090 1095
Ile Lys Asp Gly Ser Thr Thr Val Asp Ala Asn Thr Gly Gly Gly
1100 1105 1110
Ala Asn Pro Ser Ala Trp Thr Asn Trp Ala Tyr Ser Lys Ala Gly
1115 1120 1125
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His

Leu

Gly
Gln
Pro
Thr
Glu
Ala
Val
Val
Ala
Val
Phe
Thr
Gly
His

Phe

Val
Gly
Gln

Tyxr

Val
His
Asp
Gly
Asp
Lys
Lys
Asp
Thr
Phe
Val
Val
Ala
Thr

Lys

Asn
1130
Gly
1145
Phe
1160
Lys
1175
Glu
1190
Val
1205
Thr
1220
Leu
1235
Leu
1250
Leu
1265
Lys
1280
His
1295
Thr
1310
Pro
1325
Val
1340
Pro
1355
Ser
1370
Glu
1385
Arg
1400
Gln
1415
Thr
1430
Pro
1445
Ala
1460
Leu
1475
Thr
1490
Pro
1505
Ala
1520
Asn
1535
Lys
1550
Asn
1565
Thr
1580
Pro
1595
Gly
1610
Lys
1625
Thr
1640
Ser
1655
Ile
1670
Ala
1685
Ala
1700

Thr
Gln
Pro
Asn
Ser
Gly
Thr
Lys
Ser
Ala
Ala
Asp
Arg
Ala
Thr
Lys
Asn
Leu
Pro
Val
Trp
Val

Asp

Val
Ala
Thr
Thr
Tyr
Ala
Lys
Ala
Thr
Pro
val
Gln
Lys
Asp

Val

Ala
Ile
Asp
Trp
Ser
Ala
Pro
Thr
Ser
Ala

Glu

Lys
Asp
Val
Lys
Trp
Gln
Ala
Ser
Thr
Thr
Ser
Lys
Pro
Thr
Leu
Ala
Ser
Pro
Pro
Gly
Val
Ala
Thr
Pro
Ala
Ser

Ile

Glu
Val
Ala
Thr
Asp
Thr
Ser
Ala
Leu
Gly
Gly
Val
Thr
Ser
Gly

Phe

Thr T

Lys
Gly
Asp
Thr
Thr
Gly
Ala
Ala
Phe
Arg
Val
Gly
Ala
Ser
Leu
Thr
Leu
Tyr
Ala
Ile
Trp

Ala

Ile
Met
Gly
Asp
Arg
Phe
Gly
Thr
Thr
Ser
Glu
Ile
Phe
Asp
Ser

Ala

Pro
Ser
Asp
Asp
Lys
Asn
Val
Lys
Ala
Tyr
Gly
Thr
Pro
Lys
Val
Trp
Asp
Gln
Pro
Glu
Lys

Asp

Thr
1135
Tyr
1150
Lys
1165
Leu
1180
Val
1195
Val
1210
Val
1225
Ser
1240
Val
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Tyr
1270
Gly
1285
Arg
1300
Thr
1315
Glu
1330
Glu
1345
Val
1360
Thr
1375
Thr
1390
Lys
1405
Gly
1420
Tyr
1435
His
1450
Asp
1465
Asp
1480
Leu
1495
Thr
1510
Gly
1525
Lys
1540
Val
1555
Glu
1570
Leu
1585
Leu
1600
Asn
1615
Ala
1630
Gly
1645
Thr
1660
Ala
1675
Thr
1690
Asp
1705

Phe
Phe
Thr
Ala
Lys
Lys
Val
Lys
Asn
Asn
Asn
Val
Ile
Arg
Gln
Asp
Thr

Lys

Thr
Gly
Val
Lys
Thr
Thr
Lys
Val
Ala
Ala
Pro
Thr
Gln
Thr
Lys
Lys
Val
Lys
Phe

Ser

Glu
Phe
Lys
Ala
Pro
Val
Cys
Phe
Gly
Thr
Ala
Ile
Asn
Asp
Thr
Gly
Val
Leu
Gly
Asn
Trp
Arg
Phe
Thr

Val

‘Asp

Asp
Thr
Lys
Thr
Tyr
Leu
Gln
Leu
Ser
Ser
Asn
Ala

Ala

Tyr
arg
Ile
Thr
Tyr
Thr
Ala
Val
Thr
Pro
Ser
Thr
Leu
Tyr
Ser
Asn
Asn
Asp
Ser
Trp
Lys
Leu
Met
Asp
Asp
Val
Tyr
Val
Thr
Leu
Val
Asn
Thr
Lys
Ala
Lys
Pro
ASp

Thr
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Ala
Asp
Gln
Glu
Thr
Val
Gly
Thr
Lys
Ala
Val
Glu
Gly
Pro
Gly
Thr
Asp
Ala
Val
Thr
Leu
Lys
Ser
Ile
Arg
Thr
Leu
Thr
Phe
Thr
Val
Tyr
Ala
Val
Val
Thr
Asp
Ala

Gln

Thr
1140
Ser
1155
Ile
1170
Thr
1185
Tyr
1200
Thr
1215
Leu
1230
Asn
1245
Val
1260
Ile
1275
Thr
1290
Ser
1305
Thr
1320
Ala
1335
Thr
1350
Ser
1365
Leu
1380
Leu
1395
Thr
1410
Asp
1425
Ala
1440
Ala
1455
Ala
1470
Ser
1485
Val
1500
Val
1515
Leu
1530
Val
1545
Thr
1560
Ser
1575
Gly
1590
Asp
1605
Gly
1620
Thr
1635
Ile
1650
Asp
1665
Ser
1680
Met
1695
Gln
1710
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Glu
Asn
Ser
Ile
Asp
Asn
Thr
Thr
Ser
Ile
Val
Glu
Glu
Ala
Ala
Thr
Trp
Arg
Glu
Ala
Glu
Val
Ser
Gly
Asp
Thr
Asp
Arg
Ile
Val
Asp
Asp
Asp
Asp
Asp
Leu
Ser
Ala

Asp

Gln
Ala
Ala
Ala
Phe
Ala
Glu
Ser
Asp
Ala
Leu
Asp
Gln
Asp
Thr
Tyr
Ile
Tyr
Tyr
Gly
Phe
His
Glu
Ala
Ala
Leu
Tyr
Gly
Glu
Ser
Ala
Asp
Phe
Lys
Ile
Asp
Lys
His

Val

Gln
Val
Asp
Ala
Ala
Asp
Ile
Ala
Ser
Asp
Pro
His
Glu
Met
Glu
Trp
Ala
Leu
Lys
Ser
Asn
Thr
Ile
Thr
Asp
Gly
Ala
.Ile
Leu
Val
Phe
Ser
Thr
Thr
Thr
Lys
Tyr
Ala

