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(57) Sang ché d& cap dén chang Streptococcus thermophilus duong tinh vé
lactoza, 4m tinh vé galactoza giai phéng glucoza trong qua trinh 1én men sira.
Chung Streptococcus thermophilus nay mang d6t bién trong gen glcK, trong gen
ccpA, trong gen lacZ va/hoac trong gen ptsH va tuy ¥ trong mot hoac nhiéu gen,
cu thé mot gen ma hoa protein cua PTS dic hiéu manoza-glucoza. Sang ché con
dé cap dén ché pham chira it nhat mét ching Streptococcus thermophilus duong
tinh vé lactoza, am tinh vé galactoza va ché pham nay dé san xuat san pham tir

stra 1én men.
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Linh vue ky thuat dwoc dé cap

Sang ché dé cap dén chung Streptococcus thermophilus duong tinh vé lactoza, 4m
tinh vé galactoza giai phong glucoza trong qua trinh 1én men sita. Chung Streptococcus
thermophilus nay mang dot bién trong gen glcK mi hoa glucokinaza, hoat tinh
glucokinaza cia né trong chiing nay bi giam dang ké nhung khéng vo hiéu, va tuy y
trong d6 van téc tién vé phia trudc tdi da (Vmax) cia glucokinaza ciia né trong chiing
nay bi giam dang ké nhung khong vo hiéu, trong gen ccp4, trong gen lacZ va/hodc
trong gen ptsH. Chung nay con co thé mang dot bién trong mot hodc nhiéu gen, cu thé
mot gen mi hod protein cia PTS dic hiéu manoza-glucoza. Sang ché con dé cap dén
ché phdm bao gdm it nhit mot ching Streptococcus thermophilus dwong tinh vé
lactoza, 4m tinh v& galactoza va st dung ching hogc ché pham nay dé san xuét san

pham tu sita 1én men.

Tinh trang ky thuit ciia sang ché

Nganh cong nghiép thuc phdm st dung vi khuédn dé cai thién vi va két céu cia
cac thuc phdm hoic thire #n chin nudi. Trong trudng hop vé nganh cong nghiép sita, vi
khuén axit lactic thuong duoc sir dung dé, vi dy, tao ra sy axit hoa sita (bang cach 1én
men lactoza) va tao két chu san phém ma ching dugc két hop. Vi du, vi khuén axit
lactic thudc loai Streptococcus thermophilus (S. thermophilus) duge sit dung mot cach
rong rii, riéng hodic két hop véi vi khudn khéc, dé san xuét san pham tr sita 1én men
tuoi, nhu stta chua. Thuét ngtt "sita chua" dugc xac dinh theo cac quy dinh ctia Phap va
chau Au, nghia 13, c4c san phim tir sira dong tu thu dugc bang qua trinh 1én men axit
lactic v&i Streptococcus thermophilus va Lactobacillus delbrueckii subsp. bulgaricus
Lb. bulgaricus).

Vi khau vi clia ngudi tidu ding, sin phgm tur stta 1én men tuoi thuong dugce tao
ngot bang cach bd sung trai cdy, duong hoic chit tao ngot. Do d6, cic chét tao ngot
nhén tao hoac tu nhién thuong dugc bd sung vao dé lam tang cuong cac dic tinh ngot

cua san pham tir sita 1én men tuoi cudi cung. Tuy nhién, dong thoi, ¢6 nhu ciu ngay
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cang tang ddi véi cc san phim t6t cho strc khoe ma trong d6 khong c6 chét phu gia nao
duogc bd sung vio san pham cubi cing.

Do d6, vin ¢6 nhu cu v& quy trinh sér xuit sin phim tir sita 1én men ngot tuoi
stt dung it chit phu gia hoic khong st dusyg chét phu gia. Cac dung dich-dya trén céc
ching tao ra ty nhién glucoza — gan day da dugc trinh bay hodc dugc dé xuét.

Pool et al. (2006. Metabolic Engineering 8(5); 456-464) trinh bay vé viéc tao
ngot tu nhién cic san pham thuc phim bing cach thao tac di truyén Lactococcus lactis
(L. lactis) @& tao ra glucoza. Do d6, Pool et al boc 10 ching Lactococcus lactis ma trong
d6 su chuyén hoa glucoza bi ngét quang hoan toan do su loai bét gen glcK ma hoa
glucokinaza (nghfa 13, khong c6 hoat tinh glucokinaza), gen pmABCD ma hoa
manoza/glucoza-PTS va gen ptcB-ptcA ma héa phuc hé protein EIIBA® cia glucoza-
PTS EII*®. Do d6, chiing thu duge chi ¢ thé 1én men gc galactoza cua lactoza (1a két
qua ctia ching L. lactis 12 ching 1én men galactoza), trong khi gbc glucoza dugce tich tu
ngoai bao. Tuy nhién, cac loai Lactococcus lactis khong nhét thiét phai phi hop dé san
xudt tAt ca cc san pham tir sita 1én men tuoi va cu thé 12 sira chua (ma can phai c6 céc
ching Streptococcus thermophilus va Lactobacillus delbrueckii subsp. bulgaricus).

Tai lidu W02013/160413, W0O2017/103051 va Serensen et al. (2016; Appl
Environ Microbiol 82(12):3683-3692) boc 1§ cac ching Streptococcus thermophilus ¢6
cac dic tinh ting cuong dé tao ngot tu nhién cho cac san phdm thyuc phim. Céc ching
Streptococcus thermophilus 1a chung 1én men galactoza va mang dot bién trong gen
glcK cta ching ngit quing kha ning phosphoryl hoa glucoza (nghia 13, cac ching S.
thermophilus 1én men galactoza khong c6 hoat tinh GlcK ¢6 thé phat hién dugc). Hién
twgng 1én men galactoza thu dugc theo dot bién trong ving khoi dau cua galactoza
operon (phia trude cia gen galK) ma da biét dé ma hoa cac enzym GalK, GalT, GalE va
GalM. Céc thay dbi axit amin din dén GIcK protein c6 hoat tinh glucokinaza khong
phét hién dugc 1a S72P, T1411 va G249R. Tuy nhién, cdc ching nay bi tré mot cach
dang ké vé& dong hoc axit hod cia ching.

Van den Bogaard et al. (Journal of Bacteriology; 2000. 182: 5982-5989) boc 10
su ngt quing (tdng phan ri) gen ccpA trong Streptococcus thermophilus. Tuy nhién,
do6t bién nhu vay, mic di né gidi phong glucoza (13 mM) trong qua trinh sinh truong

trén M17 duge bd sung Lactoza (20 mM), bi tré déng ké vé dong hoc axit khod ctia nd
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(thoi gian tré kéo dai va tc d6 sinh truéng giam), khién cho né khéng thé sir dung &
quy md cong nghiép.

Tai liéu W0O2015/0149940 (Tine SA) bdc 16 phuong phap nhan biét vi khuin
axit lactic tiét glucoza biang cch thuc hién phét sinh dot bién ngiu nhién & quy md 16n
va phét hién glucoza biang enzym trén cdc thé dot bién dwong tinh vdi lactoza. Tuy
nhién, Tine bi cAm vé ban chit va sd luong dot bién va/hoic gen b1 tdc dong bai
phuong phap nay. Trong phan vi dy, cic thé dot bién thu dugc 12 cic ching duong tinh
vOi galactoza, nhu duge md ta trong vi du 1 (lga chon ching S. thermophilus trén dia
aga M17 duoc bd sung galactoza).

Do d6, vin c¢6 nhu ciu déi véi cdc ching c6 kha ning tao ra glucoza tu nhién va
ma c6 thé duoc st dung & quy md cong nghiép dé san xuit san phim tir sita 1én men

twoi, bao gom sira chua.

Ban chit k§ thuit ciia sang ché

Séng ché da chimg minh duoc rang, nhiéu dot bién loai b hoan toan chirc ning
clia protein c6 lién quan dén su chuyén hoi dudng (nhu su ngit quing ccpA, GlcK
protein voi hoat tinh glucokinaza khong phat hién duoc), cac dot bién huy bé quy dinh
chit ché su chuyén hod dudng (va khong e ché né) c6 thé dwoc sir dung dé thiét ké cac
ching Streptococcus thermophilus giai phéng ndng do glucoza dang ké trong qué trinh
1én men san pham tir sita. C4c tic gia sdng ché di chi ra ring céc ching Streptococcus
thermophilus nhu vay c6 thé duoc dic trung boi ty 1é cia hoat tinh beta-galactosidaza
cta ching vdi hoat tinh glucokinaza cia ching. Ty 1€ nay giai thich tip tinh cia chiung
Streptococcus thermophilus duong tinh vé lactoza, Am tinh vé galactoza theo'séng ché
lién quan dén viéc str dung ca lactoza va glucoza trong qué trinh sinh truéng cua ching,
cu thé khi duoc st dung trong qud trinh 1€n men sita. Thyuc vdy, beta-galactosidaza chiu
trach nhiém thuy phan lactoza thanh galactoza va glucoza, trong khi glucokinaza khién
cho glucoza kha dung dé st dung né qua con dudng dudng phan. Do d6, cic tic gia
sdng ché da chi ra ring sy gia ting hoat tinh beta-galactosidaza khong 1am thay di bat
ky mutc hoat tinh glucokinaza [trong ty 1& d3 néu trong ban md ta nay] din dén gia ting
glucoza tu do, do su thuy phan quid muc lactoza. Mit khic, viéc gidm hoat tinh
glucokinaza ma khong 1am thay d6i bit ky hoat tinh beta-galactosidaza [trong ty 1& da

néu trong ban mo ta nay] cé cing tic dong chuyén hod. Tét hon, cdc chung theo sing

3/562



52856

ché khong cin phai duong tinh véi galactoza (hién twong da dwoc thé hién khéng én
dinh trong lactoza).

Do d6, sing ché d& xuét ching Streptococcus thermophilus duong tinh vé
lactoza, 4m tinh v& galactoza, trong d6 ty 1& cia hoat tinh beta-galactosidaza trong

chung nay nhu dugce dénh gid bang thir nghiém D véi hoat tinh glucokinaza trong ching

nay nhu dugc ddnh gid bing thir nghiém E it nhét 12 4x10°, it nhit 1a 5x10°, it nhit 12

6x107, it nhat 1a 7x10°6 hoic it nhat 12 8x107.

M@ ta van tit cac hinh vé

Fig.l: Sy cadn chinh trinh tg GIcK protein cia cidc ching DGCC7710
(DSM28255), DSM32587 va ST1m-glcKO-gal+. Su khic nhau véi GlcK protein cua
DGCC7710 (SEQ ID NO:2) dugc déng hdp.

Fig.2: Pudng cong axit hod sita (@6 pH theo thoi gian) thu dugc vdi cic chung
DGCC7710, DSM32587 va ST1m-glcKO-gal+.

Fig.3: Duong cong axit hod sita (46 pH theo thoi gian) thu dugce véi (A) chung
ST1.1 va thé dot bién E275K (ST1.1m-glcK) ciia n6 va (B) ching ST1.2 va thé dot bién
E275K ctia n6 (ST1.2m-glcK).

Fig4: Ty 1& cia hoat tinh beta-galactosidaza nhw dugc dénh gid bang thir
nghiém D véi hoat tinh glucokinaza nhu dwgc d4nh gid bang thir nghiém E trong cic
ching Streptococcus thermophilus khic nhau cia sdng ché va cdc ching cha me cia

ching (d6i chimg).

M0 ta chi tiét sang ché

Ty 1€ ctia hoat tinh beta-galactosidaza trong ching nay nhu dugc dénh gid bing
thir nghiém D véi hoat tinh glucokinaza trong chiing nay nhu dugce danh gia biang thir
nghiém E

Chung Streptococcus thermophilus dwong tinh v& lactoza, am tinh vé galactoza
theo sidng ché thé hién (hoic cd) ty 1€ cua hoat tinh beta-galactosidaza trong chung nay
nhu dugce dinh gid bing thir nghiém D véi hoat tinh glucokinaza trong chiing nay nhu
duoc danh gia béng thir nghiém E it nhét 12 4x10°6. Theo mdt phuong 4n, ty 1€ ctia hoat
tinh beta-galactosidaza trong chiing nay nhu duge dénh gid bang thir nghiém D véi hoat
tinh glucokinaza trong chiing niy nhu duge danh gia bang thir nghiém E duoc chon tir
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nh6m gdm it nhat 4x1078, it nhat 5x10°, 2167 4t nhit 7x10° hodc it nhét 8x10°
8 Theo mét phuong 4n, ty 1& cua hoat tink ’M -galactosidaza nhu duge danh gia bing
thr nghiém D véi glucokinaza nhu duge £4::h gié bing thtr nghiém E it nhét 1a 5x10°°.
Theo mdt phuong 4n, ty 1€ cta hoat tinh batz-galactosidaza nhu duge danh gia bang tht
nghiém D véi glucokinaza nhu dugc danh gia bang thir nghiém E it nhat 1a 6x10. Theo
mdt phuong 4n, ty 1€ cua hoat tinh beta-galactosidaza nhu dugc danh gia bing thir
nghiém D v6i glucokinaza nhu dugc danh gia bang thir nghiém E it nhét 1a 7x10°®. Theo
mdt phuong 4n, ty 1€ cla hoat tinh beta-oalastosidaza nhu duge danh gia bang thir
nghiém D v6i glucokinaza nhu duoc dénh 214 bing thir nghiém E it nhét 1 8x10°.

BAt k& tri s6 t6i thiéu cua ty 1& nha (”53 x4¢ dinh trong ban md ta nay, ty 1€ cua
hoat tinh beta-galactosidaza nhu dugc dinh gia béng thit nghiém D véi hoat tinh
glucokinaza nhu dugc danh gia bang thi nghiém E nhé hon 8x107.

Péang chu v 13, ty 1€ cta hoat tinh beta-galactosidaza nhu dugc dénh gia bang thir
nghiém D v&i hoat tinh glucokinaza nhu dugc danh gia bang thtr nghiém E nhu duoc
x4c dinh trong ban mo ta nay khong do duoc l‘ong ching Streptococcus thermophilus,
hoat tinh glucokinaza cta n6 bi v hiéu | 1 khéng phét hién dugc bing thir nghiém
duoc mo ta trong ban mo ta nay (nhu cac vc;u;ng duoc bdc 16 trong bang 1). Clng can
phai luu y ring ty 1& cta hoat tinh beta-galactosidaza nhu dwugc danh gia bang thir
nghiém D véi hoat tinh glucokinaza nhu dwgc dénh gia bang thir nghiém E nhu dugc
xac dinh trong ban mo ta nay 16n hon 8x107 trong chung Streptococcus thermophilus,
hoat tinh glucokinaza cia n6é bi gidm manh. DPé tranh sy nghi ngd, cic chung
Streptococcus thermophilus khong phai mot phén cla sang ché.

Theo sang ché, hoat tinh beta-galactosidaza trong ching Streptococcus
thermophilus theo sang ché dugc danh gi4 bing thir nghiém D [nghia 1a th nghiém D
duoc thue hién bing cach st dung ching Streptococcus thermophilus clia sang ché]:

Thtr nghiém D:

MBoi trudng nudi cdy tuoi qua dém ctia ching Streptococcus thermophilus dugc
d4nh gia trong M17 chira lactoza 30 g/L thu dugc va dugc sur dung dé tiém truyén & 1%
(thé tich/thé tich) 10 ml M17 lactoza twoi 30 g/L. Thu hoach té bao bang cach ly tAm
(6000g, 10 phit, 4°C) sau 3 gio' sinh truéng trén M17 + lactoza 30 g/l & 42°C, rua
trong 1,5 ml dung dich dém phéan ly lanh (KPO4 0,1 M), va tao huyén phu lai trong 300
ul dung dich dém phén ly lanh. Chét trc ché proteaza khong chira EDTA “cOmplete™
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(Roche, s6 tham chidu cua nha cung cip 04693132001) dugc bd sung vao dung dich
dém phan ly nhu dugc md ta bdi nha cung cip. Ngit quing té bao bang cach bd sung
100 mg hat thuy tinh (150-212 pm, Sigma G1145)’va0 250 pl té bao dugc tao huyén
phu lai va dao dong & tdn s 30 vong/gidy trong 6 phuttong may dao dong MM200
(Retsch, Haan, Germany). Loai b6 manh v& té bao va hat thuy tinh bang cach ly tim
(14000 g, 15 phut, 4°C), va dich ndi dwoc chuyén vao trong éng ly tAm sach 1,5 mL
duy tri trén nuéc da. Tbéng ham lugng protein dugce xac dinh bang cach st dung
FLUKA Protein Quantification Kit-Rapid (s6 tham chiéu 51254). Hoat tinh beta-
galactosidaza trong dich chiét t& bao duoc xdc dinh vé mit quang phd bang cach kiém
tra sy thuy phan O-nitro-Phenol-Beta-Glactosit (ONPG) thanh galactoza va O-nitro-
phenol (ONP). Tron 20puL dich chiét vi khudn véi 135 pL dung dich dém phan ting
(NaPO, 0,1 M + KCI 0,01 M + MgSO, 0,001 M -+ ONPG 3 mM + Beta Mercapto
Etanol 60 mM, pH = 6). Viéc tao ra ONP d?zn_ dén mau vang trong 6ng. Khi mau nay
xuit hién, phong bé phan ting bing cich b4 sung 250puL dung dich dém dimg (Na,COs
1 M). Mat d6 quang ¢ 420 nm dugc do ‘u?:_‘z:-g; cich st dung thiét bi doc vi dia da phat
hién Synergy HT (BIO-TEK). Mot don vi galactosidaza twong ung v6i lugng enzym
ma xUc tic qua trinh tao ra 1p mol ONP cham@i phut trong cac diéu kién thir nghiém.
Hoat tinh beta-galactosidaza dugc tinh todn nhu sau:
Hoat tinh Beta-Galactosidaza (U/g tdng dich chiét protein) = dOD x V / [dtx I x
¢ X Qprot], trong do:
- dOD 1a su bién thién clia mat dd quang (OD) ¢ 420 nm giita mau trong va
mau thtr nghiém
- V 1a thé tich cia phan (mg ma thfsg d6 mat do quang duoc do (¢ day 1a 250
puL)
- dt = thé hién khoang thoi gian theo phut nam trong khoang tir khi bd sung 20
uL dich chiét vi khuén dén khi bd sung 250 pL dung dich dém ding
- 1 = @0 dai duong quang (¢ day la 0,73 cm)
- £ =hé sb giam mol ctia ONP (¢ day 1a 4500 cm? / pmol)
- Qprot = lugng protein trong chdu thuy tinh (tinh theo g)
Phép do dugc thuc hién it nhét ba l4n r“)1 véi mdi mau va cac tri sb vé hoat tinh
riéng cua beta-galactosidaza duge dua ra treng ban md ta nay trong thir nghiém D la tri

s6 trung binh ctia ba thir nghiém ddc lap. .
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Theo sang ché, dé xac dinh ty 1¢ nhu duge xdc dinh trong ban mo ta nay, hoat
tinh glucokinaza trong ching Streptococcus therinophilus cia sang ché duoc danh gia
bang thir nghiém E [nghia [ thir nghi¢m ¥ duoe thye hién bang cach st dung ching
Streptococcus thermophilus cla sdng ché].

Th nghiém E:

MBoi trudng nudi cdy qua dém twoi ciia ching Streptococcus thermophilus dugce
danh gia trong M17 chira lactoza 30 g/L thu dugc va duge sir dung dé tiém truyén & 1%
(thé tich/thé tich) 10 ml M17 lactoza tuoi 30 /L. Thu hoach té bao bing cach ly tim
(6000 g, 10 phit, 4°C) sau 3 gid sinh trudng trén M17 + lactoza 30 g/L ¢ 42°C, rira
trong 1,5 ml dung dich dm GLCK lanh (5 mM MgCI2, 10 mM K,HPO, / KH,PO,
[pH= 7.,2]), va tao huyén phu lai trong 300 y1l dung dich dém GLCK lanh. Céc chat ic

T?A::

ché proteaza khong chira EDTA “cOmplete’ " (Roche, s& tham chiéu ctia nha cung cép
04693132001) dugc bo sung vao dung dich dém GLCK nhu dugc mo ta bdi nha cung
cip. Ngit quing té bao bang cach bd sung 100mg hat thuy tinh (150-212 pm, Sigma
G1145) vao 250pl té bao tao huyén phtt lai va dao dong ¢ tan s 30 vong/gidy trong 6
phut trong may dao dong MM200 (Retsch, I—Iaan,_ Germany). Loai bd manh v& té bao va
hat thuy tinh bang cach ly tdm (14000g, 15 phit, 4°C), va dich ndi duge chuyén vao
trong 6ng ly tdm sach 1,5 mL duy tri trén nude da. Téng ham lugng protein dugc xac
dinh bing cach st dung FLUKA Protein Quantification Kit-Rapid (sé tham chiéu
51254). Hoat tinh glucokinaza trong dich chiét & bao duoc xac dinh vé& mit quang phé
bing glucoza-6-phosphat dehydrogenaza (G-6PDH, EC1.1.1.49):thr nghiém cép doi
NADPH (Porter et al., 1982), chu yéu nhu dugc mo ta béi Pool et al. (2006). Madi mau
(5, 10 va 20 pL) dugc bd sung vao dung dich dém thtr nghiém (10 mM K,HPO, /
KH,PO, [pH=7,2], 5 mM MgCl12, | mM ATP, 20 mM glucoza, 1 mM NADP, 1 U G-
6PDH) trong thé tich cubi cing 250 pL va dé im hdn hop trong 5 phut & 30°C. Mat d
quang & 340 nm dugc do trong 5 phit bfing cach st dung bd doc vi dia da phat hién
Synergy HT (BIO-TEK). Mot don vi glucekinaza tuong (mg véi lugng enzym ma xic
tac qua trinh phosphoryl hod 1 pmol D-giucoza thanh D-Glucoza 6-phosphat cho moi
phut trong cac diéu kién thir nghiém. Hoat tinh glucokinaza dugc tinh todn nhu sau:

Hoat tinh glucokinaza (U/g tdng dich chiét protein) = dOD x V/ [dt x 1 x € X
Qprot], trong do:

- dOD 14 su bién thién ctia mat do quang (OD) ¢ 340 nm
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- V 14 thé tich ctia phan tag (& day 1a 250 pL)

dt = thoi gian do (tinh theo pht)

1 = d0 dai dudng quang (& day 1a 0,73 cm)

¢ = hé s giam mol cia NADPH ; H' (¢ day 1a 6220 cm2 / pmol)
Qprot = lugng protein trong chau thuy tinh (tinh theo g)

Phép do dugc thuc hién ba 1in dbi v6i mdi mau, va céc tri sb hoat tinh riéng
glucokinaza dugc dua ra trong ban mé ta nay trong thit nghiém E 1a tri sd trung binh
cua ba thir nghiém ddc 1ap.

Giai phéng glucoza bodi chung Streptococcus thermophilus duong tinh vé
lactoza, Am tinh vé& galactoza clia sdng ché trong qua trinh 1én men sfta.

Nhu dugc md ta trong ban mo ta ndy, chung Streptococcus thermophilus duong
tinh vé lactoza, 4m tinh vé galactoza cua sang ché con c¢6 thé duge dic trung boi kha
niang cia ching giai phong glucoza khi duoc st dung dé 1én men sita. Kha ning nay
duoc xac dinh trong ban md ta nay theo néng do6 glucoza ma dugce giai phong vao trong
sita, khi chung cua sang ché duge str dung @4 1&n men sita. Theo mdt phuong 4n, céc
diéu kién 1én men sita 12 theo va nong do clia gluceza duge xéac dinh boi Thit nghiém B
nhu dugc xac dinh dudi day:

Thr nghiém B:

Sita ban kem UHT “Le Petit Vendéen (“sita chua”) chira 3% (trong lwong/thé
tich) bot sita (BBA, Lactalis), dugc vo trung trude 10 phit & 90°C, dugc tiém truyén &
1% (thé tich/thé tich, khoang 10" CFU/ml) v6i mdi trudng nudi cdy cla ching S,
thermophilus dugc danh gia (té bao tao huyén phu lai khong chira M17-carbohydrat tir
mdi trudng nudi cdy qua dém dugc sinh trﬁfmg trong M17 dugc bd sung 3% sucroza).
Stta nay duoc cho 1a chira khoang 175 mM lactoza. U tinh binh thét ¢ chia sita da
tiém truyén trong bé nudc & 43°C trong 24 giv, dé thu dugc sita 1én men. Cac méu T0
va cac mau sita 1én men (T24h) (5g) dugc pha lodng trong 25g H,S04 0,025 N trude khi
duge ly tim ¢ 4600 vong/phut trong 10 phut ¢ 4°C. Loc dich nbi qua thiét bi loc 0,2 pm
Nylon (Phenomenex, Germany, Aschaffenburg) truc tiép vao trong lo nhé 2 ml HPLC.
Luu trit cdc miu & -20°C cho dén khi phén tich tiép. Dinh lugng carbohydrat bang phép
sic ky 16ng hiéu ning cao (Agilent 1200 HPLC) duoc trang bi bd do chi s6 khiic xa st
dung cot trao ddi anion Aminex HPX-87H (Bio-Rad Laboratories Inc.) & 35°C, véi
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12,5 mM H,SO, dudi dang dung dich rira giai va tde do dong 0,6 ml min"". Viéc khai
thac két qua duogc thuc hién bing phin mém ti xir ly Chemstation (Agilent).

Dé tranh sy nghi ngd, cac loai Streptococcus thermophilus s& dugc hidu dudi
dang chung Streptococcus salivarius subsp. thermophilus.

Cum tr “duwong tinh vé lactoza”, c6 nghia 1 ching Streptococcus thermophilus
6 kha ning sinh truéng trén lactoza 1a mot ngudn carbohydrat duy nhét, cu thé 13 trén
mdi trudng M17 dugce bd sung 2% lactoza. Theo phuong 4n cu thé, hién tuong “dwong
tinh vé lactoza” duge danh gia bing cach tiém truyén —vao trong nudc xuyt M17 chira
2% lactoza — nudi cdy qua dém ching S. thermophilus dé duge thir nghiém & tdc do
1%, va u trong 20 gi¢ ¢ 37°C, va trong d6 do pH = 5,5 hodc thip hon khi két thiic thoi
gian U cho biét hién twong dwong tinh véi lactoza.

Cum tir “dm tinh vé galactoza”, c6 nghia 13 ching Streptococcus thermophilus
khong c6 kha nang sinh trudng trén galactoza la ngudn carbohydrat duy nhét, cu thé 1a
trén mdi trudng M17 duge bd sung 2% galactoza. Theo phuong an cu thé, hién tuong
“Gm tinh vé galactoza” dugc danh gia bing cach tiém truyén — vao trong nudc xuyt
M17 chira 2% galactoza — nudi ciy qua dém ching S. thermophilus dé dugc thir nghiém
& 1% va u trong 20 gio ¢ 37°C, va trong d6 d¢ pH = 6 hodc cao hon khi két thuc thoi
gian 1 cho biét hién twong 4m tinh vé galactoza.

Cum tir “dén xudr”> dung @& chi ching ban dau (vi du din xuit DGCC7710), ¢6
nghia 12 chung thu duoc tir ching ban dau (vi du tir ching DGCC7710) bang cach thay
thé mot trong sd cac gen cia n6 (nhu glcK, ccpA, v.v.) bang alen khac (cu thé 1a alen
dot bién) cua cung mot gen. Theo mdt phuwong an, dan xuét thu dugc béng cach thay thé
toan bd gen (trinh ty ma hoa va doan khéi dau) ctia ching ban d4u bing alen khéc (trinh
tu md hoa va doan khéi diu) cua cing mot gen. Theo mdt phuong 4n, dan xuét thu
duoc bang cach thay thé trinh ty ma hod ciia gen cla ching ban diu bang alen khac
(trinh ty ma hod) cda cung mot gen. _

Sang ché @& cap dén chung Streptococcus thermophilus duong tinh vé lactoza,
4m tinh v& galactoza mang dot bién trong mot hodc nhiéu gen duge chon tir nhém gém
gen glcK, gen ccpA, gen lacZ, gen ptsH va gen ma hod protein cua PTS dic hiéu
manoza-glucoza, trong do ty 1€ ctia hoat tinh beta-galactosidaza trong chung nay nhu
dugc danh gia bang thir nghiém D véi hoat tinh glucokinaza trong ching nay nhu duoc

danh gia bang thir nghiém E it nhét 12 4x10°, it nhét 1a 5x10°°, it nhét 12 6x10°°, it nhit
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14 7x10°® hodc it nhét 1a 8x10°°. Theo mdt phuong 4n, va bét ké trj sb t&i thiéu cia ty 1&
nhu dugc xac dinh trong ban md ta nay, ty 1& cua hoat tinh beta-galactosidaza trong
ching nay nhu dugc danh gia bang thir nghiém D véi hoat tinh glucokinaza trong ching
ndy nhu dugc danh gid bing thit nghiém E nhé hon 8x107.

Theo mdt phuwong an, ching Streptococcus thermophilus duong tinh vé lactoza,
am tinh v& galactoza clia sang ché mang (cac) dot bién trong mot hodc nhiéu gen dugc
chon tir nhom gdm gen glcK, gen ccpA, gen lacZ va gen ptsH va tuy y mang dot bién
trong mot hodc nhiéu gen, cu thé 12 mot gen ma hod protein ciia PTS dédc hi€u manoza-
glucoza. Theo mdt phuong an, chung Streptococcus thermophilus dwong tinh vé
lactoza, 4m tinh vé galactoza clia sdng ché mang (cac) dot bién trong mot hoic nhiéu
gen dugc chon tr nhom gbém gen glcK, gen ccpA, gen lacZ va gen ptsH va mang dot
bién trong mot hodc nhiéu gen, cu thé 13 mot gen ma hoa protein cua PTS dic hiéu
manoza-glucoza. Theo mdt phuong an, chung Streptococcus thermophilus duong tinh
v& lactoza, am tinh vé galactoza cua sing ché mang 1) dot bién trong gendugc chon tir
nhom gdm gen glcK, gen ccpA, gen lacZ va gen ptsH hodc dot bién trong gen glcK va
gen ccpd va 2) dot bién trong mot hodc nhidu gen, cu thé 12 mot gen ma hoa protein clia
PTS dic hiéu manoza-glucoza. Theo mot phuwong an, chung Sireptococcus
thermophilus duong tinh vé lactoza, am tinh vé galactoza clia sang ché mang dot bién
thir nhét trong gen duoc chon tir nhém gbm gen glcK, gen ccpA, gen lacZ va gen ptsH
va dot bién thr hai trong gen ma hoa protein ctia PTS ddc hiéu manoza-glucoza.

Theo mot phuong 4n, chung Streptococcus thermophilus duong tinh vé lactoza,
am tinh v& galactoza cua sang ché mang dot bién trong mot hodic nhidu gen duge chon
tir nhom gdm gen glcK, gen ccpd va gen mé hda protein cua PTS déc hiéu manoza-
glucoza. Theo mdt phuong an, ching Streptococcus thermophilus duong tinh vé
lactoza, 4m tinh v& galactoza ctia sang ché mang dot bién trong gen glcK va/hoic gen
ccpA va tuy y trong mot hodc nhidu gen, cu thé 12 mdt gen ma hod protein ctia PTS dic
hiéu manoza-glucoza.

Theo phuong 4n bét ky trong sb céc phuong 4n néu trén, mot hodc nhiéu gen ma
hoa protein cua PTS dic hi€u manoza-glucoza dugc chon tir nhém gbém gen manL, gen
manM, gen manN va gen manO. Theo phuong an bét ky trong s6 cac phuong 4n néu
trén, mot hodc nhiéu gen mi héa protein ctia PTS dic hiéu manoza-glucoza dugc chon

tr nhom gdm gen manL, gen manM va gen manN. Theo mot phuong én, ching
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Streptococcus thermophilus duong tinh vé lactoza, am tinh vé& galactoza cia séng ché
mang (cac) dot bién trong gen hogc hai gen dwoc chon tir nhom gb6m gen glcK va gen
ccpA va dot bién trong mdt hodc nhiéu gen, cu thé 12 mot gen ma hod protein cia PTS
ddc hiéu manoza-glucoza. Theo mdt phuong éan, ching Streptococcus thermophilus
dwong tinh vé lactoza, 4m tinh vé galactoza cia sdng ché mang d6t bién trong gen glcK
va/hodc gen ccpA va tly y trong gen manL, gen manM hodc gen manN.

Mot vai phuong an vé chung Streptococcus thermophilus dwong tinh vé lactoza,
am tinh v& galactoza ctia sang ché, thé hién ty 1& clia hoat tinh beta-galactosidaza trong
chiing nay nhu dwgc danh gia bang thir nghiém D véi hoat tinh glucokinaza trong chiing
nay nhu duoc danh gia bing thir nghiém E it nhét 1a 4x10°°, dugc mé ta chi tiét dudi
day:

I. Chung Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé
galactoza cua sang ché mang dot bién trong gen glck cia no.

II. Ching Streptococcus thermophilus duong tinh vé lactoza, am tinh vé
galactoza cua sang ché mang dot bién trong gen ccpA ciia né.

III. Chuing Streptococcus thermophilus duong tinh v& lactoza, 4m tinh vé
galactoza cia sang ché mang dot bién trong gen glcK cia n6 va dot bién trong gen
ccpA cuand.

IV. Ching Streptococcus thermophilus duong tinh vé lactoza, am tinh vé
galactoza cua sang ché mang dot bién trong gen lacZ ctia nd.

V. Chung Streptococcus thermophilus dwong tinh vé lactoza, am tinh vé
galactoza clia sang ché mang dot bién trong gen ptsH clia noé.

VI. Chung Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé
galactoza cua sang ché theo phuong 4n bét ky trong sd cac phuong 4n tir I dén Vv,
coOn mang 4ot bién trong mot hodc nhiéu gen, cu thé 1a mot gen ma hod protein cua

PTS dac hiéu manoza-glucoza.

1. Ching Streptococcus thermophilus duong tinh vé lactoza, &m tinh vé galactoza mang
dot bién trong gen glck clia nd
Sang ché da chung minh ring ching Streptococcus thermophilus am tinh vé

galactoza va mang d6t bién trong gen glcK mi hoéa glucokinaza (GlcK), hoat tinh
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glucokinaza cua né trong chung nay bi giam ddng ké nhung khong vo hiéu, c6 thé duoc
str dung dé tiét glucoza trong sita 1én men.

Sang ché dé cap dén ching Streptococcus thermophilus duong tinh vé lactoza,
4m tinh vé& galactoza mang dot bién trong gen glcK mi héa glucokinaza, hoat tinh
glucokinaza ctia n6 trong ching nay bi giam déng ké nhung khong vo hiéu. Theo mot
phuong an, sang ché @ cip dén ching Streptococcus thermophilus duong tinh vé
lactoza, 4m tinh vé& galactoza mang dot bién trong gen glcK mi hoa glucokinaza, hoat
tinh glucokinaza cta n6 trong ching nay bi gidm dang ké nhung khong vo hiéu, trong
d6 ty 1& clia hoat tinh beta-galactosidaza trong ching nay nhu dugc danh gia bang thir
nghiém D véi hoat tinh glucokinaza trong chung nay nhu dugc dénh gia bang thir
nghiém E it nhét 14 4x10°® nhu duge x4c dinh trong ban mé ta nay.

Cum tr “gen glcK md héa glucokinaza” c6 nghia la trinh tw ADN bét ky cta
chung Streptococcus thermophilus ma héa enzym glucokinaza ma xuc tac sy chuyén
héa glucoza va ATP thanh glucoza-6-phosphat (G6P) va ADP. Céc vi du khong han ché
vé c4c trinh tu glucokinaza cla Streptococcus thermophilus dugc boc 19 nhu céc trinh
tu SEQ ID No:2, 4, 6, 8, 10 12, 14, 16, 18 va 20.

Theo sang ché, hoat tinh glucokinaza trong chung Streptococcus thermophilus bi
giam dang ké nhung khong vo hiéu 1a h¢ qua cua dot bién trong gen glck ctia né. N6i
cach khéc, alen cua gen glcK dugc mang boi ching nay sao cho hoat tinh glucokinaza
trong chung nay bi giam dang ké nhung khong v higu.

Cum tir “hoat tinh glucokinaza trong chung nay bi giam dang ké nhung khong vé
hié¢u” dung dé chi hoat tinh glucokinaza cia noé la ca:

- bi giam dang ké trong chiing nay, cu thé 12 khi so v6i hoat tinh glucokinaza
trong chiing mang gen glcK khong dot bién; va

- khéng v6 hiéu, nghia 1a hoat tinh c6 thé dugc phét hién b??lng thir nghiém A nhu
duogc xac dinh trong bdn mo ta nay.

Theo sang ché, du hiéu “hoat tinh glucokinaza trong ching nay bi giam ddng ké
nhung khéng vé hiéu” c¢6 thé duge xac dinh bang cac phuong phap da biét trong linh
vuc ndy. Do d6, da biét cic phwong phap do hoat tinh glucokinaza trong chiing
Streptococcus thermophilus va bao g0m céc thir nghiém enzym véi cac chét phan tng
6 béan sin trén thi truong. Tham chiéu doan 2.4 cla 4n phim Pool et al. (2006.

Metabolic Engineering 8(5); 456-464) (ndi dung cua 4n pham nay dugc dua vao ban

12



52856 13/562

mo ta nay b.%lng cach vién dan). Theo phuong an cu thé, dé xéac dinh dAu hiéu nay, hoat
tinh glucokinaza trong chung Streptococcus thermophilus cia sang ché dugc danh gia
br?mg thir nghiém A [nghia 13 thir nghiém A duoc thyuc hién bé‘mg cach st dung ching
Streptococcus thermophilus clia sang ché].

Thir nghiém A:

Mai truong nudi cdy twoi qua dém cia ching Streptococcus thermophilus dugc
danh gia trong M17 chta lactoza 30 g/L thu dwgc va duge sir dung dé tiém truyén & 1%
(thé tich/thé tich) 10 ml M17 tuoi lactoza 30 g/L. Thu hoach té bao bang cach ly tam
(6000g, 10 phit, 4°C) & mat d§ quang 600 nm (OD600) 0,8 +/- 0,2, rira trong 5 ml dung
dich dém GLCK lanh (5 mM MgCl12, 10 mM K,HPO, / KH,PO,4 [pH=7,2]), va dugc
tao huyén phu lai trong 500 pl dung dich dém GLCK lanh. Chét trc ché proteaza khong
chta EDTA “cOmpleteTM” (Roche, sd tham chidu ctia nha cung cép 04693132001)
duge bd sung vao dung dich dém GLCK nhu dugc md ta bdi nha cung cAp. Ngit quing
té bao bing cach bd sung 100mg hat thiy tinh (150-212 pm, Sigma G1145) vao 200 pl
té bao da tao huyén phu va dao dong & tan sd 30 vong/gidy trong 6 phut trong may dao
dong MM200 (Retsch, Haan, Germany). Loai bé manh v& té bao va hat thuy tinh bing
cach ly tdm (14000 g, 15 phut, 4°C), va chuyén dich ndi vao 1,5 mL éng ly tAm sach
dugc gitt trén nudc da. Téng ham lugng protein duge xac dinh bang cach st dung
FLUKA Protein Quantification Kit-Rapid (sb tham chiéu 51254). Hoat tinh glucokinaza
trong dich chiét té bao dugc xac dinh theo quang phd ké bang thir nghiém cip doi
glucoza-6-phosphat dehydrogenaza (G-6PDH, EC1.1.1.49):NADPH (Porter et al.,
1982), chit yéu nhu dugc mb ta bai Pool et al. (2006). Mdi méau (5, 10 va 20 pL) dugc
bd sung vao dung dich dém thtr nghiém (10 mM K,HPO, / KH,PO,4 [pH=7,2], 5 mM
MgCl12, 1 mM ATP, 20 mM glucoza, 1 mM NADP, 1 U G-6PDH) trong thé tich cubi
cung 250 pL va dé yén hdn hop trong 5 phut & 30°C. Mat d6 quang & 340nm dugc do
trong 5 phit bing cach st dung bd doc vi dia da phat hién Synergy HT (BIO-TEK).
Mot don vi glucokinaza twong ng v6i lugng enzym ma xtc tac qua trinh phosphoryl
héa 1 pmol D-glucoza thanh D-Glucoza 6-phosphat mdi phut trong céc diu kién thir
nghiém. Hoat tinh glucokinaza dugc tinh toan nhu sau:

Hoat tinh glucokinaza (U/g tbng dich chiét protein) = dOD x V /[dt x I x e X
Qprot], trong do:

- dOD 14 su bién thién ctia mat do quang (OD) ¢ 340 nm

13



52856 14/562

- V 1a thé tich ctia phan tng (& day 1a 250 pL)

dt = thoi gian do (tinh theo phut)

1 = do dai dudng quang (¢ day 1a 0,73 cm)

¢ =hé sb giam mol cia NADPH ; H" (& day 1a 6220 cm2 / pmol)
Qprot = lugng protein trong chdu thuy tinh (tinh theo g)

Phép do dugc thuc hién ba lan ddi véi mbi miu, va cac tri s6 hoat tinh riéng
glucokinaza dugc dua ra trong ban mé ta nay trong thir nghiém A 1a tri sd trung binh
cua ba thtr nghiém ddc lap.

Theo phwong 4n cu thé thir nhit vé dAu hidu “hoat tinh glucokinaza trong ching
nay bj gidm ddng ké nhung khéng vé hiéu”, hoat tinh glucokinaza trong chung
Streptococcus thermophilus cua sang ché nam trong khoang tir 200 dén 1500 U/g tong
dich chiét protein, nhu dwgc dénh gia bang thir nghiém A. Theo phuong 4n cu thé, hoat
tinh glucokinaza trong ching Streptococcus thermophilus cia sing ché nim trong
khoang tir 300 dén 1200 U/g tdng dich chiét protein, nhu dwgc danh gia bang thr
nghiém A. Theo phuong an cu thé, hoat tinh glucokinaza trong chiing Streptococcus
thermophilus cia sang ché nim trong khoang tir 400 dén 1000 U/g tong dich chiét
protein, nhu dugc dénh gia bang thir nghiém A. Theo phuong 4n cu thé, hoat tinh
glucokinaza trong ching Streptococcus thermophilus cua sang ché nim trong khoang tir
tri s toi thiéu dugce chon tir nhém gé)m 200, 300 va 400 U/g téng dich chiét protein dén
tri s6 ti da dugc chon tir nhém gém 1000, 1200 va 1500 U/g téng dich chiét protein,
nhu duoc danh gia bing thir nghiém A. Can phai luu y rang, nhu dugc néu trong thir
nghiém A, tri s6 hoat tinh glucokinaza dugc bdc 1§ trong ban md ta nay 1a tri sb trung
binh ciia ba thir nghiém ddc 1ap (ba lan).

Theo phuong an cu thé thi hai vé déu hiéu “hoat tinh glucokinaza trong ching
nay bi giam ddng ké nhung khéng vé hiéu”, hoat tinh glucokinaza trong ching
Streptococcus thermophilus ciia sang ché nam trong khoang tir 5 &én 60% hoat tinh ctia
hoat tinh glucokinaza ctia ching DGCC7710 dugc luu trit & DSMZ véi sd truy cép
DSM28255 vao ngay 14 thang 1 ndm 2014. Cum tUr “hoat tinh glucokinaza cua ching
DGCC7710”, ¢6 nghia 1a hoat tinh ctia chung DGCC7710 glucokinaza (nghia 1a, voi
SEQ ID NO:2) nhu dugc danh gia bang thtr nghiém A trong chiing DGCC7710 [nghia
13, thir nghiém A dugc thuc hién bang cach st dung ching DGCC7710]. Tri s theo ty

1& phan traim duoc tinh todn dua vao hoat tinh glucokinaza trong chung cua séng ché va
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hoat tinh glucokinaza cua ching DGCC7710, ca hai dugc danh gia bang thit nghiém A.
Theo phuwong an cu thé, hoat tinh glucokinaza trong chiing Streptococcus thermophilus
cta sang ché nim trong khoing tir 10 dén 50% hoat tinh glucokinaza ciia ching
DGCC7710. Theo phuong 4n cu thé, hoat tinh glucokinaza trong ching Streptococcus
thermophilus cia sang ché nim trong khoang tir 15 dén 40% hoat tinh glucokinaza cla
ching DGCC7710. Theo phuong 4n cu thé, hoat tinh glucokinaza cua ching
Streptococcus thermophilus clia sang ché nim trong khoang tir ty 1& phan trim t4i thiéu
duogc chon tr nhom gém 5, 10 va 15 % hoat tinh glucokinaza cia chung DGCC7710
dén ty 18 phén tram t6i da duogc chon tir nhém gdm 40, 50 va 60 % hoat tinh
glucokinaza cia ching DGCC7710. Theo phuong an cu thé va bét k& khoang ty 18 phan
tram, hoat tinh ctia glucokinaza dugc danh gia béng thir nghi€ém A nhu dugc md ta
trong ban mo t4 nay. Cén phai luu y ring céc tri sd theo ty 18 phan tram duoc boc 19
trong ban mo ta nay dugc tinh todn dya vao cac tri sb hoat tinh glucokinaza ma 1a tri s6
trung binh cda ba tht nghiém ddc 1ap (ba 14n) nhu duge danh gia bang thir nghiém A.

Theo phuong 4n cu thé thir nhit va tht hai, cac chung sau ddy c6 thé dugc st
dung lam d6i chimg trong thtr nghiém A:

- 1am d4i chimg duong tinh (vi du, chiing Streptococcus thermophilus 1a dai dién
cta chung mang gen glcK khong dot bién): ching DGCC7710 dugc luu trit & DSMZ
v6i sb truy cap DSM28255 vao ngay 14 thang 1 nam 2014;

- lam dbi chtng am tinh (vi du, ching Streptococcus thermophilus c¢6 hoat tinh
glucokinaza khong phat hién dugc): Streptococcus thermophilus ma gen glcK cia n6 bi
ngit quang hodc Streptococcus thermophilus ma gen glcK cua n6 mang mdt trong sd
cac dot bién duge boc 16 trong WO2013/160413, W02017/103051 hodc Serensen et al.
(2016) va dugc tdng két trong bang 1 dudi ddy:

15/562

Potbibn o | Sythaydoive | p i dugemota | Ching duge md th
muc gen glcK nong do Glek trong chung luu trit trong
protein

T214C S72P DSM25851 WO02013/160413
W02013/160413

C422T T1411 DSM25850 Serensen (St1-GS-1)
WO02017/103051

G745A G249R DSM28889 Serensen (St2-GS-1)

Béang 1: Cac dot bién glcK dan dén hoat tinh glucokinaza ctia chiing ma khong

phat hién duoc
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Trong qua trinh 1én men sita, lactoza chtra trong sita (lam ngudn carbohydrat
chinh trong sita) dugc du nhdp vao trong ching Streptococcus thermophilus. Tiép theo,
lactoza ndi bao dugc phan tich thanh glucoza va galactoza bing enzym beta-
galactosidaza (sao cho 1 mol lactoza thu dugc 1 mol glucoza va 1 mol galactoza).

DAu hiéu “hoat tinh glucokinaza trong ching nay bi gidm ddng ké nhung khéng
vé hiéu” cling co thé duoc dic trung bdi van tdc tién vé phia trudc tdi da coa
glucokinaza (& day dugc goi 1a Vmax, va dugc x4c dinh dudi dang van tbc ciia qua
trinh chuyén héa Glucoza + ATP thanh G6P + ADP) hoac bing cach nghich d4o 4i luc
cia glucokinaza (dugc goi 1a Km) d6i v6i mot hodc hai co chit ctia né, nghia 1a glucoza
va ATP. Theo mdt phuong an, d4u hiéu “hoat tinh glucokinaza trong chung nay bi giam
ddng ké nhiung khong vé hiéu” ddi v6i ching cta sang ché con dugc dic trung béi van
tdc tién vé phia trude tdi da (Vmax) ctia glucokinaza clia né trong chung nay.

Do d6, két hop véi phuong an cu thé thi nhit hoac thtr hai vé diu hiéu “hoat
tinh glucokinaza trong ching nay bi giam ddng ké nhung khong vé hiéu” duge xac dinh
trong ban md ta ndy, van tdc tién vé phia trude t6i da (Vmax) cia glucokinaza trong
ching Streptococcus thermophilus duong tinh v& lactoza, 4m tinh vé galactoza clia sang
ché bi giam dang ké nhung khong vo hiéu. DA4u hiéu “Vmax ciia glucokinaza trong
chung nay bi giam ddang ké nhung khong vé hiéu” co thé duogc xac dinh theo mot hoic
hai tham s6 nay

- Vmax nim trong khoang tir 200 dén 1500 U/g téng dich chiét protein, nhu
duge danh gia bang thir nghiém C.

- Vmax nim trong khoang tir 5 dén 60 % Vmax cta glucokinaza cua chung
DGCC7710 dugce luu trit & DSMZ véi sb truy cap DSM28255 vao ngdy 14 thang 1
nim 2014, khi ca hai duoc danh gia bang thir nghiém C.

Theo phuong an cu thé, sang ché dé& cap dén chung Streptococcus thermophilus
duong tinh v& lactoza, 4m tinh vé galactoza mang dot bién trong gen glcK mi hoa
glucokinaza, trong d6 hoat tinh glucokinaza trong ching nay bi gidm dang ké nhung
khong vo hiéu (nhu dugc xac dinh trong ban md ta nay), va trong d6 véan tbc tién vé
phia trudc tdi da (Vmax) cia glucokinaza cua n6 trong ching nay bi giam déng ké
nhung khong vo6 hiéu va dugc xac dinh theo mdt hodc hai tham sb:

- Vmax nim trong khoang tir 200 dén 1500 U/g tbng dich chiét protein, nhur
dugc danh gia bang thir nghiém C.
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- Vmax nim trong khoang tir 5 dén 60 % Vmax cuia glucokinaza ciia ching
DGCC7710 duge luu trit 8 DSMZ véi sb truy cap DSM28255 vao ngay 14 thang 1 ndm
2014, khi ca hai dugce danh gia bang thir nghiém C.

Van tbc tién v& phia trude t6i da ctia glucokinaza (Vmax) trong Streptococcus
thermophilus cua sang ché dugc danh gid bang thir nghiém C [nghia 1a thtt nghiém C
dugc thue hién bang cach st dung ching Streptococcus thermophilus cia sang ché].

Tht nghiém C:

Van tdc tién v& phia trude tdi da (Vmax) dugc xac dinh bing cach str dung céc
néng dd khac nhau cua glucoza (0, 5, 10, 15, 20 mM) trén dich chiét tho dugc tao ra
nhu dugc mé ta trong thir nghiém A. Phép do dugc thuc hién ba 1an d6i v6i mdi mau,
va cac tri s6 Vmax duge néu trong thir nghiém C 1a tri s6 trung binh ctia ba thir nghiém
doc 1ap. Phép hdi quy tuyén tinh thé hién su nghich dao vén tbc riéng theo chirc ning
nghich d4o cta ndng dd glucoza tao ra sy nghich dao v& van tdc tién vé phia trudc tbi
da & giao diém véi truc T cla d6 hoa.

Theo phuong an cu thé vé van tdc tién vé phia trude t6i da clia glucokinaza trong
chiing Streptococcus thermophilus cua sang ché, Vmax nim trong khoang tir 200 dén
1500 U/g tdng dich chiét protein, nhu dugc danh gia bang thir nghiém C. Theo phuong
4n cu thé, Vmax nim trong khoang tir 300 dén 1200 U/g tdng dich chiét protein, nhu
duoc danh gia bang thir nghiém C. Theo phwong an cu thé, Vmax niam trong khoang tir
400 dén 1000 U/g téng dich chiét protein. Theo phuong 4n cu thé, Vmax cua
glucokinaza trong ching Streptococcus thermophilus cia sang ché nam trong khoang tir
tri sb tdi thidu dugc chon tir nhém gf“)m 200, 300 va 400 U/g téng dich chiét protein dén
tri s6 tdi da duoc chon tir nhom gém 1000, 1200 va 1500 U/g téng dich chiét protein,
nhu dugc danh gia bang thi nghiém C.

Theo phuong 4n cu thé vé van tdc tién v& phia trudc tdi da ciia glucokinaza trong
ching Streptococcus thermophilus cia sang ché, Vmax nim trong khoang tir 5 dén 60
% Vmax cla glucokinaza cua chung DGCC7710. Thuét ngit “Vmax cua glucokinaza
cia ching DGCC7710”, c¢b nghia la Vmax ctia ching DGCC7710 glucokinaza (nghia
la véi SEQ ID NO:2) nhu duge danh gia bang thir nghiém C trong ching DGCC 7710
[nghia 1a thtt nghiém C dugc thuc hién bing cach st dung ching DGCC7710]. Tri s6
theo ty 16 phan trim duoc tinh todn dwa vao Vmax cua glucokinaza trong ching cta

sang ché va Vmax cua ching DGCC7710, ci hai dugc dénh gid bang thir nghiém C.
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Theo phuwong an cu thé, Vmax cia glucokinaza trong chung Streptococcus
thermophilus cua sang ché ndm trong khoang tir 10 dén 50 % Vmax cua glucokinaza
cua chung DGCC7710, khi ca hai dugc danh gia bang thir nghiém C. Theo phuong an
cu thé, Vmax cta glucokinaza trong chiing Streptococcus thermophilus cua sang ché
nim trong khoang tir 15 dén 40% Vmax ctia glucokinaza cua ching DGCC7710. Theo
phuong 4n cu thé, Vmax ciia glucokinaza trong chung Streptococcus thermophilus cia
sang ché nim trong khoang tir tri s6 phin tram tdi thiéu dugc chon tir nhém gdm 5, 10
va 15 % Vmax cua hoat tinh glucokinaza ctia chung DGCC7710 dén tri sb ty 1€ phén
tram t6i da duoc chon tir nhém gdm 40, 50 va 60 % Vmax clia hoat tinh glucokinaza
ctia chung DGCC7710.

Chung Streptococcus thermophilus duong tinh véi lactoza, 4m tinh véi galactoza
cua sang ché mang dot bién trong gen glcK ma héa glucokinaza, hoat tinh glucokinaza
cua né trong ching ndy bi gidm dang ké nhung khong v6 hiéu nhu duge x4ac dinh trong
ban mo ta ndy va tiy ¥ trong d6 van tdc tién vé phia trudce t61 da cua glucokinaza trong
ching nay bi giam déng ké nhung khong v6 hiéu nhu dugc x4c dinh trong ban md ta
nay.

Thuat ngit “dot bién trong gen glck” theo sang ché, c6 nghia 1a bién thé nucleotit
bt ky trong gen glcK, trong d6 bién thé ndy & mirc nucleotit din dén hoat tinh
glucokinaza trong chiing mang gen glcK dot bién nay (nhu gen glcK duy nhéit) ma bi
giam d4ng ké nhung khong vo hiéu nhu duge x4c dinh trong ban mo ta nay va tiy y dan
dén van tbc tién vé phia trudc t6i da ctia glucokinaza trong ching ma bi gidm dang ké
nhung khong v6 hiéu nhu dugc xac dinh trong ban mo ta nay. Theo phuong 4n cu thé,
thudt ngir “dgt bién trong gen glck” theo séng ché, c6 nghia 12 bién thé nucleotit bat ky
nim trong khung doc mo ctia gen glcK, trong d6 bién thé nay & mirc nucleotit dan dén
hoat tinh glucokinaza trong chiing mang gen glcK dot bién (nhu gen glcK duy nhit) ma
bi giam dang ké nhung khong vo hiéu nhu dugc xé4c dinh trong ban md ta nay va tuy y
din dén van tbc tién vé phia trudc tdi da ciia glucokinaza trong chiing ma bi gidm dang
ké nhung khong vo hiéu nhu dugce x4c dinh trong ban mo ta ndy.

Do d6, mic di hai ching Streptococcus thermophilus c¢6 thé khac nhau theo trinh
tu cua gen glcK twong ing cua chiing, diéu nay khong nhét thiét phai c6 nghia ring mot
trong s& hai gen glcK dugc dot bién theo nghia cua sang ché. Thuc vay, khong duoc

xem la cac dot bién theo sang che:
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- cAc bién thé & muc nucleotit khong din dén thay dbi bat ky & mirc protein (bién
thé cam) va khong tac dong dén su dich ma cia gen glcK ARN; va

- c4c bién thé & muc nucleotit din dén sy thay dbi & mirc protein, nhung trong d6
su thay di nay khong tac dong dén hoat tinh glucokinaza cuia GIcK protein thu dugc va
thy ¥ van tdc tién vé phia trudce tdi da cua GlcK protein thu dugc, nhu duge xac dinh
trong ban md ta nay. Thuc vay, cic bién thé nhu vay c6 thé duoc quan sat & mirc gen
glcK cia Streptococcus thermophilus cia sang ché ma khong tac dong dén pham vi bao
ho ctia sang ché.

Céc vi du khong han ché vé cac gen glcK ma khong dugc xem la dot bién theo
nghia cua sang ché la:

- polynucleotit ma hoa glucokinaza nhu dugc xac dinh trong SEQ ID NO:2
(GIeK typ ST1), cu thé 1a polynucleotit nhu dugc xé4c dinh trong SEQ ID NO:1; GleK
typ nay 1a typ ctia ching DGCC7710 duoc luu trit 8 DSMZ v6i s6 truy cap DSM28255
vao ngay 14 thang 1 ndm 2014;

- polynucleotit ma hoa glucokinaza nhu dugc xac dinh trong SEQ ID NO:4
(GIcK typ ST2), cu thé 1a polynucleotit nhu dwgc xé4c dinh trong SEQ ID NO:3;

- polynucleotit m3 héa glucokinaza nhu dugc xac dinh trong SEQ ID NO:6
(GIcK typ ST3), cu thé 1a polynucleotit nhu dugce xac dinh trong SEQ ID NO:5;

- polynucleotit md héa glucokinaza nhu dugc xdc dinh trong SEQ ID NO:8
(GIcK typ ST4), cu thé 14 polynucleotit nhu duge xé4c dinh trong SEQ ID NO:7;

- polynucleotit ma hoa glucokinaza nhu dugc xac dinh trong SEQ ID NO:10
(GIcK typ ST5), cu thé 1a polynucleotit nhur dwgc xac dinh trong SEQ ID NO:9;

- polynucleotit md hda glucokinaza nhu dugc x4c dinh trong SEQ ID NO:12
(GIcK typ ST6), cu thé 1a polynucleotit nhu duge xac dinh trong SEQ ID NO:11;

- polynucleotit md hoa glucokinaza nhu dugc x4c dinh trong SEQ ID NO:14
(GlcK typ ST7), cu thé 1a polynucleotit nhu duge xé4c dinh trong SEQ ID NO:13;

- polynucleotit md hda glucokinaza nhu dugc x4c dinh trong SEQ ID NO:16
(GIcK typ ST8), cu thé 14 polynucleotit nhu dugc x4ac dinh trong SEQ ID NO:15;

- polynucleotit md hda glucokinaza nhu dugc xdc dinh trong SEQ ID NO:18
(GIcK typ ST9), cu thé 12 polynucleotit nhu duge xé4c dinh trong SEQ ID NO:17;

- polynucleotit ma hoéa glucokinaza nhu dugc xé4c dinh trong SEQ ID NO:20
(GlcK typ ST10), cu thé 13 polynucleotit nhu dugc xac dinh trong SEQ ID NO:19.
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Su khac nhau cua cac axit amin & muc glucokinaza cung véi ty 1€ phin trim
gidng nhau ctia mdi GIcK typ v6i SEQ ID NO:2 duge tdng két trong bang 3 (vi du 2).
Hoat tinh glucokinaza trong cac ching c6 GlcK typ ST2 dén ST10 dugc tong két trong
bang 4 (vi du 3).

Hon nita, mot vai dot bién nucleotit trong gen glcK khong dugc xem 1a thich hop
d6i v6i muc dich ca sang ché, vi ching dan dén glucokinaza, ma hoat tinh ctia n6 bi vo
hiéu hodc thip hon tri sb t6i thiéu dugc x4c dinh trong ban md ta nay, nhu dugc danh
gi4 bang thir nghiém A. Céc vi du khong han ché v& cac dot bién khong phu hop duge
md ta trong bang 1. Theo mdt phuong an, Streptococcus thermophilus cua sang ché
khong mang dot bién duge chon tir nhém gdm dot bién dan dén su ngét quang gen glck
va cac doan khuyét 16n trong gen glcK.

Theo mot phuong 4n, ching Streptococcus thermophilus duong tinh v6i lactoza,
am tinh v&i galactoza cua sang ché mang dot bién trong khung doc m& cia gen glcK
dan dén thay thé axit amin trong GIcK protein, hoat tinh glucokinaza clia né trong
ching nay mang gen glcK dot bién bi giam déng ké nhung khong vo hiéu (nhu duoc
x4c dinh trong ban mo ta nay) va tuy y trong d6 vin tdc tién v& phia trudc téi da cla
glucokinaza trong ching nay bi gidm dang ké nhung khong vo hiéu nhu duge x4c dinh
trong ban mo ta nay. Theo phuwong an cu thé, chung Streptococcus thermophilus duong
tinh v6i lactoza, 4m tinh v6i galactoza cta sang ché mang dot bién trong gen glcK dan
dén thay thé axit amin trong gen GIcK, hoat tinh glucokinaza clia n6 trong ching nay
mang gen glcK dot bién bi giam déng ké nhung khong vo hiéu (nhu duge xac dinh
trong ban md ta nay) va tuy y trong do van tdc tién vé& phia trudc toi da cia glucokinaza
trong chung nay bi giam dang ké nhung khéng v6 hiéu nhu duge xac dinh trong ban mo
ta nay. Theo phuong 4n cu thé, chung Streptococcus thermophilus cia sang ché mang
dot bién trong gen glcK sao cho GIcK protein ¢6 chiéu dai 322 axit amin va trong d6
hoat tinh glucokinaza trong ching nay bi gidm dang ké nhung khong v6 hiéu nhu dugc
x4c dinh trong ban mo ta nay va tuy y trong do van tdc tién vé phia trude ti da cla
glucokinaza trong ching nay bi gidm dang ké nhung khong vo hidu nhu duge xac dinh
trong ban mo ta nay.

Nhu dugc trinh bay trén day, mot vai cai bién ADN c¢6 thé duge quan sat & mirc
gen glcK cua Streptococcus thermophilus ciua sang ché ma khong tac dong dén hoat

tinh glucokinaza cta chung. Dya vao thir nghiém A dugc x4c dinh trong ban mo ta nay
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clng véi cac ching ddi chimg duge x4c dinh trong ban md ta nay, ngudi co hiéu biét
trung binh trong linh vuc nay s€ biét dugc cach dé nhan biét 1) gen glcK mi hoa
glucokinaza, hoat tinh glucokinaza ctia n6 trong ching mang gen glcK nay bi giam
dang ké nhung khong vo hiéu (nhu dugc xac dinh trong ban mo ta nay) va tuy y trong
d6 van téc tién v& phia trude t6i da ciia glucokinaza trong ching mang gen glcK dot
bién bi giam dang ké nhung khong vo hiéu (nhu duge xéac dinh trong ban mo ta nay), 2)
gen glcK mang cai bién khong tac dong dén hoat tinh glucokinaza trong ching mang
cai bién nay hoic 3) gen glcK ma hoa glucokinaza, hoat tinh glucokinaza cua né trong
chiing mang gen glcK nay bi vo hiéu (nhu dugc xac dinh trong ban mo t4 nay).

Chiing DGCC7710 c6 thé dugc sir dung 1am dbi chimg, bing céch thay thé gen
glck clia n6 bing gen gleK s& duge danh gia dé thu duge dan xuat DGCC7710, va danh
gi4 din xudt DGCC7710 bing thir nghiém A (hoat tinh glucokinaza) hogc thir nghiém C
(Vmax).

Céc tac gia sang ché da nhan biét duoc hai vi tri trong glucokinaza, d6i vé6i ban
chét axit amin ma duoc thé hién tac dong dén hoat tinh cta glucokinaza, sao cho hoat
tinh glucokinaza bi gidm dang ké nhung khéng vd hiéu nhu dugc xéc dinh trong ban
md ta ndy va tic dong dén Vmax cua glucokinaza sao cho Vmax bi giam dang ké
nhung khéng vo hiéu nhu dugc xac dinh trong ban mo ta nay: vi tri 144 va vi tri 275
ctia glucokinaza (nghia 13, codon 144 va 275 cta gen glcK). Cén phai hiéu ring dva vao
cac thir nghiém A va C duge xac dinh trong ban md td nay cung véi cac chung d6i
chimg, nguoi ¢6 hiéu biét trung binh trong linh vuc nay s& biét dugc cach nhan biét cac
vi tri khéc va axit amin thich hgp trong glucokinaza, dé thu duoc hoat tinh glucokinaza
giam dang ké nhung khong bi v6 hiéu (nhu dugc x4c dinh trong ban mo ta nay) va tuy y
van tdc tién v& phia trudc tbi da ma bi giam dang ké nhung khong vo hiéu, va do d6
giam hoat tinh cua gen glcK tuong ing.

Theo mdt phuong 4n, axit amin & vi tri 275 cia glucokinaza (dugc ma hoa bai
gen glcK clia ching Streptococcus thermophilus cua sang ché) khong phai axit glutamic
(nghia 1a, 1a axit amin b4t ky ngoai trr axit glutamic); do d6, theo mot phuong én,
codon 275 ciia gen glcK dugc mang boi ching Streptococcus thermophilus cua sang
ché khong phai GAA cling khong phai GAG. Theo phuong én cu thé, axit amin & vi tri
275 clia glucokinaza ma khong phai axit amin axit (nghia 1a, la axit amin bét ky ngoai

trr axit amin axit); do d6, theo mot phuwong an, codon 275 cua gen glcK dugc mang boi
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ching Streptococcus thermophilus cia sang ché 14 codon ma héa axit amin khong axit.
Theo phuong &n cu thé, axit amin & vi tri 275 cta glucokinaza dugc chon tir nhém gém
lysin va axit amin bét ky trong s6 cac axit amin bdo tdn ctia n6; do do, theo mdt phuong
an, codon 275 ctia gen glcK dugc mang bdi chiing Streptococcus thermophilus ciia sang
ché 12 codon ma héa axit amin dugc chon tir nhém gdm lysin va axit amin bét ky trong
sb cac axit amin bao tén ctia n6. Theo phuong an cu thé, axit amin & vi tri 275 cla
glucokinaza 1a lysin; do d6, theo mdt phuwong 4n, codon 275 cla gen glcK dugc mang
boi chung Streptococcus thermophilus cia sang ché 1a AAA hoic AAG. Theo phuong
4n cu thé, cac nucleotit 823-825 cuia gen glcK dugc mang bdi ching Streptococcus
thermophilus cua sang ché 1a AAA hoic AAG.

Theo phuong 4an cu thé, trinh tu cia GIcK protein ciia ching Streptococcus
thermophilus duong tinh véi lactoza, 4m tinh véi galactoza cla sang ché duoc chon tir
nhém gbm:

a) trinh tw nhu dugc xé4c dinh trong SEQ ID NO:25, trong d6 axit amin ¢ Vi tri
275 14 axit amin bat ky ngoai trir axit glutamic, cu thé 1a axit amin bét ky ngoai trir axit
amin axit, cu thé 1a lysin; va

b) trinh ty bién thé GIcK c6 it nhit 90% tuong tw hogc gidng véi SEQ ID NO:25,
trong d6 axit amin cla glucokinaza twong tmg véi vi tri 275 ctia SEQ ID NO:25 (hodc
axit amin & vi tri 275 cta glucokinaza) 1a axit amin bét ky ngoai trlr axit glutamic, cu
thé 13 axit amin bt ky ngoai trir axit amin axit, cu thé 1a lysin. Theo mdt phwong an,
trinh tw bién thé GIcK c6 chiéu dai 322 axit amin.

Theo phuong 4n khac, axit amin & vi tri 144 cla glucokinaza (dugc mé héa boi
gen glcK cta chung Streptococcus thermophilus cia sang ché) khéng phai glyxin
(nghia 1a, axit amin bét ky ngoai trir glyxin); do d6, theo mdt phuong an, codon 144 cia
gen glcK duge mang boi ching Streptococcus thermophilus clia sang ché khong phai
GGT, GGC, GGA hodc GGG. Theo phuong an cu thé, axit amin & vi tri 144 cua
glucokinaza khong phai axit amin béo (nghia la, axit amin bét ky ngoai trir axit amin
béo). Theo phuong an cu thé, axit amin & vi tri 144 cta glucokinaza dugc chon tir nhém
gdm serin va axit amin bét ky trong sb cac axit amin bao tdn cta no; do d6, theo mdt
phuong 4n, codon 144 cua gen glcK dugc mang béi ching Streptococcus thermophilus
cua sang ché 1a codon ma hoa axit amin dugc chon tir nhém gbm serin va axit amin bét

ky trong s c4c axit amin bao ton cua nd. Theo phwong 4n cu the, axit amin ¢ vi tri 144
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cta glucokinaza 1a serin; do d6, theo mdt phuong 4n, codon 144 cla gen glcK dugc
mang b&i ching Streptococcus thermophilus clia sang ché 14 AGT, AGC, TCT, TCC,
TCA hoic TCG. Theo phuong 4n cu thé, cac nucleotit 430-432 cla gen glcK duge
mang boi ching Streptococcus thermophilus cla sang ché 14 AGT, AGC, TCT, TCC,
TCA hoac TCG.

Theo phuong an cu thé, trinh tu cta GlcK protein cua ching Streptococcus
thermophilus duong tinh véi lactoza, am tinh v6i galactoza cua sang ché duoc chon tir
nhém gdm:

a) trinh tu nhu dugc xé4c dinh trong SEQ ID NO:46, trong d6 axit amin & vi tri
144 13 axit amin bét ky ngoai trir glyxin, cu thé 1a axit amin bat ky ngoai trir axit amin
béo, cu thé 1a serin; va

b) trinh tu bién thé GIcK c6 it nhit 90% tuong tu hoic gidng véi SEQ ID NO:46,
trong d6 axit amin cta glucokinaza tuong tng véi vi tri 144 caa SEQ ID NO:46 (hodc
axit amin & vi tri 144 cia glucokinaza) la axit amin bét ky ngoai trir glyxin, cu thé 1a
axit amin bAt ky ngoai trir axit amin béo, cu thé 1a serin. Theo phuong an cu thé, trinh tu
bién thé GlcK c6 chiéu dai 322 axit amin.

Dé x4c dinh bién thé GIcK c6 it nhit 90% tuong tu hoic gidng véi SEQ ID
NO:25, tinh twong tu hodc gidng nhau dugc tinh todn trong ban md ta nay so véi toan
bd chiéu dai caa 2 trinh tiy sau khi cin chinh t6i wu [nghia 13, sd lugng gdc axit amin
tuong tu hodc giéng nhau trong (céc) ph?m cin chinh cua trinh tu]; vi tri 275 nhu dugc
xac dinh trong SEQ ID NO:25 khong dugc xem xét dé tinh toan tinh twong tu hodc
giéng nhau. Theo phuong an cu thé, trinh tu bién thé GlcK ¢6 it nhét 91, 92, 93, 94, 95,
96, 97, 98 hoic 99% tuong tu hodc giéng v6i SEQ ID NO:25, trong d6 axit amin twong
tmg v6i vi tri 275 cia SEQ ID NO:25 (hodc axit amin & vi tri 275 cia glucokinaza) 1a
axit amin bét ky ngoai trlr axit glutamic, cu thé 1a axit amin bat k¥ ngoai trlr axit amin
axit, cu thé 1a lysin. Theo mot phuong an, trinh tu bién th& GIcK c6 it nhét 95% tuong
tir hodic gibng véi SEQ ID NO:25, trong d6 axit amin tuwong ing véi vi tri 275 cua SEQ
ID NO:25 (hoic axit amin & vi tri 275 cua glucokinaza) 1a axit amin bét ky ngoai trir
axit glutamic, cu thé 13 axit amin bt ky ngoai trir axit amin axit, cu thé 1a lysin. Theo
mot phuong an, trinh tw bién thé GIcK ¢6 it nhit 97% twong tu hoic gidng véi SEQ ID
NO:25, trong d6 axit amin twong Gng véi vi tri 275 ctia SEQ ID NO:25 (hogc axit amin

& vi tri 275 clia glucokinaza) 1a axit amin bat ky ngoai trir axit glutamic, cu thé 1a axit
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amin bt ky ngoai trir axit amin axit, cu thé 1a lysin.

Theo phuong 4n cu thé, trinh tu bién thé GleK khac véi SEQ ID NO:25 boi tir 1
dén 30 thay thé axit amin trong d6 axit amin ¢ vi tri 275 clia bién thé GIcK 1a axit amin
bét k¥ ngoai trir axit glutamic, cu thé 13 axit amin bt ky ngoai trlr axit amin axit, cu thé
12 lysin (vi tri 275 khong dugc xem xét dé tinh toan sb lugng thay thé). Theo phuong 4n
cu thé, trinh tu bién thé GlcK khéc véi SEQ ID NO:25 bi tir 1 ¢én 20 thay thé axit
amin, trong d6 axit amin & vi tri 275 cia bién thé GIcK 1a axit amin bat ky ngoai trix
axit glutamic, cu thé 13 axit amin bt ky ngoai trir axit amin axit, cu thé 1a lysin. Theo
phuong an cu thé, trinh ty bién thé GlcK khac véi SEQ ID NO: 25 boi tir 1 dén 15 thay
thé axit amin trong d6 axit amin & vi tri 275 cta bién thé GlcK 14 axit amin bét ky ngoai
trir axit glutamic, cu thé 1 axit amin bét ky ngoai trr axit amin axit, cu thé 1a lysin.
Theo phuong 4n cu thé, trinh tw bién thé GleK khac véi SEQ ID NO: 25 béi tir 1 dén 10
thay thé axit amin trong d6 axit amin ¢ vi tri 275 cua bién thé GlcK 1a axit amin bt ky
ngoai trr axit glutamic, cu thé 1a axit amin bét ky ngoai trir axit amin axit, cu thé 1a
lysin. Theo phuong 4n cu thé, trinh tu bién thé GIcK khac véi SEQ ID NO: 25 bdi 1, 2,
3,4,5,6,7,8,9, 10, 11 hodc 12 thay thé axit amin, trong d6 axit amin & vi tri 275 cla
bién thé GlcK 1a axit amin bat ky ngoai trlr axit glutamic, cu thé 1a axit amin bét ky
ngoai trir axit amin axit, cu thé 12 lysin.

P& xac dinh bién thd GIcK c6 it nhit 90% twong ty hodc giéng véi SEQ ID
NO:46, tinh twong tu hodc gidng nhau dugc tinh toan trong ban mo td nay so véi toan
bo chiéu sau cta 2 trinh tu sau khi cin chinh tdi wu [nghia 14, s6 luong géc axit amin
tuong tu hodc gidng nhau trong (céc) phan cin chinh cta trinh ty]; vi tri 144 nhu dugc
xac dinh trong SEQ ID NO:46 khong duoc xem xet dé tinh toan tinh twong tu hodc
giéng nhau. Theo phuong 4n cu thé, trinh tu bién thd GlcK ¢4 it nhét 91, 92, 93, 94, 95,
96, 97, 98 hodc 99% tuong tu hodc gidng v6i SEQ ID NO:46, trong d6 axit amin twong
g véi vi tri 144 ciia SEQ ID NO:46 (hodc axit amin & vi tri 144 cda glucokinaza) la
axit amin bét ky ngoai trir glyxin, cu thé 12 axit amin bat ky ngoai trr axit amin béo, cu
thé 1a serin. Theo mot phuong an, trinh tu bién thé GlcK c6 it nhét 95% tuong tu hoic
gibng véi SEQ ID NO:46, trong d6 axit amin twong Umg voi vi tri 144 cta SEQ ID
NO:46 (hoic axit amin & vi tri 144 cla glucokinaza) 1a axit amin b4t ky ngoai trir
glyxin, cu thé 13 axit amin bat ky ngoai trir axit amin béo, cu thé 13 serin. Theo mot

phuong 4n, trinh tu bién thé GIcK c6 it nhit 97% tuong ty hodc gidng véi SEQ ID
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NO:46, trong d6 axit amin twong Gng v6i vi tri 144 ctia SEQ ID NO:46 (hodc axit amin
& vi tri 144 cua glucokinaza) 1a axit amin bét ky ngoai trir glyxin, cu thé 12 axit amin bét
ky ngoai trir axit amin béo, cu thé 14 serin.

Theo phuong 4n cu thé, trinh ty bién thé GIcK khéc v6i SEQ ID NO:46 béi tir 1
dén 30 thay thé axit amin trong d6 axit amin & vi tri 144 cla bién thé GIcK 13 axit amin
bét ky ngoai trr glyxin, cu thé 13 axit amin bt ky ngoai trir axit amin béo, cu thé 1a
serin (vi tri 144 khong dugc xem xét @8 tinh toan s luong thay thé). Theo phwong 4n
cu thé, trinh tu bién thé GIcK khac véi SEQ ID NO:46 béi tir 1 dén 20 thay thé axit
amin, trong d6 axit amin & vi tri 144 cua bién thé GlcK 1a axit amin bat ky ngoai trir
glyxin, cu thé 13 axit amin bét ky ngoai trir axit amin béo, cu thé 1a serin. Theo phuong
an cu thé, trinh tw bién thé GlcK khac v6i SEQ ID NO:46 boi tir 1 dén 15 thay thé axit
amin trong d6 axit amin & vi tri 144 cia bién thé GlcK 12 axit amin bit ky ngoai trir
glyxin, cu thé 12 axit amin bét ky ngoai trir axit amin béo, cu thé 1a serin. Theo phuong
4n cu thé, trinh tu bién thd GIcK khac v6i SEQ ID NO:46 bdi tir 1 dén 10 thay thé axit
amin trong d6 axit amin & vi tri 144 cia bién thé GIcK 1a axit amin bt ky ngoai trix
glyxin, cu thé 14 axit amin bét ky ngoai trir axit amin béo, cu thé 1a serin. Theo phuong
an cu thé, trinh ty bién thé GlcK khac véi SEQ ID NO:46 bdi 1,2, 3,4, 5,6, 7, 8,9, 10,
11 hodc 12 thay thé axit amin, trong d6 axit amin & vi tri 144 cta bién thé GlcK 12 axit
amin bit ky ngoai trir glyxin, cu thé 12 axit amin bat ky ngoai trir axit amin béo, cu thé
1a serin.

Theo mdt phuong 4n, trinh tuw GIcK protein cia ching Streptococcus
thermophilus duong tinh vé&i lactoza, am tinh v6i galactoza cla sang ché duoc chon tir
nhom gém SEQ ID NO: 25, 26, 27, 28, 29, 30, 31, 32, 33 va 34, trong d6 axit amin & vi
tri 275 cta bién thé nay 1a axit amin bat ky ngoai trir axit glutamic, cu thé 13 axit amin
bét ky ngoai trir axit amin axit, cy thé 1a lysin; do d6, theo mdt phuong an, gen glcK
duoc mang boi chung Streptococcus thermophilus cia sang ché ma hoa GlcK protein,
trinh tu cua né dugc chon tir nhém g@)m SEQ ID NOs: 25, 26, 27, 28, 29, 30, 31, 32, 33
va 34, trong d6 axit amin & vi tri 275 cla glucokinaza khong phai axit glutamic, cu thé
khong phai axit amin axit, cu thé 1a lysin turong tmg.