Asp
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Asn Ala Leu Lys Ala Leu Thr Asp Ala Tyr Ala Gly Leu Thr Glu
1715 1720 1725
Lys Thr Pro Glu Pro Ala Pro Val Ser Lys Ser Glu Leu Asp Lys
1730 1735 1740
Lys Ile Lys Ala Ile Glu Ala Glu Lys Leu Asp Gly Ser Lys Tyr
1745 1750 1755
Thr Ala Glu Ser Trp Lys Ala Phe Glu Thr Ala Leu Ala His Ala
1760 1765 1770
Lys Ala Val Ile Ala Ser Asp Ser Ala Thr Gln Gln Asn Val Asp
1775 1780 1785
Ala Ala Leu Gly Ala Leu Thr Ser Ala Arg Asp Gly Leu Thr Glu
1790 1795 1800
Lys Gly Glu Val Lys Pro Asp Pro Lys Pro Glu Pro Gly Thr Val
1805 1810 1815
Asp Lys Ala Ala Leu Asp Lys Ala Val Lys Lys Val Glu Ala Glu
1820 1825 1830
Lys Leu Asp Gly Ser Lys Tyr Thr Ala Asp Ser Trp Lys Ala Phe
1835 1840 1845
Glu Thr Ala Leu Ala His Ala Lys Ala Val Ile Gly Asn Ala Asn
1850 1855 1860
Ser Thr Gln Phe Asp Ile Asp Asn Ala Leu Ser Met Leu Asn Asp
1865 1870 1875
Ala Arg Ala Ala Leu Lys Glu Lys Pro Gly Arg Ile Ile Ala Ile
1880 1885 -~ 1890
Ile Asp Gly Ser Ala Leu Ser Lys Thr Gly Ala Ser Val Ala Ile
1895 1900 1905
Ile Ala Ser Val Ala Ala Ala Met Leu Ala Val Gly Ala Gly Val
1910 1915 1920
Met Ala Leu Arg Arg Lys Arg Ser
1925 1930
<210> 2
<211> 1341
<212> PRT
<213> Bifidobacterium bifidum
<400> 2
Met Lys Lys Pro Leu Gly Lys Ile Val Ala Ser Thr Ala Leu Leu Ile
1 5 10 15
Ser Val Ala Phe Ser Ser Ser Ile Ala Ser Ala Ile Glu Asp Ala Thr
20 25 30
Arg Ser Asp Ser Thr Thr Gln Met Ser Ser Thr Pro Glu Val Ala Tyxr
35 40 45
Ser Ser Ala Val Asp Ser Lys Gln Asn Arg Thr Ser Asp Phe Asp Ala
50 55 60
Asn Trp Lys Phe Met Leu Ser Asp Ser Val Gln Ala Gln Asp Pro Ala
65 70 75 : 80
Phe Asp Asp Ser Ala Trp Gln Gln Val Asp Leu Pro His Asp Tyr Ser
85 90 95
Ile Thr Gln Lys Tyr Ser Gln Ser Asn Glu Ala Glu Ser Ala Tyr Leu
100 105 110
Pro Gly Gly Thr Gly Trp Tyr Arg Lys Ser Phe Thr Ile Asp Arg Asp
115 120 125
Leu Ala Gly Lys Arg Ile Ala Ile Asn Phe Asp Gly Val Tyr Met Asn
130 135 140
Ala Thr Val Trp Phe Asn Gly Val Lys Leu Gly Thr His Pro Tyr Gly
145 150 155 160
Tyr Ser Pro Phe Ser Phe Asp Leu Thr Gly Asn Ala Lys Phe Gly Gly
165 170 175
Glu Asn Thr Ile Val Val Lys Val Glu Asn Arg Leu Pro Ser Ser Arg
180 185 190
Trp Tyr Ser Gly Ser Gly Ile Tyr Arg Asp Val Thr Leu Thr Val Thr
195 200 205
Asp Gly Val His Val Gly Asn Asn Gly Val Ala Ile Lys Thr Pro Ser
210 215 220
Leu Ala Thr Gln Asn Gly Gly Asp Val Thr Met Asn Leu Thr Thr Lys
225 230 235 240
Val Ala Asn Asp Thr Glu Ala Ala Ala Asn Ile Thr Leu Lys Gln Thr
245 250 255
Val Phe Pro Lys Gly Gly Lys Thr Asp Ala Ala Ile Gly Thr Val Thr
260 265 270
Thr Ala Ser Lys Ser Ile Ala Ala Gly Ala Ser Ala Asp Val Thr Ser
275 280 285
Thr Ile Thr Ala Ala Ser Pro Lys Leu Trp Ser Ile Lys Asn Pro Asn
290 295 300
Leu Tyr Thr Val Arg Thr Glu Val Leu Asn Gly Gly Lys Val Leu Asp
305 310 315 320
Thr Tyr Asp Thr Glu Tyr Gly Phe Arg Trp Thr Gly Phe Asp Ala Thr
325 330 335
Ser Gly Phe Ser Leu Asn Gly Glu Lys Val Lys Leu Lys Gly Val Ser
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340 345 350
Met His His Asp Gln Gly Ser Leu Gly Ala Val Ala Asn Arg Arg Ala
355 360 365
Ile Glu Arg Gln Val Glu Ile Leu Gln Lys Met Gly Val Asn Ser Ile
370 375 380
Arg Thr Thr His Asn Pro Ala Ala Lys Ala Leu Ile Asp Val Cys Asn
385 390 395 400
Glu Lys Gly Val Leu Val Val Glu Glu Val Phe Asp Met Trp Asn Arg
405 410 415
Ser Lys Asn Gly Asn Thr Glu Asp Tyr Gly Lys Trp Phe Gly Gln Ala
420 425 430
Ile Ala Gly Asp Asn Ala Val Leu Gly Gly Asp Lys Asp Glu Thr Trp
435 440 445
Ala Lys Phe Asp Leu Thr Ser Thr Ile Asn Arg Asp Arg Asn Ala Pro
450 455 460
Ser Val Ile Met Trp Ser Leu Gly Asn Glu Met Met Glu Gly Ile Ser
465 470 475 480
Gly Ser Val Ser Gly Phe Ser Ala Thr Ser Ala Lys Leu Val Ala Trp
485 490 495
Thr Lys Ala Ala Asp Ser Thr Arg Pro Met Thr Tyr Gly Asp Asn Lys
500 505 510
Ile Lys Ala Asn Trp Asn Glu Ser Asn Thr Met Gly Asp Asn Leu Thr
515 520 525
Ala Asn Gly Gly Val Val Gly Thr Asn Tyr Ser Asp Gly Ala Asn Tyr
530 535 540
Asp Lys Ile Arg Thr Thr His Pro Ser Trp Ala Ile Tyr Gly Ser Glu
545 550 555 560
Thr Ala Ser Ala Ile Asn Ser Arg Gly Ile Tyr Asn Arg Thr Thr Gly
565 570 575
Gly Ala Gln Ser Ser Asp Lys Gln Leu Thr Ser Tyr Asp Asn Ser Ala
580 585 590
Val Gly Trp Gly Ala Val Ala Ser Ser Ala Trp Tyr Asp Val Val Gln
595 600 605
Arg Asp Phe Val Ala Gly Thr Tyr Val Trp Thr Gly Phe Asp Tyr Leu
610 615 620
Gly Glu Pro Thr Pro Trp Asn Gly Thr Gly Ser Gly Ala Val Gly Ser
625 630 635 640