Theo phuong 4n cu thé, 1a SEQ ID NO:25 hoic trinh ty bién thé GlcK bat ky c6
it nhat 90% twong tw hodc gidng véi SEQ ID NO:25 nhu dugc x4c dinh trong ban mo ta
nay (cu thé 1a SEQ ID NO: 26, 27, 28, 29, 30, 31, 32, 33 hodc 34), axit amin cua
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glucokinaza twong tmg v6i vi tri 275 cia SEQ ID NO:25 (hodc axit amin ¢ vi tri 275
ctia glucokinaza) khong phai axit glutamic; do d6, theo mot phuong an, codon 275 cia
gen glcK dugc mang boi ching Streptococcus thermophilus cua sang ché khong phai
GAA ciing khong phai GAG; do d6, theo mot phuwong 4n, gen glcK dugc mang boi
ching Streptococcus thermophilus clla sang ché ma hoa GlcK protein, trinh ty cta né
duoc chon tir nhém gdm SEQ ID NO: 25 va trinh tw bién thé GIcK bat ky c6 it nhét
90% tuong tu hodc giéng véi SEQ ID NO:25 nhu dugce xac dinh trong ban m6 ta nay
(cu thé 1a SEQ ID NO: 26, 27, 28, 29, 30, 31, 32, 33 hodc 34), trong d6 axit amin cia
glucokinaza twong (mg véi vi tri 275 caa SEQ ID NO:25 (hodc axit amin & vi tri 275
cua glucokinaza) khong phai axit glutamic.

Theo phuong 4n cu thé, 1a SEQ ID NO:25 hoic trinh tu bién thé GlcK bét ky c6
it nhét 90% tuong tu hodc giéng v4i SEQ ID NO:25 nhu dugce xac dinh trong ban mo ta
nay (cu thé 1a SEQ ID NO: 26, 27, 28, 29, 30, 31, 32, 33 hodc 34), axit amin cua
glucokinaza tuong tmg véi vi tri 275 ctia SEQ ID NO:25 (hodc axit amin ¢ vi tri 275
ctia glucokinaza) ma khong phai axit amin axit; do d6, theo mot phuong an, codon 275
ctia gen glcK dugc mang boi ching Streptococcus thermophilus cua sang ché 13 codon
ma khéng ma héa axit amin axit; do do, theo mdt phuong an, gen glcK dugc mang boi
chung Streptococcus thermophilus cia sang ché ma héa GlcK protein, trinh tu cia nd
dugc chon tir nhém gdm SEQ ID NO: 25 va trinh tw bién thé GIcK bt ky c6 it nhat
90% tuong tu hodc gibng v6i SEQ ID NO:25 nhu duoc xac dinh trong bdn md ta nay
(cu thé 1a SEQ ID NO: 26, 27, 28, 29, 30, 31, 32, 33 hodc 34), trong do6 axit amin cla
glucokinaza twong tmg v6i vi tri 275 ciia SEQ ID NO:25 (hodc axit amin & vi tri 275
cua glucokinaza) ma khong phai axit amin axit.

Theo phuong 4n cu thé, 1a SEQ ID NO:25 hodc trinh tur bién thé GIcK bét ky c6
it nhit 90% tuong tu hoic gidng véi SEQ ID NO:25 nhu duge xéc dinh trong ban m6 ta
nay (cu thé 1a SEQ ID NO: 26, 27, 28, 29, 30, 31, 32, 33 hodc 34), axit amin cia
glucokinaza tuong tmg véi vi tri 275 ciia SEQ ID NO:25 (hodc axit amin & vi tri 275
cua glucokinaza) dugc chon tir nhém gbm lysin va axit amin bét ky trong sb cac axit
amin bao tdn ctia nd; do d6, theo mdt phuong an, codon 275 cua gen glcK dugc mang
bai chung Streptococcus thermophilus cia sang ché 13 codon md héa axit amin dugc
chon tir nhom gdm lysin va axit amin bét ky trong sd cac axit amin bao tdn ciia né; do

d6, theo mot phwong an, gen glcK duge mang boi ching Streptococcus thermophilus
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cua sang ché ma hoa GlcK protein, trinh ty ciia nd duge chon tir nhom gém SEQ ID
NO: 25 va trinh tu bién thé GIcK bat ky ¢6 it nhét 90% twong tu hodc gidng v6i SEQ
ID NO:25 nhu dugc xé4c dinh trong ban mo ta nay (cu thé 1a SEQ ID NO: 26, 27, 28,
29, 30, 31, 32, 33 hodc 34), trong d6 axit amin cla glucokinaza tuong ing v6i vi tri 275
ctia SEQ ID NO:25 (hodc axit amin & vi tri 275 clia glucokinaza) 1a lysin va axit amin
bat ky trong s cac axit amin bao tdn cia no.

Theo phuong 4n cu thé, 1a SEQ ID NO:25 hoc trinh tir bién thé GlcK bét ky co
it nhét 90% tuong tu hodc giéng v6i SEQ ID NO:25 nhu duge xac dinh trong ban mo ta
nay (cu thé 1a SEQ ID NO: 26, 27, 28, 29, 30, 31, 32, 33 hodc 34), axit amin cua
glucokinaza tuong (mg v6i vi tri 275 cta SEQ ID NO:25 (hodc axit amin & vi tri 275
ctia glucokinaza) 1 lysin; do do, theo mot phuong an, codon 275 cua gen glcK dugc
mang boi ching Streptococcus thermophilus clia sang ché 12 condon mi hoéa lysin
tuong Ung, cu thd 12 AAA hoic AAG tuong ng; do d6, theo phuong an cu thé, trinh tu
GlcK protein ctia chiing Streptococcus thermophilus duong tinh voi lactoza, &m tinh voi
galactoza ciia sang ché dugc chon tir nhém gdm SEQ ID NO: 22, 35, 36, 37, 38, 39, 40,
41, 42 va 43; do d6, theo mot phuong 4n, gen glcK dugc mang bdi chung Streptococcus
thermophilus cua sang ché ma hoa GIcK protein, trinh ty ctia né dugc chon tur nhom
¢dm SEQ ID NO: 22, 35, 36, 37, 38, 39, 40, 41, 42 va 43; theo phuong 4n cu thé, gen
glcK duge mang béi ching Streptococcus thermophilus cia sang ché nhu dugc xé4c
dinh trong SEQ ID NO:21.

Theo phuong 4n khéc, trinh ty GIcK protein cua ching Streptococcus
thermophilus duong tinh v6i lactoza, 4m tinh v6i galactoza cua sang ché duoc chon tir
nhom gém SEQ ID NO: 46, 47, 48, 49, 50, 51, 52, 53, 54 va 55, trong d6 axit amin & vi
tri 144 cta bién thé nay la axit amin bét ky ngoai trir glyxin, cu thé 1 axit amin bat ky
ngoai trir axit amin béo, cu thé 1a serin; do d6, theo mot phuong an, gen glcK dugc
mang boi chiing Streptococcus thermophilus cla sang ché ma héa GlcK protein, trinh
tw ciia n6 duge chon tir nhém gdm SEQ ID NO: 46, 47, 48, 49, 50, 51, 52, 53, 54 va 55,
trong d6 axit amin & vi tri 144 cua glucokinaza khong phai glyxin, cu thé khong phai
axit amin béo, cu thé 1a serin.

Theo phuong 4n cu thé, 1a SEQ ID NO:46 hojc trinh tu bién thé GlcK bat ky c6
it nhat 90% tuong tu hodc gidng v6i SEQ ID NO:46 nhu duge xac dinh trong ban md ta
nay (cu thé 1a SEQ ID NO: 47, 48, 49, 50, 51, 52, 53, 54 hodc 55), axit amin cua
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glucokinaza tuong mg véi vi tri 144 cua SEQ ID NO:46 (hodc axit amin ¢ vi tri 144
ctia glucokinaza) khong phai glyxin; do d6, theo mot phuong én, codon 144 cua gen
glcK dugc mang bdi chiing Streptococcus thermophilus cia sang ché khong phai GGT,
GGC, GGA hoic GGG; do d6, theo mdt phuong an, gen glcK dugc mang boi ching
Streptococcus thermophilus cua sang ché ma hoa GlcK protein, trinh ty ciua n6 duge
chon tir nhém gdm SEQ ID NO: 46 va trinh ty bién thé GlcK bét ky 6 it nhat 90%
tuong tu hodc gidng v6i SEQ ID NO:46 nhu dugc xé4c dinh trong ban mo ta nay (cu thé
1a SEQ ID NO: 47, 48, 49, 50, 51, 52, 53, 54 hodc 55), trong do6 axit amin cua
glucokinaza tuong ng v6i vi tri 144 cua SEQ ID NO:46 (hodc axit amin & vi tri 144
cua glucokinaza) khong phai glyxin.

Theo phuong 4n cu thé, 1a SEQ ID NO:46 hoic trinh ty bién thé GlcK bat ky c6
it nhit 90% twong tw hoic gidng véi SEQ ID NO:46 nhu duge xac dinh trong bdn mo ta
nay (cu thé 1a SEQ ID NO: 47, 48, 49, 50, 51, 52, 53, 54 hodc 55), axit amin cua
glucokinaza twong Gmg v6i vi tri 144 cua SEQ ID NO:46 (hodc axit amin & vi tri 144
ctia glucokinaza) khong phai axit amin béo; do do, theo mot phuong &n, codon 144 cua
gen glcK dugc mang boi chiing Streptococcus thermophilus cua sang ché 13 codon ma
khong mi hda axit amin béo; do d6, theo mot phuong an, gen glcK dugce mang boi
chung Streptococcus thermophilus cua sang ché ma héa GIcK protein, trinh ty cia nd
dugc chon tir nhém gdm SEQ ID NO:46 va trinh tu bién thé GlcK bét ky ¢6 it nhat 90%
twong tu hodic gidng véi SEQ ID NO:46 nhu duge xac dinh trong ban md ta nay (cu thé
1a SEQ ID NO: 47, 48, 49, 50, 51, 52, 53, 54 hodc 55), trong do6 axit amin cua
glucokinaza twong ung v6i vi tri 144 cua SEQ ID NO:46 (hoac axit amin & vi tri 144
cua glucokinaza) khong phai axit amin béo. |

Theo phuong 4n cu thé, 1a SEQ ID NO:46 hoic trinh tr bién thé GIcK bét ky c6
it nhit 90% tuong tw hodc gidng véi SEQ ID NO:46 nhu duge xéc dinh trong bin m6 ta
nay (cu thé 1a SEQ ID NO: 47, 48, 49, 50, 51, 52, 53, 54 hodc 55), axit amin cda
glucokinaza twong g véi vi tri 144 cia SEQ ID NO:46 (hodc axit amin ¢ vi tri 144
cua glucokinaza) dugc chon tir nhém gbm serin va axit amin bét ky trong sb cac axit
amin bao ton cua nd; do d6, theo mdt phwong &n, codon 144 cla gen glcK dugc mang
bai ching Streptococcus thermophilus clia sang ché 12 condon mi héa axit amin duge
chon tir nhém gdm serin va axit amin bét ky trong s cac axit amin bao tdn clia n6; do

d6, theo mot phuong 4n, gen glcK duge mang bdi ching Streptococcus thermophilus
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cua sang ché m3 hoa GlcK protein, trinh ty ctia né dugce chon tir nhém gém SEQ ID
NO: 46 va trinh tur bién thé GIcK bat ky c6 it nhit 90% tuong ty hodc gidng véi SEQ
ID NO:46 nhu duoc xac dinh trong ban mo ta nay (cu thé 1a SEQ ID NO: 47, 48, 49,
50, 51, 52, 53, 54 hoic 55), trong d6 axit amin cta glucokinaza twong Gng v6i vi tri 144
ctia SEQ ID NO:46 (hoic axit amin & vi tri 144 cta glucokinaza) la serin va axit amin
bét ky trong s cac axit amin bao ton ctia né.

Theo phuong &n cu thé, 1a SEQ ID NO:46 hodc trinh tw bién thé GleK bat ky ¢6
it nhat 90% tuong tw hodc giéng véi SEQ ID NO:46 nhu dugc x4c dinh trong ban m6 ta
nay (cu thé 1a SEQ ID NO: 47, 48, 49, 50, 51, 52, 53, 54 hodc 55), axit amin cua
glucokinaza tuong Gng v6i vi tri 144 cia SEQ ID NO:46 (hodc axit amin 6 vi tri 144
cta glucokinaza) 1a serin; do d6, theo mot phuong én, codon 144 cua gen glcK dugce
mang bdi ching Streptococcus thermophilus cua sang ché 13 condon ma héa serin, cu
thé 12 AAA hoic AAG; do d6, theo phuong an cy thé, trinh tu GlcK protein cia ching
Streptococcus thermophilus duong tinh v6i lactoza, 4m tinh véi galactoza cia sang ché
dugc chon tir nhom gém SEQ ID NO: 45, 56, 57, 58, 59, 60, 61, 62, 63 va 64; do do,
theo mot phuong 4n, gen glcK duge mang bdi ching Streptococcus thermophilus cia
sang ché ma héa GlcK protein, trinh tu cia né duge chon tir nhém gébm SEQ ID NO:
45, 56, 57, 58, 59, 60, 61, 62, 63 va 64; theo phuong an cu thé, gen glcK dugc mang bdi
chung Streptococcus thermophilus cia sang ché 1a nhu dugc xac dinh trong SEQ ID
NO:44.

Khi x4c dinh trinh ty GlcK protein cua chung Streptococcus thermophilus duong
tinh v&i lactoza, 4m tinh v&i galactoza cua sang ché, theo sang ché, hoat tinh
glucokinaza trong ching biéu hién GIcK protein bi giam dang ké nhung khong vo higu
nhu dugc x4c dinh trong ban mo ta nay va tiy y Vmax cla glucokinaza trong ching
nay bi giam dang ké nhung khong vo hiéu nhu duge xéac dinh trong ban mo6 ta nay.

Ngoai dugc dic trung bang céch bi giam déng ké nhung khong bi v6 hiéu, hoat
tinh glucokinaza nhu dugc xac dinh trong ban mo ta nay va tuy y bi gidm dang ké
nhung khong bi vo hiéu, van tdc tién vé phia truéc t61 da (Vmax) clia glucokinaza cta
né nhu dugce xac dinh trong ban md ta nay, ching Streptococcus thermophilus duong
tinh vé lactoza, 4m tinh vé& galactoza con c6 thé duoc dic trung bdi hanh vi cta né (co
thé giai phong glucoza) khi dugce sir dung dé 1én men sita. Ngoai dugc dic trung boi ty

16 cua hoat tinh beta-galactosidaza trong chung nay nhu dugc danh gia bang thir nghiém
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D véi hoat tinh glucokinaza trong ching nay nhu duoc danh gia bang thir nghiém E it
nhat 13 4x10° nhu dugc xic dinh trong ban md t& nady, ching Streptococcus
thermophilus duong tinh v& lactoza, am tinh v& galactoza con c6 thé dugc dic trung boi
hanh vi clia né (c6 kha ning gidi phong glucoza) khi duoc xtt dung dé 1én men sira.
Nhu duge dic trung béi ty 1€ cua hoat tinh beta-galactosidaza trong ching nay nhu
dwoc danh gia bing thir nghiém D véi hoat tinh glucokinaza trong chung nay nhu dugc
danh gia bang thir nghiém E ma it nhét 14 4x10°® nhu dugc xac dinh trong ban mo ta
nay, va bi giam dang ké nhung khong bi vo hiéu, hoat tinh glucokinaza nhu dugc xéc
dinh trong ban mé ta nay va tuy y bi giam dang ké nhung khong bi vo hiéu van tdc tién
vé phia trude tdi da (Vmax) cua glucokinaza clia né nhwr dugc xéc dinh trong ban mo6 ta
nay, chung Streptococcus thermophilus duong tinh vé lactoza, Am tinh vé galactoza con
¢6 thé dugc dic trung béi hanh vi cia nd (c6 kha nang giai phong glucoza) khi duge st
dung dé 1én men sita.

Do d6, ching Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé
galactoza, mang dot bién trong gen glcK, clia sang ché con dugc dic trung béi it nhit
mot trong sb cac dau hiéu, khi dugc st dung dé 1én men sita, cu thé 1a mot trong sb cac
d4u hiéu nay hodc t6 hop cua hai ddu hiéu:

1) khi chung nay dugc st dung dé 1én men sita nhu dwoc danh gid bing thir
nghiém B, ty 1¢ cta lugng glucoza dugce tich tu/duge gidi phong (mM) trong sira 1én
men so v6i luong lactoza tiéu thu béi ching nay (mM) 16n hon 20%;

2) khi ching nay dugc st dung @8 16n men sita nhu duge danh gid biang thir
nghiém B, ndng do cla glucoza trong sira 1én men it nhét 13 10 mM;

M3i diu hiéu s& dugc md ta mot cach riéng biét dudi ddy méc du nhu duge néu
trén day, ching Streptococcus thermophilus duong tinh vé lactoza, am tinh vé galactoza
cta sang ché - co hoat tinh glucokinaza giam dang ké nhung khong vo hiéu nhu dugc
xac dinh trong ban mo ta nay va tuy y ¢ van tdc tién vé phia trudc t61 da (Vmax) gidm
dang ké cia glucokinaza cua n6 nhu dugce xac dinh trong ban md ta ndy — con co thé
duoc dic trung bdi 1 diu hiéu hoic t8 hop cta 2 dau hiéu.

1) Theo phuong 4an cu thé, (riéng hodc két hop véi d4u hiéu 2), ching
Streptococcus thermophilus cia sang ché, mang dot bién trong gen glcK, con dugc dac

trung béi thuc té rang khi ching nay dugc st dung dé 1én men sita nhu duge danh gia
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bang thtr nghiém B, ty 1€ cua lugng glucoza tich tu/giai phéng (mM) trong stra 1€n men
so v6i lugng glucoza tiéu thu bdi chung nay (mM) 16n hon 20%.

Thuc vay, 1a két qua cta “gidm ddng ké nhung khéng bi vé hiéu” hoat tinh
glucokinaza trong ching cua sang ché va tuy y 14 két qua cua “gidm ddng ké nhung
khéng bi vé hiéu” Vmax cia glucokinaza trong ching nay, nhé hon 80% mol cia
glucoza dén tir lactoza tiéu thu (disacarit duoc tao ra tir glucoza va galactoza) dugc sir
dung bai chiing nay, sao cho it nhit 20% mol glucoza dén tir lactoza tiéu thu duge giai
phéng vao trong sita trong qua trinh 1én men. Sau khi 1én men sita bang cach str dung
thir nghiém B dugc md ta trong ban md ta nay, s6 mol cta lactoza tiéu thu dugc xac
dinh bang céach tinh todn s& mol lactoza trong sita trudc khi 1én men trir di s6 mol
lactoza con lai trog sita 1én men sau khi 1én men. Sau khi 1€n men sita bang cach st
dung thttr nghiém B dugc md ta trong ban md ta nay, s6 mol glucoza dugc tim théy
trong sita 1én men sau khi 1én men trir di s6 mol mol glucoza ma di c6 mit trong sita
truée khi 1én men (néu c6) dugc xic dinh (glucoza tich tu). Tiép theo, ty 1¢ ciia glucoza
tich tu so véi lactoza tiéu thu dugc tinh todn va la % gbc glucoza clia lactoza tiéu thu
ma dugc gidi phong va tich tu trong sita I1én men. Theo phuong an cu thé, khi chiing ctia
sang ché dugc st dung dé 1én men sita nhu dugc danh gia bang thir nghiém B, ty 1& cla
luong glucoza tich tu/gidi phong (mM) trong sita 1én men so v6i lugng lactoza tiéu thu
bdi chung nay (mM) 16n hon 30%. Theo phuong an cu thé, khi chung cia sang ché
dugc st dung dé 1én men sita nhu dugc danh gia b%lng thir nghiém B, ty 1€ cua lugng
glucoza tich tu/giai phéng (mM) trong sita 1én men so v6i lugng lactoza ti€u thu boi
chung nay (mM) 16n hon 40%. Theo phuong an cy th&, khi chung ctia sang ché dugc sir
dung d& 1én men sita nhu duge danh gia bing thir nghiém B, ty 1& cua lugng glucoza
tich ty/giai phong (mM) trong sira 1én men so v6i lugng lactoza ti€u thy boi ching nay
(mM) 16n hon 50%. Theo phuong an cu thé, khi chung cta sang ché dugc st dung dé
1én men sita nhw duge danh gia bang thir nghiém B, ty 1€ cia lugng glucoza tich tu/giai
phéng (mM) trong sita 1én men so v6i lugng lactoza tiéu thu boi ching nay (mM) 16n
hon 60%. Theo phuong 4n cu thé, khi chung ctia sang ché dugc str dung dé 1én men sita
nhu dugc danh gia bang thir nghiém B, ty 1€ cta lugng glucoza tich tu/giai phéng (mM)
trong sita 1én men so v6i lugng lactoza tiéu thu bdi ching nay (mM) dugce chon tir
nhém gdm ty 1€ ma 1én hon 30%, 16n hon 40%, 16n hon 50 va 16n hon 60%.

2) Theo phuong 4n cu thé (riéng hodc két hop véi ddu hiéu 1), ching
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Streptococcus thermophilus cua sang ché, mang dot bién trong gen glcK, con dugc dic
trung bdi thuc té rang ndng d6 glucoza trong sita dugc lén men v6i ching
Streptococcus thermophilus nhu dugc danh gia bang thir nghiém B, it nhét la 10 mM.
Theo phuong an cu thé, nébng do6 glucoza trong sita dugc lén men voi ching
Streptococcus thermophilus nhu dugc danh gia bang thtr nghiém B, it nhét 1a 15 mM.
Theo phuong an cu thé, néng dd glucoza trong sita dugc 1én men v6i chung
Streptococcus thermophilus nhu dugc dénh gia bing thir nghiém B, it nhét 1a 20 mM.
Theo phuong an cu thé, ndng dd glucoza trong sira dugc lén men v6i ching
Streptococcus thermophilus nhu dugc danh gia bang thir nghiém B, it nhét 13 25 mM.
Theo phuong an cu thé, ndng d6 glucoza trong sita dugc 1én men véi ching
Streptococcus thermophilus nhu dugc danh gia bang thir nghiém B dugc chon tir nhém
odm ndng dd it nhét 12 10 mM, it nhét 1a 15 mM, it nhét 12 20 mM va it nhét 12 25 mM.

Do d6, theo phuong an cu thé, chung Streptococcus thermophilus duong tinh vé
lactoza, &m tinh vé galactoza clia sang ché — c6 hoat tinh glucokinaza giam dang ké
nhung khong v hiéu nhu dwgc xac dinh trong bin md ta nay va tuy y ¢6 vén tbc tién vé
phia trude t6i da (Vmax) giam dang ké nhung khong vo hiéu cia glucokinaza clia nd
nhu dugc xac dinh trong ban md ta nay, con dugc dic trung boi 1 ddu hiéu hoic két
hop cua 2 dAu hiéu:

1) khi chung nay dugc sit dung @8 16n men sita nhu dugc danh gia bing thi
nghiém B, ty 1& cta lugng glucoza tich tu/giai phong (mM) trong sira 1én men so voéi
lwong lactoza tiéu thu bdi chung nay (mM) dugc chon tir nhom gdm ty 1¢ 16n hon 30%,
40%, 50 va 60%;

2) khi ching niy dugc st dung dé 1én men sira nhu dugc danh gid bang thir
nghiém B, né)ng dd glucoza trong sita 1én men dugc chon tur nhom gém néng do it nhét

14 10 mM, it nhat 1a 15 mM, it nhAt 1a 20 mM va it nhét 1a 25 mM;

I1. Chiing Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé galactoza clia
sang ché mang dot bién trong gen ccpA cua né.

Sang ché dé cap dén ching Streptococcus thermophilus duong tinh vé lactoza,
4m tinh vé galactoza mang dot bién trong gen ccpA, trong d6 ty 1& clia hoat tinh beta-
galactosidaza trong ching nay nhu dwgc dénh gia bang thir nghiém D véi hoat tinh

glucokinaza trong chung nay nhu dugc danh gia bang thir nghiém E it nhét 1a 4x10°
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nhu dugc xac dinh trong ban mo ta nay.

Dot bién bét ky c6 thé duoc dua vio trong gen ccpA cua chung Streptococcus
thermophilus, mién 1 thu dugc ty 1€ néu trén cta ching Streptococcus thermophilus
dwong tinh vé lactoza, 4m tinh vé galactoza mang gen ccpA dot bién.

Theo mot phuong 4n, dot bién gen ccpA khong phai dot bién din dén sy ngit
quang gen (vi dy, phé v& hoan toan).

Theo mdt phuong an, dot bién gen ccpA 1a ddt bién trong trinh tr ma ciia gen
ccpA, cu thé 1a trong 270 nucleotit dau tién cua trinh tu mi cia gen ccpA. Theo mot
phuong an, dot bién 12 dot bién duoc chon tir nhém gém:

a) dot bién khong c6 nghia (nghia 1a ddn dén codon DUNG) ndm trong khoang
tir nucleotit 1 dén nucleotit 270 clia trinh tw ma cla gen ccpA; va

b) dot bién, dugc dinh vi trong mot phﬁn tu dau tién cua trinh ty mi cla gen
ccpA (nghia 13, ndm trong khoang tr nucleotit 1 dén nucleotit 250), din dén sy dich
chuyén khung ctia khung doc mé clia gen ccpA.

Theo mot phuong an, dot bién dan dén su dich chuyén khung ctiia khung doc m&
cha gen ccpd nim trong khoang tlr nucleotit 50 dén nucleotit 200 ctia trinh ty ma cua
gen ccpA. Theo mdt phuong an, dot bién din dén sy dich chuyén khung ctia khung doc
mé& cia gen ccpA dugce dinh vi nim trong khoang tir nucleotit 100 dén nucleotit 150 ciia
trinh tuy ma cla gen ccpA. Bét k& vi tri cia dot bién dan dén su dich chuyén khung, dot
bién dwoc chon tir nhém gdm khuyét doan, 16ng vao hodc khuyét/16ng vao (ma tht ca
khong phai bd s6 ctia 3).

Mic du hai chiing Streptococcus thermophilus ¢6 thé khac nhau vé trinh tu cia
gen ccpA cia chung, didu nay khong nhat thiét phai c6 nghia rang mot trong sb hai gen
cepA duoc dot bién theo nghia clia séng ché. Thyc vay, khong dugc xem xét dudi dang
dot bién ciia gen cepA theo sang ché:

- cAc bién thé & mtrc nucleotit ma din dé thay ddi & mic protein, nhung trong d6
su thya dbi nay khong c6 kha ning thu dugc ty 1€ - cia hoat tinh beta-galactosidaza nhu
dugc danh gia bang thir nghiém D véi hoat tinh glucokinaza nhu duge dénh gia bang
thir nghiém E trong chung Streptococcus thermophilus duong tinh vé& lactoza, 4m tinh
vé galactoza mi hoa protein cai bién nay — it nhét 1a 4x10°

Céc vi du khong han ché vé gen ccp4 ma khong dugc xem 12 dot bién theo nghia

cua sang ché la:
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- polynucleotit nhu dugc xac dinh trong SEQ ID NO:65 (ccpA typ ST1); ccpA
typ nay la typ cua ching DGCC7710;

- polynucleotit nhu duge xac dinh trong SEQ ID NO:66 (ccpA typ ST2), ma c6
99,8% gidng v6i SEQ ID NO:65;

- polynucleotit nhu duge xac dinh trong SEQ ID NO:67 (ccpA typ ST3), ma c6
99,8% gidng v6i SEQ ID NO:65;

- polynucleotit nhu dugc xac dinh trong SEQ ID NO:68 (ccpA typ ST4), ma c6
99,7% gidng vé6i SEQ ID NO:65;

- polynucleotit nhu dugc xac dinh trong SEQ ID NO:69 (ccpA typ STS), ma co
99,8% giéng v6i SEQ ID NO:65; va

- polynucleotit nhu dugc xac dinh trong SEQ ID NO:70 (ccp4 typ ST6), ma c6
99,7% gidng v6i SEQ ID NO:65.

Céc tac gia sang ché da nhan biét dugc it nhét mot dot bién, ma khi c6 mit trong
gen ccpA cua chung Streptococcus thermophilus duong tinh vé lactoza, am tinh vé
galactoza cho phép ching nay thé hién ty 1& cla hoat tinh beta-galactosidaza trong
ching nay nhu dugc danh gia bang thir nghiém D véi hoat tinh glucokinaza trong chiing
ndy nhu duge danh gia bing thir nghiém E it nhét 1a 4x10® nhu dugc xéc dinh trong
ban md ta nay. Do d6, sang ché dé cap dén ching Streptococcus thermophilus duong
tinh vé lactoza, Am tinh vé galactoza mang dot bién trong gen ccp4 dugc chon tir nhém
gdm dot bién khong c6 nghia dugc dinh vi trong khoang tir nucleotit 1 dén nucleotit
270 cua trinh ty ma cia gen ccpA va dot bién dugc dinh vi trong mot phén tu dau tién
cla trinh tu ma cta gen ccpd, din dén su dich chuyén khung ciia khung doc mé cua gen
ccpA, trong do ty 1€ cta hoat tinh beta-galactosidaza trong chung nay nhu dugc dénh
gi4 bang thir nghiém D véi hoat tinh glucokinaza trong chung nay nhu duoc dénh gia
bing thir nghiém E it nhét 1a 4x10°° nhu dugc x4c dinh trong ban mé ta nay.

Theo mot phwong 4n, dot bién ctia gen ccpA 1a sy loai bét nucleotit A trong doan
gbm 7 nucleotit A & vi tri 114-120 (dan dén su dich chuyén khung cta khung doc mé
cua gen ccpA). Trong ban md td nay, gen ccpd dugc dot bién cta Streptococcus
thermophilus dugc dung dé chi ccpAniaria-120- Theo mdt phuong én, trinh tu cia gen
ccpA Aot bién dugc chon tir nhém gém:

a) trinh ty nhu dugc xac dinh trong SEQ ID NO:71; va
b) trinh ty bién thé ccpA c6 it nhat 90% gibng véi SEQ ID NO:71,
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Bién thé ccpd nhu dugc xac dinh trong ban mo ta ndy mang dot bién nhu duoc
x4c dinh trén diy, nghia 1a, dugc chon tir nhoém gbm dot bién khong c6 nghia duge dinh
vi trong khoang tir nucleotit 1 dén nucleotit 270 cua trinh tw ma cta gen ccpd va dot
bién, dugc dinh vi trong mot phén tu dAu tién cua trinh tu ma cla ccpd, dan dén su dich
chuyén khung ctia khung doc mé clia gen ccpA.

Dé x4c dinh bién thé ccpA co it nhit 90% giéng v6i SEQ ID NO:71, trong ban
md ta nay, sy gidng nhau dugc tinh todn so véi toan bd chiéu sau cua 2 trinh tu sau khi
cin chinh ti wu [nghia 13, s6 lwgng nucleotit gidng nhau trong (céc) phén cin chinh ciia
cac trinh tu]. Theo phuong an cu thé, trinh tu cta bién thé ccpA co it nhét 91, 92, 93,
94, 95, 96, 97, 98 hoic 99% giéng v6i SEQ ID NO:71. Theo mdt phuong an, trinh tu
ctia bién thé ccpA khac v6i SEQ ID NO: 71 tir 1 dén 30 thay thé nucleotit. Theo phwong
an cu thd, trinh tu bién thd ccp4 khic voi SEQ ID NO: 71 tir 1 dén 20 thay thé
nucleotit. Theo phwong 4n cu thé, trinh tw bién thé ccp4 khac véi SEQ ID NO: 71 tir 1
dén 15 thay thé nucleotit. Theo phuong 4n cu thé, trinh tu bién thé ccpA khac véi SEQ
ID NO: 71 tir 1 dén 10 thay thé nucleotit. Theo phuong 4n cu thé, trinh ty bién thé ccpA4
khac véi SEQID NO: 71 by 1,2, 3,4,5,6,7, 8,9 hodc 10 thay thé nucleotit. Theo mot
phuong 4n, trinh ty cla gen ccpA cua chung Streptococcus thermophilus duong tinh véi
lactoza, 4m tinh vé&i galactoza cua sang ché duogc chon tir nhom gﬁ”)m SEQ ID NO: 71,
72,73, 74,75 va76.

Ngoai duge dic trung boi ty 1€ cta hoat tinh beta-galactosidaza trong ching nay
nhu dugc danh gia bing thir nghiém D véi hoat tinh glucokiﬁaza trong ching nay nhu
dugc danh gia bang thir nghiém E it nhét 12 4x10° nhu dugc xac dinh trong ban mo ta
nay, chung Streptococcus thermophilus duong tinh v& lactoza, 4m tinh vé galactoza clia
sang ché, mang gen ccpA4 dot bién, con c6 thé duge dic trung béi kha ning giai phong
glucoza ctia n6 khi dugce st dung dé 1én men sira.

Do d6, ching Streptococcus thermophilus duong tinh v& lactoza, 4m tinh vé&
galactoza, mang dot bién trong gen ccpd, cuia sang ché con duogc dic trung boi thuc té
rang néng dd glucoza trong sita dugc 1én men voi ching Streptococcus thermophilus
nhu dugc danh gid bing thir nghiém B, it nhét 1 8 mM. Theo phuong 4n cu thé, ndng
do glucoza trong sita dugc 1én men véi chung Streptococcus thermophilus nhu dugc
danh gia bing thit nghiém B, it nhat 1a 9 mM. Theo phuong 4n cu thé, ndng d¢ glucoza

trong stta dugc 1én men v6i chung Streptococcus thermophilus nhu dugce danh gia bang
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thtr nghiém B, it nhit 13 10 mM. Theo phwong 4n cu thé, ndng dd glucoza trong sita
dugc 1én men v6i chung Streptococcus thermophilus nhu dugc dénh gia bang thir
nghiém B, it nhét 12 12 mM. Theo phuong én cu thé, ndng do glucoza trong sita dugc
16n men véi ching Streptococcus thermophilus nhu dugc danh gia bang thtr nghiém B
dugc chon tir nhém gdm ndng d6 v6i it nhét 1a 8 mM, it nhét 1a 9 mM, it nhat 1a 10 mM
va it nhat 1a 12 mM.

Ngudi ¢6 hiéu biét trung binh trong linh vuc nay can phai biét ring, trong phan
ndy cua sang ché, huéng din vé cach d8 thu duge va nhan biét cac dot bién cia gen
ccpA khéc véi dot bién dugc boc 10 mot cach cu thé. Dua vao ty 1& dugce xac dinh trén
day [hoat tinh beta-galactosidaza trong chung nay nhu dugc danh gia bang thir nghiém
D vdi hoat tinh glucokinaza trong chung ndy nhu dugc danh gia bang thir nghiém E]
cung v&i ching tham chiéu dugc x4c dinh trong ban mo ta ndy, ngudi co hiéu biét trung
binh trong linh vuc nay s€ biét dugc cach nhén biét gen ccpd dot bién theo sang ché va
thu duoc chung Streptococcus thermophilus cia sang ché.

Do d6, ngudi ¢6 hiéu biét trung binh trong linh vyc nay c6 thé thuc hién phuong
phap sau day:

a) cung cip ching Streptococcus thermophilus, gen ccpA cia n6 nhu duge xac
dinh trong SEQ ID NO:65, nhu chung DGCC7710;

b) thuc hién phat sinh dot bién trén gen ccpA, vi du bing cach phat sinh dot bién
ngau nhién hodc truc tiép, dé thu dugc gen ccp4 ma trinh ty cia nd khac véi trinh tu
cua gen ccpA cla ching trong muc a);

¢) 16ng gen ccpA thu duge & muc b) thay cho gen ccp4 cia chuing DGCC7710,
dé thu dugc din xudt DGCC7710;

d) xac dinh ty 1& hoat tinh beta-galactosidaza nhu dugc dénh gia bing thu
nghiém D vdi hoat tinh glucokinaza nhu dugc déanh gid bang thir nghiém E ctia dan Xuét
DGCC7710, trong d6 ty 18 it nhat 1a 4x107 c6 nghia 1a gen ccpA 16ng vao 1a gen ccpA
dot bién theo sang ché. Theo phuong an cu thé, gen ccpd ot bién duoc xem la theo
sang ché khi ty 18 hoat tinh beta-galactosidaza nhu dugce danh gia bang thir nghiém D
v6i hoat tinh glucokinaza nhu dugc danh gia bang thir nghiém E cla din xuét
DGCC7710 it nhét 1a 5x10°, it nhét 1a 6x10°, it nhit 12 7x10° hogc it nhét 1a 8x10°.
Theo mdt phuwong an, ty 1¢ nay nho hon 8x107.

Ngoai ra, ngudi c6 hiéu biét trung binh trong linh vuc nay, dé thu dugc va nhan
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biét gen ccpA dot bién theo sang ché va thu dugc Streptococcus thermophilus cia séng
ché, ciing c6 thé thuc hién phuong phép sau:

a) cung cip ching Streptococcus thermophilus, ma gen ccpA cua n6 nhu duge
xac dinh trong SEQ ID NO:65, nhu ching DGCC7710;

b) thuc hién phat sinh dot bién trén gen ccp4, vi du bing cach phat sinh dot bién
ng?tu nhién hodc truc tiép, dé thu duoc gen ccpA ma trinh ty ctia né khéc véi trinh tu
cua gen ccpA cla ching & muc a);

¢) 16ng gen ccpA thu duge & bude b) thay cho gen ccpA cua ching DGCC7710,
dé thu dugc din xuét DGCC7710;

d) xac dinh ty 1& hoat tinh beta-galactosidaza nhu duogc dénh gia bing thir
nghiém D v6i hoat tinh glucokinaza nhu dugc danh gia bing thir nghiém E ctia dan xuét
DGCC7710 va lwa chon din xuét DGCC7710 thé hién ty 1¢ it nhét 12 4x10° nhu dugc
xéac dinh trong ban mo ta nay; va

e) xac dinh br?lng thr nghiém B néng dd glucoza trong sita dugc 1én men véi din
xuat DGCC7710 duoc lya chon & muc d), trong do6 ndéng dd glucoza it nhét 8 mM c6
nghia la gen ccpA 16ng vao 1a gen ccpA dot bién theo sang ché. Theo phuong 4n cu thé,
gen ccpA dot bién dugc xem 1a theo sang ché khi ndéng d6 glucoza dugc do & bude e) it
nhét 12 9 mM, it nhit 12 10 mM hodc it nhét 1a 12 mM.

Theo cach khéc, ngudi c6 hiéu biét trung binh trong linh vuc nay cd thé thuc
hién phuong phép sau:

a) cung cip chung DSM32587 (dot bién trong gen glck ctia nd), duge luu trit &
DSMZ vao ngay 15 thang 8 nam 2017,

b) thuc hién phét sinh dot bién trén gen ccpA cia chung & a), vi du bé‘mg cach
phét sinh dot bién ng?lu nhién hodc truc tiép, dé thu dugc gen ccpd, ma trinh ty cia nd
khéc véi trinh tu ciia gen ccpA cuia DSM32587, dé thu duoc ching DSM32587 dot bién
ccpA;

¢) x4c dinh ty 1& hoat tinh beta-galactosidaza nhu dugc danh gia bang thir
nghiém D véi hoat tinh glucokinaza nhu dugc danh gia bang thir nghiém E cta ching
DSM32587 dot bién ccpA thu duge & bude b), va lya chon ching DSM32587 dot bién
ccpA c6 ty 18 it nhit 12 4x10°; va

d) xac dinh béng thr nghiém B néng do glucoza trong sita dugc 1én men véi

ching DSM32587 d6t bién ccpA duge chon & ¢), trong do

37



52856 38/562

d1) ndng do glucoza it nhit 50 mM c6 nghia 1a gen ccpA ddt bién theo sang ché.
Theo mot phuong an, gen ccpA dot bién dugc xem la theo séng ché khi néng do
glucoza duge do & budc d) it nhit 1a 60 mM, it nhét 1a 70 mM hodc it nhét 13 80 mM,
hoidc

d2) su gia ting ndng d6 ctia glucoza thu duge véi ching DSM32587 dot bién
ccpA duge chon & c) it nhét 13 150% khi so v6i ndng dd glucoza thu duge véi ching
DSM32587, khi cé hai dugc danh gia bang thir nghiém B, ¢6 nghia 1a gen ccp4 dot bién
1a theo sang ché. Theo mot phuong an, gen ccpd dot bién dugc xem la theo sang ché
khi glucoza gia ting & budc d) it nhét 1a 200% hofc it nhit 1a 300% ndng d6 glucoza
cua ching DSM32587.

Khi duogc xac dinh, gen ccpA dot bién — nhu dugc xac dinh trong ban mo ta nay
— ¢6 thé dugc dua vao thay cho gen ccpAd cla chung Streptococcus thermophilus duong
tinh vé& lactoza, 4m tinh vé galactoza, dé thu dugc ching Streptococcus thermophilus

dwong tinh vé lactoza, 4m tinh vé galactoza cua sang ché.

[II. Chung Streptococcus thermophilus dwong tinh vé lactoza, 4m tinh vé galactoza cla
sang ché mang dot bién trong gen glck cia no va dot bién trong gen ccpA cla no.

Sang ché dé cap dén chung Streptococcus thermophilus duong tinh vé lactoza,
am tinh vé& galactoza mang dot bién trong gen glcK ma hoa glucokinaza, hoat tinh
glucokinaza clia n6 trong chung nay bi giam dang ké nhung khong vo hiéu, nhu duoc
x4c dinh trong ban mo ta nay, va mang dot bién trong gen ccpA cia no, trong do ty 1€
ctia hoat tinh beta-galactosidaza trong ching nay nhu dugce danh gia bang thir nghiém D
v6i hoat tinh glucokinaza trong ching nay nhwr dugc danh gia bang thit nghiém E it nhét
12 4x10°® nhu dugc xac dinh trong ban md ta nay.

Theo mdt phuong én, dot bién bat ky ctia gen glcK dan dén glucokinaza, ma hoat
tinh ctia né trong ching nay bi giam dang ké nhung khong vo6 hiéu, nhu dugc mo ta
trong ban mo ta nay (cu thé 1a & muc I trén day) co thé duoc st dung Kkét hop véi dot
bién ccpA bat ky, mién 1a ty 16 cia hoat tinh beta-galactosidaza trong ching nay nhu
duoc danh gia bang thir nghiém D v6i hoat tinh glucokinaza trong ching nay nhu duoc
danh gia bang thtt nghiém E it nhat 13 4x10° nhu duge xac dinh trong ban mo ta nay.

N6i cach khac, sang ché d& cap dén ching Streptococcus thermophilus duong tinh vé
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lactoza, Am tinh vé& galactoza mang dot bién trong gne glcK nhu duge xac dinh trong
ban mo ta nay (cu thé 12 trong muyc I trén day) va con mang dot bién trong gen ccpA.

Theo mot phuong an, dot bién ccpA bit ky din dén ty 1& cta hoat tinh beta-
galactosidaza nhu dugc danh gia bang thtr nghiém D vé6i hoat tinh glucokinaza nhu
duoc danh gia bang thir nghiém E - trong chung Streptococcus thermophilus duong tinh
vé lactoza, 4m tinh v& galactoza mang gen ccpA dot bién nay, cu thé 1a trong ching
DGCC7710 - it nhit 13 4x10°® nhu dwoc md ta trong ban md ta nay (cu thé 1a trong muc
11 trén day) co thé duge st dung véi dot bién glcK bat ky, mién 1a ty 1& cua hoat tinh
beta-galactosidaza trong chiing nay nhu dugc déanh gia bang thir nghiém D véi hoat tinh
glucokinaza trong ching nay nhu duoc danh gia bang thir nghiém E it nhét 1a 4x10°°
nhu dugce xac dinh trong ban md ta nay. Noi cach khac, sang ché dé cap dén ching
Streptococcus thermophilus duong tinh vé lactoza, am tinh v& galactoza mang dot bién
trong gen ccpA, trong d6 ty 1€ cia hoat tinh beta-galactosidaza trong ching nay nhu
dugc danh gia bang thir nghiém D véi hoat tinh glucokinaza trong chiing nay nhu dugc
dénh gia bing thr nghiém E it nhit 12 4x10™° nhu dugc x4c dinh trong ban mé ta nay
(cu thé 13 trong muc II trén day), va con mang dot bién trong gen glcK.

Theo mdt phuong an, sang ché @& cap dén ching Streptococcus thermophilus
dwong tinh vé lactoza, 4m tinh vé galactoza mang:

- gen glcK dot bién din dén glucokinaza, ma hoat tinh cta né trong ching nay bi
giam dang ké nhung khong vo hiéu, nhu dugc xic dinh trong ching Strepfococcus
thermophilus duong tinh v& lactoza, 4m tinh vé galactoza nhu duge x4c dinh trong ban
md ta nay, cu thé 1a trong muc I trén day; va

- gen ccpA 4ot bién dan dén ty 18 cta hoat tinh beta-galactosidaza nhu dugc danh
gi4 bang thir nghiém D véi hoat tinh glucokinaza nhu dugc danh gia bang thir nghiém E
it nhét 13 4x10°°, nhu duogc x4c dinh trong ban mo ta nay, cu thé 1a nhu dugc xac dinh
trong chung Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé& galactoza
trong muc II trén day.

Do d6, phuong 4n bit ky trong sd cac phuong 4n duge bdc 19 trén diy d6i voi
gen glcK dot bién din dén glucokinaza, ma hoat tinh ctia n6 trong ching nay bi giam
dang ké nhung khong vo hiéu, c6 thé dugc két hop véi phuong 4n bét ky trong sb cac
phuong an dugc boc 10 trong ban mo ta nay ddi véi gen ccpd @ot bién din dén ty 18 clia

hoat tinh cua beta-galactosidaza nhu dugc danh gia bing thir nghiém D véi hoat tinh
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glucokinaza nhu dugc danh gia bing thir nghiém E it nhit 12 4x10°, mién 13 ching
Streptococcus thermophilus duong tinh vé lactoza, Am tinh vé galactoza thu dugc mang
ca hai dot bién thé hién ty 1& clia hoat tinh beta-galactosidaza trong chung nay nhu dugc
danh gia bang thir nghiém D v6i hoat tinh glucokinaza trong ching nay nhu duge danh
gia bang thir nghiém E it nhét 12 4x10° nhu duge xac dinh trong ban mo ta nay.

Theo mét phwong 4n, chiing Sireptococcus thermophilus duong tinh vé lactoza,
4m tinh vé& galactoza cla sang ché mang;

- gen glcK dot bién ma hoa dbi véi glucokinaza dot bién trong khung doc mé cla
né, cu thé 1a dan dén su thay thé axit amin trong GIcK protein, trong d6 hoat tinh cua
glucokinaza trong ching nay bi giam déng ké nhung khong vo hiéu; va

- gen ccpA mang dot bién duoc chon tir nhém gdm a) dot bién khong c6 nghia
(nghia 12 dan dén STOP codon) ndm trong khoang tir nucleotit 1 dén nucleotit 270 cla
trinh tu ma cla gen ccpd; va b) dot bién dugc dinh vi trong mot ph:?m tu dau tién cla
trinh tu ma cda gen ccpA (nghia 1a, nam trong khoang tr nucleotit 1 dén nucleotit 250),
dan dén sy dich chuyén khung ctia khung doc mé cua gen ccpA.

Theo mot phwong 4n, chiing Streptococcus thermophilus duong tinh vé lactoza,
Am tinh vé galactoza clia séng ché mang:

- gen glcK dot bién ma hoa ddi véi glucokinaza, vi tri 144 ctia n6 ma khong phai
glyxin, cu thé 1a serin hodc vi tri 275 cia ma khong phai axit glutamic, cu thé 1a lysin;
va

- gen ccpA mang dot bién din dén sy dich chuyén khung khung doc m& cua gen
ccpA nam trong khoang tir nucleotit 50 dén nucleotit 200 cta trinh ty ma cua gen ccpA.

Theo mdt phwong an, ching Streptococcus thermophilus dwong tinh vé lactoza,
Am tinh vé galactoza clia sang ché mang:

- gen glcK dot bién ma hoa ddi véi glucokinaza, vi tri 144 cta n6 la serin hodc vi
tri 275 cta nd 1a lysin; va

- gen ccpA mang dot bién din dén su dich chuyén khung ctia khung doc md cia
gen ccpA nam trong khoang tir nucleotit 100 dén nucleotit 150 cua trinh ty ma cua gen
ccpA.

Theo mdt phuong 4n, ching Streptococcus thermophilus duong tinh vé lactoza,

am tinh vé galactoza cia séng ché mang:

40



52856 41/562

- gen glcK dot bién m3 hoa glucokinaza, trinh tu ctia né dugc chon tir nhém gE‘)m
SEQ ID NO: 22, 35, 36, 37, 38, 39, 40, 41, 42, 43, 45, 56, 57, 58, 59, 60, 61, 62, 63 va
64 (cu thé 1a SEQ ID NO:22 va 45); va

- gen ccpA dot bién, trinh ty cta n6 dugc chon tir nhom gbm SEQ ID NO: 71,
72,73,74,75 va 76 (cu tﬁé la SEQ ID NO: 71).

Nhu dugc dic trung boi ty 1€ cta hoat tinh beta-galactosidaza trong ching nay
nhu duge danh gia bing thir nghiém D véi hoat tinh glucokinaza trong ching nay nhu
dugc danh gié bing thit nghiém E it nhit 1a 4x10® nhu dugc xéc dinh trong ban md ta
nady, chiing Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé galactoza cua
sang ché, mang gen glcK dot bién va gen ccpd dot bién, con duogc dic trung bdi kha
ning giai phong glucoza cia no khi dugc st dung dé 1én men sita.

Do d6, chiing Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé
galactoza, mang dot bién trong gen glcK va dot bién trong gen ccpA, cua sang ché con
dugc dic trung béi thuc té ring ndng do glucoza trong sita dugc 1én men véi ching
Streptococcus thermophilus nhu dugc danh gid bang thir nghiém B, it nhét 13 50 mM.
Theo phuong éan cu thé, néng do glucoza trong sita dugc 1én men voi ching
Streptococcus thermophilus nhu dugc danh gia bang thir nghiém B, it nhét 12 60 mM.
Theo phuong an cu thé, ndng d6 glucoza trong sita dugc lén men véi chung
Streptococcus thermophilus nhu duge danh gia bang thir nghiém B, it nhét 12 70 mM.
Theo phuong 4an cu thé, ndng d6 glucoza trong sita dugc lén men véi chung
Streptococcus thermophilus nhu dugc danh gia bang thir nghiém B, it nhét 1a 80 mM.
Theo phuong an cu thé, ndng do6 glucoza trong sita dugc lén men véi chung
Streptococcus thermophilus nhu dugc déanh gia bang thir nghiém B dugc chon tir nhém
gdm ndng do v6i it nhat 1a 50 mM, it nhit 1a 60 mM, it nhét 1a 70 mM va it nhat Ia 80
mM.

Mit khac, cac phuong phap duge mo td mot cach chi tiét trén day, thu dugc va
nhan biét gen glcK ot bién trong ching Streptococcus thermophilus dwong tinh vé
lactoza, am tinh vé galactoza cua sang ché, va mat khac nhan biét gen dot bién ccpA
trong chung Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé galactoza
cta sang ché, ap dung twong ty trong ban mo ta nay, thu dugc ching Streptococcus
thermophilus duong tinh vé lactoza, 4m tinh vé galactoza mang dot bién trong gen glck

cla nd va trong gen ccpA cla no.
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Vi du, ngudi ¢6 hiéu biét trung binh trong linh vuc nay c6 thé thyc hién phuong
phép sau dé thu dugc va nhan biét gen ccpA ddt bién theo sang ché:

a) cung cip ching DSM32587 (dot bién trong gen glck clia no);

b) thuc hién phét sinh dot bién trén gen ccpA cia cung & muc a), vi du bang cach
phat sinh dot bién ngau nhién hoic truc tiép, dé thu duoc gen ccpA, trinh tu ctia n6 khéc
v6i trinh tu ctia gen ccpA ciia DSM32587, thu dugce chung DSM32587 dot bién cep4;

¢) xac dinh ty 1& cta hoat tinh beta-galactosidaza nhu dugc déanh gia bang thir
nghiém D v&i hoat tinh glucokinaza nhu dugc dénh gia bang thir nghiém E clia ching
DSM32587 dot bién ccpA thu duge & muc b), va lua chon chiing DSM32587 dot bién
ccpA thé hién ty 18 it nhét 12 4x107%; va

d) xac dinh bang thir nhiém B ndng do glucoza trong sita dugce 1én men véi
chiing DSM32587 dot bién ccpA dugce lya chon ¢ muc c), trong do6

d1) ndéng do glucoza it nhét 50 mM nghia 1a gen ccpA dot bién theo sang ché.
Theo mot phuong an, gen ccpA dot bién dugc cho 1a theo sang ché khi ndng d6 glucoza
do dugc & bude d) it nhat 1a 60 mM, it nhit 13 70 mM hodc it nhat 1a 80 mM, hozc

d2) gia ting néng do glucoza thu dugc véi chung DSM32587 dot bién ccpA
dwoc chon & muc c) it nhét 1a 150% khi so v6i ndéng do glucoza thu dugc véi chung
DSM32587, khi ca hai dugc danh gid bing thit nghiém B, ¢6 nghia 1a gen ccp4 dot bién
1a theo sang ché. Theo mdt phuong 4an, gen ccpA dot bién duge cho 1a theo sang ché khi
glucoza gia tdng & budce d) it nhét 13 200% hodc it nhit 1a 300% ndng do glucoza cla
ching DSM32587.

Theo vi du khéc, ngudi co hiéu biét trung binh trong linh vyc nay c6 thé thuc
hién phuong phap sau dé thu dugc va nhén biét gen glcK ot bién theo sang ché:

a) cung cip ching DGCC7710 trong d6 gen ccpA cia n6 dugc thay thé bang gen
ccpA 4ot bién nhu dugce xac dinh trong SEQ ID NO:71 (ccpAaiaia-i20), trong ban mo ta
nay dugc goi la chung DGCC7710-ccpAaiania-1205

b) thuc hién phat sinh dot bién trén gen glcK ctua ching DGCC7710-ccpApiarsa-
120 6 budc a), vi du bing cach phét sinh dot bién ngdu nhién hoic truc tiép, dé thu duoc
gen glcK, trinh tuy cua n6 Khac véi trinh tu cla gen gleK cua ching DGCC7710-
cepAniatia-o, 48 thu duge ching DGCC7710-ccpApiana-izo 40t bién gleK;

¢) x4c dinh ty 1€ cta hoat tinh beta-galactosidaza nhu dugc danh gia bang thir

nghiém D v&i hoat tinh glucokinaza nhu dugc danh gia bang thir nghiém E cta ching
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DGCC7710-ccpApiaria-120 A0t bién glcK thu dugc & muc b), va lua chon ching
DGCC7710-ccpApiatia-20 40t bién glcK thé hién ty 18 it nhét 12 4x10°; va

d) x4c dinh bang thir nghiém B ndng do glucoza trong sita duoc 1én men véi
ching DGCC7710-ccpApiaia-120 40t bién glcK dugc lya chon & muc c), trong d6

dl) ndng d6 glucoza it nhit 50 mM c6 nghia 1a gen glck dot bién 14 theo sang
ché. Theo mét phuong an, gen glck dot bién duge xem 1a theo sang ché khi néng do
glucoza do dugc & bude d) it nhét 14 60 mM, it nhét 12 70 mM hodc it nhit 12 80 mM,
hoac

d2) gia tdng néng do glucoza thu dugc véi ching DGCC7710-ccpApiatia-120 40t
bién glcK duge lya chon & bude ¢) it nhét 1a 150% khi so v6i ndng d6 glucoza thu duge
voi ching DGCC7710-ccpAaiatia-120, khi cd hai duge danh gia b.'?lng thtr nghiém B, ¢o
nghia 1a gen ccpd dot bién 1a theo sang ché. Theo mdt phuong 4n, gen ccpd dot bién
dugc xem 14 theo sang ché khi glucoza gia ting & budc d) it nhit 12 200% hodc it nhét
1a 300% n6ng do glucoza ctia chiing DGCC7710-ccpAaiatia-120-

Trong ban mo ta nay, chung DGCC7710-ccpAaiaris-120 1& ching DGCC7710 ma
trong d6 gen ccpd duoc thay thé bing gen ccpd nhu duge x4c dinh trong SEQ ID
NO:71.

Khi dugc xac dinh, gen glcK dot bién va/hodc gen ccpA dot bién — nhu duge xac
dinh trong bin mo ta nay — c6 thé dugc dwa vao thay thé cho gen glcK va/hodc gen
ccpA cta ching Streptococcus thermophilus dwong tinh vé lactoza, 4m tinh vé
galactoza, dé thu dwgc ching Streptococcus thermophilus duong tinh v& lactoza, 4m

tinh vé galactoza cua sang cheé.

IV. Chiing Streptococcus thermophilus dwong tinh vé lactoza, am tinh vé galactoza cta
sang ché mang dot bién trong gen lacZ clia no.

Sang ché @& cap dén chung Streptococcus thermophilus duong tinh vé lactoza,
am tinh vé galactoza mang dot bién trong gen lacZ ma hoa beta-galactosidaza (thuy
phén lactoza thanh galactoza va glucoza), trong d6 ty 1¢ cta hoat tinh beta-galactosidaza
trong chiing nay nhu duge d4nh gi4 bing thir nghiém D vdi hoat tinh glucokinaza trong
chiing nay nhw duge danh gia bang thir nghiém E it nhét 1a 4x10 nhu dwoc xé4c dinh

trong ban mo ta nay.
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Dot bién bat ky 1a phi hop, cu thé 14 d6t bién bat ky ma lam gia ting hoat tinh
thuy phén lactoza (nghia 1a, hoat tinh beta-galactosidaza) ctia beta-galactosidaza khi so
v6i ching twong tng khong bi dot bién trong gen lacZ. Dot bién cia gen lacZ ciing c6
thé duoc nhan biét bang cach gy dot bién gen lacZ ctia ching DGCC7710, dé thu duoc
ching DGCC7710 dot bién lacZ va so sanh hoat tinh beta-galactosidaza trong ching
DGCC7710 @6t bién lacZ v6i hoat tinh beta-galactosidaza trong ching DGCC7710, cu
thé 14 khi c4 hai ching dugc danh gia bang thir nghiém D. Do d6, dot bién lacZ theo
sang ché co thé thu duoc va dugc nhén biét bang phuong phap sau:

a) cung cip chiing DGCC7710;

b) thuc hién phét sinh dot bién trén gen lacZ, dé thu duoc gen lacZ, trinh tu cta
n6 khac véi trinh tu cta lacZ cia DGCC7710, dé thu dugc chung DGCC7710 ddt bién
lacZ,;

¢) xac dinh hoat tinh beta-galactosidaza trong ching DGCC7710 d6t bién lacZ
thu dugc & budce b) va doc 1ap véi ching DGCC7710, ca hai theo thir nghi€ém D, trong
d6 hoat tinh beta-galactosidaza trong ching DGCC7710 ddt bién lacZ cao hon so véi
hoat tinh beta-galactosidaza trong chiing DGCC7710 nghia 13 gen lacZ dot bién theo
sang ché. Cum tir “hoat tinh beta-galactosidaza cao hon”, c¢6 nghia 13 hoat tinh beta-
galactosidaza trong chiing DGCC7710 d6t bién lacZ nhu thu dwgc & budce b) it nhét 1a
150%, it nhat 12 200% hodc it nhét 1a 300% cao hon so véi hoat tinh beta-galactosidaza
trong chiing DGCC7710, khi ca hai dugc d4nh gia bing thtr nghiém D.

Khi dugc nhén biét, gen lacZ dot bién theo sang ché c6 thé duogc dua vao thay
cho gen lacZ ching Streptococcus thermophilus dwong tinh vé lactoza, 4m tinh vé
galactoza, dé thiét ké chung Streptococcus thermophilus duong tinh vé lactoza, 4m tinh
vé galactoza cuia sang ché.

Do d6, mic du hai ching Streptococcus thermophilus c¢6 thé khac nhau theo trinh
tu gen lacZ tuong tng cla ching, diéu nay khong nhét thiét phai c6 nghia 12 mot trong
s6 hai gen lacZ nay dot bién theo nghia cta sang ché. Thuc vay, khong duoc xem 1a céc
dot bién theo sang ché:

- cac dot bién & mirc nucleotit ma din dén su thay d6i & muc protein, nhung
trong d6 su thay ddi nay khong tic dong dén hoat tinh beta-galactosidaza cla beta-

galactosidaza thu dugc nhu dugce x4c dinh trong ban mo ta nay. Thuc vay, cac bién thé
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nhu vy c6 thé dugc quan sat & mirc gen lacZ clia Streptococcus thermophilus clia sang
ché ma khong 1am anh huéng dén pham vi bao ho cia sang ché.

Cac vi du khong han ché vé gen lacZ ma dugc xem la dot bién theo nghia cia
sang ché 1a:

- polynucleotit m3 hdéa beta-galactosidaza nhu dugc xéac dinh trong SEQ ID
NO:78 (Beta-Gal typ ST1), cu thé 1a polynucleotit nhu dugc xé4c dinh trong SEQ ID
NO:77; Beta-Gal typ nay la typ ctia ching DGCC7710;

- lacZ polynucleotit ma hoa beta-galactosidaza nhu dugc xac dinh trong SEQ ID
NO: 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108 va 110 (Beta-Gal typ
ST2 dén ST13), cu thé 1a lacZ polynucleotit nhu duge x4c dinh trong SEQ ID NO: 79,
81, 83, 85, 87, 89, 91, 93, 95, 97, 99, 101, 103, 105, 107 va 109. Trinh tu cua beta-
galactosidaza nhu dugc xac dinh trong SEQ ID NO: 80, 82, 84, 86, 88, 90, 92, 94, 96,
98, 100, 102, 104, 106, 108 va 110 gidng v6i SEQ ID NO:78 tir 98,9 dén 99,9%.

Theo mot phwong an, Streptococcus thermophilus cia sang ché khong mang dot
bién dugc chon tir nhém gdm dot bién dan dén su ngit quang gen lacZ va cac doan
khuyét 16n trong gen lacZ.

Theo mot phwong an, chung Streptococcus thermophilus duong tinh véi lactoza,
4m tinh v6i galactoza cua sang ché mang dot bién trong gen didu hoa, cu thé 1 trong
doan khoi dau, cua gen lacZ din dén su biéu hién qua muc sao chép cua gen lacZ. Cac
vi du khong han ché vé cac trinh tu doan khdi dau ma co thé dot bién theo séng ché
dugce boc 16 trong cac nucleotit 1 dén 126 cta gen lacZ nhu dugc x4c dinh trong SEQ
ID NO: 77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99, 101, 103, 105, 107 va 109.

Theo mdt phuong an, ching Streptococcus thermophilus duong tinh v6i lactoza,
am tinh v6i galactoza cua sang ché mang dot bién trong trinh ty mi cia gen lacZ dan
dén su thay thé axit amin trong beta-galactosidaza, nhu c6 hoat tinh beta-galactosidaza
gia ting nhu dugc xac dinh trong ban md ta nay. Theo mot phuong an, su thay thé nay
khong din dén beta-galactosidaza cét cut. Céc vi du khong han ché vé lacZ mi hoa
trinh tu ma c6 thé dugc dot bién trong sang ché dugc boc 1 trong cac nucleotit 127 dén
3231 cua gen lacZ nhu dugce xac dinh trong SEQ ID NO: 77, 79, 81, 83, 85, 87, 89, 91,
93, 95,97, 99, 101, 103, 105, 107 va 109.

Trong phn nay cia sang ché, ngudi co hiéu biét trung binh trong linh vuc nay

con dua ra chi dn vé cach thu dugc va nhan biét dot bién ctia gen lacZ. Dya vao ty 1€
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dugc x4c dinh trén day [hoat tinh beta-galactosidaza trong chung nay nhu dugc danh
gi4 bang thir nghiém D véi hoat tinh glucokinaza trong chung nay nhu dugc dinh gia
bang thir nghiém E] clng v6i chung tham chiéu dugc xac dinh trong ban mé ta nay,
ngudi ¢6 hidu biét trung binh trong linh vuc nay s& biét duge cach nhan biét gen lacZ
dot bién theo sang ché va thu dwogc Streptococcus thermophilus cia sing ché.

Do d6, ngudi c6 hidu biét trung binh trong linh vyc ndy ¢6 thé thuc hién phuong
phép sau:

a) cung cip chung Streptococcus thermophilus, gen lacZ cua n6 nhu duge xéac
dinh trong SEQ ID NO:77, nhu ching DGCC7710;

b) thuc hién phat sinh dot bién trén gen lacZ, vi du bing cach phat sinh dot bién
ngau nhién hoc truc tiép, dé thu dugc gen lacZ ma trinh ty cua nd khac véi trinh ty cia
gen lacZ cua ching & budc a);

¢) 16ng gen lacZ thu duge & budce b) thay cho gen lacZ cia ching DGCC7710,
dé thu dugc dén xudt DGCC7710;

d) x4c dinh ty 1 hoat tinh beta-galactosidaza nhu dugc danh gia bﬁmg tha
nghiém D v&i hoat tinh glucokinaza nhu dugc danh gia bing thtr nghiém E ctia din xut
DGCC7710, trong d6 ty 18 it nhat 1a 4x10°® nhu duge xac dinh trong ban md ta nay c6
nghia 12 gen lacZ 16ng vao 1a gen lacZ dot bién theo sang ché. Theo phuong 4n cu thé,
gen lacZ 4ot bién dugc xem 1a theo sang ché khi ty 1€ hoat tinh beta-galactosidaza nhu
dugce danh gia bing thir nghiém D véi hoat tinh glucokinaza nhu dugc dénh gia bing
thir nghiém E cta ching din xuit DGCC7710 it nhét 1a 5x10°, it nhat 1a 6x10°, it nhét
12 7x10°® hoiic it nhét 12 8x10°°. Theo mdt phuong én, ty 1& nay nhé hon 8x10™.

Theo modt phuong an, nguodi co hiéu biét trung binh trong linh vuc ndy c6 thé
thuc hién phuong phép sau:

a) cung cip chiing Streptococcus thermophilus, trinh ty doan khai dau cla gen
lacZ ma nhu dugc xac dinh trong nucleotit 1 dén 126 cua SEQ ID NO:77, nhu ching
DGCC7710;

b) thuc hién phat sinh dot bién trén gen lacZ, vi du béng cach phéat sinh dot bién
ngﬁu nhién hodc truc tiép, dé thu duoc trinh tu khoi dau cla gen lacZ ma trinh ty ctia n6
khac v6i trinh tu doan khaoi dau cta gen lacZ ctia ching & budc a);

¢) 1dng gen lacZ dot bién doan khéi dau thu duge & bude b) thay cho doan khoi
dAu cta gen lacZ clia ching DGCC7710, dé thu duge dan xuit DGCC7710;
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d) xac dinh ty 1& hoat tinh beta-galactosidaza nhu duoc danh gia bang tht
nghiém D véi hoat tinh glucokinaza nhu dugc danh gia bang thir nghiém E ctia din xuét
DGCC7710, trong do6 ty 1€ it nhét 13 4x10 nhu dugc xac dinh trong ban mo ta nay co
nghia 12 doan khoi du 16ng vao cia gen lacZ 1a doan khéi diu dot bién cua gen lacZ
theo séng ché. Theo phuong én cu thé, doan khoi dau dot bién cua gen lacZ duogc cho la
theo sang ché khi ty 1¢ hoat tinh beta-galactosidaza nhu dugc danh gia bang thir nghiém
D véi hoat tinh glucokinaza nhu dugc danh gia bang thir nghiém E ctia ching dan xuét
DGCC7710 it nhét 1a 5x10°, it nhét 1a 6x107, it nhét 1a 7x10°° hoge it nhét 1a 8x10°.
Theo mot phuong an, ty 1€ ndy nho hon 8x107.

Khi duogc nhén biét, gen lacZ dot bién, cu thé 1a doan khoi d4u dot bién cua gen
lacZ, - nhu dugc xac dinh trong ban md ta nay — c6 thé duge 16ng vao thay cho gen
lacZ, cu thé 1a thay cho doan khéi ddu cla gen lacZ, cua ching Streptococcus
thermophilus duong tinh vé lactoza, 4m tinh vé galactoza, dé thu dugc ching

Streptococcus thermophilus duong tinh vé lactoza, 4m tinh v& galactoza ciia sang ché.

V. Chung Streptococcus thermophilus duong tinh v& lactoza, 4m tinh v& galactoza cia
sang ché mang dot bién trong gen ptsH clia né

Sang ché d& cap dén ching Streptococcus thermophilus duong tinh vé lactoza,
am tinh v& galactoza mang dot bién trong gen ptsH ma hoa HPr protein, trong do ty 1&
cua hoat tinh beta-galactosidaza trong ching ndy nhu dugc danh gia bang thir nghiém D
v6Gi hoat tinh glucokinaza trong ching nay nhu dugc danh gia bing thir nghiém E it nhat
1a 4x10°° nhu dugc xac dinh trong ban mo ta ndy.

Dot bién bit ky 12 phit hop mién 13 hoat tinh beta-galactosidaza trong chung nay
nhu dugc danh gia bang thir nghiém D v6i hoat tinh glucokinaza trong ching nay nhu
duge dénh gia bang thir nghiém E it nhit 12 4x10° nhu dugc xac dinh trong ban md ta
nay.

Do d6, mic du hai chung Streptococcus thermophilus co thé khéac nhau theo trinh tur
gen ptsH twong ung cla ching, didu nay khong nhét thiét phai c6 nghia ring mdt trong
s6 hai gen ptsH @6t bién theo nghia ctia sing ché. Thuc vay, khong dugc xem 1a cac dot
bién theo séng ché:

- c4c bién thé & mirc nucleotit ma dan dén thay d6i & mirc protein, nhung trong

d6 su thay ddi nay khéng tac dong dén hoat tinh ctia HPr protein thu dugc. Thyc vy,

47



52856 48/562

cac bién thé nhu vy c6 thé dugc quan sit & mic en ptsH cua Streptococcus
thermophilus ciia sang ché ma khoéng anh huéng dén pham vi bao ho cia sang ché.

Céc vi du khong han ché vé gen ptsH ma khong dugc xem 1a dot bién theo nghia
clia sang ché 1a:

- polynucleotit md hoa HPr protein nhu dugc xéc dinh trong SEQ ID NO:112
(HPr typ ST1), cu thé 13 polynucleotit nhu dugc xic dinh trong SEQ ID NO:111; HPr
typ nay la typ ctia chung DGCC7710;

- ptsH polynucleotit ma hod HPr protein nhu dugc xac dinh trong SEQ ID NO:
114, 116, 118 va 120 (HPr typ ST2 dén 5), cu thé 1a polynucleotit nhu duge x4c dinh
trong SEQ ID NO:113, 115, 117 va 119. Trinh tu cia HPr protein nhu dwgc xac dinh
trong SEQ ID NO: 114, 116, 118 va 120 gidng véi SEQ ID NO:112 tir 96,5 dén 98,8%.

Theo médt phuwong an, dot bién gen ptsH khong phai dot bién din dén su ngit
quang (nghia 13, ph4 v& hoan toan) gen ptsH.

Theo mot phuong an, dot bién dugc dua vao trong trinh ty ma cua gen ptsH.

Theo mot phuong 4n, dot bién 12 d6t bién trong trinh tuy ma cia gen ptsH, dan
dén HPr protein cit cut. Bat ké vi tri cét cut, dot bién dugc dua vao trong gen ptsH 1a su
thay thé nucleotit ddn dén STOP codon hodc loai bét, léng vao hodc loai bé“c/léng vao
din dén su dich chuyén khung cua khung doc mé& va STOP codon sém. Theo mot
phuong an, dot bién dugc dwa vao trong gen ptsH 13 su thay thé nucleotit din dén
STOP codon. Theo mdt phuong 4n, dot bién duogc dua vio trong gen ptsH 1a su loai
bot, lé‘)ng vao hodc loai bc’rt/léng vao din dén su dich chuyén khung ctia khung doc m¢
va STOP codon sém.

Theo mot phuong 4n, dot bién 1a dot bién trong trinh tw ma cia gen ptsH, dan
dén su thay thé axit amin béi axit amin khéc.

Trong phin nay cta sang ché, ngudi c6 hiéu biét trung binh trong linh vuc nay
d3 dua ra chi dAn hon nita vé& cach thu duogc va nhan biét dot bién gen ptsH. Dya vao ty
1€ dugc xac dinh trén day [hoat tinh beta-galactosidaza trong ching nay nhu dugc danh
gi4 bang thir nghiém D véi hoat tinh glucokinaza trong ching nay nhu dugc danh gia
bang thir nghiém E] cing véi chiung tham chiéu duge xac dinh trong ban mé ta nay,
ngudi ¢6 hidu biét trung binh trong linh vuc nay s& biét dugc cach dé nhan biét gen

ptsH @6t bién theo sang ché va thu duoc Streptococcus thermophilus cia sang ché.
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Do d6, ngudi c6 hiu biét trung binh trong linh vuc nay c6 thé thuc hién phuong
phép sau:

a) cung cip chung Streptococcus thermophilus, ma gen ptsH clia né nhu duge
xac dinh trong SEQ ID NO:111, nhu chung DGCC7710;

b) thuc hién phat sinh dot bién trén gen ptsH, vi du bing cach phat sinh dot bién
ngiu nhién hodc truc tiép, dé thu dwoc gen ptsH ma trinh tu clia né khac véi trinh tu
cia gen ptsH cia ching & buéce a);

¢) 10ng gen ptsH thu duge & bude b) thay cho gen ptsH cla ching DGCC7710,
dé thu duoc din xudt DGCC7710; va

d) xac dinh ty 1€ hoat tinh beta-galactosidaza nhu dugc danh gia bang thir
nghiém D véi hoat tinh glucokinaza nhu dugc danh gia bang thir nghiém E cta dan xuit
DGCC7710, trong d6 ty 18 it nhat 12 4x10°® nhu dugc xac dinh trong ban mo ta nay c6
nghia 1a gen prsH 1dng vao 1a gen ptsH d6t bién theo sang ché. Theo phuong 4n cu thé,
gen ptsH ddt bién dugc xem 1a theo sang ché khi ty 18 hoat tinh beta-galactosidaza nhu
dugc danh gia bing thir nghiém D véi hoat tinh glucokinaza nhu dugc danh gia bang
thir nghiém E cua din xudt DGCC7710 it nhit 1a 5x107, it nhit 1a 6x10°, it nhat 1a
7x10°® hoc it nhat 1a 8x10°. Theo mot phwong 4n, ty 18 nay nhé hon 8x107.

Khi dugc nhan biét, gen ptsH dot bién — nhu dugc xac dinh trong ban mo ta nay
— ¢6 thé duoc dua vao thay cho gen ptsH cia ching Streptococcus thermophilus duong
tinh v& lactoza, 4m tinh v& galactoza, dé thu dwgc ching Streptococcus thermophilus

duong tinh v€ lactoza, am tinh v€ galactoza cuia sang cheé.

VI. Ching Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé galactoza cia
sang ché theo phwong 4n bt ky trong sd cac phwong 4n I dén V, con mang dot bién
trong gen ma hod protein cua PTS déc hiéu manoza-glucoza.

Ngoai dot bién bat k¥ trong sb cac dot bién dwoc boc 16 trén ddy, nhu hoic két
hop, céc tac gia sang ché da thé hién ring cic dot bién bd sung cta gen trogn ching
Streptococcus thermophilus dwong tinh vé lactoza, 4m tinh vé galactoza cua sang ché
gia ting dang ké murc glucoza giai phong trong qué trinh 1én men sén pham tir sita. Céc
tac gid sang ché da thé hién ré‘mg viéc dua gen dot bién m3 hoa protein cua PTS dac
hi¢u manoza-glucoza, cu thé 13 gen manL dot bién, gen manM dot bién hoic gen manN

dot bién, vao trong Streptococcus thermophilus nhu dugc xac dinh theo phwong an I
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dén V trén day, din dén su hiép ddng véi mirc giai phong glucoza, nghia 12 ndng do
glucoza dugc giai phéng 16n hon nhiéu sy bd sung ndng d6 glucoza duge giai phong
bang cach st dung Streptococcus thermophilus nhu dugc xac dinh trong I dén V trén
didy va ndng d6 glucoza dugc giai phong bing cach st dung Streptococcus
thermophilus chi dot bién trong gen nay ma hoé protein cia PTS dic hiéu manoza-
glucoza.

Do d6, sang ché d& cap dén chung Streptococcus thermophilus dwong tinh vé
lactoza, am tinh vé galactoza dwgc chon tr nhém gdbm chung Streptococcus
thermophilus dwong tinh vé lactoza, 4m tinh vé galactoza nhu dugc x4c dinh trong I,
ching Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé galactoza nhu
dugc xac dinh trong II, ching Streptococcus thermophilus duong tinh vé lactoza, 4m
tinh vé galactoza nhu dugc xac dinh trong III, ching Streptococcus thermophilus dwong
tinh vé lactoza, am tinh vé galactoza nhu dugc xdc dinh trong IV va ching
Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé galactoza nhu dugc xac
dinh trong V, ma con dugc dot bién thém trong mot hodc nhiéu gen, cu thé 12 mot gen
ma hod protein cua PTS ddc hi¢u manoza-glucoza. Theo mdt phwong an, gen ma hoa
protein cua PTS dic hiéu manoza-glucoza 1a gen manL, gen manM, gen manN hodc gen
manQ. Theo mdt phuong an, gen ma ho4 protein ciia PTS dac hiéu manoza-glucoza la
gen manL, gen manM, gen manN hodc gen manO. Theo mdt phuong &n, gen ma hoa
protein ciia PTS dédc hi€u manoza-glucoza 1a gen manL, gen manM hodc gen manN.

Cum tir “dugc dot bién/dot bién trong mot hodc nhiéu gen, cu thé 1o mot gen md
hod protein cua PTS ddc hiéu manoza-glucoza”, c6 nghia 1a ching Streptococcus
thermophilus duong tinh vé lactoza, 4m tinh vé galactoza mang dot bién trong mét, hai
hodc ba gen dugc chon tir nhém gém gen manL, gen manM, gen manN va gen manQO.
Theo mdt phwong 4n, chiing Streptococcus thermophilus duong tinh vé lactoza, 4m tinh
vé galactoza mang dot bién trong mQt, hai hodc ba gen dugc chon tir nhém gﬁ“)m gen
manL, gen manM va gen manN. Theo mdt phuong an, ching Streptococcus
thermophilus dwong tinh vé lactoza, 4m tinh vé galactoza ciia sang ché mang dot bién
trong manL. Theo mdt phuong é&n, ching Streptococcus thermophilus duong tinh vé
lactoza, am tinh vé galactoza cla sang ché mang 4ot bién trong manM. Theo mot
phuong é4n, ching Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé&

galactoza clia sang ché mang dot bién trong manN. Theo mdt phuong an, chung
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Streptococcus thermophilus duong tinh v& lactoza, am tinh vé galactoza ciia séng ché
mang dot bién trong manL va dot bién trong manM. Theo mdt phuong 4n, ching
Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé galactoza ciia sing ché
mang dot bién trong manL va dot bién trong manN. Theo mot phuong 4n, ching
Streptococcus thermophilus duong tinh v& lactoza, am tinh vé galactoza clia sang ché
mang d6t bién trong manM va dot bién trong manN. Theo mot phuong 4n, ching
Streptococcus thermophilus duong tinh v& lactoza, 4m tinh v& galactoza ciia sing ché
mang dot bién trong manL, dot bién trong manM va dot bién trong manN.

Theo mdt phuong 4n, sang ché dé cap dén ching Streptococcus thermophilus
dwong tinh vé lactoza, 4m tinh vé galactoza mang dot bién trong gen glcK mai hoa
glucokinaza, hoat tinh glucokinaza ctia né trong ching nay bi gidm dang ké nhung
khong vd hiéu nhu dugce x4c dinh trong ban mo ta nay va mang dot bién trong mdt hozic
nhiéu gen, cu thé 12 mot gen ma hoa protein cia PTS dic hiéu manoza-glucoza, trong
do ty 1€ cua hoat tinh beta-galactosidaza trong ching nay nhu dugc danh gia bang thir
nghiém D vdi hoat tinh glucokinaza trong ching nay nhu dugc danh gia bang thir
nghiém E it nhat 1a 4x10® nhu dugc xac dinh trong ban mo ta nay. Theo mét phuong
4n, mot hodc nhiéu gen, cu thé 1a gen ma hoa protein ciia PTS dic hiéu manoza-glucoza
la gen manL, gen manM va/hodc gen manh.