Trp Pro Ser Pro Lys Asn Ser Tyr Phe Gly Ile Val Asp Thr Ala Gly
645 650 655
Phe Pro Lys Asp Thr Tyr Tyr Phe Tyr Gln Ser Gln Trp Asn Asp Asp
660 665 670
Val His Thr Leu His Ile Leu Pro Ala Trp Asn Glu Asn Val Val Ala
675 680 685
Lys Gly Ser Gly Asn Asn Val Pro Val Val Val Tyr Thr Asp Ala Ala
690 695 700
Lys Val Lys Leu Tyr Phe Thr Pro Lys Gly Ser Thr Glu Gln Arg Leu
705 710 715 720
Ile Gly Glu Lys Ser Phe Thr Lys Lys Thr Thr Ala Ala Gly Tyr Thr
725 730 735
Tyr Gln Val Tyr Glu Gly Ser Asp Lys Asp Ser Thr Ala His Lys Asn
740 745 750
Met Tyr Leu Thr Trp Asn Val Pro Trp Ala Glu Gly Thr Ile Ser Ala
755 760 765
Glu Ala Tyr Asp Glu Asn Asn Arg Leu Ile Pro Glu Gly Ser Thr Glu
770 775 780
Gly Asn Ala Ser Val Thr Thr Thr Gly Lys Ala Ala Lys Leu Lys Ala
785 790 795 800
Asp Ala Asp Arg Lys Thr Ile Thr Ala Asp Gly Lys Asp Leu Ser Tyr
805 810 815
Ile Glu Val Asp Val Thr Asp Ala Asn Gly His Ile Val Pro Asp Ala
820 825 830
Ala Asn Arg Val Thr Phe Asp Val Lys Gly Ala Gly Lys Leu Val Gly
835 840 845
Val Asp Asn Gly Ser Ser Pro Asp His Asp Ser Tyr Gln Ala Asp Asn
850 855 860
Arg Lys Ala Phe Ser Gly Lys Val Leu Ala Ile Val Gln Ser Thr Lys
865 870 875 880
Glu Ala Gly Glu Ile Thr Val Thr Ala Lys Ala Asp Gly Leu Gln Ser
885 890 895
Ser Thr Val Lys Ile Ala Thr Thr Ala Val Pro Gly Thr Ser Thr Glu
900 905 910
Lys Thr Val Arg Ser Phe Tyr Tyr Ser Arg Asn Tyr Tyr Val Lys Thr
915 920 925
Gly Asn Lys Pro Ile Leu Pro Ser Asp Val Glu Val Arg Tyr Ser Asp
930 935 940
Gly Thr Ser Asp Arg Gln Asn Val Thr Trp Asp Ala Val Ser Asp Asp
945 950 955 960
Gln Ile Ala Lys Ala Gly Ser Phe Ser Val Ala Gly Thr Val Ala Gly
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965 970 975
Gln Lys Ile Ser Val Arg Val Thr Met Ile Asp Glu Ile Gly Ala Leu
980 985 990
Leu Asn Tyr Ser Ala Ser Thr Pro Val Gly Thr Pro Ala Val Leu Pro
995 1000 1005
Gly Ser Arg Pro Ala Val Leu Pro Asp Gly Thr Val Thr Ser Ala
1010 1015 1020
Asn Phe Ala Val His Trp Thr Lys Pro Ala Asp Thr Val Tyr Asn
1025 1030 1035
Thr Ala Gly Thr Val Lys Val Pro Gly Thr Ala Thr Val Phe Gly
1040 1045 1050
Lys Glu Phe Lys Val Thr Ala Thr Ile Arg Val Gln Arg Ser Gln
1055 1060 1065
Val Thr Ile Gly Ser Ser Val Ser Gly Asn Ala Leu Arg Leu Thr
1070 1075 1080
Gln Asn 1Ile Pro Ala Asp Lys Gln Ser Asp Thr Leu Asp Ala Ile
1085 1090 1095
Lys Asp Gly Ser Thr Thr Val Asp Ala Asn Thr Gly Gly Gly Ala
1100 1105 1110
Asn Pro Ser Ala Trp Thr Asn Trp Ala Tyr Ser Lys Ala Gly His
1115 1120 1125
Asn Thr Ala Glu Ile Thr Phe Glu Tyr Ala Thr Glu Gln Gln Leu
1130 1135 1140
Gly Gln Ile Val Met Tyr Phe Phe Arg Asp Ser Asn Ala Val Arg
1145 1150 1155
Phe Pro Asp Ala Gly Lys Thr Lys Ile Gln Ile Ser Ala Asp Gly
1160 1165 1170
Lys Asn Trp Thr Asp Leu Ala Ala Thr Glu Thr Ile Ala Ala Gln
1175 1180 1185
Glu Ser Ser Asp Arg Val Lys Pro Tyr Thr Tyr Asp Phe Ala Pro
1190 1195 1200
Val Gly Ala Thr Phe Val Arg Val Thr Val Thr Asn Ala Asp Thr
1205 1210 1215
Thr Thr Pro Ser Gly Val Val Cys Ala Gly Leu Thr Glu Ile Glu
1220 1225 1230
Leu Lys Thr Ala Thr Ser Lys Phe Val Ala Asn Thr Ser Ala Ala
1235 1240 1245
Leu Ser Ser Leu Thr Val Asn Gly Thr Lys Val Ser Asp Ser Val
1250 1255 1260
Leu Ala Ala Gly Ser Tyr Asn Thr Pro Ala Ile Ile Ala Asp Val
1265 1270 1275
Lys Ala Glu Gly Glu Gly Asn Ala Ser Val Thr Val Leu Pro Ala
1280 1285 1290
His Asp Asn Val Ile Arg Val Ile Thr Glu Ser Glu Asp His Val
1295 1300 1305
Thr Arg Lys Thr Phe Thr Ile Asn Leu Gly Thr Glu Gln Glu Phe
1310 1315 1320
Pro Ala Asp Ser Asp Glu Arg Asp Gln His Gln His Gln His Gln
1325 1330 1335
His Gln Gln
1340
<210> 3
<211> 1752
<212> PRT
<213> Bifidobacterium bifidum
<400> 3
Met Ala Val Arg Arg Leu Gly Gly Arg Ile Val Ala Phe Ala Ala Thr
1 5 10 15
Val Ala Leu Ser Ile Pro Leu Gly Leu Leu Thr Asn Ser Ala Trp Ala
20 25 30
Val Glu Asp Ala Thr Arg Ser Asp Ser Thr Thr Gln Met Ser Ser Thr
35 40 45
Pro Glu Val Val Tyr Ser Ser Ala Val Asp Ser Lys Gln Asn Arg Thr
50 55 60
Ser Asp Phe Asp Ala Asn Trp Lys Phe Met Leu Ser Asp Ser Val Gln
65 70 75 80
Ala Gln Asp Pro Ala Phe Asp Asp Ser Ala Trp Gln Gln Val Asp Leu
85 90 95
Pro His Asp Tyr Ser Ile Thr Gln Lys Tyr Ser Gln Ser Asn Glu Ala
100 105 110
Glu Ser Ala Tyr Leu Pro Gly Gly Thr Gly Trp Tyr Arg Lys Ser Phe
115 120 125
Thr Ile Asp Arg Asp Leu Ala Gly Lys Arg Ile Ala Ile Asn Phe Asp
130 135 140
Gly Val Tyr Met Asn Ala Thr Val Trp Phe Asn Gly Val Lys Leu Gly
145 150 155 160
Thr His Pro Tyr Gly Tyr Ser Pro Phe Ser Phe Asp Leu Thr Gly Asn
165 170 175



38943

Ala Lys Phe Gly Gly Glu Asn Thr Ile Val Val Lys Val Glu Asn Arg
180 185 190
Leu Pro Ser Ser Arg Trp Tyr Ser Gly Ser Gly Ile Tyr Arg Asp Val
195 200 205
Thr Leu Thr Val Thr Asp Gly Val His Val Gly Asn Asn Gly Val Ala
210 215 220
Ile Lys Thr Pro Ser Leu Ala Thr Gln Asn Gly Gly Asp Val Thr Met
225 230 235 240
Asn Leu Thr Thr Lys Val Ala Asn Asp Thr Glu Ala Ala Ala Asn Ile
245 250 255
Thr Leu Lys Gln Thr Val Phe Pro Lys Gly Gly Lys Thr Asp Ala Ala
260 265 270
Ile Gly Thr Val Thr Thr Ala Ser Lys Ser Ile Ala Ala Gly Ala Ser
275 280 285
Ala Asp Val Thr Ser Thr Ile Thr Ala Ala Ser Pro Lys Leu Trp Ser
290 295 300
Ile Lys Asn Pro Asn Leu Tyr Thr Val Arg Thr Glu Val Leu Asn Gly
305 310 315 320
Gly Lys Val Leu Asp Thr Tyr Asp Thr Glu Tyr Gly Phe Arg Trp Thr
325 330 335
Gly Phe Asp Ala Thr Ser Gly Phe Ser Leu Asn Gly Glu Lys Val Lys
340 345 350
Leu Lys Gly Val Ser Met His His Asp Gln Gly Ser Leu Gly Ala Val
355 360 365
Ala Asn Arg Arg Ala Ile Glu Arg Gln Val Glu Ile Leu Gln Lys Met
370 375 380
Gly Val Asn Ser Ile Arg Thr Thr His Asn Pro Ala Ala Lys Ala Leu
385 390 395 400
Ile Asp Val Cys Asn Glu Lys Gly Val Leu Val Val Glu Glu Val Phe
405 410 415
Asp Met Trp Asn Arg Ser Lys Asn Gly Asn Thr Glu Asp Tyr Gly Lys
420 425 430
Trp Phe Gly Gln Ala Ile Ala Gly Asp Asn Ala Val Leu Gly Gly Asp
435 440 e 445
Lys Asp Glu Thr Trp Ala Lys Phe Asp Leu Thr Ser Thr Ile Asn Arg
450 455 460
Asp Arg Asn Ala Pro Ser Val Ile Met Trp Ser Leu Gly Asn Glu Met
465 470 475 480
Met Glu Gly Ile Ser Gly Ser Val Ser Gly Phe Pro Ala Thr Ser Ala
485 490 495
Lys Leu Val Ala Trp Thr Lys Ala Ala Asp Ser Thr Arg Pro Met Thr
500 505 510
Tyr Gly Asp Asn Lys Ile Lys Ala Asn Trp Asn Glu Ser Asn Thr Met
515 520 525
Gly Asp Asn Leu Thr Ala Asn Gly Gly Val Val Gly Thr Asn Tyr Ser
530 535 540
Asp Gly 2la Asn Tyr Asp Lys Ile Arg Thr Thr His Pro Ser Trp Ala
545 550 555 560
Ile Tyr Gly Ser Glu Thr Ala Ser Ala Ile Asn Ser Arg Gly Ile Tyr
565 570 575
Asn Arg Thr Thr Gly Gly Ala Gln Ser Ser Asp Lys Gln Leu Thr Ser
580 585 590
Tyr Asp Asn Ser Ala Val Gly Trp Gly Ala Val Ala Ser Ser Ala Trp
595 600 605
Tyr Asp Val Val Gln Arg Asp Phe Val Ala Gly Thr Tyr Val Trp Thr
610 615 620
Gly Phe Asp Tyr Leu Gly Glu Pro Thr Pro Trp Asn Gly Thr Gly Ser
625 630 635 640
Gly Ala Val Gly Ser Trp Pro Ser Pro Lys Asn Ser Tyr Phe Gly Ile
645 650 655
Val Asp Thr Ala Gly Phe Pro Lys Asp Thr Tyr Tyr Phe Tyr Gln Ser
660 665 670
Gln Trp Asn Asp Asp Val His Thr Leu His Ile Leu Pro Ala Trp Asn
675 680 685
Glu Asn Val Val Ala Lys Gly Ser Gly Asn Asn Val Pro Val Val Val
690 695 700
Tyr Thr Asp Ala Ala Lys Val Lys Leu Tyr Phe Thr Pro Lys Gly Ser
705 710 715 720
Thr Glu Lys Arg Leu Ile Gly Glu Lys Ser Phe Thr Lys Lys Thr Thr
725 730 735
Ala Ala Gly Tyr Thr Tyr Gln Val Tyr Glu Gly Ser Asp Lys Asp Ser
740 745 750
Thr Ala His Lys Asn Met Tyr Leu Thr Trp Asn Val Pro Trp Ala Glu
755 760 765
Gly Thr Ile Ser Ala Glu Ala Tyr Asp Glu Asn Asn Arg Leu Ile Pro
770 775 780
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Glu Gly Ser Thr Glu Gly Asn Ala Ser Val Thr Thr Thr Gly Lys Ala