Theo mot phwong 4n, sang ché d& cip dén ching Streptococcus thermophilus
dwong tinh v& lactoza, 4m tinh vé galactoza mang dot bién trong gen ccpA4 nhu dugc
xac dinh trong ban md ta nay va mang dot bién trong mdt hodc nhiéu gen, cu thé 12 mot
gen mi hoa protein ciia PTS ddc hiéu manoza-glucoza, trong do ty 1¢ cta hoat tinh beta-
galactosidaza trong ching nay nhu dugc danh gia bang thir nghiém D véi hoat tinh
glucokinaza trong ching nay nhu dugc danh gia bang thir nghiém E it nhét 1a 4x10°
nhu duoc xac dinh trong ban mé ta nay. Theo mdt phuong an, mot hodc nhiéu gen, cu
thé 1a gen mi hod protein ctia PTS dic hiéu manoza-glucoza 1a gen manL, gen manM
va/hodc gen manN.

Theo mdt phuong an, sang ché d& cap dén chung Streptococcus thermophilus
duong tinh vé& lactoza, 4m tinh vé galactoza mang dot bién trong gen glcK mad hod
glucokinaza, hoat tinh glucokinaza ctia n6 trong ching nay bi gidm dang ké nhung
khong v6 hiéu, nhu dugc x4c dinh trong ban mo ta nay, mang dot bién trong gen ccpA

cia nd nhu dugce xac dinh trong ban mod ta nay va mang dot bién trong mot hodc nhicu
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gen, cu thé 14 mdt gen ma hoa protein ciia PTS dic hiéu manoza-glucoza, trong do ty 1¢
cta hoat tinh beta-galactosidaza trong ching ndy nhu duoc danh gia bang thir nghiém D
v6i hoat tinh glucokinaza trong chiing nay nhu dwgc danh gid bang thir nghiém E it nhét
12 4x10° nhu dugc x4c dinh trong ban mo ta nay. Theo mot phuong 4n, mot hodc nhiéu
gen, cu thé 1a gen ma hoa protein ciia PTS ddc hiéu manoza-glucoza 1a gen manL, gen
manM va/hodc gen manN.

Theo mdt phwong 4n, sang ché @& cap dén ching Streptococcus thermophilus
duong tinh vé lactoza, 4m tinh vé galactoza mang dot bién trong gen lacZ nhu dugc xac
dinh trong ban mo ta nay va mang dot bién trong gen ma hoa protein ctia PTS dic hiéu
manoza-glucoza, trong d6 ty 1€ ciia hoat tinh beta-galactosidaza trong ching nay nhu
dugc danh gia bang thir nghiém D v&i hoat tinh glucokinaza trong ching nay nhu dugc
danh gia bing thir nghiém E it nhét 1a 4x10°® nhu duoc x4c dinh trong ban md ta nay.
Theo mdt phuong an, mot hodc nhidu gen, cu thé 13 gen ma ho4 protein cia PTS dic
hiéu manoza-glucoza la gen manL, gen manM va/hodc gen manN.

Theo mdt phuong 4n, sang ché dé cap dén ching Streptococcus thermophilus
duong tinh vé lactoza, 4m tinh vé galactoza mang dot bién trong gen ptsH nhu dugc xac
dinh trong ban mo ta nay va mang dot bién trong gen ma hod protein ciia PTS dic hiéu
manoza-glucoza, trong do6 ty 1& cta hoat tinh beta-galactosidaza trong chiing nay nhu
dugc danh gia bang thir nghiém D v6i hoat tinh glucokinaza trong chiing ndy nhu dugc
danh gia bing thir nghiém E it nhét 13 4x10® nhu dugc xac dinh trong ban mo ta nay.
Theo mdt phuong 4n, mot hoic nhiéu gen, cu thé 1a gen ma hod protein cia PTS dic
hiéu manoza-glucoza gen manL, gen manM va/hodc gen manN.

Theo (c4c) dot bién trong gen glcK, gen ccpA, tb hop ciia gen glcK va gen ccpA,
gen lacZ hodc gen ptsH c6 lién quan, phuong én bét ky trong sd cac phwong an dugc
boc 16 trén diy theo I dn V cling 4p dung twong tu cho ching Streptococcus
thermophilus duong tinh vé lactoza, am tinh vé galactoza con mang dot bién trong gen
mi hoa protein cia PTS didc hiéu manoza-glucoza cua sang ché, mién 12 ching
Streptococcus thermophilus duong tinh v& lactoza, 4m tinh vé galactoza thu dugc din
dén ty 1é cia hoat tinh beta-galactosidaza trong chung nay nhu dugc dénh gia bang thir
nghiém D véi hoat tinh glucokinaza trong chung nay nhu dugc déanh gia bing thu

nghiém E it nhat 12 4x10°® nhu duogc x4ac dinh trong ban mé ta nay
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Theo dot bién trong gen ma hod protein ctia PTS ddc hiéu manoza-glucoza c6
lién quan, dot bién bat ky 1a phi hop, cu thé 14 dot bién bit ky ma 1am gidm hodc loai
b6 su du nhip glucoza tir mdi trudng vao trong vi khudn. D6t bién nhu vay c6 thé thu
dugc va dugc nhan biét bé‘mg cach dua gen ma hoa protein cia PTS dédc hiéu manoza-
glucoza vao trong chung bét ky trong sd cac ching clia sing ché dugc boc 16 trong I
dén V trén day va xac dinh bang thir nghiém B ndng d6 glucoza trong sita dugc 1én men
véi ching, trong d6 muc gia ting ndng dd glucoza khi so véi chung clia sang ché theo I
dén V c¢6 nghia 12 gen mi hod protein ctia PTS ddc hiéu manoza-glucoza dot bién theo
sang ché.

Theo mdt phuong 4&n, dot bién cua gen mi hod protein cia PTS dic hiéu
manoza-glucoza, cu thé 1a ctia gen manL, gen manM hodc gen manN, 1a dot bién din
dén su ngit quing gen (nghia 13, pha v& hoan toan).

Theo mot phuong an, dot bién cua gen ma hoa protein cua PTS dic hiéu
manoza-glucoza, cu thé 1a cua gen manL, gen manM hodc gen manN 1a dot bién cua
doan khoi du cua gen, cu thé 1a dot bién cta doan khéi dau cia gen 1am gidm hodc tic
ché su sao chép ciia gen.

Theo mot phuong 4n, dot bién clia gen ma hod protein cia PTS dic hiéu
manoza-glucoza, cu thé 1a cua gen manL, gen manM hodc gen manN, la dot bién dugc
dua vao trong trinh tg ma cua gen, cu thé 1a dot bién dan dén su giam hodc loai bd hoat
tinh du nhip glucoza cua protein dugc ma hod béi gen dot bién, cu thé 1a 1am giam hoic
loai bé hoat tinh du nhép glucoza cia IIABM™ protein, IICM™ protein hoic IID™™"
protein.

Theo mdt phuong 4n, dot bién ciia gen mi hod protein ctia PTS dic hiéu
manoza-glucoza, cu thé 1a ctia gen manL, gen manM hodc gen manN la dot bién trong
trinh tr mi cia gen, din dén protein cit cut, 14n lugt cu thé 1a ITABM™ protein cit cut,
IICM™ protein cét cut hodc IIDM* protein cit cut, cu thé 1a protein c4t cut (nhu ITABM™
protein cit cut, IIC™™ protein cét cut hogc IID™™ protein cét cut) c6 hoat tinh du nhap
glucoza bi giam hoc bi loai bo. Bat ké vi tri cat cut, dot bién duge dua vao trong gen 1a
su thay thé nucleotit dan dén STOP codon hoic loai bét, léng vao hagc loai b(’)“t/li‘)ng
vao din dén su dich chuyén khung ctia khung doc mé va STOP codon sém. Theo mot
phuong 4n, dot bién duge dua vao trong gen 14 sy thay thé nucleotit din dén STOP

codon. Theo m{t phuong 4n, dot bién duoc dua vao trong gen la su loai bét, léng vao
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hoac loai bé’t/lﬁ‘)ng vao din dén su dich chuyén khung ctia khung doc mé va STOP
codon sém.

Mic du hai chung Streptococcus thermophilus c¢6 thé khac nhau vé trinh tu gen
manL, manM hodc ManN tuong tng cua ching, didu nay khong nhét thiét c6 nghia Ia
mat trong sb cac gen nay duoc dot bién theo nghia clla sdng ché. Thuc vay, khong duoc
xem 14 cac dot bién cta gen manL, manM hodc ManN theo séng ché:

- cac bién thé & muc nucleotit ma khong din dén thay ddi bat ky & mirc protein
(bién thé cam) va khong anh huéng dén su dich ma cia ARN manL, manM hodc
ManN;

- cac bién thé & muc nucleotit ma din dén su thay dbi & mic protein, nhung
trong do6 su thay dbi nay khong din dén su giam hoic loai bé hoat tinh du nhép glucoza
cua protein ciia PTS dac hiéu manoza-glucoza; va

- cé4c bién thé & muc nucleotit ma din dén sy thay dbi & mirc protein, nhung
trong d6 sy thay dbi nay khong cho phép gia ting mirc giai phong glucoza khi dugce dua
vao trong chung bét ky trong sb cac chiing ctia sang ché duoc boc 16 trong I dén V trén
day.

Céc vi du khong han ché v& cac gen manL, manM va ManN (lﬁn lwot ma hoa
IIABM™ protein, IICM™ protein va IIDM* protein) ma khong dugc xem 14 dot bién theo
nghia cta sang ché la:

- polynucleotit ma hoa ITABM™ protein nhu duge xic dinh trong SEQ ID
NO:122 (ITABM™™ typ ST1), cu thé 14 polynucleotit nhu duge x4c dinh trong SEQ ID
NO:121; IAB™™ typ nay 14 typ ctia ching DGCC7710;

- manL polynucleotit ma 1an luot hoa ITIABM™ protein nhu dugc x4c dinh trong
SEQ ID NO:124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152
va 154 (ITABM™ typ ST2 dén ST17), cu thé 1a polynucleotit nhu dugc xac dinh trong
SEQ ID NO:121, 123, 125, 127, 129, 131, 133, 135, 137, 139, 141, 143, 145, 147, 149,
151 va 153. Trinh tu cda [IABM®™ protein nhu dugc xac dinh trong SEQ ID NO: 124,
126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152 va 154 giéng v6i
SEQ ID NO:122 tir 98,4 dén 99,6%.

- polynucleotit ma hoa IICM™ protein nhu duge x4c dinh trong SEQ ID NO:174
(LICM™ typ ST1), cu thé 1 polynucleotit nhu duge xac dinh trong SEQ ID NO:173;
IICM™ typ 1a typ ciia ching DGCC7710;
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- manM polynucleotit 14n lwgt ma hoa IIC™™ protein nhu dugc x4c dinh trong
SEQ ID NO: 176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198 va 200 (IICM™
typ ST2 dén ST14), cu thé 1a polynucleotit nhu dugc x4c dinh trong SEQ ID NO:175,
177, 179, 181, 183, 185, 187, 189, 191, 193, 195, 197 va 199. Trinh tu ctia IICM*
protein nhu dugc x4c dinh trong SEQ ID NO: 176, 178, 180, 182, 184, 186, 188, 190,
192, 194, 196, 198 va 200 gidng véi SEQ ID NO:174 tir 98,5 dén 99,6%.

- polynucleotit ma hoa IIDM™ protein nhu dugc xac dinh trong SEQ ID NO:211
(IID™™ typ ST1), cu thé 1a polynucleotit nhu dugc xac dinh trong SEQ ID NO:210;
IID™* typ nay 1a typ cia DGCC7710;

- manN polynucleotit 1dn lwot ma hoa IID™™ protein nhu dugc x4c dinh trong
SEQ ID NO: 213, 215, 217, 219, 221, 223, 225, 227, 229, 231, 233, 235, 237, 239, 241,
243, 245, 247 va 249 (IIDM™ typ ST2 dén ST20), cu thé 1a polynucleotit nhu duge xac
dinh trong SEQ ID NO:212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236,
238, 240, 242, 244, 246 va 248. Trinh tu cua DM protein nhu dugc xéc dinh trong
- SEQID NO: 213, 215, 217, 219, 221, 223, 225, 227, 229, 231, 233, 235, 237, 239, 241,
243, 245, 247 va 249 gibng v6i SEQ ID NO:210 tir 97,3 dén 99,6%.

Céc tac gia sang ché da nhan biét dugc it nhat mot d6t bién trong gen manL, ma
khi dwoc 10ng vao trong gen manL cua ching Streptococcus thermophilus ban dau
dwong tinh vé lactoza, am tinh vé galactoza [d6t bién trong gen glcK, gen ccpA, ca gen
glcK va gen ccpA, gen lacZ hodc gen ptsH va cd ty 1€ cua hoat tinh beta-galactosidaza
trong ching nay nhu dugc danh gia bang thir nghiém D véi hoat tinh glucokinaza trong
ching nay nhu duoc danh gia bing thir nghiém E ciia ching nay it nhét 12 4x10° nhu
duogc xac dinh trong ban md ta nay, nhu chiing bét ky trong sb cac ching ctia sang ché
doc boc 16 trong I dén V trén day], cho phép gia ting ndng dd glucoza khi so v&i chiing
ban dau, khi duoc thir nghiém bang thir nghiém B.

Do d6, sang ché d& cap dén ching Streptococcus thermophilus duong tinh vé
lactoza, 4m tinh vé galactoza mang dot bién trong gen glcK, gen ccpA, ca gen glcK va
gen ccpd, gen lacZ hodc gen ptsH va dot bién trong gen manL, trong d6 ty 1& cia hoat
tinh beta-galactosidaza trong ching nay nhu duoc danh gia bang thir nghiém D véi hoat
tinh glucokinaza trong chiing nay nhu dugc danh gia bang thir nghiém E it nhit 14 4.10°
nhur dwoc xac dinh trong ban mé ta nay. Theo mot phwong 4n, dot bién trong gen manL

dan dén cit cut IIAB™™ protein & vi tri 305. Theo mot phuong 4n, dot bién trong gen
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manL 13 su thay thé nucleotit G bang nucleotit T & vi tri 916 (dan dén codon dimg & vi
tri 306). Streptococcus thermophilus IIAB™™ protein cit cut & vi tri 305 trong ban mo
ta nay duoc ding dé chi ITABM®ys

Theo mot phuong én, trinh tu cia [ABM™ protein dugc cat cut & vi tri 305 duge
chon tir nhém gdm:

a) trinh tu nhu dugc x4c dinh trong SEQ ID NO:156; va

b) trinh tw bién thé IIABM™ ¢6 it nhit 90% tuong tu hodc giéng v6i SEQ ID
NO:156, cu thé c6 chidu dai 305 axit amin.

Dé xé4c dinh bién th8 ITABM™ ¢6 it nhit 90% tuong tu hodc giéng véi SEQ ID
NO:156, tinh twong ty hodc giéng nhau duoc tinh toan trong ban mé ta ndy so voi toan
bo chidu sau cta 2 trinh tu sau khi can chinh t6i wu [nghia 13, s6 lugng gbc axit amin
tuong tu hodc gibng nhau trong (cac) phan cin chinh cta trinh ty]. Theo mdt phuong
&n, trinh tu bién thd TABM™ ¢6 it nhit 91, 92, 93, 94, 95, 96, 97, 98 hoic 99% twong tu
hogc gibng v6i SEQ ID NO:156. Theo mdt phuong 4n, trinh tw bién thé ITABM™ c6 it
nhit 95% twong tu hodc gidng vi SEQ ID NO:156. Theo mot phuong én, trinh tu bién
thd TTABM™ ¢6 it nhit 97% twong tw hodc gidng véi SEQ ID NO:156. Theo mot phuong
4n, trinh tw bién thd ITABM™ ¢6 it nhit 98% tuong tu hodc gidng véi SEQ ID NO:156.

Theo phuong 4n cu thé, trinh tu bién thé IIABM™ khac véi SEQ ID NO: 156
khoang tir 1 dén 30 thay thé axit amin. Theo phwong 4n cu thé, trinh tw bién thé IIABM*
khac v6i SEQ ID NO: 156 khoang tir 1 dén 20 thay thé axit amin. Theo phuong 4n cu
thé, trinh tu bién thd IIABM™ khéc véi SEQ ID NO: 156 khoang tir 1 dén 15 thay thé
axit amin. Theo phuong &n cu thé, trinh tu bién thé ITABM™ khac véi SEQ ID NO: 156
khoang tir 1 dén 10 thay thé axit amin. Theo phuong 4n cu thé, trinh tu bién thé IIABM™
khac véi SEQ ID NO: 156 by 1, 2, 3, 4, 5, 6, 7, 8, 9 hodc 10 thay thé axit amin. Theo
mdt phuong 4n, trinh ty ciia ITABM™ protein ctia ching Streptococcus thermbphilus
duong tinh véi lactoza, am tinh v4i galactoza cua sang ché dugce chon tir nhom gém
SEQ ID NO: 156 dén 172.

Theo modt phuong an, gen manl dugc mang boéi ching Strepfococcus
thermophilus cua sang ché ma héa IIAB™* protein, trinh ty ctia né dugce chon tir nhém
gdm SEQ ID NO:156 va trinh tu bién thé IIABM* bt ky c6 it nht 90% tuong tu hoic
giéng véi SEQ ID NO:156 nhur duge xac dinh trong ban md ta ndy (cu thé 12 SEQ ID
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NO:157 dén 172). Theo mdt phuong an, gen manL dugc mang boi chiing Streptococcus
thermophilus cla sang ché 1a nhu dugc xac dinh trong SEQ ID NO:155.

Cac tac giad sang ché da nhén biét duoc it nhit mot dot bién trong gen manM, ma
khi duoc 16ng vao trong gen manl cla ching Streptococcus thermophilus ban dau
dwong tinh vé lactoza, 4m tinh vé galactoza [d6t bién trong gen glcK, gen ccpA, ca gen
glcK va gen ccpd, gen lacZ hodc gen ptsH va c6 ty 1€ cua hoat tinh beta-galactosidaza
trong ching nay nhu duge danh gia bing thir nghiém D véi hoat tinh glucokinaza trong
ching nay nhu dugce danh gia bang thir nghiém E cta ching ndy it nhit 12 4x10° nhu
duoc xac dinh trong ban mé ta nay, ching bat ky trong sd cac chling ctia sang ché dugc
md ta trong I dén V trén day], cho phép gia ting ndng do glucoza khi so véi chiing ban
dAu, ndng d6 khi dugc danh gia bang thir nghiém B.

Do d6, sang ché d& cdp dén ching Streptococcus thermophilus dwong tinh vé
lactoza, 4m tinh vé& galactoza mang d6t bién trong gen glcK, gen ccpA, ca gen glcK va
gen ccpA, gen lacZ hodc gen ptsH va dot bién trong gen manM, trong d6 ty 1& cta hoat
tinh beta-galactosidaza trong chiing ndy nhu dugc danh gia bang thtr nghiém D véi hoat
tinh glucokinaza trong chiing ndy nhu dugc danh gia bing thir nghiém E it nhét 13 4x10°
6 nhu dugc xac dinh trong ban mé ta nay. Theo mot phuong 4n, dot bién trong gen
manM dan dén cit cut IIC™™ protein & vi tri 208. Theo mot phwong 4n, dot bién trong
gen manM 1a sy thay thé nucleotit G bang nucleotit T & vj tri 625 (dan dén codon dirng

CMan

& vi tri 209). Streptococcus thermophilus 11 protein cit cut & vi tri 208 trong ban

md ta nay dugc ding dé chi IICM™,;.

CM protein dwgc cit cut & vi tri 208 duge

Theo mdt phuong an, trinh tuy cta II
chon tir nhém gdm:

a) trinh ty nhu dugc xac dinh trong SEQ ID NO:202; va

b) trinh ty bién thé IICM™ ¢6 it nhit 90% twong tu hoic gidng véi SEQ ID NO:
202, cu thé c6 chiéu dai 208 axit amin.

Dé xéc dinh bién thé TICM™ ¢6 it nhit 90% twong tu hoic gidng véi SEQ ID NO:
202, tinh twong tu hodc giéng nhau dugc tinh toan trong ban md ta ny so véi toan bd
chidu sau cia 2 trinh tir sau khi cin chinh t6i wu [nghia 13, s6 luong gdc axit amin twong
tir hodc gidng nhau trong (c4c) phan cin chinh cta trinh tw]. Theo mot phuong én, trinh
tu bién thé IICM™ ¢6 it nhét 91, 92, 93, 94, 95, 96, 97, 98 hoic 99% tuong tw hoic gidng
v6i SEQ ID NO: 202. Theo mdt phuong 4n, trinh ty bién thé IICM™ c6 it nhat 95%
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twong tuw hodc giéng v6i SEQ ID NO: 202. Theo mét phwong 4n, trinh ty bién thé
IICM™ ¢6 it nhat 97% tuong tw hodc gidng véi SEQ ID NO: 202. Theo mdt phuong én,
trinh tu bién thé IICM™ ¢6 it nhit 98% tuong tu hoic gidng véi SEQ ID NO: 202.

Theo phuong an cu thé, trinh tu bién thé TIC™ khac v6i SEQ ID NO: 202
khoang 1 dén 30 thay thé axit amin. Theo phuong 4n cu thé, trinh ty bién thé TICM™
khéc v6i SEQ ID NO: 202 khoang tir 1 dén 20 thay thé axit amin. Theo phuong 4n cu
thé, trinh tu bién thé IICV* khac véi SEQ ID NO: 202 khoang tir 1 dén 15 thay thé axit
amin. Theo phuong 4n cu thé, trinh tu bién thé IICY™ khac véi SEQ ID NO: 202
khoang tir 1 dén 10 thay thé axit amin. Theo phuong 4n cu thé, trinh ty bién thé IIc™™®
khac véi SEQ ID NO: 202 by 1, 2, 3,4, 5, 6, 7, 8, 9 hodc 10 thay thé axit amin. Theo

mdt phuong én, trinh ty cua [cMan

protein cua ching Streptococcus thermophilus
duong tinh vé&i lactoza, 4m tinh vé&i galactoza cua sang ché duge chon tir nhém gdm
SEQ ID NO: 202 dén 209.

Theo modt phwong an, gen manM dugc mang bdi ching Streptococcus
thermophilus cta sang ché ma hoa IICM™ protein, trinh tw ctia né duge chon tir nhoém
gdm SEQ ID NO: 202 va trinh tw bién thé TIC™™ bat ky c6 it nhat 90% tuwong ty hodic
gidng véi SEQ ID NO:202 nhu duge xac dinh trong ban mé ta nay (cu thé 1a SEQ ID
NO: 203 dén 209). Theo mdt phuong 4an, gen manM dugc mang bdi ching
Streptococcus thermophilus cia sang ché 1a nhu duoc x4c dinh trong SEQ ID NO:201.

Cac tac gia sang ché d3 nhan biét dugc it nhat mot dot bién trong gen manN, ma
khi dugc 10ng vao trong gen manN cua chung Streptococcus thermophilus ban dau
dwong tinh vé lactoza, 4m tinh v& galactoza [dot bién trong gen glcK, gen ccpA, ca gen
glcK va gen ccpA, gen lacZ hodc gen ptsH va c6 ty 1€ cla hoat tinh beta-galactosidaza
trong ching nay nhu dugc danh gia bang thir nghiém D véi hoat tinh glucokinaza trong
ching nay nhu dugc danh gia bang thir nghiém E cla ching nay it nhét 13 4x10° nhu
duoc xac dinh trong ban mo ta nay, nhu ching bét ky trong s cac ching ciia sang ché
dwoc mo ta trong I dén V trén day], cho phép gia tang ndng d6 glucoza khi so véi ching
ban dau, ndng dd khi dugc danh gia bing thtr nghiém B.

Do d6, sang ché dé cap dén ching Streptococcus thermophilus dwong tinh vé
lactoza, 4m tinh vé galactoza mang dot bién trong gen glcK, gen ccpA, ca gen gleK va
gen ccpA, gen lacZ hodc gen ptsH va dot bién trong gen manN, trong d6 ty 1€ clia hoat

tinh beta-galactosidaza trong ching nay nhu dugc danh gia bang thir nghiém D véi hoat

58



52856 59/562

tinh glucokinaza trong ching nay nhu dugc danh gia bing thir nghiém E it nhit 13 4x10°
§ nhu duge xé4c dinh trong ban mo ta nay. Theo mot phuong &n, dot bién trong gen
manN dan dén cit cut IID™™ protein & vi tri 28. Theo mot phuong én, dot bién trong
gen manN 1a su 16ng vao cta nucleotit A khi kéo cang 5 nucleotit A & vi tri 37-41 (dan
dén kéo cang 6 nucleotit A, su dich chuyén khugn va cét cut IIDM™ protein & vi tri 28).
Streptococcus thermophilus IID™™ protein cét cut & vi tri 28 & day dugc dung dé chi
DY

Theo mot phuong an, trinh tu cua DM protein dugc cit cut & vi tri 28 duoc
chon tir nhom gdm:

A) trinh ty nhu dugc x4c dinh trong SEQ ID NO:251; va

b) trinh tu bién thé TIDM™ ¢6 it nhit 90% twong tu hoic gidng véi SEQ ID NO:
251, cu thé c6 chiéu dai 28 axit amin.

Dé nhan biét bién thé IIDM™ ¢6 it nhit 90% tuwong tu hoidc gibng véi SEQ ID
NO: 251, tinh twong ty hodc gidng nhau dugc tinh toan trong bén mo ta nay so vdi toan
bo chiu sau cta 2 trinh tu sau khi cin chinh tdi vu [nghia 1a, s6 lugng géc axit amin
twong tw hodc giéng nhau trong (cac) phin cin chinh cua trinh ty]. Theo mot phuwong
4n, trinh tu bién thé IID™™ ¢6 it nhat 91, 92, 93, 94, 95, 96, 97, 98 hodc 99% tuong tu
hodc gibng véi SEQ ID NO: 251. Theo mot phuong 4n, trinh tu bién thé IID™™ ¢6 it
nhit 95% tuong tu hodc giéng v6i SEQ ID NO: 251. Theo mdt phwong an, trinh tu bién
thé TIDM™ ¢6 it nh4t 96% tuong tu hodc gidng véi SEQ ID NO: 251. Theo mdt phuong
&n, trinh tu bién thd IIDM™ ¢6 it nhat 97% tuong tr hodc gidng véi SEQ ID NO: 251.

Theo phuong 4n cu thé, trinh ty bién thé IIDM™ khic véi SEQ ID NO: 251
khoang tir 1 dén 10 thay thé axit amin. Theo phuong 4n cu thé, trinh ty bién thé IIDM™
khac voi SEQ ID NO: 251 by 1, 2, 3,4, 5, 6, 7, 8, 9 hodc 10 thay thé axit amin. Theo
mot phuong éan, trinh tu IIDM™ protein ctia ching Streptococcus thermophilus dwong
tinh véi lactoza, am tinh véi galactoza cua sang ché dugc chon tir nhém gém SEQ ID
NO: 251 dén 255.

Theo modt phuong an, gen manN dugc mang boi chung Streptococcus
thermophilus cia sang ché ma hoa [IDM™ protein, trinh ty cia n6 dugce chon tir nhom
gdm SEQ ID NO: 251 va trinh tu bién thé IIDM* bét ky c6 it nhat 90% twong tw hodc
giéng v6i SEQ ID NO: 251 nhu dugce xac dinh trong ban md ta nay (cu thé 1a SEQ ID
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NO:252 dén 255). Theo mdt phuong 4n, gen manN dugc mang bdi ching Streptococcus
thermophilus cta sang ché duoc chon tir nhém gdbm SEQ ID NO: 250.

Nhu dugc dic trung bdi ty 1€ ctia hoat tinh beta-galactosidaza trong ching nay
nhu duge danh gia bing thir nghiém D véi hoat tinh glucokinaza trong chiing nay nhu
duoc danh gi4 bang thir nghiém E it nhét 13 4x10° nhu duge x4c dinh trong ban mb ta
nay, chung Streptococcus thermophilus duong tinh v& lactoza, am tinh vé galactoza cia
sang ché con dugc dot bién trong gen ma héa protein ciia PTS dic hiéu manoza-glucoza
(dwoc xéc dinh trong VI trong ban md ta nay) cdn c6 thé duge dic trung bdi kha ning
gidi phong glucoza cuia n6 khi duge st dung dé 1én men sita.

Do d6, ching Streptococcus thermophilus duong tinh vé lactoza, am tinh vé
galactoza, con duogc dot bién trong gen mi héa protein ctia PTS dic hiéu manoza-
glucoza (dugc xac dinh trong VI trong ban mo ta nay), con dugce dic trung bai thuc té
rang néng do glucoza trong sita duoc 1én men véi ching Streptococcus thermophilus
nhu duge danh gia bing thir nghiém B, it nhit 1a 80 mM. Theo phuong 4n cu thé, ndng
do glucoza trong sita dugc 1én men v6i ching Streptococcus thermophilus nhu dugce
danh gia bing thr nghiém B, it nhit 13 90 mM. Theo phuong 4n cu thé, ndng do
glucoza trong sita dugc 1én men véi ching Streptococcus thermophilus nhu dugc danh
gi4 bing thir nghiém B, it nhét 12 100 mM. Theo phuong an cu thé, ndng d6 glucoza
trong stta dugc 1én men v&i ching Streptococcus thermophilus nhu duge danh gia bang
thr nghiém B dugc chon tir nhoém gém néng dd vai it nhét 12 80 mM, it nhét 1a 90 mM,
va it nhit 12 100 mM.

Phuong phép bét ky c¢6 thé dugc st dung dé nhan biét dot bién trong gen ma hoa
protein cia PTS dic hiéu manoza-glucoza, cu thé 1a trong gen manL, gen manM hodc
gen manN thich hop trong ching Streptococcus thermophilus duong tinh vé lactoza, 4m
tinh vé galactoza ciia sang ché.

La mot vi du, dé thu dugc va nhan biét dot bién thich hop trong gen manL, gen
manM hodc gen manN, ngudi c¢6 hiéu biét trung binh trong linh vuc nay c6 thé thuc
hién phuong phap sau:

a) cung cap chung DSM32587 (d6t bién trong gen glck ciia nd)

b) thuc hién phat sinh dot bién trén gen manL, manM hodc manN cua chung &

budc a), vi du béng cach phat sinh dot bién ngﬁu nhién hodc truc tiép, dé thu dugce gen

60



52856 61/562

manL, manM hodc manN, trinh tuy cia né khac véi trinh tu cia gen manL, manM hodc
manN cia DSM32587, dé thu dugc ching DSM32587 dot bién man;

¢) xac dinh ty 1€ cua hoat tinh beta-galactosidaza nhu dugc déanh gia béng tha
nghiém D véi hoat tinh glucokinaza nhu dugc danh gia bang thit nghiém E cla ching
DSM32587 dot bién man thu duoc & bude b), va lua chon ching DSM32587 d6t bién
man thé hién ty 18 it nhét 12 4x10°® nhu dwoc x4c dinh trong ban md ta nay; va

d) x4c dinh bang thir nghiém B ndng dd glucoza trong sita dwgc 1én men véi
chung DSM32587 dot bién man dugce lya chon & bude c), trong d6

d1) ndng d6 glucoza it nhét 14 80 Mm c6 nghia 13 gen manL, manM hodc manN
dot bién 1a theo séng ché. Theo mot phuong an, gen manL, manM hodc manN dot bién
duoc xem 1a theo sang ché khi néng do glucoza do dugc & budce d) it nhét 13 90 mM
hogc it nhat 1a 100 mM, hodc

d2) su gia ting ndéng dd glucoza thu dugc véi ching DSM32587 dot bién man
dugc lwa chon & bude ¢) khi so véi ching DSM32587, ¢6 nghia 1a gen manL, manM
hodc manN d6t bién 13 theo sang ché.

Theo céach khac, ngudi ¢6 hidu biét trung binh trong linh vuc nay c6 thé thuc
hién phuong phép sau:

a) cung cp ching DGCC7710 trong d6 gen ccpA clia né dugce thay thé bing gen
ccpA dot bién nhu duge xac dinh trong SEQ ID NO:71 (ccpAaiaiia-120), trong ban mo ta
nay dugc goi la ching DGCC7710-ccpAaiaiia-120

b) thuc hién phat sinh 4ot bién trén gen manL, manM hodc manN cua ching &
budc a), vi du bang cach phat sinh dot bién ngu nhién hoic truc tiép, dé thu dugc gen
manL, manM hodc manN, trinh tu ciia n6 khac véi trinh tu cia gen manL, manM hodc
manN cia ching DGCC7710-ccpAaiat14-120 dé thu duoc ching DGCC7710-ccpAaiania-
120 40t bién man;

¢) xac dinh ty 1€ cla hoat tinh beta-galactosidaza nhu dugc danh gia bang thtr
nghiém D véi hoat tinh glucokinaza nhu dugc danh giéa b'?lng thr nghi€ém E cua ching
DGCC7710-ccpApiatis-120 40t bién man thu dugc & budc b), va lua chon chung
DGCC7710-ccpAniatiazo 40t bién man thé hién ty 18 it nhat 1a 4x10°° nhu dugc xac
dinh trong ban mo ta nay; va |

d) x4c dinh biang thir nghiém B ndng dd glucoza trong sita dwgc 1én men véi

chiing DGCC7710-ccpAaiaiia-120 40t bién man duge Iya chon & bude c), trong d6
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d1) ndng d6 glucoza it nhat 14 80 mM c6 nghia 14 gen manL, manM hoic manN
dot bién 1a theo sang ché. Theo mot phuong an, gen manL, manM hodc manN d6t bién
duoc xem la theo sang ché khi ndng do glucoza do dugce & bude d) it nhat 12 90 mM
hodc it nhét 12 100 mM; hoic

d2) su gia ting néng dd glucoza thu dugc véi ching DGCC7710-ccpAaiaiia-i2o
ddt bién man duge lya chon & budc ¢) khi so v6i chung DGCC7710-ccpApiaiis-120, €0
nghia 1a gen manL, manM hoac manN dot bién 14 theo sang ché.

Theo phuong phap nén trén, cum tir “gia ting nong dé glucoza” hoic “gia ting
nong dé glucoza” khi so véi chiing [ban dau] tham chiéu & buée d) c6 nghia 12 ndng do
glucoza cta ching thir nghiém ma it nhat 12 150%, it nhat 1a 200%, it nht 1a 300%, it
nhét 12 400% hodc it nhét 12 500% ndng d6 glucoza ctia chiing [ban diu] tham chiéu,
khi c4 hai ching dugc danh gia bang thir nghiém B.

Theo mét phuong an, cum tir “gia ting nong do glucoza” khi so vé6i ching
DSM32587 & bude d) c6 nghia 12 ndng dd glucoza cia ching thir nghiémn [d6t bién
trong gen manL, manM hodc manN] ma it nhét 12 150%, it nhét 1a 200% hodc it nhét 13
300%, ndng d6 glucoza ching DSM32587, khi ca hai ching dugc danh gia bang thir
nghiém B.

Theo mdt phwong 4n, cum tir “gia ting nong do glucoza” khi so véi din xut
DGCC7710-ccpApiaris-120 6 bude d) co6 nghia 1a néng dd glucoza cua chuing thtr nghiém
[dot bién trong gen manL, manM hodc manN] ma it nhit 12 150%, it nhét 1a 200%, it
nhit 1a 300%, it nhit 1a 400% hoic it nhat 12 500% ndng d6 glucoza cla din xuat
DGCC7710-ccpAaia11a-120, khi cd hai chung dugc danh gia bi‘mg thtt nghiém B.

Khi dugc nhan biét, gen manL, manM hodc manN dot bién theo sang ché c6 thé
dugc dua vao thay cho manL, manM hodc manN clia ching Streptococcus thermophilus
duong tinh vé lactoza, Am tinh vé galactoza, dugc xac dinh theo cac phuong an I, I1, 111,

IV hoac V trén day.

Céc vi du vé mot sb ching cua sang ché

Sang ché dé cap dén ching Streptococcus thermophilus DSM32587 dugc Iuu triv
& DSMZ vao ngay 15 thang 8 nam 2017, hoic bién thé bit ky cua né. Ching
DSM32587, mang gen glcK nhu dugc xdc dinh trong SEQ ID NO:21 (m& hoéa
glucokinaza nhu dugc xdc dinh trong SEQ ID NO:22), da thé hién c6 hoat tinh
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glucokinaza trong ching 907 U/g tbng dich chiét protein, Vmax trong chiing nay 1a 914
Ulg tong dich chiét protein, trong khi giai phong trong sita 1én men 29 mM glucoza
(nhu dwgc danh gia 1an lugt bing thir nghiém A, thir nghiém C va tht nghiém B).

Bién thé cia chung DSM32587 dugc xac dinh trong ban md ta nay 1a chung
Streptococcus thermophilus duong tinh véi lactoza, 4m tinh véi galactoza thu dugc tir
ching DSM32587 va mang cung gen glcK (SEQ ID NO:21) nhu chung DSM32587, va
trong d6 hoat tinh glucokinaza trong chung nay hoan toan dap g déu hiéu “gidm ddng
ké nhung khéng vé hiéu” cua hoat tinh glucokinaza nhu duoc xac dinh trong ban md ta
nay va dap Ung ddu hiéu “gidm ddng ké nhung khéng vé hiéw” cla Vmax cua
glucokinaza nhu dugc xac dinh trong ban mo ta nay.

Theo mét phuong 4n, bién thé cia chung DSM32587 thé hién ty 1€ cta hoat tinh
beta-galactosidaza nhu dugc danh gia bang thtr nghiém D véi hoat tinh glucokinaza nhu
dugc danh giéd b%lng thr nghiém E, tri s6 tdi thiéu ctia n6 dugc chon tir nhém gE‘)m it
nhét 12 4x10°, it nhét 1a 5x10°, it nhét 1a 6x10°, it nht 1a 7x10° va it nhét 1a 8x10°, va
thy v tri s6 t&i da ciia n6 nho hon 8x107.

Theo phuong 4n cu thé, bién thé ctia ching DSM32587 biéu hién GlcK protein
nhu duge xac dinh trong SEQ ID NO:22, hoat tinh glucokinaza ctia n6 trong bién thé
ndy nam trong khoang tir 800 dén 1000 U/g tong dich chiét protein nhu dugc danh gia
bang thir nghiém A va Vmax cla glucokinaza trong chung nay nam trong khoang tir
800 dén 1000 U/g tdng dich chiét protein nhu dwgc dénh gia bang thir nghiém C.

Theo phuong 4n cu thé, bién thd DSM32587 clia sang ché con duge dic trung
boi thuc té ring ndng do glucoza trong sita dugc 1én men véi chung variant nhu dugce
dénh gi4 bing thit nghiém B, it nhit 14 20 mM. Theo phuong 4n cu thé, bién thé
DSM32587 cua sang ché dugce ddc trung béi thuc thé rang nbéng d6 glucoza trong sita
dugc 18n men v6i bién thé ching nhu duge danh gid bang thir nghiém B, it nhit 13 ndng
do glucoza trong stra dugc 1én men véi chung DSM32587 nhu dugc danh gia bing thir
nghiém B.