785 790 795 ’ 800
Ala Lys Leu Lys Ala Asp Ala Asp Arg Lys Thr Ile Thr Ala Asp Gly
805 810 815
Lys Asp Leu Ser Tyr Ile Glu Val Asp Val Thr Asp Ala Asn Gly His
820 825 830
Ile Val Pro Asp Ala Ala Asn Arg Val Thr Phe Asp Val Lys Gly Ala
835 840 845
Gly Lys Leu Val Gly Val Asp Asn Gly Ser Ser Pro Asp His Asp Ser
850 855 860
Tyr Gln Ala Asp Asn Arg Lys Ala Phe Ser Gly Lys Val Leu Ala Ile
865 870 875 880
Val Gln Ser Thr Lys Glu Ala Gly Glu Ile Thr Val Thr Ala Lys Ala
885 890 895
Asp Gly Leu Gln Ser Ser Thr Val Lys Ile Ala Thr Thr Ala Val Pro
900 905 910
Gly Thr Ser Thr Glu Lys Thr Val Arg Ser Phe Tyr Tyr Ser Arg Asn
915 920 925
Tyr Tyr Val Lys Thr Gly Asn Lys Pro Ile Leu Pro Ser Asp Val Glu
930 935 940
Val Arg Tyr Ser Asp Gly Thr Ser Asp Arg Gln Asn Val Thr Trp Asp
945 950 955 960
Ala Val Ser Asp Asp Gln Ile Ala Lys Ala Gly Ser Phe Ser Val Ala
965 970 975
Gly Thr Val Ala Gly Gln Lys Ile Ser Val Arg Val Thr Met Ile Asp
980 985 990
Glu Ile Gly Ala Leu Leu Asn Tyr Ser Ala Ser Thr Pro Val Gly Thr
995 1000 1005
Pro Ala Val Leu Prc Gly Ser Arg Pro Ala Val Leu Pro Asp Gly
1010 1015 1020
Thr Val Thr Ser Ala Asn Phe Ala Val His Trp Thr Lys Pro Ala
1025 1030 1035
Asp Thr Val Tyr Asn Thr Rla Gly Thr Val Lys Val Pro Gly Thr
1040 1045 1050
Ala Thr Val Phe Gly Lys Glu Phe Lys Val Thr Ala Thr Ile Arg
1055 1060 1065
Val Gln Arg Ser Gln Val Thr Ile Gly Ser Ser Val Ser Gly Asn
1070 1075 1080
Ala Leu Arg Leu Thr Gln Asn Ile Pro Ala Asp Lys Gln Ser Asp
1085 1090 1095
Thr Leu Asp Ala Ile Lys Asp Gly Ser Thr Thr Val Asp Ala Asn
1100 1105 1110
Thr Gly Gly Gly Ala Asn Pro Ser Ala Trp Thr Asn Trp Ala Tyr
1115 1120 1125
Ser Lys Ala Gly His Asn Thr Ala Glu Ile Thr Phe Glu Tyr Ala
1130 1135 1140
Thr Glu Gln Gln Leu Gly Gln Ile Val Met Tyr Phe Phe Arg Asp
1145 1150 1155
Ser Asn Ala Val Arg Phe Pro Asp Ala Gly Lys Thr Lys Ile Gln
1160 1165 1170
Ile Ser Ala Asp Gly Lys Asn Trp Thr Asp Leu Ala Ala Thr Glu
1175 1180 1185
Thr Ile Ala Ala Gln Glu Ser Ser Asp Arg Val Lys Pro Tyr Thr
1190 1195 1200
Tyr Asp Phe Ala Pro Val Gly Ala Thr Phe Val Lys Val Thr Val
1205 1210 1215
Thr Asn Ala Asp Thr Thr Thr Pro Ser Gly Val Val Cys Ala Gly
1220 1225 1230
Leu Thr Glu Ile Glu Leu Lys Thr Ala Thr Ser Lys Phe Val Thr
1235 1240 1245
Asn Thr Ser Ala Ala Leu Ser Ser Leu Thr Val Asn Gly Thr Lys
1250 1255 1260
Val Ser Asp Ser Val Leu Ala Ala Gly Ser Tyr Asn Thr Pro Ala
1265 1270 1275
Ile Ile Ala Asp Val Lys Ala Glu Gly Glu Gly Asn Ala Ser Val
1280 1285 1290
Thr Val Leu Pro Ala His Asp Asn Val Ile Arg Val Ile Thr Glu
1295 1300 1305
Ser Glu Asp His Val Thr Arg Lys Thr Phé Thr Ile Asn Leu Gly
1310 1315 1320
Thr Glu Gln Glu Phe Pro Ala Asp Ser Asp Glu Arg Asp Tyr Pro
1325 1330 1335
Ala Ala Asp Met Thr Val Thr Val Gly Ser Glu Gln Thr Ser Gly
1340 1345 1350
Thr Ala Thr Glu Gly Pro Lys Lys Phe Ala Val Asp Gly Asn Thr
1355 1360 1365
Ser Thr Tyr Trp His Ser Asn Trp Thr Pro Thr Thr Val Asn Asp
1370 1375 1380

-56-



38943

Leu Trp Ile Ala Phe Glu Leu Gln Lys Pro Thr Lys Leu Asp Ala
1385 1390 1395 ’
Leu Arg Tyr Leu Pro Arg Pro Ala Gly Ser Lys Asn Gly Ser Val
1400 1405 1410
Thr Glu Tyr Lys Val Gln Val Ser Asp Asp Gly Thr Asn Trp Thr
1415 1420 1425
Asp Ala Gly Ser Gly Thr Trp Thr Thr Asp Tyr Gly Trp Lys Leu
1430 1435 1440
2la Glu Phe Asn Gln Pro Val Thr Thr Lys His Val Arg Leu Lys
1445 1450 1455
Ala Val His Thr Tyr Ala Asp Ser Gly Asn Asp Lys Phe Met Ser
1460 1465 1470
Ala Ser Glu Ile Arg Leu Arg Lys Ala Val Asp Thr Thr Asp Ile
1475 1480 1485
Ser Gly Ala Thr Val Thr Val Pro Ala Lys Leu Thr Val Asp Arg
1490 1495 1500
Val Asp Ala Asp His Pro Ala Thr Phe Ala Thr Lys Asp Val Thr
1505 1510 1515
Val Thr Leu Gly Asp Ala Thr Leu Arg Tyr Gly Val Asp Tyr Leu
1520 1525 1530
Leu Asp Tyr Ala Gly Asn Thr Ala Val Gly Lys Ala Thr Val Thr
1535 1540 1545
Val Arg Gly Ile Asp Lys Tyr Ser Gly Thr Val Ala Lys Thr Phe
1550 1555 1560
Thr Ile Glu Leu Lys Asn Ala Pro Ala Pro Glu Pro Thr Leu Thr
1565 1570 1575
Ser Val Ser Val Lys Thr Lys Pro Ser Lys Leu Thr Tyr Val Val
1580 1585 1590
Gly Asp Ala Phe Asp Pro Ala Gly Leu Val Leu Gln His Asp Arg
1595 1600 1605
Gln Ala Asp Arg Pro Pro Gln Pro Leu Val Gly Glu Gln Ala Asp
1610 1615 1620
Glu Arg Gly Leu Thr Cys Gly Thr Arg Cys Asp Arg Val Glu Gln
1625 1630 1635
Leu Arg Lys His Glu Asn Arg Glu Ala His Arg Thr Gly Leu Asp
1640 1645 1650
His Leu Glu Phe Val Gly Ala Ala Asp Gly Ala Val Gly Glu Gln
1655 1660 1665
Ala Thr Phe Lys Val His Val His Ala Asp Gln Gly Asp Gly Arg
1670 1675 1680
His Asp Asp Ala Asp Glu Arg Asp Ile Asp Pro His Val Pro Val
1685 1690 1695
Asp His Ala Val Gly Glu Leu Ala Arg Ala Ala Cys His His Val
1700 1705 1710
Ile Gly Leu Arg Val Asp Thr His Arg Leu Lys Ala Ser Gly Phe
1715 1720 1725
Gln Ile Pro Ala Asp Asp Met Ala Glu Ile Asp Arg Ile Thr Gly
1730 1735 1740
Phe His Arg Phe Glu Arg His Val Gly
1745 1750
<210> 4
<211> 1935
<212> PRT
<213> Bifidobacterium bifidum
<400> 4
Met Ala Val Arg Arg Leu Gly Gly Arg Ile Val Ala Phe Ala Ala Thr
1 5 10 15
Val Ala Leu Ser Ile Pro Leu Gly Leu Leu Thr Asn Ser Ala Trp Ala
20 25 30
Val Glu Asp Ala Thr Arg Ser Asp Ser Thr Thr Gln Met Ser Ser Thr
35 40 45
Pro Glu Val Val Tyr Ser Ser Ala Val Asp Ser Lys Gln Asn Arg Thr
50 55 60
Ser Asp Phe Asp Ala Asn Trp Lys Phe Met Leu Ser Asp Ser Val Gln
65 70 75 80
Ala Gln Asp Pro Ala Phe Asp Asp Ser Ala Trp Gln Gln Val Asp Leu
85 90 95
Pro His Asp Tyr Ser Ile Thr Gln Lys Tyr Ser Gln Ser Asn Glu Ala
100 105 110
Glu Ser Ala Tyr Leu Pro Gly Gly Thr Gly Trp Tyr Arg Lys Ser Phe
115 120 125
Thr Ile Asp Arg Asp Leu Ala Gly Lys Arg Ile Ala Ile Asn Phe Asp
130 135 140
Gly Val Tyr Met Asn Ala Thr Val Trp Phe Asn Gly Val Lys Leu Gly
145 150 155 160
Thr His Pro Tyr Gly Tyr Ser Pro Phe Ser Phe Asp Leu Thr Gly Asn
165 170 175
Ala Lys Phe Gly Gly Glu Asn Thr Ile Val Val Lys Val Glu Asn Arg
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180 185 190
Leu Pro Ser Ser Arg Trp Tyr Ser Gly Ser Gly Ile Tyr Arg Asp Val
195 200 205
Thr Leu Thr Val Thr Asp Gly Val His Val Gly Asn Asn Gly Val Ala
210 215 220
Ile Lys Thr Pro Ser Leu Ala Thr Gln Asn Gly Gly Asn Val Thr Met
225 230 235 240
Asn Leu Thr Thr Lys Val Ala Asn Asp Thr Lys Ala Ala Ala Asn Ile
245 250 255
Thr Leu Lys Gln Thr Val Phe Pro Lys Gly Gly Lys Thr Asp Ala Ala
260 265 270
Ile Gly Thr Val Thr Thr Ala Ser Lys Ser Ile Ala Ala Gly Ala Ser
275 280 285
Ala Asp Val Thr Ser Thr Ile Thr Ala Ala Ser Pro Lys Leu Trp Ser
290 295 300
Ile Lys Asn Pro Asn Leu Tyr Thr Val Arg Thr Glu Val Leu Asn Gly
305 310 315 320
Gly Lys Val Leu Asp Thr Tyr Asp Thr Glu Tyr Gly Phe Arg Trp Thr
325 330 335
Gly Phe Asp Ala Thr Ser Gly Phe Ser Leu Asn Gly Glu Lys Val Lys
340 345 350
Leu Lys Gly Val Ser Met His His Asp Gln Gly Ser Leu Gly Ala Val
355 360 365
Ala Asn Arg Arg Ala Ile Glu Arg Gln Val Glu Ile Leu Gln Lys Met
370 375 380
Gly Val Asn Ser Ile Arg Thr Thr His Asn Pro Ala Ala Lys Ala Leu
385 390 395 400
Ile Asp Val Cys Asn Glu Lys Gly Val Leu Val Val Glu Glu Val Phe
405 410 415
Asp Met Trp Asn Arg Ser Lys Asn Gly Asn Thr Glu Asp Tyr Gly Lys
420 425 430
Trp Phe Gly Gln Ala Ile Ala Gly Asp Asn Ala Val Leu Gly Gly Asp
435 440 445
Lys Asp Glu Thr Trp Ala Lys Phe Asp Leu Thr Ser Thr Ile Asn Arg
450 455 460
Asp Arg Asn Ala Pro Ser Val Ile Met Trp Ser Leu Gly Asn Glu Met
465 470 475 480
Met Glu Gly Ile Ser Gly Ser Val Ser Gly Phe Pro Ala Thr Ser Ala
485 490 495
Lys Leu Val Ala Trp Thr Lys Ala Ala Asp Ser Thr Arg Pro Met Thr