Céac vi du khong han ché v& céc bién thé vi du 1a bién thé CRISPR, nghia Ia cac
bién thé cta ching DSM32587 c6 mot hoiic nhidu locut CRISPR dugc cai bién bing
cach léng vao va/hodc loai bét mot hodc nhiéu ving dém (khi so véi cac locut CRISPR

cua ching DSM32587).
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Sang ché ciing dé cap dén ching Streptococcus thermophilus duong tinh véi
lactoza, 4m tinh véi galactoza sau day:

- ching twong Gng v6i ching DSM32587 ma trong d6 trinh tw ma hoa cua gen
ccpA dugce thay thé béng trinh tu nhu dugc néu trong SEQ ID NO:71 (ccpAaiania-120) va
céc bién thé cua no; bién thé duge x4c dinh trong ban md ta nay duéi dang chung
Streptococcus thermophilus duong tinh vé6i lactoza, am tinh véi galactoza mang cung
gen ccpA dot bién va thé hién ty 16 clia hoat tinh beta-galactosidaza nhu dwgc danh gia
bang thir nghiém D v6i hoat tinh glucokinaza nhu dugc danh gia bang thir nghiém E,
ma tri s6 t&i thiéu ctia n6 duoc chon tir nhém gdm it nhit 1a 4x107, it nhit 1a 5x10°, it
nhét 12 6x10°, it nhét 1a 7x10°° va it nhit 1a 8x10°, va tuy v tri s6 toi da ctia né nhé hon
8x107;

- ching twong Gng v6i ching DSM32587 ma trong d6 trinh ty ma hoa cua gen
manL dugc thay thé bang trinh tuy nhu dugc néu trong SEQ ID NO:155 (ma hoa
IIABMa“3055TOP) va céc bién thé coa no; bién thé dugce xac dinh trong ban mo ta nay la
ching Streptococcus thermophilus duong tinh v6i lactoza, &m tinh véi galactoza mang
cung gen manL djt bién va thé hién ty 1€ cia hoat tinh beta-galactosidaza nhu dugc
danh gia bang thir nghiém D véi hoat tinh glucokinaza nhu dugc dénh gia bang thir
nghiém E, ma tri s6 ti thiéu cua n6 duge chon tir nhém gém which it nhét 1a 4x10°, it
nhét 12 5x10°, it nhét 12 6x10°°, it nhat 1a 7x107° va it nhét 1a 8x10°, va tiy ¥ tri s6 tdi da
clia n6 nho hon 8x107;

P ching twong Gng v6i ching DSM32587 ma trong d6 trinh ty ma hda cua gen
manM dugc thay thé béng trinh ty nhu dugc néu trong SEQ ID NO:201 (mé hoa
[ICM™,0) va cac bién thé cia no; bién thé dugc xac dinh trong ban mb ta nay 1a chiing
Streptococcus thermophilus duong tinh véi lactoza, am tinh véi galactoza mang cung
gen manM dot bién va thé hién ty 1& ciia hoat tinh beta-galactosidaza nhu dugc dénh gia
bing thir nghiém D véi hoat tinh glucokinaza nhu dwgc danh gia bang thtr nghiém E,
ma tri s6 tbi thiu cta ndé dugc chon tir nhém gém which it nhét 1a 4x10'6, it nhat 1a
5x10°, it nhat 1a 6x10°, it nhét 12 7x10°° va it nhét 1a 8x10°, va tuy v tri s6 tdi da ctia n6
nho hon 8x107;

- chiing twong Ung véi ching DSM32587 ma trong do trinh ty ma hoa cua gen
manN dugc thay thé bang trinh tr nhu duge néu trong SEQ ID NO:250 (mi hoa

IIDManzg) va céac bién thé cia nd; bién thé dugc xac dinh trong ban mo ta nay 1a ching
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Streptococcus thermophilus duong tinh voi lactoza, am tinh véi galactoza mang cung
gen manN dot bién va thé hién ty 1€ cua hoat tinh beta-galactosidaza nhu dugc danh gia
bang thir nghiém D v6i hoat tinh glucokinaza nhu dugc danh gia bang thir nghiém E,
ma trj sb t&i thiéu ciia né dugc chon tir nhom gdm it nhat 1a 4x107, it nhét 14 5x10°, it
nhét 12 6x10°%, it nhat 1a 7x10°° va it nhAt 1a 8x10°, va tiy ¥ tri s6 tdi da ciia n6 nhé hon
8x10;

- chting twong mg véi chung DSM32587 ma trong d6 trinh tyr ma héa cta gen
ccpA duogce thay thé béng trinh ty nhu dugce néu trong SEQ ID NO:71 (ccpAaiaiia-120) va
trinh ty ma cia gen manL duoc thay thé bang trinh tuy nhu dugc néu trong SEQ ID
NO:155 (ma hoa ITABM™;ss70p) Va céc bién thé cta n6; bién thé dugc xac dinh trong
ban mo ta nay 1a ching Streptococcus thermophilus duong tinh véi lactoza, m tinh véi
galactoza mang cung gen ccpA dot bién va ciing gen manL dot bién va thé hién ty 18 cia
hoat tinh beta-galactosidaza nhu dugc danh gid bang thir nghiém D véi hoat tinh
glucokinaza nhu dugc danh gia bang thtt nghiém E, ma tri s6 t6i thiéu cia nd dugc
chon tir nhém gdm which it nhat 13 4x10°, it nhét 1a 5x107°, it nhét 12 6x10°, it nhét la
7x107 v it nhét 12 8x10°, va thy ¥ tri sb i da ciia n6 nho hon 8x107;

- chiing twong mg v&i chiing DSM32587 ma trong d6 trinh ty ma hoa cia gen
ccpA dugce thay thé béng trinh tu nhu dugce néu trong SEQ ID NO:71 (ccpAaiaiia-120) va
trinh ty ma cla gen manM dugc thay thé bing trinh tu nhu dugc néu trong SEQ ID
NO:201 (mé héa IICM™,4) va céc bién thé ctia n6; bién thé duge xac dinh trong ban mo
td nay la ching Streptococcus thermophilus duong tinh véi lactoza, am tinh véi
galactoza mang cung gen ccpd dot bién va cing gen manM dot bién va thé hién ty 1&
cua hoat tinh beta-galactosidaza nhu dugc danh gia bang thir nghiém D véi hoat tinh
glucokinaza nhu dugc danh gia bang thir nghiém E, ma trj sb tbi thiéu cia n6 duoc
chon tir nhém gdm it nhat 1a 4x10°, it nhat 1a 5x10°°, it nhét 1a 6x10°5, it nhét 1a 7x10°
va it nhit 12 8x10°°, va tuy v tri s6 tbi da cia n6 nhé hon 8x107;

- chiing twong mg v&i chung DSM32587 ma trong d6 trinh tw ma héa cta gen
ccpA dugce thay thé b%mg trinh ty nhu dugc néu trong SEQ ID NO:71 (ccpAaiaiia-120) Va
trinh ty ma cua gen manN dugc thay thé bang trinh ty nhu duge néu trong SEQ ID
NO:250 (ma hoéa IIDManzg) va cac bién thé cua no; bién thé duge x4c dinh trong ban md
td nay la ching Streptococcus thermophilus duwong tinh véi lactoza, 4m tinh voi

galactoza mang cling gen ccpA dot bién va gen manN dot bién va thé hién ty 1& cta hoat
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tinh beta-galactosidaza nhu dugc danh gia bang thir nghiém D véi hoat tinh glucokinaza
nhu dugce danh gia bé‘mg thtr nghi€ém E, ma tri s6 tbi thiéu cua n6 dugc chon tir nhém
obdm it nhét 1a 4x10°°, it nhét 1a 5x10°, it nhit 1a 6x10™, it nh4t 1a 7x10 va it nhét 1a
8x10°, va ty ¥ tri s6 ti da ctia n6 nhé hon 8x107;

- ching tuong Gng v&i ching DSM28255 ma trong d6 trinh ty ma hoa cia gen
ccpA dugce thay thé b%mg trinh ty nhu dugce néu trong SEQ ID NO:71 (ccpAdaiaiia-120) va
céc bién thé cia no; bién thé duoc xac dinh trong ban md ta nay 1a chung Streptococcus
thermophilus duong tinh véi lactoza, am tinh v6i galactoza mang cung gen ccpA dot
bién va thé hién ty 1& cua hoat tinh beta-galactosidaza nhu dugc dénh gid bang thir
nghiém D véi hoat tinh glucokinaza nhu dugc danh gia béng thir nghiém E, ma trj s6 tdi
thidu ctia né dugc chon tir nhom gdm it nhat 1a 4x107, it nhét 1a 5x10°°, it nhat 1a 6x10°
6 it nhét 12 7x10° va it nhét 1a 8x10°, va tuy ¥ tri s6 t6i da ciia n6 nhé hon 8x107.

- ching twong Gng v&i ching DSM28255 ma trong d6 trinh tu ma héa cia gen
ccpA dugce thay thé béng trinh ty nhu dugce néu trong SEQ ID NO:71 (ccpAaiaiia-120) Va
trinh ty ma cua gen manL dugc thay thé bang trinh ty nhu dugc néu trong SEQ ID
NO:155 (ma héa ITABM®™, )sstop) Va céc bién thé cua no; bién thé duoc xac dinh trong
ban md ta ndy 1a ching Streptococcus thermophilus duong tinh v6i lactoza, 4m tinh véi
galactoza mang cung gen ccpA4 dot bién va cung gen manL dot bién va thé hién ty 18 cta
hoat tinh beta-galactosidaza nhu dugc danh gia bing thtr nghiém D véi hoat tinh
glucokinaza nhu dugc danh gia béng thir nghiém E, ma tri s6 t6i thiéu cua n6d duoc
chon tir nhém gdm it nhét 1a 4x10°°, it nhit 1a 5107, it nhit 1a 6x10°, it nhét 14 7x10°°
va it nhat 12 8x10°°, va ty ¥ tri s6 t6i da ciia n6 nhé hon 8x10~.

- ching twong Gng v&i ching DSM28255 ma trong d6 trinh tu ma hoa cia gen
ccpA dugc thay thé béng trinh ty nhu dugce néu trong SEQ ID NO:71 (cecpAaiaiia-iz) va
trinh tw ma cta gen manM dugc thay thé bang trinh ty nhu duge néu trong SEQ ID
NO:201 (ma héa IICM™,05) va céc bién thé cia né; bién thé dugc xé4c dinh trong ban mo
td nay la ching Streptococcus thermophilus duong tinh véi lactoza, 4m tinh v6i
galactoza mang cung gen ccpA dot bién va cling gen manM dot bién va thé hién ty 18
cua hoat tinh beta-galactosidaza nhu dugc danh gia bang thtr nghiém D véi hoat tinh
glucokinaza nhu dugc danh gia bﬁng thtr nghiém E, ma tri s6 tbi thiéu cta nd duoc
chon tir nhém gdm it nhét 1a 4x10°°, it nhit 1a 5107, it nhét 12 6x10°, it nhét 1a 7x10°°

va it nhét 1a 8x10°°, va tuy ¥ tri s t6i da ciia n6 nhé hon 8x107.
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- chiing twong mg véi chung DSM28255 ma trong d6 trinh ty méa héa cta gen
ccpA dugce thay thé béng trinh ty nhu dugc néu trong SEQ ID NO:71 (ccpAaiaiia-120) va
trinh ty ma cia gen manN dugc thay thé bang trinh tu nhu duge néu trong SEQ ID
NO:250 (mi hoa IIDManzg) va céc bién thé cia no; bién thé dugc xé4c dinh trong ban mo
ta nay la chung Streptococcus thermophilus duong tinh véi lactoza, &m tinh véi
galactoza mang cung gen ccpA dot bién va cling gen manN dot bién va thé hién ty 1&
cua hoat tinh beta-galactosidaza nhu duge danh gia bang thir nghiém D véi hoat tinh
glucokinaza nhu dwoc danh gia b%mg thr nghiém E, ma tri sb tbi thiéu cua n6d dugc
chon tir nhém gdm which it nhét 1a 4x10°, it nhét 1a 5x107, it nhét 1a 6x10°°, it nhét 1a
7x10° va it nhit 12 8x10°, va tury ¥ tri s6 ti da ctia n6 nhé hon 8x107.

Theo phuong 4n cu thé, trinh tu hé gen cla bién thé coa ching nhu dugc xéc
dinh trong ban md ta nay c¢6 su giéng nhau it nhét 12 90%, v&i trinh tu hé gen clia ching
ma bién thé thu duoc tir, cu thé 1a giéng nhau it nhit 1 90%, it nhét 1a 91%, it nhat 1a
95%, it nhét 12 93%, it nhAt 12 94%, it nhit 1a 95%, it nhét 12 96%, it nhat 1a 97%, it nhat
12 98%, it nhit 1a 99%, it nhit 1a 99,1%, it nhit 1a 99,2%, it nhat 1a 99,3%, it nhét 1a
99,4%, it nhat 12 99,5%, it nhét 1a 99,6%, it nhét 1a 99,7%, it nhit la 99,8%, it nhét 1a
99,9%, it nhat 14 99,92%, it nhét 1a 99,94%, it nhat 12 99,96%, it nhét 1a 99,98%, hojc it
nhat 12 99,99% véi trinh ty hé gen cua ching ma bién thé thu dugc tr d6. Sy gidng
nhau dugc mb ta khi so sanh hai trinh tw hé gen so véi chiéu dai dy du (su cin chinh
téng thé), va c6 thé dugc tinh todn bang céach st dung chuong trinh bét ky dua vao thuat
toan Needleman-Wunsch.

Theo mdt phuong an, chung Streptococcus thermophilus duong tinh véi lactoza,
am tinh v6i galactoza ciia sang ché khong mang gen glcK ma hoa d6i v6i glucokinaza
c6 serin & vi tri 144 (nghia 13, codon 144 ctia gen glcK khong ma hoa d6i vai serin), véi
ngoai trixr ching Streptococcus thermophilus duong tinh véi lactoza, &m tinh véi
galactoza dugc chon tir nhom gom:

a) ching Streptococcus thermophilus duong tinh véi lactoza, &m tinh véi
galactoza nhu dugc xac dinh trong III, gen glcK ma ma hoa d6i vé6i glucokinaza c6
serin & vi tri 144; va

b) ching Streptococcus thermophilus duong tinh véi lactoza, &m tinh véi
galactoza nhu dugc xac dinh trong VI, ma gen glcK ciia n6 ma hoa d6i véi glucokinaza

cO serin & vi tri 144
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Theo mdt phuong 4n, chiing Streptococcus thermophilus duong tinh véi lactoza,
am tinh v6i galactoza cua sang ché mang gen glcK ma héa ddi véi glucokinaza c6 serin
& vi tri 144, véi loai trir chiing Streptococcus thermophilus duong tinh véi lactoza, am
tinh vGi galactoza dugce chon tir nhém gdm:

a) ching Streptococcus thermophilus dwong tinh véi lactoza, d&m tinh v&i
galactoza, ma gen ccpA cua no dot bién nhu duogc xac dinh trong III va gen glcK cta né
mi héa d6i véi glucokinaza c6 serin & vi tri 144;

b) chung Streptococcus thermophilus duong tinh v6i lactoza, dm tinh véi
galactoza, ma gen manL ciia n6 dot bién nhu dugc xac dinh trong VI va gen glcK cla
n6é ma hoa ddi voi glucokinaza c6 serin & vi tri 144;

¢) ching Streptococcus thermophilus dwong tinh véi lactoza, &m tinh v6i
galactoza, ma gen manM cia n6 dot bién nhu dugc xé4c dinh trong VI va gen glcK cua
n6 ma hoa dbi véi glucokinaza cé serin & vi tri 144; va

d) chung Streptococcus thermophilus duong tinh véi lactoza, am tinh véi
galactoza, ma gen manN cuia n6 dot bién nhu duogc xac dinh trong VI va gen glcK cla
n6 ma hoa dbi véi glucokinaza cé serin & vi tri 144.

Theo mot phuong 4n, ching Streptococcus thermophilus duong tinh v6i lactoza,
am tinh v6i galactoza cua sang ché khong mang gen glcK mi hoa d6i v6i glucokinaza
c6 serin & vi tri 144, v6i loai trir ching Streptococcus thermophilus duong tinh voi
lactoza, Am tinh v6i galactoza dugc chon tir nhém gbm:

a) chung Streptococcus thermophilus duong tinh véi lactoza, 4m tinh véi
galactoza, ma gen ccpd cla n6é nhu duge xac dinh trong SEQ ID NO:71 va gen glcK
clia n6 ma hoa dbi véi glucokinaza cé serin & vi tri 144;

b) ching Streptococcus thermophilus duong tinh vé6i lactoza, &m tinh véi
galactoza, ma gen manL clia né ma héa dbi voi IIABM™ dugc cit cut & vi tri 305, nhu vi
tri duoc x4c dinh trong SEQ ID NO:156 va gen gicK cliia n6 md hoa a6i véi
glucokinaza co serin ¢ vi tri 144;

¢) ching Streptococcus thermophilus duong tinh v6i lactoza, 4m tinh voi
galactoza, gen manM cia n6 ma héa déi véi [ICM™ quge cat cut ¢ vi tri 208, nhu vi tri
duogc xéac dinh trong SEQ ID NO:202 va gen glcK ctiia n6 ma hda d6i véi glucokinaza

co serin O vi tri 144;
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d) ching Streptococcus thermophilus duong tinh vé&i lactoza, dm tinh véi
galactoza, ma gen manN cua n6 ma hoa dbi voi IIDM™ duoce cit cut & vi tri 28, nhu vi
tri dugc x4c dinh trong SEQ ID NO:251 va gen glcK ciia n6 mi hoa abi vei
glucokinaza cd serin & vi tri 144;

Theo mot phuong an, chiing Streptococcus thermophilus duong tinh véi lactoza,
am tinh voi galactoza cia sang ché nhu duoc x4c dinh trong I trén day khong mang gen
glcK ma hoa d6i véi glucokinaza cé serin & vi tri 144.

Theo mdt phuong an, chiing Streptococcus thermophilus duong tinh voi lactoza,
4m tinh voi galactoza cia sang ché khong mang gen glcK ma hoa d6i voi glucokinaza

¢O serin & vi tri 144.

Ché phim, phuong phép va st dung véi ching Streptococcus thermophilus
duong tinh v6i lactoza, am tinh véi galactoza cua sang ché

Sang ché cling dé cap dén ché phém vi khudn bao gém hodc chira it nhét mot, cu
thé mot chung Streptococcus thermophilus dwuong tinh véi lactoza, am tinh véi
galactoza cuia sang ché. Theo phwong 4n cu thé, ché phdm vi khuin 12 méi trudng nudi
cdy tinh khiét, nghia 13, bao gdm hodc gdm c6 mot ching vi khuan. Theo phuong 4n
khac, ché phim vi khuén 13 méi truong nudi cdy hdn hop, nghia la, bao gdm hozc gém
c6 chuing Streptococcus thermophilus duong tinh véi lactoza, am tinh véi galactoza cia
sang ché va it nhit mot ching vi khuan khac. Thuat ngit it nhdt 1&” (tham chiéu dén
ching hodc vi khuén), c6 nghia la 1 hodc mot va cu thé1a 1, 2, 3, 4 hoic 5 chung.

Do d6, theo mdt phwong 4n, ché phdm vi khuin cta sang ché bao gbm hozc gdbm
ching Streptococcus thermophilus duong tinh v6i lactoza, &m tinh v6i (cac) galactoza
clia sang ché va it nhat mot vi khuén axit lactic thudc loai dugc chon tir nhém gbm loai
Lactococcus, 10ai Streptococcus, loai Lactobacillus bao gém Lactobacillus acidophilus,
loai Enterococcus, loai Pediococcus, loai Leuconostoc, loai Bifidobacterium va loai
Oenococcus td hop bat ky cta ching. Céc lodi Lactococcus bao gdbm Lactobacillus
acidophilus va Lactococcus lactis, bao gdm Lactococcus lactis subsp. lactis,
Lactococcus lactis subsp. cremoris va Lactococcus lactis subsp. lactis biovar
diacetylactis. Céc loai Bifidobacterium bao gdm Bifidobacterium animalis, cu thé 1a

Bifidobacterium animalis subsp lactis. Céc loai vi khuin axit lactic bao gdm
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Leuconostoc  sp., Streptococcus thermophilus, Lactobacillus delbrueckii subsp.
bulgaricus, va Lactobacillus helveticus.

Theo mdt phuong 4n, ché phim vi khudn bao gdm hodc gdm ching
Streptococcus thermophilus duong tinh véi lactoza, &m tinh véi (cdc) galactoza cua
sang ché, va it nhit 1a moét ching Streptococcus thermophilus, khac véi (cac) chung S.
thermophilus cua sang ché va/hodc it nhit 1a mot chung thudc loai Lactobacillus
va/hodc td hop bét ky ctia ching. Theo phuong 4n cu thé, ché phdm vi khuan bao gdbm
hodic gbm (cac) ching Streptococcus thermophilus cua sang ché, mot hoic mot vai
chung thudc loai Lactobacillus delbrueckii subsp. bulgaricus va/hodc mot hodc mot vai
ching thudc loai Lactobacillus helveticus va/hodc t6 hop bét ky cia chung va tuy y it
nhét mot ching Streptococcus thermophilus, khac voi (cac) ching S. thermophilus cia
sang ché. Theo phuong an cu thé, ché phdm vi khuin bao gbm hoic gbdm (cac) ching
Streptococcus thermophilus cua sang ché, it nhét 12 mot ching thudc loai Streptococcus
thermophilus, khac véi (cac) chung S. thermophilus cua sang ché, va ching thudc loai
Lactobacillus delbrueckii subsp. bulgaricus. Theo phuong 4n cu thé khéc, ché pham vi
khudn bao gdm hodc gébm (cac) ching Streptococcus thermophilus cia sang ché, va
ching thudc loai Lactobacillus delbrueckii subsp. bulgaricus.

Theo mét phuong an, ché phim vi khudn bao gdm hodc gdm (cic) ching
Streptococcus thermophilus cua sang ché, Lactococcus lactis subsp. lactis va/hodc
Lactococcus lactis subsp. cremoris.

Theo phuong an cu thé vé ché phdm vi khuin bét ky duoc xac dinh trong ban mo
ta nay, dudi dang mdi trudng nudi céy tinh khiét hodc hén hop, ché phém vi khuén con
bao gdm it nhit mot chung lgi khudn nhu Bifidobacterium animalis subsp. lactis,
Lactobacillus acidophilus, Lactobacillus paracasei, hodc Lactobacillus casei.

Theo phuong 4n cu thé, ché phdm vi khuén, du6i dang moi trudong nudi cdy tinh
khiét hodc hdn hop nhu dugc x4c dinh trén ddy & dang dong lanh, lam khd, dong-kho,
dung dich hodc dang rén, & dang vién hodc vién dong lanh hodc & dang bot hodc bot
kho. Theo phwong an cy thé, ché phim vi khudn coa sang ché & dang dong lanh hoic &
dang vién hodc vién dong lanh, cu thé duoc chira trong mét hoic nhiéu hop hodc goi.
Theo phuong 4n khac, ché phdm vi khuan nhu dugc x4c dinh trong ban mé ta nay &
dang bdt, nhu bt khd hodc dong-kho, cu thé 1a chra trong mot hodc nhiéu hop hodc

g0i.
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Theo phuong 4n cu thé, ché phim vi khuin ca séng ché, dudi dang moi truong
nudi céy tinh khiét hozc hdn hop nhu dugc x4c dinh trén day, va bt ké dang (dong
lanh, kho, ddong-khd, dung dich hodc dang rén, & dang vién hodc vién dong lanh hodc &
dang bdt hodc bot kho) bao gdm chiing Streptococcus thermophilus dwong tinh véi
lactoza, am tinh véi (cac) galactoza cua sang ché & ndng d6 nam trong khoang tir 10°
dén 10" cfu (don vi tao khudn lac) cho mdi gam ché phdm vi khuan. Theo phuong 4n
cu thé, ndng do clia ching Streptococcus thermophilus duong tinh véi lactoza, am tinh
v6i (cac) galactoza trong ché phim vi khuén ciia sdng ché nim trong khoang tr 10" dén
10'2 ¢fu cho m&i gam ché phém vi khudn va cu thé 1a it nhét 1a 107, it nhét 1a 10°, it nhét
14 10%, it nhat 12 10'° hodc it nhit 1a 10" CFU/g ché phim vi khuén. Theo phuong 4n cu
thé, khi ¢ dang phan cd dic dong lanh hodc kho, ndéng dd cia ching Streptococcus
thermophilus dwong tinh v6i lactoza, am tinh véi (cac) galactoza — dudi dang moi
treong nudi cdy tinh khiét hogc hdn hop - trong ché phim vi khuén ndm trong khoang
tir 10% dén 10" cfu/g phéan c6 dic dong lanh hodc phan ¢c6 dic kho va t6t hon nita néu it
nhét 1a 108, it nhat 1a 10°, it nhét 1a 10'°, it nhat 1a 10" hoc it nhét 1a 10" cfu/g phan co
déc dong lanh hodc phén ¢6 dic khd.

Sang ché con dé cap dén phuong phép sin xuit san phdm lén men, trong d6
phuong phap nay bao gdm cac budc a) tiém truyén co chit véi ching Streptococcus
thermophilus duong tinh vé&i lactoza, &m tinh véi (céc) galactoza cla sang ché va b) Ién
men co chit da tiém truyén, dé thu dugc san phim 1én men. Theo phuong 4n cu thé,
ching Streptococcus thermophilus duong tinh véi lactoza, am tinh v6i (cac) galactoza
ctia sang ché dugc tiém truyén dudi dang ché pham vi khudn nhu dugc xdc dinh trong
ban mo ta nay, nhu dudi dang moi trudong nuoi cdy tinh khiét hodc hdn hgp. Theo mot
phuong an, co chit ma trong dé (cac) ching S. thermophilus hodc ché phdm vi khuin
cua sang ché dugc bd sung vao la co chét sita. Thuét ngit “co chdt sita”, c¢6 nghia 1a sita
c6 ngudn gbc tir dong vat va/hodc thuc vat. Theo phuong 4n cu thé, co chét sira co
nguén géc tr dong vat, nhu bo sita, dé, ctru, trau, ngua van, ngua, lra, hodc lac da va
cac dong véat tuong tu. Sita co thé & trang thai nguyén thé, stra hoan nguyén, sita khong
kem hodc sita dugc bd sung cac hop chét can thiét cho sy sinh truéng cua vi khuén hodc
dé xur 1y tiép theo sita 1én men. Do d6, theo phuong 4n cu thé, sang ché con dé xuét
phuong phap san xuit san pham tir sita 1én men, phuong phap nay bao gdm céc budce a)

tiém truyén co chét sita v6i chiing Streptococcus thermophilus duong tinh véi lactoza,
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am tinh v6i (cac) galactoza hodc ché phdm vi khudn clia séng ché va b) 1én men co chit
sita d4 tiém truyén, dé thu dugc san phdm tir sita 1én men.

Sang ché con dé cap dén viéc st dung ching Streptococcus thermophilus duong
tinh v& lactoza, 4m tinh v& (c4c) galactoza cta sang ché hodc ché phdm cua sang ché, dé
san xuét san phdm tir sira 1én men.

Sang ché con d& cap dén san phim tir sita 1én men, ma thu dugc bang céach st
dung ching Streptococcus thermophilus duong tinh v6i lactoza, dm tinh véi (céc)
galactoza cua sang ché hodc ché pham vi khuén ciia sang ché, cu thé thu dugc hoic c6
thé thu dugc bing phuong phap cia sang ché. Do do, sang ché dé cap dén san phim tir
sita 1én men bao gdm ching Streptococcus thermophilus duong tinh véi lactoza, am
tinh v6i (cac) galactoza cia sang ché. Theo phuong 4n cu thé, san phim thuc pham tir
sita 1én men cua sang ché sita tuoi 1én men. Theo phuong 4n cu thé, san pham tir sita
1én men ca sang ché - cu thé sita twoi 1én men nhu dugc x4c dinh trong ban mo ta nay
— chtta ching DSM32587 dugc luu trit § DSMZ vao ngay 15 thang 8 ndm 2017 hodc

bién thé bit ky ctia né nhu dugc xac dinh trong ban mé ta nay.

Protein, axit nucleic, vecto, ciu tric va st dung ching

Sang ché con dé cap dén glucokinaza cia Streptococcus thermophilus, ma hoat
tinh glucokinaza cua né bi gidm dang k& nhung khéng vo hiéu trong din xuét
DGCC7710. P8 thir nghiém glucokinaza d6 cta sang ché dap tng hoan toan d4u hiéu
hoat tinh glocokinaza “gidm ddng ké nhung khén vé hiéw” trong dan xuit DGCC7710,
gen glcK cla ching DGCC7710 duoc thay thé bang gen glcK ma héa glucokinaza cua
Streptococcus thermophilus cia sang ché duge danh gia dé thu dwgc din xuét cia
DGCC7710, va din xudt DGCC7710 dugc danh gia bang thir nghiém A (xem vi du 4).

Glocokinaza ctia Streptococcus thermophilus dap (mg hoan toan dau hiéu hoat
tinh glucokinaza “gidm ddng ké nhung khong vé hiéu” trong dan xuat DGCC7710, khi

a) hoat tinh glucokinaza cla glucokinaza cua Streptococcus thermophilus trong
din xudt DGCC7710 nim trong khoang tir 200 dén 1500 U/g tong dich chiét protein,
nhu duge danh gia bing thir nghiém A, cu thé ndm trong khoang tir 300 dén 1200 U/g
hodc tir 400 dén 1000 U/g téng dich chiét protein, nhu duge danh gia bang thir nghiém
A, hodc
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b) hoat tinh glucokinaza cta glucokinaza cua Streptococcus thermophilus trong
din xudt DGCC7710 ndm trong khoang tir 5 dén 60 % hoat tinh glucokinaza cta chiing
DGCC7710 duge luu trit & DSMZ véi sb truy cap DSM28255 vao ngay 14 thang 1 nim
2014, khi ca hai dugc danh gia bang thir nghiém A, cu thé ndm trong khoang tir 10 d&én
50 % hodc tir 15 dén 40% hoat tinh glucokinaza ctia chiing DGCC7710, trong d6 hoat
tinh glucokinaza trong din xuit DG7710 va hoat tinh glucokinaza clia chung
DGCC7710 dugc dénh gia bing thir nghiém A.

Theo phuong éan cu thé, hoat tinh glucokinaza cua glucokinaza cla
Streptococcus thermophilus cia sang ché trong d4n xudt DGCC7710 nam trong khoang
tir 200 dén 1500 U/g tdng dich chiét protein, nhu dwoc danh gid bang thir nghiém A.
Theo phwong an cu thé, hoat tinh glucokinaza cua glucokinaza cua Streptococcus
thermophilus cla sang ché trong din xudt DGCC7710 ndm trong khoang tir 300 dén
1200 U/g téng dich chiét protein, nhu dugc danh gié bang thit nghiém A. Theo phuong
4n cu thé, hoat tinh glucokinaza clia glucokinaza clia Streptococcus thermophilus cia
séng ché trong din xudt DGCC7710 ndm trong khoang tir 400 dén 1000 U/g tong dich
chiét protein, nhu duoc danh gia bang thir nghiém A. Theo phuong én cu thé, hoat tinh
glucokinaza cta glucokinaza ciia Streptococcus thermophilus cia sang ché trong din
xuit DGCC7710 ndm trong khoang tir tri s6 t&i thiéu duge chon tir nhém gbm 200, 300
va 400 U/g téng dich chiét protein dén tri sb tdi da dugc chon tir nhém gém 1000, 1200
va 1500 U/g téng dich chiét protein, nhu dugc danh gia bang thir nghiém A. Can phai
biét ring, nhu dugc néu trong thit nghiém A, tri s6 hoat tinh glucokinaza dugc boc 16
trong ban mo ta ndy 1 tri s6 trung binh ciia ba thir nghiém (ba 1an).

Theo phuong 4n cu thé, hoat tinh glucokinaza cla glucokinaza cua
Streptococcus thermophilus cia sang ché trong din xuit DGCC7710 ndm trong khoang
tir 5 dén 60% hoat tinh ciia hoat tinh glucokinaza ctia ching DGCC7710 dugc luu trit &
DSMZ véi sb truy cap DSM28255 vao ngay 14 thang 1 ndm 2014. Thuét ngit “hoat
tinh glucokinaza cua chung DGCC7710” c6 nghia 1a hoat tinh ciia chung DGCC7710
glucokinaza (nghia la, vdi SEQ ID NO:2) nhu dugc danh gia bang thir nghiém A trong
ching DGCC7710 [nghia la, thtr nghiém A dugc thuc hién bang cach sir dung ching
DGCC7710]. Tri ) ty 1€ phén trdm duoc tinh todn dua vao hoat tinh glucokinaza cua
Streptococcus thermophilus cia sang ché trong din xuit DGCC7710 va hoat tinh
glucokinaza cia ching DGCC7710, ca hai dugc danh gia bang thir nghiém A.
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Theo phuong 4n cu thé, hoat tinh glucokinaza cta glocokinaza cla
Streptococcus thermophilus clia sang ché trong dan xudt DGCC7710 nim trong khoang
tr 5 dén 60% hoat tinh glucokinaza ctia ching DGCC7710. Theo phuong an cu thé,
hoat tinh glucokinaza cua glucokinaza cua Streptococcus thermophilus clia sang ché
trong dan xudt DGCC7710 nam trong khoang tir 10 dén 50% hoat tinh glucokinaza ctia
ching DGCC7710. Theo phuong an cu thé, hoat tinh glucokinaza ciia glucokinaza clia
Streptococcus thermophilus cia sang ché trong din xudt DGCC7710 nam trong khoang
tir 15 dén 40% hoat tinh glucokinaza ctia ching DGCC7710. Theo phuong an cu thé,
hoat tinh glucokinaza ctia glucokinza clia Streptococcus thermophilus cia sang ché
trong dan xuit DGCC7710 ndm trong khoang tir trj s6 phén tram tdi thiéu dwoc chon tir
nhoém gdm 5, 10 va 15 % hoat tinh glucokinaza cia ching DGCC7710 va tri s6 phan
tram toi da dugc chon tir nhoém gém 40, 50 va 60 % hoat tinh glucokinaza ctia chiing
DGCC7710. Theo phuong 4n cu thé va bit ké khoang ty 1& phan trim, hoat tinh
glucokinaza cia glucokinaza cua Streptococcus thermophilus clia sang ché dugc danh
gi4 trong d4n xudt DGCC7710 bang thir nghiém A nhu dwgc mo ta trong ban md ta nay.
Cén phai biét ring cac trj s6 ty 1& phan trim dugc boc 10 trong ban md ta ndy dugc tinh
toan dua vao tri sb hoat tinh glucokinaza ma 1 tri s6 trung binh ctia ba thir nghiém doc
1ap (ba 14n) nhu dugc danh gia bang thir nghiém A.

Déu hiéu “hoat tinh glucokinaza trong dén xudt DGCC7710 bi gidm déng ké
nhung khong vé hiéw” ciing c6 thé duogc dic trung, trong din xuat DGCC7710, bdi van
tbc tién vé phia trudc toi da cia glucokinaza (Vmax) hozc béi 4i luc cua glucokinaza
(dugc goi 1a Km) ddi v6i mot hoidc hai co chét caa né, nghia 1a, glucoza va ATP. Theo
mdt phwong an, ddu hiéu “hoat tinh glucokinaza gidm ddng ké nhung khéng vé hiéu
trong ddn xudt DGCC7710” cla glucokinaza clia Streptococcus thermophilus cla sang
ché con duoc dic trung boi véan tbe tién vé phia trudce tdi da cia glucokinaza nay trong
dan xut DGCC7710.

Do d6, két hop v6i phuong an vé dau hiéu “hoat tinh glucokinaza trong dan xudt
DGCC7710 b gidm ddng ké nhung khéng vé hiéw” duge xac dinh trong ban mo ta nay,
van tdc tién v& phia truéc t6i da (Vmax) cla glucokinaza cua Streptococcus
thermophilus cua sang ché bi gidm dang ké nhung khong vo hiéu trong din xuét
DGCC7710. Bé thir nghiém glucokinaza ciia sang ché ma dap tng hoan toan diu hiéu

Vmax “gidm ddng ké nhieng khon vé hiéu” trong chiing DGCC7710, khung doc m& clia
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gen glcK ctia chung DGCC7710 dugc thay thé bing khung doc mé cia gen glcK mi
hoa glucokinaza cia Streptococcus thermophilus cia sang ché dugc danh gia dé thu
dugc din xudt cia DGCC7710, va din xuit DGCC7710 dwgc dinh gia bang thir
nghiém C (xem vi du 4). Cum tu “dén xudt DGCC7710” nhu duge xac dinh trén day.

Déu hiéu “gidm ddng ké nhung khong vé hiéu trong dan xudat DGCC7710” vé
Vmax cua glucokinaza cua sang ché c6 thé duge xac dinh bing mdt hodc hai tham s6
nay:

- Vmax cua glucokinaza cua Streptococcus thermophilus cia sang ché trong din
xuét DGCC7710 nim trong khoang tir 200 dén 1500 U/g tbng dich chiét protein, nhu
dwoc danh gia bang thir nghiém C;

- Vmax cua glucokinaza cta Streptococcus thermophilus clia sang ché trong din
xudt DGCC7710 nam trong khoang tir 5 dén 60 % Vmax cta glucokinaza cia ching
DGCC7710 duge luu trit 8 DSMZ v6i sb truy cap DSM28255 vao ngay 14 thang 1 ndm
2014, khi c4 hai dugc dénh gia bang thir nghiém C.

Theo phwong 4n cu thé, sng ché dé cap dén glucokinaza cua Streptococcus
thermophilus cta sang ché, ma hoat tinh glucokinaza ciia n trong dan xudt DGCC7710
bi giam dang ké nhung khong vo hiéu (nhu dugc x4c dinh trong ban mé ta nay) va
trong d6 vén tdc tién vé phia trudc tdi da (Vmax) cia glucokinaza nay trong dan xuét
DGCC7710 bi giam déng ké nhung khoéng v6 hiéu, va dugc xac dinh béi mot hodc hai
tham sd:

- Vmax cua glucokinaza ctia Streptococcus thermophilus clia sang ché trong dan
xuit DGCC7710 ndm trong khoang tir 200 dén 1500 U/g tdng dich chiét protein, nhu
duoc danh gia bang thir nghiém C;

- Vmax cua glucokinaza cta Streptococcus thermophilus clia sang ché trong dan
xuit DGCC7710 ndm trong khoang tir 5 dén 60 % Vmax cta glucokinaza cla ching
DGCC7710 duge luu trit § DSMZ véi sb truy cap DSM28255 vao ngdy 14 thang 1 ndm
2014, khi ca hai dugc danh gia bang thir nghiém C.

Theo phwong an cu thé, Vmax ciia glucokinaza cia Streptococcus thermophilus
cua sang ché trong din xuit DGCC7710 nim trong khoang tir 200 dén 1500 U/g tng
dich chiét protein, nhu dugc danh gia b%mg thtr nghiém C. Theo phuong an cu thé,
Vmax cua glucokinaza clia Streptococcus thermophilus cia sang ché trong trong din

xudt DGCC7710 ndm trong khoang tir 300 dén 1200 U/g tong dich chiét protein, nhu
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dwoc danh gia bang thir nghiém C. Theo phuong én cuy thé, Vmax cta glucokinaza cia
Streptococcus thermophilus cia sang ché trong din xuit DGCC7710 nam trong khoang
tir 400 dén 1000 U/g tong dich chiét protein. Theo phwong an cu thé, Vmax cua
glucokinaza cia Streptococcus thermophilus clia sang ché trong din xuit DGCC7710
nim trong khoang tir tri s tdi thiéu dugc chon tir nhém gbm 200, 300 va 400 U/g tdng
dich chiét protein dén tri s tdi da duogc chon tir nhém gém 1000, 1200 va 1500 U/g
tdng dich chiét protein, nhu dwgc dénh gid bing thir nghiém C.