500 505 510
Tyr Gly Asp Asn Lys Ile Lys Ala Asn Trp Asn Glu Ser Asn Thr Met
515 520 525
Gly Asp Asn Leu Thr Ala Asn Gly Gly Val Val Gly Thr Asn Tyr Ser
530 535 540
Asp Gly Ala Asn Tyr Asp Lys Ile Arg Thr Thr His Pro Ser Trp Ala
545 550 555 560
Ile Tyr Gly Ser Glu Thr Ala Ser Ala Ile Asn Ser Arg Gly Ile Tyr
565 570 575
Asn Arg Thr Thr Gly Gly Ala Gln Ser Ser Asp Lys Gln Leu Thr Ser
580 585 590
Tyr Asp Asn Ser Ala Val Gly Trp Gly Ala Val Ala Ser Ser Ala Trp
595 ) 600 605
Tyr Asp Val Val Gln Arg Asp Phe Val Ala Gly Thr Tyr Val Trp Thr
610 615 620
Gly Phe Asp Tyr Leu Gly Glu Pro Thr Pro Trp Asn Gly Thr Gly Ser
625 630 635 640
Gly Ala Val Gly Ser Trp Pro Ser Pro Lys Asn Ser Tyr Phe Gly Ile
645 650 655
Val Asp Thr Ala Gly Phe Pro Lys Asp Thr Tyr Tyr Phe Tyr Gln Ser
660 665 670
Gln Trp Asn Asp Asp Val His Thr Leu His Ile Leu Pro Ala Trp Asn
675 680 685
Glu Asn Val Val Ala Lys Gly Ser Gly Asn Asn Val Pro Val Val Val
690 695 700
Tyr Thr Asp Ala Ala Lys Val Lys Leu Tyr Phe Thr Pro Lys Gly Ser
705 710 715 720
Thr Glu Lys Arg Leu Ile Gly Glu Lys Ser Phe Thr Lys Lys Thr Thr
725 730 735
Ala Ala Gly Tyr Thr Tyr Gln Val Tyr Glu Gly Ala Asp Lys Asp Ser
740 745 750
Thr Ala His Lys Asn Met Tyr Leu Thr Trp Asn Val Pro Trp Ala Glu
755 760 765
Gly Thr Ile Ser Ala Glu Ala Tyr Asp Glu Asn Asn Arg Leu Ile Pro
770 775 780
Glu Gly Ser Thr Glu Gly Asn Ala Ser Val Thr Thr Thr Gly Lys Ala
785 790 795 800
Ala Lys Leu Lys Ala Asp Ala Asp Arg Lys Thr Ile Thr Ala Asp Gly
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805 810 815
Lys Asp Leu Ser Tyr Ile Glu Val Asp Val Thr Asp Ala Asn Gly His
820 825 830
Ile Val Pro Asp Ala Ala Asn Arg Val Thr Phe Asp Val Lys Gly Ala
835 840 845
Gly Lys Leu Val Gly Val Asp Asn Gly Ser Ser Pro Asp His Asp Ser
850 855 860
Tyr Gln Ala Asp Asn Arg Lys Ala Phe Ser Gly Lys Val Leu Ala Ile
865 870 875 880
Val Gln Ser Thr Lys Glu Ala Gly Glu Ile Thr Val Thr Ala Lys Ala
885 890 895
Asp Gly Leu Gln Ser Ser Thr Val Lys Ile Ala Thr Thr Ala Val Pro
900 905 910
Gly Thr Ser Thr Glu Lys Thr Val Arg Ser Phe Tyr Tyr Ser Arg Asn
915 920 925
Tyr Tyr Val Lys Thr Gly Asn Lys Pro Ile Leu Pro Ser Asp Val Glu
930 935 940
Val Arg Tyr Ser Asp Gly Thr Ser Asp Arg Gln Asn Val Thr Trp Asp
945 950 955 960
Ala Val Ser Asp Asp Gln Ile Ala Lys Ala Gly Ser Phe Ser Val Ala
965 970 975
Gly Thr Val Ala Gly Gln Lys Ile Ser Val Arg Val Thr Met Ile Asp
980 985 990
Glu Ile Gly Ala Leu Leu Asn Tyr Ser Ala Ser Thr Pro Val Gly Thr
995 1000 1005
Pro Ala Val Leu Pro Gly Ser Arg Pro Ala Val Leu Pro Asp Gly
1010 1015 1020
Thr Val Thr Ser Ala Asn Phe Ala Val Asp Trp Thr Lys Pro Ala
1025 1030 1035
Asp Thr Val Tyr Asn Thr Ala Gly Thr Val Lys Val Pro Gly Thr
1040 1045 1050
Ala Thr Val Phe Gly Lys Glu Phe Lys Val Thr Ala Thr Ile Arg
1055 1060 1065
Val Gln Arg Ser Gln Val Thr Ile Gly Ser Ser Val Ser Gly Asn
1070 1075 1080
Ala Leu Arg Leu Thr Gln Asn Ile Pro Ala Asp Lys Gln Ser Asp
1085 1090 1095
Thr Leu Asp Ala Ile Lys Asp Gly Ser Thr Thr Val Asp Ala Asn
1100 1105 1110
Thr Gly Gly Gly Ala Asn Pro Ser Ala Trp Thr Asn Trp Ala Tyr
1115 1120 1125
Ser Lys Ala Gly His Asn Thr Ala Glu Ile Thr Phe Glu Tyr 2la
1130 1135 1140
Thr Glu Gln Gln Leu Gly Gln Ile Val Met Tyr Phe Phe Arg Asp
1145 1150 1155
Ser Asn Ala Val Arg Phe Pro Asp Ala Gly Lys Thr Lys Ile Gln
1160 1165 1170
Ile Ser Ala Asp Gly Lys Asn Trp Thr Asp Leu Ala Ala Thr Glu
1175 1180 1185
Thr Ile Ala Ala Gln Glu Ser Ser Asp Arg Val Lys Pro Tyr Thr
1190 1195 1200
Tyr Asp Phe Ala Pro Val Gly Ala Thr Phe Val Lys Val Thr Val
1205 1210 1215
Thr Asn Ala Asp Thr Thr Thr Pro Ser Gly Val Val Cys Ala Gly
1220 1225 1230
Leu Thr Glu Ile Glu Leu Lys Thr Ala Thr Ser Lys Phe Val Thr
1235 1240 1245
Asn Thr Ser Ala Ala Leu Ser Ser Leu Thr Val Asn Gly Thr Lys
. 1250 1255 1260
Val Ser Asp Ser Val Leu Ala Ala Gly Ser Tyr Asn Thr Pro Ala
1265 1270 1275
Ile Ile Ala Asp Val Lys Ala Glu Gly Glu Gly Asn Ala Ser Val
1280 1285 1290
Thr Val Leu Pro Ala His Asp Asn Val Ile Arg Val Ile Thr Glu
1295 1300 1305
Ser Glu Asp His Val Thr Arg Lys Thr Phe Thr Ile Asn Leu Gly
1310 1315 1320
Thr Glu Gln Glu Phe Pro Ala Asp Ser Asp Glu Arg Asp Tyr Pro
1325 1330 1335
Ala Ala Asp Met Thr Val Thr Ala Gly Ser Glu Gln Thr Ser Gly
1340 1345 1350
Thr Ala Thr Glu Gly Pro Lys Lys Phe Ala Val Asp Gly Asn Thr
1355 1360 1365
Ser Thr Tyr Trp His Ser Asn Trp Thr Pro Thr Thr Val Asn Asp
1370 1375 1380
Leu Trp Ile Ala Phe Glu Leu Gln Lys Pro Thr Lys Leu Asp Ala
1385 1390 1395