Theo phuong an cu thé, Vmax cua glucokinaza cla Streptococcus thermophilus
glucokinaza ciia sang ché trong din xuit DGCC7710 ndm trong khoang tir 10 dén 50 %
Vmax cua glucokinaza ctia chung DGCC7710, khi cd hai dugc danh gia bang thir
nghiém C. Thuit nglt “Vmax cia glucokinaza cua ching DGCC7710” c6 nghia 1a
Vmax cua glucokinaza cua ching DGCC7710 (nghia la, véi SEQ ID NO:2) nhu duogc
danh gia bang thir nghiém C trong ching DGCC7710 [nghia la, thir nghiém C duoc
thuc hién bing cach st dung ching DGCC7710]. Tri s6 ty 1& phan tram dugc tinh toén
dua vao Vmax cua glucokinaza cta Streptococcus thermophilus cia sdng ché trong din
xuit DGCC7710 va Vmax cta glucokinaza ctia ching DGCC7710, ca hai dugc danh
gi4d bang thir nghiém C. Theo phuong 4n cu thé, Vmax ciia glucokinaza cla
Streptococcus thermophilus cua sang ché trong dan xudt DGCC7710 nam trong khoang
tir 15 dén 40% Vmax cta glucokinaza ctia ching DGCC7710. Theo phwong an cu thé,
Vmax cua glucokinaza clia Streptococcus thermophilus clia sang ché trong din xuét
DGCC7710 nim trong khoang tir tri s& phéan trim tbi thidu dwgc chon tir nhém gdm 5,
10 va 15 % Vmax cua hoat tinh glucokinaza cia chung DGCC7710 va ty 1€ phan trim
tdi da dugc chon tir nhém gém 40, 50 va 60 % Vmax cda hoat tinh glucokinaza cua
ching DGCC7710.

Theo mdt phuong éan, trinh ty cua glucokinaza cia Streptococcus thermophilus
ctia sang ché co6 hoat tinh glucokinaza giam dang ké nhung khong v6 hiéu trong din
xudt DGCC7710 va tly y Vmax giam dang ké nhung khéng vo hiéu trong din xuét
DGCC7710 ¢6 & vi tri 275 cia n6 (dénh s6 dua vao trinh tu nhu duge x4c dinh trong
SEQ ID NO:25) axit amin ma khong phai axit glutamic (nghia la, 1a axit amin bét ky
ngoai trir axit glutamic). Theo mt phuong an, trinh tu glucokinaza cua Streptococcus
thermophilus ca sang ché c6 hoat tinh glucokinaza giam déng ké nhung khong v6 hiéu

trong dan xuat DGCC7710 va tiy ¥ giam dang ké nhung khéng vo hiéu trong din xut
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DGCC7710 ¢6 ¢ vi tri 275 cia nd (danh s6 dua vao trinh tu nhu duge xac dinh trong
SEQ ID NO:25) axit amin ma khong phai axit amin axit (nghia la, 1a axit amin bét ky
ngoai trir axit amin axit). Theo m{t phuong an, trinh tu cua glucokinaza cua
Streptococcus thermophilus cia sang ché c6 hoat tinh glucokinaza giam dang ké nhung
khéng v6 hiéu trong din xudt DGCC7710 va tily y Vmax giam déng ké nhung khong
v hiéu trong dan xuat DGCC7710 ¢6 & vi tri 275 cua nd (danh s dya vao trinh tu nhu
dugc x4ac dinh trong SEQ ID NO:25) axit amin ma dugc chon tir nhom gbm lysin va
axit amin bt ky trong sb cac axit amin bao tdn cta n6. Theo mot phuong 4n, trinh tu
cua glucokinaza cua Streptococcus thermophilus cia sang ché c6 hoat tinh glucokinaza
giam dang ké nhung khéng vo higu trong din xudt DGCC7710 va ty ¥ giam déng ké
nhung khong v6 hiéu trong din xuit DGCC7710 c6 & vi tri 275 ciia n6 (danh s6 dua
vao trinh tu nhu dugc xdc dinh trong SEQ ID NO:25) axit amin ma la lysin. Theo
phuong 4n cu thé, glucokinaza ctia Streptococcus thermophilus cla sing ché ¢6 chidu
dai 322 axit amin. Theo mdt phuong an, khi glucokinaza cua Streptococcus
thermophilus ¢6 & vi tri 275 cla nd axit amin ma khong phai axit glutamic (cu thé
khong phai axit amin axit, cu thé 1a lysin), glucokinaza cta Streptococcus thermophilus
¢6 arginin & vi tri 278 cia n6 va/hodc serin ¢ vi tri 279 cta no.

Theo mot phuong 4n, trinh tur cua glucokinaza cua Streptococcus thermophilus
clia sang ché co hoat tinh glucokinaza gidm déng ké nhung khong v6 hiéu trong din
xudt DGCC7710 va tuy y giam dang ké nhung khong vo hiéu Vmax trong dan xuét
DGCC7710 ¢6 & vi tri 144 ctia n6 (danh s6 dua vao trinh ty nhu duge xac dinh trong
SEQ ID NO:46) axit amin ma khong phai glyxin (nghia la, 1a axit amin bét ky ngoai trir
glyxin). Theo mdt phuong an, trinh ty cia glucokinaza cla Streptococcus thermophilus
ctia sang ché co6 hoat tinh glucokinaza giam dang ké nhung khong v6 hiéu trong dan
xudt DGCC7710 va tuy y gidm dang ké nhung khong vo hiéu trong din xuit
DGCC7710 ¢6 & vi tri 144 cta n6 (danh sb dua vao trinh tu nhu dwge xé4c dinh trong
SEQ ID NO:46) axit amin ma khong phai axit amin béo (nghia la, 1a axit amin bat ky
ngoai tr axit amin béo). Theo mét phuong 4n, trinh ty cua glucokinaza cla
Streptococcus thermophilus cia sang ché c6 hoat tinh glucokinaza giam dang ké nhung
khong v6 hiéu trong dan xuit DGCC7710 va tlly ¥ gidm dang ké nhung khong vo hiéu
Vmax trong din xudt DGCC7710 ¢6 & vi trf 144 cta né (danh sb6 dwa vao trinh tu nhu

duoc x4c dinh trong SEQ ID NO:46) axit amin ma dugc chon tir nhém gf“)m serin va
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axit amin bat ky trong sd cic axit amin bao tdn ctia nd. Theo mdt phuong 4n, trinh tu
cua glucokinaza cua Streptococcus thermophilus cua sang ché c6 hoat tinh glucokinaza
giam dang ké nhung khong v hi¢u trong dan xudt DGCC7710 va tily y giam dang ké
nhung khong vé hiéu trong din xuét DGCC7710 ¢6 & vi tri 144 cta n6 (danh s6 dya
vao trinh tu nhu dugce xac dinh trong SEQ ID NO:46) axit amin 1a serin. Theo phuong
an cu thé, glucokinaza ctia Streptococcus thermophilus cla sang ché co chiéu dai 322
axit amin.

Theo phuong 4n cu thé, trinh tu cua glucokinaza ctia Streptococcus thermophilus
clia sang ché c6 hoat tinh glucokinaza gidm déng ké nhung khong vo hiéu trong din
xudt DGCC7710 va tuy y gidm dang ké nhung khong vo hiéu trong din xuét
DGCC7710 dugc chon tir nhém gdm:

a) trinh tu nhu dugc x4c dinh trong SEQ ID NO:25, trong d6 axit amin & vi tri
275 14 axit amin bat ky ngoai trlr axit glutamic, cu thé 13 axit amin bat ky ngoai trir axit
amin axit, cu thé 1a lysin; va

b) trinh tu bién thé GIcK c6 it nhét 90% tuong tw hoic gibng véi SEQ ID NO:25,
trong d6 axit amin cta glucokinaza twong ing vdi vi tri 275 cua SEQ ID NO:25 (hodc
axit amin & vi tri 275 cia glucokinaza) 1a axit amin bét ky ngoai trir axit glutamic, cu
thé 12 axit amin bt ky ngoai trir axit amin axit, cu thé 1a lysin. Theo phuong 4n cu thé,
trinh tu bién thé GIcK c6 chiéu dai 322 axit amin. Theo mot phuong 4n, bién thé GlcK
c6 arginin & vi tri 278 cla n6 va/hodc serin & vi tri 279 cia no.

¢) trinh tu nhu dugc xac dinh trong SEQ ID NO:46, trong d6 axit amin & vi tri
144 13 axit amin bét ky ngoai trir glyxin, cu thé 13 axit amin bét ky ngoai trir axit amin
béo, cu thé 14 serin; va

d) trinh tw bién thd GIcK c¢6 it nhit 90% tuong tw hoic giéng véi SEQ ID NO:46,
trong d6 axit amin cua glucokinaza tuong tng véi vi tri 144 cia SEQ ID NO:46 (hoac
axit amin & vi tri 144 cia glucokinaza) 13 axit amin bat ky ngoai trir glyxin, cu thé 1a
axit amin bét ky ngoai trir axit amin béo, cu thé 14 serin. Theo phuong 4n cu thé, trinh tu
bién thé GlcK c6 chiéu dai 322 axit amin.

Pé xdc dinh bién thé GlcK c6 it nhit 90% twong tw hodc gidng véi SEQ ID
NO:25, tinh twong tr hodc gidng nhau duge tinh todn trong bin md ta nay so véi toan
bo chiéu sau cta 2 trinh tu sau khi cén chinh t81 wu [nghia 1a, s6 lugng géc axit amin

twong tu hodc gidng nhau trong (cac) phén can chinh cua trinh tu]; vi tri 275 nhu dugc
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xé4c dinh trong SEQ ID NO:25 khong duogc xem xét dé tinh toan tinh tuwong tu hoic
gibng nhau. Theo phwong 4n cu thé, trinh tw bién thé GlcK c6 it nhit 91, 92, 93, 94, 95,
96, 97, 98 hodc 99% tuong tu hodc giéng v6i SEQ ID NO:25, trong d6 axit amin cia
glucokinaza tuong ing vai vi tri 275 cua SEQ ID NO:25 (hodc axit amin & vi tri 275
ctia glucokinaza) 13 axit amin bat ky ngoai trir axit glutamic, cu thé 1 axit amin bét ky
ngoai trir axit amin axit, cu thé 1a lysin. Theo mgt phuong én, trinh tu bién thé GIcK ¢6
it nhat 95% tuong tu hodc gidng véi SEQ ID NO:25, trong d6 axit amin twong tmg v&i
vi tri 275 ctia SEQ ID NO:25 (hodc axit amin & vi tri 275 cta glucokinaza) 1a axit amin
bét ky ngoai trir axit glutamic, cu thé 13 axit amin bat ky ngoai trir axit amin axit, cu thé
1a lysin. Theo mdt phuong an, trinh tu bién thé GIcK c6 it nhit 97% tuong tu hodc
gidng v6i SEQ ID NO:25, trong d6 axit amin twong mg véi vi tri 275 cia SEQ ID
NO:25 (hodc axit amin & vi tri 275 cta glucokinaza) 13 axit amin bat ky ngoai trir axit
glutamic, cu thé 13 axit amin bét ky ngoai trir axit amin axit, cu thé 13 lysin.

Theo phuong 4n cu thé, trinh ty bién thé GlcK khac véi SEQ ID NO:25 khoang
tir 1 dén 30 thay thé axit amin trong d6 axit amin & vi tri 275 caa bién thé GIcK 1a axit
amin bat ky ngoai trir axit glutamic, cu thé 13 axit amin bét ky ngoai trir axit amin axit,
cu thé 1a lysin (vi trf 275 khong dugc xem xét dé tinh toan s lugng thay thé). Theo
phwong 4n cuy thé, trinh ty bién thé GIcK khac v6i SEQ ID NO:25 khoang tir 1 dén 20
thay thé axit amin, trong d6 axit amin & vi tri 275 ctia bién thé GIcK 14 axit amin bat ky
ngoai tru axit glutamic, cu thé 13 axit amin bét ky ngoai trr axit amin axit, cu thé 1a
lysin. Theo phuong 4n cu thé, trinh ty bién thé GIcK khac véi SEQ ID NO:25 khoang
tir 1 dén 15 thay thé axit amin trong d6 axit amin & vi tri 275 ctia bién thé GlcK 1a axit
amin bt ky ngoai trir axit glutamic, cu thé 1a axit amin bat ky ngoai trir axit amin axit,
cu thé 1a lysin. Theo phuong 4n cu thé, trinh tu GIcK khac v6i SEQ ID NO:25 khoang
tir 1 dén 10 thay thé axit amin trong d6 axit amin & vi tri 275 cta bién thé GIcK 1a axit
amin bat ky ngoai trir axit glutamic, cu thé 13 axit amin bat ky ngoai trir axit amin axit,
cu thé 14 lysin. Theo phwong 4n cu thé, trinh ty GIcK khac véi SEQ ID NO:25 khoang
1,2,3,4,5,6,7,8,9, 10, 11 hodc 12 thay thé axit amin trong d6 axit amin & vi tri 275
ctia bién thé GlcK 14 axit amin bat ky ngoai trir axit glutamic, cu thé 13 axit amin bat ky
ngoai trir axit amin axit, cu thé 13 lysin.

Theo phuong an cu thé, trinh tu clia glucokinaza cta Streptococcus thermophilus

cua sang ché duogc chon tir nhém gém SEQ ID NO: 25, 26, 27, 28, 29, 30, 31, 32,33 va
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34, trong d6 axit amin & vi tri 275 ciia bién thé nay 13 axit amin bit ky ngoai trir axit
glutamic, cu thé 13 axit amin bt ky ngoai trir axit amin axit, cu thé 1a lysin. Theo
phuong 4n cu thé, 1a SEQ ID NO:25 hoic trinh tu bién thé GlcK bat ky c6 it nhat 90%
tuong tw hodc gidng v6i SEQ ID NO:25 nhu dugc x4c dinh trong ban mé ta nay (cu thé
la SEQ ID NO: 26, 27, 28, 29, 30, 31, 32, 33 hodc 34), axit amin cia glucokinaza cua
séng ché twong ting véi vi tri 275 cia SEQ ID NO:25 (hodc axit amin & vi tri 275 cla
glucokinaza ctia sang ché) khong phai axit glutamic.

Theo phuong &n cu thé, 1a SEQ ID NO:25 hoic trinh tu bién thé GlcK bat ky co
it nhat 90% tuong tw hodc gidng véi SEQ ID NO:25 nhu dugc xac dinh trong ban mo ta
nay (cu thé 1a SEQ ID NO: 26, 27, 28, 29, 30, 31, 32, 33 hodc 34), axit amin cua
glucokinaza ctia sing ché twong tmg véi vi tri 275 ctia SEQ ID NO:25 (hoic axit amin
& vi tri 275 cua glucokinaza ciia sang ché) ma khong phai axit amin axit. Theo phuong
an cu thé, 1a SEQ ID NO:25 hozc trinh ti bién thé GlcK bit ky c6 it nhat 90% twong tu
hoic gibng v6i SEQ ID NO:25 nhu duogc x4c dinh trong ban mé ta nay (cu thé 1a SEQ
ID NO: 26, 27, 28, 29, 30, 31, 32, 33 hodc 34), axit amin cua glucokinaza ctia sang ché
tuong ung voi vi tri 275 cia SEQ ID NO:25 (hodc axit amin & vi tri 275 cua
glucokinaza ciia sang ché) duge chon tir nhém gdm lysin va axit amin bét ky trong s6
cac axit amin bao tck)n» cua nd. Theo phuong an cu thé, 1a SEQ ID NO:25 hodc trinh tu
bién thé GlcK bat ky c6 it nhit 90% tuwong tw hodc gidng voi SEQ ID NO:25 nhu duogce
xac dinh trong ban md ta nay (cu thé 1a SEQ ID NO: 26, 27, 28, 29, 30, 31, 32, 33 hoac
34), axit amin ciia glucokinaza cta sang ché twong tng véi vi trf 275 cia SEQ ID
NO:25 (hodc axit amin & vi tri 275 cua glucokinaza cua sang ché) 1a lysin; do dé, theo
phwong 4n cu thé, trinh tw cia glucokinaza cua Streptococcus thermophilus cla séng
ché duoc chon tir nhém gém SEQ ID NO: 22, 35, 36, 37, 38, 39, 40, 41, 42 va 43.

Pé xic dinh bién thé GlcK c6 it nhit 90% twong tu hoic giéng v6i SEQ ID
NO:46, tinh twong ty hoic giéng nhau dugc tinh toan trong ban mod ta nay so voéi toan
bd chiéu sau cua 2 trinh tr sau khi can chinh t6i wu [nghia 1a, s6 lugng géc axit amin
tuong tu hodc gidng nhau trong (c4c) phan cin chinh cta trinh tu]; vi tri 144 nhu duge
xac dinh trong SEQ ID NO:46 khong dugc xem xét dé tinh toan tinh tuong tu hodc
giéng nhau. Theo phwong 4n cu thé, trinh tr bién thé GIcK ¢6 it nhét 91, 92, 93, 94, 95,
96, 97, 98 hodc 99% tuong tu hodc giéng véi SEQ ID NO:46, trong d6 axit amin cua
glucokinaza twong Ung vdi vi tri 144 cia SEQ ID NO:46 (hodc axit amin & vi tri 144
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ctia glucokinaza) 13 axit amin bét ky ngoai trir glyxin, cu thé 13 axit amin bét ky ngoai
trir axit amin béo, cu thé 1a serin. Theo mot phuong an, trinh ty bién thé GIcK ¢6 it nhit
95% twong tu hoic gidng véi SEQ ID NO:46, trong d6 axit amin twong tng véi vi tri
144 cia SEQ ID NO:46 (hoic axit amin & vi tri 144 cta glucokinaza) 13 axit amin bt
ky ngoai trir glyxin, cu thé 1a axit amin bat ky ngoai trir axit amin béo, cu thé 1a serin.
Theo mot phuong an, trinh tu bién thé GlcK c6 it nhit 97% twong tu hodic gibng vai
SEQ ID NO:46, trong d6 axit amin tuong ng véi vi tri 144 cua SEQ ID NO:46 (hoic
axit amin & vi tri 144 cta glucokinaza) 13 axit amin bit ky ngoai trir glyxin, cu thé 1a
axit amin bat ky ngoai trir axit amin béo, cu thé 1a serin.

Theo phwong 4n cu thé, trinh tu bién thé GlcK khéc véi SEQ ID NO:46 bi tir 1
dén 30 thay thé axit amin trong d6 axit amin & vi tri 144 ctia bién thé GIcK 14 axit amin
bét ky ngoai trir glyxin, cu thé 13 axit amin bét ky ngoai trir axit amin béo, cu thé 1a
serin (vi tri 144 khong dugc xem xét dé tinh toan sd lwong thay thé). Theo phwong 4n
cu thé, trinh tu bién thé GIcK khac véi SEQ ID NO:46 boi tir 1 dén 20 thay thé axit
amin, trong d6 axit amin & vi tri 144 cta bién thé GlcK 1a axit amin bt ky ngoai trir
glyxin, cu thé 13 axit amin bat ky ngoai trir axit amin béo, cu thé 1 serin. Theo phuong
an cu thé, trinh tu bién thé GIcK khac v6i SEQ ID NO:46 bdi tir 1 dén 15 thay thé axit
amin trong d6 axit amin & vi tri 144 cua bién thé GIcK 1a axit amin bat ky ngoai trir
glyxin, cu thé 13 axit amin bat ky ngoai trir axit amin béo, cu thé 13 serin. Theo phuong
an cu thé, trinh ty GlcK khac véi SEQ ID NO:46 béi tir 1 dén 10 thay thé axit amin
trong d6 axit amin & vi tri 144 clia bién thé GlcK 14 axit amin bt ky ngoai trir glyxin,
cu thé 1a axit amin bat ky ngoai trir axit amin béo, cu thé 1a serin. Theo phuong an cu
thé, trinh tu GIcK khéc véi SEQ ID NO:46 boi 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 hodc 12
thay thé axit amin trong d6 axit amin & vi tri 144 5 ciia bién thé GlcK 1a axit amin bat
ky ngoai trir glyxin, cu thé 13 axit amin bt ky ngoai trir axit amin béo, cu thé 1a serin.

Theo phuong 4n cu thé, trinh tu cta glucokinza cta Streptococcus thermophilus
clia sang ché dugc chon tir nhém gdm SEQ ID NO: 46, 47, 48, 49, 50, 51, 52, 53, 54 va
55, trong d6 axit amin & vi tri 144 ctia bién thé nay 12 axit amin bat ky ngoai trir glyxin,
cu thé 13 axit amin bit ky ngoai trir axit amin béo, cu thé 13 serin. Theo phuong én cu
thé, 1a SEQ ID NO:46 hoic trinh tu bién thé GlcK bét ky ¢6 it nhit 90% tuong tu hodc
giéng véi SEQ ID NO:46 nhu duoc xac dinh trong ban mé ta nay (cu thé 1a SEQ ID
NO: 47, 48, 49, 50, 51, 52, 53, 54 hogc 55), axit amin cia glucokinaza clia sdng ché
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tuong ung voi vi tri 144 ciia SEQ ID NO:46 (hoac axit amin & vi tri 144 cua
glucokinaza ciia sang ché) khéng phai glyxin.

Theo phwong 4n cu thé, 13 SEQ ID NO:46 hoic trinh tir bién thé GIcK bét ky co
it nhat 90% tuong tw hodc gibng véi SEQ ID NO:46 nhu dugc x4c dinh trong ban mb ta
nay (cu thé 1a SEQ ID NO: 47, 48, 49, 50, 51, 52, 53, 54 hoac 55), axit amin cua
glucokinaza clia sang ché tuong tmg véi vi tri 144 ciia SEQ ID NO:46 (hodc axit amin
& vi tri 144 cla glucokinaza cua sang ché) khong phai axit amin béo. Theo phuong an
cu thé, 1a SEQ ID NO:46 hoc trinh tu bién thd GIcK bt ky c6 it nhit 90% tuong tu
hoic gidng véi SEQ ID NO:46 nhu dugc xac dinh trong ban mo ta nay (cu thé 1a SEQ
ID NO: 47, 48, 49, 50, 51, 52, 53, 54 hodc 55), axit amin cua glucokinaza cua sang ché
twong ung voi vi tri 144 cia SEQ ID NO:46 (hodc axit amin & vi tri 144 cua
glucokinaza ciia sang ché) dugc chon tir nhém gdm serin va axit amin bét ky trong sb
c4c axit amin bao tdn ctia né. Theo phuong 4an cu thé, 13 SEQ ID NO:46 hodc trinh tu
bién thé GIcK bét ky c6 it nhit 90% tuong tu hodc giéng véi SEQ ID NO:46 nhu duoc
x4c dinh trong ban md ta nay (cu thé 1a SEQ ID NO: 47, 48, 49, 50, 51, 52, 53, 54 hodc
55), axit amin cla glucokinaza ctia sing ché twong tmg véi vi tri 144 ciia SEQ ID
NO:46 (hodc axit amin & vi tri 144 cua glucokinaza cua sang ché) 1a serin; do d9, theo
phuong 4n cu thé, trinh tu cta glucokinaza cta Streptococcus thermophilus ciua sang
ché dugc chon tir nhém gdm SEQ ID NO: 45, 56, 57, 58, 59, 60, 61, 62, 63 va 64.

Khi xéc dinh trinh tu cia glucokinaza cta Streptococcus thermophilus cia sang
ché, theo ndi dung cia ban mod ta nay rang hoat tinh glucokinaza trong din xuit
DGCC7710 biéu hién glucokinaza bj giam dang ké nhung khong v6 hiéu nhu duge xac
dinh trong ban mo ta nay va tly ¥ Vmax ciia glucokinaza trong dan xuit DGCC7710 bi
giam dang ké nhung khong vd hiéu nhu duge xac dinh trong ban mé ta nay.

Sang ché con dé cap dén polynucleotit ma hoa glucokinaza cuia sang ché, cu thé
1a glucokinaza c6 322 axit amin cta sang ché. Theo phwong 4n cu thé, polynucleotit 1a
tir ching Streptococcus thermophilus. Dua vao mi di truyén, ngudi c6 hiéu biét trung
binh trong linh vuc nay biét duge xem liéu polynucleotit c6 ma héa glucokinaza cua
Streptococcus thermophilus cia sang ché hay khéng. Theo phuong 4n cu thé, khi
glucokinaza ma héa c¢6 322 axit amin, polynucleotit cia sang ché c6 chidu dai 969

nucleotit.
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Vi du khong han ché vé polynucleotit cia sang ché dugc boc 10 trong SEQ ID
NO:21. Vi du khong han ché khac v& polynucleotit ctia sang ché dugc bdc 1§ trong SEQ
ID NO:44. Cac vi du khong han ché khac vé polynucleotit ciia sang ché 13 cac trinh tur
nhu dugc xac dinh trong SEQ ID NO: 1, 3, 5,7, 9, 11, 13, 15, 17 va 19, ma trong dé
codon 144 hodic 275 ma hoa axit amin bat ky 1in luot ngoai trir glyxin hodic axit
glutamic, cu thé ma hoéa axit amin bét ky lan luot ngoai trir axit amin béo hodc axit
amin axit, cu thé 14n lugt ma héa serin hoic lysin. Cu thé, cac vi du khong han ché vé
polynucleotit ciia sang ché 1a céc trinh tu nhu dugce xac dinh trong SEQ ID NO: 1, 3, 5,
7,9, 11, 13, 15, 17 va 19, ma trong d6 codon 275 1a AAA hodc AAG. Cu thé, cac vi du
khong han ché vé& polynucleotit clia sang ché 1a cac trinh tw nhu dugc xac dinh trong
SEQIDNO: 1,3,5,7,9, 11, 13, 15, 17 va 19, ma trong d6 codon 144 1a AGT, AGC,
TCT, TCC, TCA hodc TCG.

Sang ché con dé cap dén viéc st dung polynucleotit ctia sang ché (hoic ciu truc,
plasmit hodc vecto) dé thiét ké t& bao vi khuén, cu thé té bao vi khuin Gram duong, cu
thé té bao Streptococcus thermophilus. Theo phuong an cu thé, polynucleotit clia sang
ché (hodc ciu tric, plasmit hodc vecto) duoc su dung dé thay thé gen glcK cua ching
Streptococcus thermophilus, sao cho chung Streptococcus thermophilus biéu hién
glucokinaza ciia sang ché. Theo phwong 4n cu thé, chi c6 glucokinaza duoc biéu hién
boi Streptococcus thermophilus thu duge 1a glucokinaza ciia sang ché. Theo phuong an
cu thé, polynucleotit cia sang ché (hodc cAu trac, plasmit hodc vecto) dugc st dung dé
thay thé gen glcK cua ching Streptococcus thermophilus duong tinh vé lactoza. Theo
mdt phwong 4n, polynucleotit ctia sing ché (hodc cau tric, plasmit hodc vecto) dugc st
dung dé thay thé gen glcK cua ching Streptococcus thermophilus dwong tinh véi
lactoza, 4m tinh v§i galactoza.

Sang ché con d& cip dén gen ccpAd dot bién (hodc cepd polynucleotit dot bién)
nhu duoc xac dinh hodc nhu dugc nhan biét trén day.

Theo mét phuong an, sang ché dé cap dén Streptococcus thermophilus ccpA
polynucleotit dot bién, ma khi dwgc 16ng vao thay cho gen ccpA ciia chung DGCC7710
[thu duoc din xudt DGCC7710], din dén din xuit DGCC7710 thé hién ty 1& cta hoat
tinh beta-galactosidaza nhu duoc dénh gia bang thir nghiém D véi hoat tinh glucokinaza
nhu dugc dénh gid bang thir nghiém E it nhét 1a 4x10° Trong ban mo ta ndy, dan xuét
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DGCC7710 1a ching DGCC7710 ma trong d6 gen ccpA ban dau da dugc thay thé bang
gen ccpA dot bién duge dénh gia.

Theo mot phuong an, sang ché d& cap dén Streptococcus thermophilus ccpA (dot
bién) ma khi duoc 16ng vao thay cho gen ccpA cia chung DSM32587 [thu duge dan
xuAt DSM32587], d4n dén d&n xuit DSM32587:

- thé hién ty 1& cua hoat tinh beta-galactosidaza nhu dugc dénh gia béng thi
nghiém D véi hoat tinh glucokinaza nhu dwgce danh gia bang thir nghiém E it nhit 13
4x10°%; va

- giai phong ndng 9 glucoza duge danh gia bang thir nghiém B, ma it nhét 1 50
mM hodc giai phong ndéng d6 glucoza ma gia tang it nhét 12 150% hodc it nhét 12 200%
khi so v&i ndng dd glucoza duge gidi phong bdi ching DSM32587, khi cé hai dugc
danh gia bang thir nghiém B.

Trong ban md ta nay, dan xudt DSM32587 1a chung DSM32587 ma trong do gen
ccpA ban dau da dugce thay thé bang gen ccpA dot bién dugc danh gia.

Theo mot phuong an, ccpA polynucleotit dot bién khong ngit quing alen (nghia
13, alen bi pha v) ctia gen ccpA4.

Theo mdt phuong an, ccpA polynucleotit dot bién 1a alen cua gen ccpd dot bién
trong trinh ty ma héa. Theo mdt phuong an, trinh tw mi ctia ccpA polynucleotit dot bién
khéc, boi it nht mot dot bién, cu thé mot dot bién, véi gen ccp4 nhu duge xac dinh
trong SEQ ID NO:65, 66, 67, 68, 69 hodc 70.

Theo mot phwong an, gen ccp4 mang dot bién duogc chon tir nhém gém dot bién
khong c6 nghia dugc dinh vi trong khoang tir nucleotit 1 dén nucleotit 270 cua trinh ty
mai cla gen ccpA va dot bién, dugc dinh vi trong mot phén tu diu tién cua trinh tu ma
cda gen ccpA (nghia la, nim trong khoang tir nucleotit 1 dén nucleotit 250), dan dén su
dich chuyén khung ctia khung doc mé cua gen ccp4. Theo mot phuong an, dot bién dan
dén sy dich chuyén khung ctia khung doc md& cua gen ccpA nim trong khoang tur
nucleotit 50 dén nucleotit 200 cua trinh tw ma cta gen ccp4. Theo mot phwong 4n, dot
bién din dén su dich chuyén khung ctia khung doc m& cia gen ccpA nim trong khoang
tir nucleotit 100 dén nucleotit 150 ciia trinh ty ma cua gen ccpA. Bét ké vi tri cia dot
bién din dén su dich chuyén khung, dot bién dugc chon tir nhém gém loai bét, léng vao

hoic loai b6t/1dng vao (ma tit ca khong phai boi sé ctia 3). Theo mot phwong 4an, dot
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bién ctia gen ccpAd 1a loai b6t nucleotit A khi kéo cing 7 nucleotit A & vi tri 114 dén
120. |

Theo mdt phuong an, trinh tw cia ccpd polynucleotit dot bién dugc chon tir
nhom gém a) trinh tw nhu dugc xac dinh trong SEQ ID NO:71; va b) trinh tu bién thé
cepA ¢6 it nhat 90% gibng v6i SEQ ID NO:71 (cu thé 1a SEQ ID NO: 72 dén 76). Dinh
nghia v& bién thé ccpd co it nhét 90% giéng nhau 14 nhu dugc md ta trén ddy theo
phuong an II.

Sang ché con dé cap dén viéc st dung glcK polynucleotit nhu duge xac dinh
trong ban md ta nay [ma hoa glucokinaza cia Streptococcus thermophilus ddt bién nhu
duoc xé4c dinh trong ban mo ta nay] va/hodc st dung ccpA polynucleotit nhu dugc xéac
dinh trong ban md ta nay dé thiét ké chung Streptococcus thermophilus. glcK
polynucleotit va ccpA4 polynucleotit nhu duge xac dinh trong ban md ta nay dugc xem
1a dot bién theo sang ché (nghia 13, alen dot bién nhu duge xac dinh trong ban mo ta
nay hodc nhu c6 thé xac dinh dugc bang phuong phap duge mo ta trong ban mo ta nay).
Theo mdt phuong 4n, glcK polynucleotit nhu dugc xac dinh trong ban md ta nay duoc
st dung. Theo mot phuong an, ccp4 polynucleotit nhu dugc xac dinh trong ban md ta
nay duoc st dung. Theo mot phwong an, ca glcK polynucleotit nhu dugc xac dinh trong
ban md ta ndy va ccpA polynucleotit nhu duge xac dinh trong ban md ta nay dugc su
dung.

Theo mdt phuong an, viéc st dung gdm c6 thé [hodc thay thé] gen glcK va/hoic
gen ccpA cla ching Streptococcus thermophilus ban d4u bang glcK polynucleotit dot
bién va/hodc cepA polynucleotit dot bién nhu dugc xac dinh trong ban mo ta nay, dé
thiét ké ching Streptococcus thermophilus c6 (cac) gen ban dAu cia né dugc thay thé
bing (c4c) gen dot bién nhu dugc x4c dinh trong ban mo ta ndy. Sang ché con d& cap
dén phuong phép thiét ké ching Streptococcus thermophilus, bao gbm cac bude 1) thé
[hodc thay thé] gen glcK va/hodc gen ccpA cua chung Streptococcus thermophilus ban
dAu bang glcK polynucleotit dot bién va/hoidc ccpA polynucleotit dot bién nhu duoc xac
dinh trong ban md ta nay, va 2) thu dugc chung Streptococcus thermophilus c6 (céac)
gen ban dau ciia né dugc thay thé bang (cac) gen (dot bién) nhu duoc xac dinh trong
ban mod ta nay. Theo modt phuong 4n vé viéc st dung hogc phuong phép, ching
Streptococcus thermophilus ban dau 1a ching Streptococcus thermophilus dwong tinh

vé lactoza, am tinh vé galactoza. Theo mot phuong 4n vé st dung hoic phuong phap,
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chiing Streptococcus thermophilus ban dau 13 ching Streptococcus thermophilus duong
tinh v& lactoza, 4m tinh vé galactoza thé hién ty 1& ciia hoat tinh beta-galactosidaza nhu
dwoc danh gia bang thir nghiém D véi hoat tinh glucokinaza nhu dugc dénh gia bang
thr nghiém E cda né nho hon 4x107® hodc nhé hon 3,10, Theo mot phuong an vé st
dung hoidc phuong phéap, chung Streptococcus thermophilus ban diu 13 ching
Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé galactoza, mang gen
glcK d6t bién nhu dugc xé4c dinh trong ban mo ta nay hodc gen ccpd dot bién nhu duoc
xac dinh trong ban mo ta nay, va thé hién ty 1€ cta hoat tinh beta-galactosidaza nhu
duoc danh gia bang thir nghiém D véi hoat tinh glucokinaza nhu dwgc dénh gia bang
thir nghiém E cua né 16n hon 4x107.

Sang ché con dé cap dén viéc sir dung gen dot bién ma hoa protein ciia PTS dic
hiéu manoza-glucoza, cu thé gen manL dot bién, gen manM dot bién, gen manN 4ot
bién hogic manO ot bién dé thiét ké ching. Theo mdt phwong an, sdng ché d& cap dén
viéc st dung gen dot bién ma hoa protein ciia PTS déc hi€u manoza-glucoza, cu thé 1a
gen manL 4ot bién, gen manM 4ot bién hodc gen manN dot bién dé thiét ké ching. Gen
manL, gen manM hodc gen manN nhu dugc xéc dinh trong ban mo ta nay duoc xem la
dot bién theo sang ché (nghia 13, alen d6t bién nhu dugc x4c dinh trong ban mo ta nay
hodic nhu c6 thé xac dinh dugc bing cac phuong phap duge md ta trong ban md ta nay).
Theo mét phwong an, viéc sit dung gdbm c6 viée thé [hodc thay thé] gen manL, gen
manM hodc gen manN cla ching Streptococcus thermophilus ban déu 1an lugt duge dot
bién béng manL, manM hodac manN polynucleotit dot bién nhu dugc xac dinh trong ban
md ta nay, dé thiét ké ching Streptococcus thermophilus ¢6 gen ban dau cia n6 duoc
thay thé bang gen (d6t bién) nhu duge xac dinh trong ban md ta niy. Sang ché con dé
cap dén phwong phap thiét ké ching Streptococcus thermophilus, bao gbm cac budc 1)
thé [hodc thay thé] gen manL, gen manM hoic gen manN cla ching Streptococcus
thermophilus ban dau 1an lugt bang manL, manM hoic manN polynucleotit dot bién
nhu dugc x4c dinh trong ban mo td ndy, va 2) thu dugc chung Streptococcus
thermophilus c¢6 gen ban dau cta né duoc thay thé bing gen (dot bién) nhu duoc xéac
dinh trong ban md ta nay. Theo mét phwong an vé sit dung hodc phwong phép, ching
Streptococcus thermophilus ban dau 1a ching Streptococcus thermophilus duong tinh

v& lactoza, am tinh vé galactoza. Thuat ngit “lan luot”, c6 nghia 1 manL ban dau dugc
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thay thé bing manL dot bién, manM ban dau dugc thay thé bing manM ddt bién
va/hodc manN ban dau dugc thay thé bang manN dot bién.

Theo mdt phuong 4n vé st dung hodc phuong phap, ching Streptococcus
thermophilus ban dau 1a chung Streptococcus thermophilus duong tinh vé lactoza, 4m
tinh v& galactoza thé hién ty 18 clia hoat tinh beta-galactosidaza nhu dugc dénh gid bang
thir nghiém D véi hoat tinh glucokinaza nhu dugc danh gia bang thir nghiém E ctia n6 it
nhit 14 4x10° nhu duoc xac dinh trong ban md ta nay. Theo mdt phwong 4n, ching
Streptococcus thermophilus 13 chuing Streptococcus thermophilus duong tinh vé
lactoza, am tinh vé& galactoza nhu dugc xac dinh theo phuong 4n bét ky trong sb cac
phuong 4n tir I dén V trén ddy. Céc tac gia sang ché da thé hién ring viéc dua gen dot
bién ma hoa protein ciia PTS dac hiéu manoza-glucoza, cu thé gen manL djt bién, gen
manM @6t bién hodc gen manN dot bién, vao trong Streptococcus thermophilus ty 18
[cta hoat tinh beta-galactosidaza trong ching nay nhu dwoc dénh gia bang thir nghiém
D v6i hoat tinh glucokinaza trong ching nay nhu dugc danh gia bang thir nghiém E]
clia n6 it nhét 13 4x10°° nhu dugc xac dinh trong ban mo ta nay, dan dén sy hiép déng
xét dén sy giai phong glucoza.

Theo mdt phuong an, sang ché dé cap dén viéc st dung gen manL, gen manM
hodc gen manN cua Streptococcus thermophilus dot bién 1dn luot ma hoa IIABM™

CM™ protein hodic IIDM™ protein, trong d6 hoat tinh du nhap glucoza cia

protein, II
protein ndy bi giam hodc duogc loai b, dé thay thé gen manL, gen manM hoic gen
manN dot bién cta chung Streptococcus thermophilus duong tinh vé lactoza, am tinh vé
galactoza thé hién ty 1& cua hoat tinh beta-galactosidaza nhw dwoc danh gia bang thir
nghiém D v&i hoat tinh glucokinaza nhu dwoc danh gid bang thir nghiém E it nhét 1a
4x10°° nhu dugc x4c dinh trong ban mo ta nay.

Theo mot phuong an, gen manL, gen manM hodc gen manN cla Streptococcus
thermophilus d6t bién dwoc dic trung boi thuc thé ring, khi dugc 16ng mot cach riéng
r& thay cho gen manL, gen manM hoidc gen manN cia ching DSM32587 [thu dugc dan
xuit DSM32587], d4n xuit DSM32587:

- thé hién ty 1¢ ctia hoat tinh beta-galactosidaza nhu dugc danh gia béng thur
nghiém D véi hoat tinh glucokinaza nhu dugc danh gia bing thir nghiém E it nhét 12

4x10°%: va
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- giai phong ndng dd glucoza dwgc gia tang it nhét 1a 150% hodc it nhat 1a 200%
khi so v6i néng dd glucoza duoc giai phong béi ching DSM32587, khi ca hai duoc
danh gia bang thir nghiém B.

Trong ban mo ta nay, din xuat DSM32587 1a ching DSM32587 ma trong d6 gen
manL, gen manM hodc gen manN ban dAu dugc thay thé bang gen manL, gen manM
hodc gen manN dot bién s& dugc danh gia.