Leu Arg Tyr Leu Pro Arg Pro Ala Gly Ser Lys Asn Gly Ser Val
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Thr
Asp
Ala
Ala
Ala
Ser
Val
Val
Leu
Val
Thr
Ser
Gly
Asp
Gly
Thr

Ile

Ser
Met
Gln
Gly
Glu
Gly
Leu
Gln
Gly
Pro
Val
Trp
Gly
Met
Ile
Ser

Gly

1400
Glu
1415
Ala
1430
Glu
1445
Val
1460
Ser
1475
Gly
1490
Asp
1505
Thr
1520
Asp
1535
Arg
1550
Ile
1565
Val
1580
Asp
1595
Asp
1610
Asp
1625
Asp
1640
Asp
1655
Leu
1670
Ser
1685
Ala
1700
Asp
1715
Leu
1730
Leu
1745
Ser
1760
Ala
1775
Asp
1790
Leu
1805
Gly
1820
Glu
1835
Lys
1850
Asn
1865
Leu
1880
Ile
1895
Val
1910
Ala
1925

Tyr
Gly
Phe
His
Glu
Ala
Ala
Leu
Tyr
Gly
Glu
Ser
Ala
Asp
Phe
Lys

Ile

His
Val
Thr
Asp
Lys
His
Val
Thr
Thr
Ala
Ala
Ala
Asn
Ala
Ala

Gly

Lys
Ser
Asn
Thr
Ile
Thr
Asp
Gly
Ala
Ile
Leu
Val
Phe
Ser
Thr
Thr

Thr

Tyr
Ala
Asp
Glu
Lys
Tyr
Ala
ASp
Glu
Val
Glu
Phe
Asn
Asp
Ile
Ile

Val

Val
Gly
Gln
Tyr
Arg
Val
His
Asp
Gly
Asp
Lys
Lys
Asp
Thr
Phe
Val
Val

Ala

Lys
Lys
Thr
Lys

Ala

Lys.

Asp
Lys
Glu
Ser
Ala

Ile

Gln
Thr
Pro
Ala
Leu
Thr
Pro
Ala
Asn
Lys
Asn
Thr
Pro
Gly
Lys
Thr
Ser
Ile
Ala
Ala
Ala
Thr
Ile
Ala
Ala
Ala
Gly
Lys
Leu
Thr
Thr
Arg
Asp
Ala

Ala

1405
Val
1420
Trp
1435
Val
1450
Asp
1465
Arg
1480
Val
1495
Ala
1510
Thr
1525
Thr
1540
Tyr
1555
Ala
1570
Lys
1585
Ala
1600
Thr
1615
Pro
1630
Val
1645
Cln
1660
Lys
1675
Asp
1690
Val
1705
Leu
1720
Pro
1735
Lys
1750
Glu
1765
Val
1780
Leu
1795
Glu
1810
Ala
1825
Asp
1840
Ala
1855
Gln
1870
Ala
1885
Gly
1900
Ser
1915
Leu
1930

Ser
Thr
Thr
Ser
Lys
Pro
Thr
Leu
Ala
Ser
Pro
Pro
Gly
Val
Ala
Thr
Pro
Ala
Ser
Ile
Lys
Glu
Ala
Ser
Ile
Gly
Val
Ala
Gly
Leu
Phe
Ala
Gly

Val

Asp
Thr
Thr
Gly
Ala
Ala
Phe
Arg
Val
Gly
Ala
Ser
Leu
Thr
Leu
Tyxr
Ala
Ile
Trp
Ala
Ala
Prc
Ile
Trp
Ala
Ala
Lys
Leu
Ser
Ala
Asp
Leu
Ala
Ala

Pro

Asp
Asp
Lys
Asn
Val
Lys
Ala
Tyr
Gly
Thr
Pro
Lys
Val
Trp
Asp
Gln
Pro
Glu
Lys
Asp
Leu
Ala
Glu
Lys
Ser
Leu
Pro
Asp
Lys
His
Ile
Lys
Leu
Ala

Pro
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Gly

Tyr

‘His

Asp
Asp
Leu
Thr
Gly
Lys
Val
Glu
Leu
Leu
Asn
Ala
Gly
Thr
Ala
Thr

Asp

Pro
Ala
Ala
Asp
Thr
Asp
Lys
Tyr
Ala
Asp
Glu
Ser
Ala

Lys

1410
Thr
1425
Gly
1440
Val
1455
Lys
1470
Thr
1485
Thr
1500
Lys
1515
Val
1530
Ala
1545
Ala
1560
Pro
1575
Thr
1590
Gln
1605
Thr
1620
Lys
1635
Lys
1650
Val
1665
Lys
1680
Phe
1695
Ser
1710
Asp
1725
Val
1740
Glu
1755
Phe
1770
Ser
1785
Ser
1800
Pro
1815
Ala
1830
Thr
1845
Lys
1860
Asn
1875
Lys
1890
Lys
1905
Met
1920
Trp
1935
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Asn
Trp
Arg
Phe
Thr
Val
Asp
Asp
Thr
Lys
Thr
Tyr
Leu
Gln
Leu
Ser
Ser
Asn
Ala
Ala
Ala
Ser
Lys
Glu
Ala
Ala
Lys
Val
Ala
Ala
Ala
Pro
Thr

Lys

Trp
Lys
Leu
Met
ASp
Asp
Val
Tyr
Val
Thr
Leu
Val
Asn
Thr
Lys
Ala
Lys
Pro
Asp
Thr
Tyr
Lys
Leu
Thr
Thr
Arg
Pro
Lys
Asp
Val
Leu
Gly
Gly

Ala

Thr
Leu
Lys
Ser
Ile
Arg
Thr
Leu
Thr
Phe
Thr
Val
Tyr
Ala
Val
Val
Thr
Asp
Ala
Gln
Ala
Ser
Asp
Ala
Gln
Asp
Glu
Lys
Ser
Ile

Ser

Ala

Val