Theo mdt phuong &n, gen manL, gen manM hodc gen manN cla Streptococcus
thermophilus ddt bién dugc dic trung boi thuc thé ring, khi dugc 10ng mot cach riéng
€ thay cho gen manL, gen manM hoac gen manN cia ching DGCC7710-ccpAaiaiia-120
(nghia 13, ching DGCC7710 ma trong d6 gen ccpA ciia né trude day da duge thay thé
bang gen ccpAd nhu dugc xac dinh trong SEQ ID NO:71) [thu dugc din xuét
DGCC7710-ccpAniaiia-izo], dan Xuét DGCC7710-ccpApiatia-i20:

- thé hién ty 1& cia hoat tinh beta-galactosidaza nhu dugc danh gia bang thir
nghiém D véi hoat tinh glucokinaza nhu dugc danh gia béng thtr nghiém E it nhét 13
4x10'6; va

- giai phong ndng d6 glucoza duoc gia ting it nhét 13 150% hodc it nhét 13 200%
khi so voi néng do glucoza dugc gidi phong boi ching DGCC7710-ccpAaiaiia-120, Khi
c4 hai dugc dénh gia bang thtr nghiém B.

Trong ban mo t& nay, chung DGCC7710-ccpAaiaris-120 18 ching DGCC7710 ma
trong d6 gen ccpA clia né trude day da duoc thay thé bang gen cepd nhu duge xac dinh
trong SEQ ID NO:71. Trong badn md ta nay, dan xuét DGCC7710-ccpAniatia-io 12 din
xuét DGCC7710-ccpAaiaiia-120 ma trong dé gen manL, gen manM hoac gen manN ban
dau duoc thay thé béng gen manL, gen manM hodc gen manN 4ot bién s& dugc danh
gi4, nghia 13, ching DGCC7710 ma trong d6 gen ccpA ban dau duge thay thé bang gen
ccpA nhu duge x4c dinh trong SEQ ID NO:71, va gen manL, gen manM hodc gen
manN ban dau duoc thay thé bing gen manL, gen manM hodc gen manN dot bién cin
dugc déanh gia.

Thuét nglt “duwoc Zéng vao mot cdach riéng ré”, c¢d nghia 1a, dbi voi su dic trung
clia gen man dot bién, chi c6 mot gen man cta chung DSM32587 hodc cua ching
DGCC7710-ccpApiatia-iz0 dugce thay thé (hoic duge thé) bang gen man dot bién tuong

ung can dugc déc trung.
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Theo mo6t phuong 4n, gen dot bién ma hoa protein cia PTS dic hiéu manoza-
glucoza 12 gen manL dot bién. Theo médt phwong an, Streptococcus thermophilus manL
d6t bién ma hoa dbi v6i Streptococcus thermophilus IIAB™™ protein, hoat tinh du nhap
glucoza clia n6 giam hodic dwgc loai trir, cu thé 14 Streptococcus thermophilus [IABM™
protein dugc cit cut & vi tri 305 (ITABM™5s). Theo mdt phwong 4n, Streptococcus
thermophilus manL 6t bién mi hoa dbi v6i Streptococcus thermophilus [TABM
protein cét cut, trinh tu cua nd duge chon tir nhom gff)m a) trinh ty nhu dugc xac dinh
trong SEQ ID NO:156 va b) trinh tu bién thé IIAB c6 it nhit 90% tuong tw hoic giéng
v6i SEQ ID NO:156, cu thé ¢6 chidu dai 305 axit amin. Theo mot phuong an, gen manL
dot bién ma hoa ITABM™ protein, trinh ty cia n6 dugc chon tir nhom gdbm SEQ ID
NO:156 dén 172. Theo mdt phuong an, gen Streptococcus thermophilus manL d6t bién
1a nhu dugc x4c dinh trong SEQ ID NO:155.

Theo mdt phuong an, gen dot bién ma hoa protein cua PTS dic hi€u manoza-
glucoza 1a gen manM dot bién. Theo mot phuong é4n, Streptococcus thermophilus
manM d6t bién ma hoa dbi véi Streptococcus thermophilus TICM™ protein, hoat tinh du
nhép glucoza cua nd giam hodc dugc loai trir, cu thé Streptococcus thermophilus [cMan
protein duogc cit cut & vi tri 208 (IICMaHZOg). Theo mdt phuong éan, Streptococcus

CM™ protein cit cut,

thermophilus manM ma héa d6i véi Streptococcus thermophilus 11
trinh ty cta n6 dugc chon tir nhém gdm a) trinh tu nhu duoc x4c dinh trong SEQ ID
NO:202 va b) trinh tu bién thé IICM™ ¢6 it nhit 90% tuong tu hoic gidng véi SEQ ID
NO:202, cu thé ¢ chiéu dai 208 axit amin. Theo mot phuong an, gen manM dot bién
ma héa IICM™ protein, trinh tu cia né6 dwoc chon tir nhém gém SEQ ID NO:202 dén
209. Theo mdt phuong 4n, gen Streptococcus thermophilus manM d6t bién 1a nhu dugc
xac dinh trong SEQ ID NO:201.

Theo mdt phuong an, gen dot bién ma hoa protein ciia PTS dac hiéu manoza-
glucoza 1a gen manN do6t bién. Theo mdt phwong an, Streptococcus thermophilus manN
dot bién méa héa dbi véi Streptococcus thermophilus IIDM* protein, hoat tinh du nhap
glucoza cia n6 gidm hodc dugc loai tru, cy thé 1a Streptococcus thermophilus [IDM
protein duogc cat cut & vi tri 28 (IIDManzg). Theo mdt phuong éan, Streptococcus
thermophilus manN d6t bién ma hoa ddi v6i Streptococcus thermophilus IID™*" protein
cit cut, trinh ty cta né dugc chon tr nhém gém a) trinh ty nhu dugc x4c dinh trong

SEQ ID NO:251; va b) trinh tu bién thé IIDM™ ¢6 it nhit 90% twong tu hodc giéng véi
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SEQ ID NO:251, cu thé c6 chiéu dai 28 axit amin. Theo mot phwong 4n, gen manN dot
bién ma hoa [IDM™ protein, trinh ty cia né dugc chon tir nhom gém SEQ ID NO:251
dén 255. Theo mot phuong 4n, gen Streptococcus thermophilus manN dot bién 13 nhu
duoc xac dinh trong SEQ ID NO:250.

Cum tir “bién thé IIAB™™, bién thé LIC™ va bién thé IID™" c6 it nhat 90%
twong ti hodic giong nhau” 1a nhu duge xé4c dinh trong phén VI trén day.

Theo mot phuong an, polynucleotit nhu duge xac dinh trong ban md ta nay duoc
tao ra dudi dang phan 1dp. Polynucleotit “dugc phén 14p” hiu nhu hoic v& co ban
khong chtra cac thanh phin ma thudng di kém hodc twong tic véi gen nhu duge tim
thiy trong méi trudng xuit hién tu nhién ctia n6. Do d6, polynucleotit dugc phén 1ap
hiu nhu khong chira vét liéu té bao khac hodc moi truong nudi chy khi duoc tao ra bing
k¥ thuat tai tb hop hodc hau nhu khong chira cac tién chét hoa hoc hodc cac hoa chét
khac khi dugc téng hop vé mit héa hoc.

Sang ché con d& cdp dén ciu triic bao gdm polynucleotit nhu duge xdc dinh
trong ban mo td nady. Theo mdt phuong 4n, sing ché bao gbém céu tric gdm ¢6
polynucleotit ciia sang ché dugc lién két theo chirc ning véi trinh tu didu hoa. Thuat
ngit "dwoc lién két theo chirc nang" ding dé chi vi tri canh nhau trong d6 céc thanh
phin dwgc mé ta theo mdi quan hé cho phép chuing thuc hién chitc ndng theo cach dinh
truée cua chung. Trinh ty didu hoa "duoc lién két theo chirc nang" véi trinh tu ma héa
dugc can chinh theo cach ma su biéu hién cta trinh tw mi hoa dat dugc trong diéu kién
phi hop v&i cac trinh ty dbi ching. Thuat ngit "trinh ty didu hoa" bao gdm cac doan
khéi dau va/hodc doan tang cudng va céc tin hiéu didu hoa biéu hién khac. Thuat ngit
"doan khéi dau" duge st dung theo nghia thong thudng trong linh vue nay, vi du vi tri
gin két ARN polymeraza. Theo mdt phwong an, doc 1ap hodc két hop voi phuong an vé
“trinh ty diéu hoa”, cAu tric chtra hodc biéu hién gen khac, nhu gen déanh déu cho phép
su chon ciu trac. Céc gen danh dAu khac nhau tdn tai ma co thé duoc str dung, vi du cac
gen danh d4u ma tao ra mtrc khéng chit khang sinh - vi du khéng céc chit khang sinh vi
khuin - nhu Erythromyxin, Ampixilin, Streptomyxin va Tetraxyclin.

Do d6, theo khia canh khéc, sang ché dé xuét vecto bao gdbm polynucleotit hodc
ciu tric nhu duogc x4c dinh trong ban md ta ndy. Nhu duge st dung trong ban md ta
ndy, thuat ngft "vecto" dung dé chi phén tir axit nucleic bét ky ma trong d6 axit nucleic

khéc (vi du, polynucleotit ctia sang ché) ¢6 thé dugce 10ng vao va ma c6 thé dugc 1ong
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vao va sao chép trong ching vi khuan nhu ching Streptococcus thermophilus. Do @6,
thuat ngit nay ding dé chi ciu tric axit nucleic bit ky (va, néu can, hé phan phdi két
hop bat ky) c6 thé st dung dé dua vat liéu di truyén vao trong ching vi khudn, cu thé 1a
ching Streptococcus thermophilus. Ngudi ¢ hiéu biét trung binh trong linh vuc nay
can phai biét duge su lya chon vecto thich hop. Theo mt phuwong an, vecto 1a plasmit.
Nhu duge st dung trong ban md ta ndy, thuit ngit "plasmit" ding dé chi ciu tric ADN
soi kép dang vong (ds) ma c6 thé duoc sir dung dudi dang vecto dé dua ADN vao trong
ching vi khuén, cu thé 1a ching Streptococcus thermophilus. Cac céu tric hodc vecto
c¢6 thé dugce dua vao trong ching vi khuin nhu duge mé ta trong ban mé ta ndy, nhu
ching DGCC7710.

Polynucleotit, cAu trac, vecto hoic plasmit ctia sang ché dugce boc 16 trong ban
md ta ndy c6 thé dugc dua vao trong ching Streptococcus thermophilus, sit dung
phuong phép da biét bat ky.

"Viéc dua vao" (va “dugc dua vao”) dugc du dinh c6 nghia 1a thé hién ching
Streptococcus thermophilus, polynucleotit, ciu tric, vecto hodc plasmit ciia sang ché
nhur duge x4c dinh trong ban mé ta nay, theo cach ma (c4c) thanh phin dat dwgc sy tiép
c4n vao bén trong cta ching Streptococcus thermophilus. Céc phuong phap va ché
phim khong phu thudc vao phuong phap cu thé dé dua trinh tu vao trong ching
Streptococcus thermophilus, chi c6 polynucleotit, cdu tric, vecto hodc plasmit ciia sang
ché tiép can dugc vao bén trong cia ching Streptococcus thermophilus. Viée dua vao
bao gém viéc hop nhét polynucleotit, ciu triic, vecto hodc plasmit clia sang ché vao
trong chiing Streptococcus thermophilus trong d6 polynucleotit hodic ciu tric cia séang
ché ¢6 thé dugc hop nhit vao trong hé gen cua chung Streptococcus thermophilus va
bao gbébm viéc dua (truc tiép) tam thdi cia polynucleotit hodc chu tric vao ching
Streptococcus thermophilus.

Viéc dua polynucleotit, cdu tric, vecto hoic plasmit ciia sang ché vao trong
chiing Streptococcus thermophilus ¢6 thé dwoc thuc hién bing vai phuong phap, bao
gdm phwong phap bién nap, tiép hop, truyén hodc dung hop thé nguyén sinh. Cac
phuong phap dua polynucleotit, cdu tric, vecto hogc plasmit cta sang ché bang cach
bién nap vao trong chung Streptococcus thermophilus, bao gdm, nhung khong chi gibi
han &, phuong phép vi tiém, phuong phép dién di, phuong phap bién nap 6n dinh,

phuong phap bién nap tam thoi [nhu kha niing cam émg bang cach sir dung hoa chét (vi
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du céc cation héa tri hai nhu CaCl,) hoic co hoc (dién di)], phuong phép gia tdc hat
kidu dan dao (ban hat), chuyén gen truc tiép, dua vao qua trung gian virut, peptit thAm
thdu té bao hodc phan phdi protein truc tiép qua trung gian hat nano silic trung tinh
(MSN). Viéc dua polynucleotit, cdu triic, vecto hodc plasmit ctia sing ché vao trong
ching Streptococcus thermophilus c6 thé duge thuc hién bang phuong phép tiép hop,
ma 12 phuong phép dic hiéu trao d6i ADN tu nhién cin phai c¢é su tiép xuic té bao-té
bao vat 1y. Viéc dua polynucleotit, ciu tric, vecto hodc plasmit clia sing ché vao trong
chung Streptococcus thermophilus c6 thé dugc thuc hién béng qua trinh truyén, ma viéc
dwa ADN qua lay nhidm virut (vi du thé thuc khuén) ma ciing 12 phwong phap trao dbi
ADN ty nhién. N6i chung, cdc phwong phip nhu vdy bao gdm viéc hop nhét
polynucleotit trong phan tr ADN hodc ARN virut.

Sang ché con @& cip dén cac gen man d6t bién nhu vay va cac protein ma héa
tuong Ung cua ching:

- Streptococcus thermophilus manL dot bién ma héa ddi véi IIABM™ protein cit
cut ctia Streptococcus thermophilus, trinh tu ciia n6 duge chon tir nhém gdm a) trinh tur
nhu dugc x4c dinh trong SEQ ID NO:156 va b) trinh tir bién thé IIAB ¢6 it nhat 90%
twong tw hoic gidng véi SEQ ID NO:156, cu thé ¢6 chidu dai 305 axit amin. Theo mot
phuong 4n, gen Streptococcus thermophilus manL ddt bién ma hoa ITABM™ protein,
trinh tw ctia né dwgc chon tir nhém gébm SEQ ID NO:156 dén 172. Theo mét phuong
an, gen Streptococcus thermophilus manL d6t bién 14 nhu duoc xac dinh trong SEQ ID
NO:155.

- Streptococcus thermophilus manN d6t bién ma hoa di véi IIDM™ protein cit
cut clia Streptococcus thermophilus, trinh ty ciia nd duge chon tir nhém gdm a) trinh tyr
nhu dugce xac dinh trong SEQ ID NO:251; va b) trinh tu bién thé TIDM™ ¢6 it nhat 90%
tuong tu hodc giéng véi SEQ ID NO:251, cu thé ¢6 chiéu dai 28 axit amin. Theo mdt
phuong 4n, gen Streptococcus thermophilus manN ddt bién ma hoa IIDM™ protein, trinh
tu cia né dugc chon tir nhém gﬁ“)m SEQ ID NO:251 dén 255. Theo mot phuong &n, gen
Streptococcus thermophilus manN d6t bién 1a nhu dugc xac dinh trong SEQ ID
NO:250.

Cum tir “bién thé ITAB"™" va bién thé IID™ c6 it nhdt 90% twong tw hodc giong

nhau” dugce xac dinh trong phan VI trén déy.
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Sang ché con d& cap dén phuong phap thiét ké ching Streptococcus
thermophilus duong tinh vé& lactoza, 4m tinh vé galactoza tiét glucoza, bao gdm céc
budec:

a) cung cAp chung Streptococcus thermophilus duong tinh vé lactoza, Am tinh vé
galactoza, ma tiét ndng d6 glucoza nhé hon 1 mM khi dugc dénh gia bang thir nghiém
B;

b) tao dot bién mot hodc nhiéu gen dugc chon tr nhém gém gen glcK, gen ccpA,
gen lacZ va gen ptsH va tiy ¥ tao dot bién gen ma hoa protein cia PTS dic hiéu
manoza-glucoza; va

c) lua chon tr cac thé dot bién thu dugc & budc b) chung Streptococcus
thermophilus duong tinh vé lactoza, am tinh vé galactoza, trong d6 ty 1é ctia hoat tinh
beta-galactosidaza trong ching nay nhu duoc danh gi bang thir nghiém D véi hoat tinh
glucokinaza trong chung nay nhu dugc déanh gia bing thir nghiém E it nhét 13 4x10°
nhu dugce xéac dinh trong ban mo ta nay.

Theo mdt phwong 4n, chung Streptococcus thermophilus dwong tinh vé lactoza,
4m tinh v& galactoza thu dwgc & budc a) thé hién ty 18 cia hoat tinh cia beta-
galactosidaza trong chung nay nhu dwoc danh gia bang thir nghiém D véi hoat tinh
glucokinaza trong ching ndy nhu duoc danh gia bang thir nghiém E nho hon 4x10°
hodc nhé hon 3x10° nhu duogc xac dinh trong ban mo ta nay.

Sang ché con dé cap dén phuceng phap thiét ké chung Streptococcus
thermophilus duong tinh v& lactoza, 4m tinh vé galactoza tiét glucoza, bao gém cac
budec:

a) cung cAp chung Streptococcus thermophilus duong tinh vé lactoza, am tinh vé
galactoza, thé hién ty 1& ciia hoat tinh beta-galactosidaza trong chiing nay nhu dugc
danh gia bang thir nghiém D véi hoat tinh glucokinaza trong chiing nay nhu dwoc danh
gid bing thir nghiém E it nhat 12 4x10° nhu dugce x4c dinh va giai phong ndng do
glucoza ndm trong khoang tir 8 &én 50 mM khi dwgc danh gia bang thir nghiém B;

b) tao dot bién gen, ma hoa protein ciia PTS dic hi€u manoza-glucoza, cu thé 1a
gen manL, gen manM hodc gen manN, ciia ching thu dugc & budce a);

¢) lua chon tir cac thé dot bién thu duge & budc b), chung Streptococcus
thermophilus duong tinh vé lactoza, 4m tinh vé galactoza, trong d6 thé dot bién thu

dugce & budce b) giai phong ndng dd glucoza it nhat 1a 60mM, khi dugc danh gia bang
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thir nghiém B. Theo mdt phuong 4n, thé dot bién thu duge & budc b) giai phéng ndng
d6 glucoza it nhét 1a 70mM. Theo mét phuong an, thé dot bién thu dugc & bude b) giai
phéng ndng d6 glucoza it nhit 14 80mM. Theo mot phuong an, thé dot bién thu duoc &
budce b) giai phong ndng do glucoza it nhit 1a 90mM. Theo mot phwong 4n, thé dot bién
thu dugc & bude b) giai phong nong d6 glucoza it nhat 1a 100mM.

Sang ché con dé cap dén phwong phap lwa chon ching S. thermophilus duong
tinh vé lactoza, am tinh v& galactoza cua sang ché, bao gdm cac bude:

1) cung cdp ching Streptococcus thermophilus duong tinh véi lactoza, am tinh
v6i galactoza biu hién glucokinaza ban dau, ma hoat tinh cta n6 16n hon 1800 U/g
téng dich chiét protein nhu dugc danh gia bang thir nghiém A, cu thé 13 16n hon 2000
Ulg téng dich chiét protein nhu dwgc danh gia bang thir nghiém A;

2) cai bién khung doc mé cua gen glcK cua ching Streptococcus thermophilus
duong tinh véi lactoza, am tinh véi galactoza & bude 1), sao cho ching Strepfococcus
thermophilus céai bién biéu hién glucokinaza ma trinh ty cia n6 dugc cai bién nhu dugc
xac dinh trong ban mo ta nay, khi so véi trinh ty cua glucokinaza ban dau;

3) danh gi4, bang thir nghiém A, hoat tinh glucokinaza trong ching
Streptococcus thermophilus cai bién thu duoc & bude 2);

4) lva chon chung Streptococcus thermophilus cai bién, biéu hién hoat tinh
glucokinaza cia né trong chiing cai bién giam nhung khong vo hiéu nhu duoc xac dinh
trong ban mo ta ndy bang thir nghiém A;

5) tily ¥, danh gi4, bing thtr nghiém C, Vmax cia glucokinaza trong ching
Streptococcus thermophilus cai bién duoc lya chon & budc 4) va lya chon ching
Streptococcus thermophilus cai bién, biéu hién glucokinaza ma Vmax cia né trong
chiing cai bién giam nhung khéng vo hiéu nhu duge xac dinh trong ban md ta ny bang
thr nghiém C.

Theo mdt phwong 4an vé budc 2), su cai bién khung doc md cia gen glcK duoc
thyc hién bing cich phat sinh dot bién truc tiép gen glcK cha Streptococcus
thermophilus & buge 1). Theo mot phwong 4n vé budce 2), sy cai bién khung doc mé cia
gen gleK dugc thuc hién bing cach thay thé khung doc mé ban diu cia gen glcK cla
ching & budc 1) bang khung doc mé khéc loai cia gen glcK (trong d6 “khdc loai” ¢6

nghia 13 khung doc mé& ciia gen glcK ma ban dau khong thé hién trong chiing & bude 1),
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vi du khung doc m¢ ctia gen glcK ma duoc thiét ké v& mit té)ng hop hodc khung doc
mé cta gen glcK thu dugce tir chiing Streptococcus thermophilus Khac).

Theo mot phuong 4n & bude 4), diu hi€u “hoat tinh glucokinaza trong ching da
cdi bién bi giam ddng ké nhung khéng vé hiéw” dugc xac dinh trén ddy dé nhan biét
ching Streptococcus thermophilus duong tinh v6i lactoza, am tinh véi galactoza cia
sang ché. Theo phuong 4n cu thé, hoat tinh glucokinaza trong ching Streptococcus
thermophilus ci bién, nhu dugc danh gid bing thtr nghiém A, nim trong khoang tir 200
dén 1500, ndm trong khoang tir 300 dén 1200, nim trong khoang tir 400 d&én 1000 U/g
téng dich chiét protein hozc nam trong khoang tir tri s6 tbi thiéu dugc chon tir nhom
g?)m 200, 300 va 400 U/g téng dich chiét protein dén tri sb tdi da dugce chon tir nhom
¢dm 1000, 1200 va 1500 U/g tong dich chiét protein, nhu dugc dénh gié bang thir
nghiém A. Theo phuong 4n cu thé, hoat tinh glucokinaza trong chung Streptococcus
thermophilus cii bién nim trong khoang tir 5 dén 60%, nim trong khoang tir 10 dén
50%, ndm trong khoang tir 15 dén 40% hoat tinh cua hoat tinh glucokinaza ctia chiing
DGCC7710 (c hai duge danh gia bang thir nghiém A) hodc nim trong khoang tir ty 18
phin tram t6i thiéu dugc chon tir nhém gdm 5, 10 va 15 % hoat tinh glucokinaza cta
chiing DGCC7710 dén ty 1& phin tram téi da dugc chon tir nhém gdm 40, 50 va 60 %
hoat tinh glucokinaza ctia ching DGCC7710 (ca hai dugc danh gia bang thir nghiém
A). Cum tir “hoat tinh glucokinaza ciia chung DGCC7710” 1a nhu dugc xé4c dinh trén
day.

Theo phuong an cu thé & budc 5), diu hiéu “Vmax cia glucokinaza trong ching
cdi bién bi gidm ddng ké nhung khong vé hiéu” duge xac dinh trén ddy dé nhan biét
ching Streptococcus thermophilus am tinh v& galactoza cia sang ché. Theo phuong én
cu thé, van tdc tién vé phia trudc t6i da ctia glucokinaza trong ching Streptococcus
thermophilus cai bién ndm trong khoang tlr 200 dén 1500, nim trong khoang tir 300 dén
1200, ndm trong khoang tir 400 dén 1000 U/g tbng dich chiét protein, nhu dwgc danh
gia béng thir nghiém C, hoac nam trong khoang tur tri sb tbi thiéu dugce chon tir nhém
gém 200, 300 va 400 U/g téng dich chiét protein dén tri sb tdi da dugc chon tir nhém
gdm 1000, 1200 va 1500 U/g téng dich chiét protein, nhu dwgc danh gia bing thi
nghiém C. Theo phuong 4n cu thé, Vmax ciia glucokinaza trong chung Streptococcus
thermophilus céi bién nim trong khoang tir 5 dén 60%, nim trong khoang tir 10 dén

50%, nam trong khoang tlr 15 dén 40%, Vmax cta glucokinaza ctia chiing DGCC7710,
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khi c& hai dugc danh gi4 bing thit nghiém C, hodc nim trong khoang tir ty 18 phin trim
t81 thiéu dwgc chon tir nhém gdm 5, 10 va 15% Vmax ctia hoat tinh glucokinaza ctia
ching DGCC7710 va ty 18 phin tram t&i da dwoc chon tir nhém goém 40, 50 va 60%
Vmax cua glucokinaza ctia ching DGCC7710. Cum tr “Vmax cua glucokinaza cia
ching DGCC7710” 1a nhu dugc xac dinh trén day.

Céc diu hiéu k¥ thuat va cac phuong 4n dugc wu tién khéc nhau cla sang ché s&

dugc mo ta b?lng cac vi du khong han ché.
Vi du thye hién sang ché

Vit liéu va phuong phéap
Céc chiing va cac didu kién sinh truéng

Chiing S. thermophilus (ST) dugc bdc 10 trong ban md ta ndy duoc sinh trudng &
37°C trong nudc xuyt M17 (Oxoid, s& tham chiéu ctia nha cung cAp CMO0817) duge bd
sung 30 g/L carbohydrat thich hop va néu cén, thém 15 g/L aga vi khuin Typ A
(Biokar, s tham chiéu cta nha cung cp #A1010HA), hodc & 43°C trong sita (sita ban
" kem UHT “Le Petit Vendéen” + 3% bot sita BBA Lactalis). Nudc xuyt M17 thanh
tring duoc bd sung 0,2 pm lactoza, sucroza, galactoza hodc glucoza da lgc. Dung dich
gbc dong lanh chira ching ST thu dugc bang céach pha lodng mdt nira moi truong nudi
cdy qua dém trong M17 dugc bd sung Sg/L lactoza va 10% glyxerol, va luu trit & -20
°C.

Pinh lwong qua trinh chuyén hoa carbohydrat trong qué trinh 1én men sita [thit nghiém
B]

Stta ban kem UHT “Le Petit Vendéen (“sita chua”) chira 3% (trong lugng/thé
tich) bot sita (BBA, Lactalis), dugc v6 trung trude 10 phat & 90°C, duge ti€ém truyén 4]
1% (thé tich/thé tich, khoang 107 CFU/ml) v6i méi trudong nudi cdy ching S
thermophilus & dwoc danh gia (t& bao dugc tao huyén phi lai khong chita M17-
carbohydrat tir mdi trudng nudi ciy qua dém dugc sinh trudng trong M17 duge b sung
3% sucroza). Sita nay dugc cho la chira khoang 175 mM lactoza. Binh thot cb chua sita

da tiém truyén dugc G tinh trong bé nude & 43°C trong 24 gid, dé thu dugc sita 1én men.
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Céac mau TO va cac mau sita 1én men (T24h) (5 g) duoc pha lodng trong 25g
H,S04 0,025N trude khi dugc ly tdm & 4600 vong/phut trong 10 phit & 4°C. Loc dich
ndi qua bd loc 0,2 pm Nylon (Phenomenex, Germany, Aschaffenburg) truc tiép vao
trong lo 2 ml HPLC. Luu trit cic mau & -20°C cho dén khi phan tich tiép. Pinh lwong
carbohydrat bang sic ky 1ong hiéu ning cao (Agilent 1200 HPLC) duoc trang bi bd do
chi s6 khic xa st dung cot trao ddi anion Aminex HPX-87H (Bio-Rad Laboratories
Inc.) & 35°C, véi 12,5 mM H,SO,4 1am dung dich rira giai va tbc d6 dong 0,6 ml min .

Viéc danh gia két qua duge thuc hién bing phdn mém tai xir Iy Chemstation (Agilent).

Sép xép trinh ty glcK

Su khuéch dai PCR ctia gen glucokinaza duoc thuc hién bang cach str dung céc
doan moi GIcK-F4 (5-CAGGTATGAGTTTAGCAACGG-3’) va GIcK-R12 (5°-
ATTCACCACGGCCTGAGAC-3’), [bao gébm budc & 98°C, 5 phut, tiép theo 33 vong
& 98°C, 45 gidy; 58°C, 30 giay; 68°C, 3 phut véi budc mé rdng cudi cung & 72°C, 7
phiit]. Sau d6, cac san phim PCR ctia 2788 bp duge xir Iy bang Tlustra™ ExoProStar™
theo huéng din ciia nha san xuit (GE Healthcare). Céac phan Gng sip xép trinh tu duoc
thuc hién bing cach st dung BigDye® Terminator v3.1 Cycle Sequencing kit (Life
Technologies) theo huéng din cta nhd san xudt st dung AB3500 (Applied

Biosystems™™), va doan mdi duge liét ké trong bang 2.
y g bang

Poan mdi | Trinh tw
GlcK-F4 | CAGGTATGAGTTTAGCAACGG
GlcK-R8 [ AGTTCAATCTTCATCATCTCG

GIcK-F5 | GTAGCCACATTGTTCCTGAC
GlcK-R6 | TTGCTGAAGCTACAGTTTCC
GlcK-R4 | TAAGCAAGACTAGCAGCTCC
GleK-F7 | TTGCGTAGTCGTGTTGAAGG
GIcK-R10 | ATTGTCCCTTCATAAGCATCG
GlcK-F11 | CGAACTGGGTGCAGATGATG
GlcK-R12 | ATTCACCACGGCCTGAGAC
Bang 2: Liét ké cic doan moi dé sap xép trinh tw glcK.

Hoat tinh glucokinaza [thr nghiém A]
Mai trudng tuoi nudi cdy qua dém cta ching Streptococcus thermophilus trong

M17chira lactoza 30 g/L thu dwoc va dugc sir dung dé tiém truyén & 1% (thé tich/thé
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tich) 10ml M17 lactoza twoi 30 g/L. Thu hoach té bao bang cach ly tdm (6000 g, 10
phut, 4°C) & mat d quang 600 nm (OD600) 0,8 +/- 0,2, rira trong Sml dung dich dém
GLCK lanh (5 mM MgCI2, 10 mM K,HPO, / KH,PO, [pH= 7,2]), va tao huyén phu lai
trong 500 pl dung dich dém GLCK lanh. Thém céc chét tc ché proteaza khong chira
EDTA “cOmpleteTM” (Roche, s6 tham chiéu cua nha cung cp 04693132001) vao dung
dich dém GLCK nhu dugc mé ta boi nha cung cép. Ngit quang té bao bing cich thém
100 mg hat thuy tinh (150-212 pm, Sigma G1145) vao 200 pl t& bao da tao huyén pha
lai va dao dong & tin sd 30 vong/gidy trong 6 phut trong may dao dong MM200
(Retsch, Haan, Germany). Loai bd manh v& t& bao va vién thuy tinh bing cach ly tim
(14000g, 15 phut, 4°C), va chuyén dich ndi vao éng ly tdm sach 1,5 mL gii trén nudc
da. Téng ham luong protein dugc xdc dinh bing cich sitr dung FLUKA Protein
Quantification Kit-Rapid (s6 tham chiéu 51254). Hoat tinh glucokinaza trong phan
chiét té bao dugc xac dinh theo quang phd ké bing thir nghiém cip dodoi glucoza-6-
phosphat dehydrogenaza (G-6PDH, EC1.1.1.49):NADPH (Porter ef al., 1982), chii yéu
duge mo ta boi Pool ef al. (2006). Mdi mau (5, 10 va 20 puL) duoc thém vao dung dich
dém thtt nghiém (10 mM K,HPO, / KH,PO, [pH= 7,2], 5 mM MgCI2, 1 mM ATP, 20
mM glucoza, 1 mM NADP, 1 U G-6PDH) trong thé tich cudi cing 250 uL va dé im
hén hop trong 5 phit & 30°C. Po mat dd quang & 340 nm trong 5 phut bing cach st
dung b doc vi dia da phat hién Synergy HT (BIO-TEK). Mot don vi glucokinaza tuong
ung véi lugng enzym ma xuc tc qua trinh phosphoryl ho4d 1 pmol D-glucoza thanh D-
Glucoza 6-phosphat mdi phut trong cac diéu kién thir nghiém. Hoat tinh glucokinaza
dugc tinh toan nhu sau:

Hoat tinh glucokinaza (U/g tdng dich chiét protein) = dOD x V/ [dt x 1 x & X
Qprot], trong do:

- dOD 12 sy bién thién ctia mat do6 quang (OD) & 340 nm

- V 14 thé tich ctia phan tmg (& day 14 250 pL)

dt = thoi gian do (tinh theo phut)

1= d06 dai duong quang (& déy 1a 0,73 cm)

& = hé s6 giam mol cia NADPH ; H' (¢ déy 12 6220 cm2 / pmol)

Qprot = lugng protein trong chéu thuy tinh (tinh theo g)

Céc phép do duoc thuc hién ba 1an dbi véi mdi mAu va cac tri sd hoat tinh riéng

glucokinaza dugc dua ra trong ban md ta nay trong thir nghiém A 12 tri s trung binh
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cua ba thir nghiém ddc lap.

Van tdc tién vé phia trude tdi da ctia GlcK [thir nghiém C]

Van toc tién vé phia trude t6i da (Vmax) ciia GlcK duoc x4c dinh bang cach st
dung céc néng do khac nhau cia glucoza (0, 5, 10, 15, 20 mM) trén dich chiét tho duoc
tao ra nhu dugc mo ta trong “hoat tinh glucokinaza” (thtr nghiém A). Cac phép do duogc
thue hién ba 14n dbi véi mdi miu va cac tri s6 Vmax duoc dua ra trong ban md ta nay
trong thir nghiém C 1 trj s§ trung binh cta ba thir nghiém doc 1ap. Phép hdi quy tuyén
tinh thé hién su nghich dao cua véan tde riéng trong ham nghich ddo cua néng do
glucoza tao ra phép nghich dio cua van tdc tién vé phia trudc tdi da & giao diém truc Y

cta db thi.

Thuc hién axit hoa stta

Céc dic tinh axit hoa ctia ching S. thermophilus duge danh gia bang cach ghi
chép d6 pH theo thoi gian, trong qua trinh Ién men sfta nhu dugc mo ta trong thi
nghiém B. D6 pH duoc kiém tra trong 24 gid bang cach sir dung hé CINAC (Alliance
Instruments, France; pH dién cuc Mettler 405 DPAS SC, Toledo, Spain) nhu dugc mo
ta trén ddy. Po d6 pH va ghi chép mdi 5 phit. St dung phin mém CINAC v2.07, tinh
toan murc giam tir 46 pH=6,0 dén pH=5,5 (UpH/minute) [Slope pH6-5.5].

Truyén alen cta glcK cia ching STO vao trong hé gen cua 3 chung S. thermophilus
khac

San pham 1889 bp PCR mang gen glcK cua ching STO thu duoc bang cach st
dung doan mdi GIcK-F1 (5’-GAAGCAGTTTGGGGTAGTAG-3’) va GIcK-R2 (5°-
GAGTTATCTACAGGAGCTGG -3°). Tiép theo, san phim PCR dugc tinh ché bing
cach st dung QIAquick PCR Purification Kit (Qiagen), va rira giai trong nudc khong
chira RNaza. Nong do cia san pham PCR duoc xac dinh bang cach sit dung quang phd
ké NanoDrop 2000 (Thermo Scientific, Wilmington, MA). Kich ¢& va d6 tinh khiét ctia
san phdm PCR dugc x4c nhan bang hé dién di mao din trén gel QIAxcel® (Qiagen,
Hilden, Germany). Cac chung DGCC7710, ST1.1 va ST1.2 duogc bién nap véi san
phdm 1889 bp PCR va cac thé dot bién c6 gen glcK cua chung dwoc thay thé bang alen
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glcK cua ching STO dugc lya chon (su c6 mét cua alen glcK cia chung STO dugce kiém

tra bang cach sip xép trinh tur).

Két qua

Trong cong bd qudc té s6 W02013/160413 va tai liéu: Serensen et al. (2016), sy
lwa chon dot bién glcK dugc thuc hién thong qua sy lua chon cic thé dot bién bén 2-
deoxyglucoza (2-DOG) tir qué trinh thu gom ching 1én men galactoza (vi du 2 cua cong
bd qudc té nay). Ba dot bién dugc md ta, CHCC15757 (ciing di biét 1a St1-GS-1),
CHCC15887 va St2-GS-1, thé hién su thay ddi axit amin trong glucokinaza cia ching,
1An luot 1a T1411, S72P va G249R. Tuy nhién, céc thé dot bién thu dugc da thé hién 1a
bi tAc dong trong dong hoc axit cua ching (xem vi du 4 duéi day dbi véi su thay d6i
S72P).

Hoat tinh glucokinaza cua cac chung biéu hién glucokinaza c¢6 su thay dbi
T1411, S72P hodc G249R dugc thong bao 1a khong thé phat hién duge (xem vi du 4
dudi day dbi vai su thay ddi S72P). Pidu nay c6 thé giai thich cdc dong hoc axit tré
duoc thdng bao trong W0O2013/160413 va Serensen et al. (2016). Da duoc gia thuyét
rang phuong phap dugc st dung dé lya chon c6 thé giai thich sy nghén dot bién chi
biéu hién glucokinaza c6 hoat tinh glucokinaza vo hiéu (nghia 13, khong phat hién
duoc). Thue vay, trong ching 1én men galactoza mang glucokinaza kiéu dai, 2-DOG sé&
duogc phosphoryl ho4 bang glucokinaza (GlcK), ma sau d6 khong thé dugc st dung lam
co chét boi phosphoglucomutaza (PGM). Két qua 13, 2-DOG s& doc trong chiing 1én
men galactoza, 1 két qua khong chi ctia sy canh tranh giita 2-DOG va glucoza dbi véi
vi tri gén két cia GIcK, ma con ci mic tiéu thu ATP (bdi glucokinaza) ma khogn thé
duogc tao ra bdi con duong thuy phan. Do do, dé ton tai, su lua chon tdt nhét ddi voi
ching 1én men galactoza 1a tit hoat tinh ctia glucokinaza. Do d6, phuong phap lya chon
duge mo ta trong WO2013/160413 va Serensen ef al. (2016) dugc cho 14 chiém wu thé
dé tao ra chung 1én men galactoza, ma gen glcK cla né khong biéu hién glucokinaza

chuc nédng.
Vi du 1: Sang loc su lwa chon Streptococcus thermophilus d6i véi chiing tiét glucoza

Céc tac gia sang ché voi mong mudn lya chon ching tieét glucoza, da st dung

phuong phap khac. Su sua chon Streptococcus thermophilus dugc sang loc bing thir
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nghiém B dbi vdi cac ching ¢ kha ning tiét glucoza trong sita 1én men. Lugng gdm 10
mM glucoza dugc st dung lam ngudng tdi thiéu dé lwa chon. Mot ching, STO, giai
phéng 30 mM glucoza trong sita 1én men bing cach st dung thir nghiém B, dugc lwa

chon.

Vi du 2. Nhén biét dot bién trong gen glcK

Viée sip xép trinh tu cia vai gen - cia chiing STO — da biét c6 lién quan dén sy
chuyén hoa carbohydrat trong S. thermophilus dugc thuc hién va dugc can chinh véi
trinh ty gen twong Uing cla Streptococcus thermophilus khac.

Su khéc nhau vé axit amin khong lién tiép, E275K, dugc nhan biét trong trinh tu
GlcK cta chung STO, ma khong duge timthdy trong trinh tu bat ky trong s céc trinh tur
GIcK cta cac chung S. thermophilus khac; Sy khac nhau vé axit amin nay 1a két qua
cia A & vi tri 823 ctia gen glcK thay vi G. Su so sénh hon nita ctia glucokinaza dugc ma
hod béi gen gleK cua ching S. thermophilus khac da xac nhén ring lysin & vi tri 275
(thay vi axit glutamic) 14 duy nhit di v6i STO va khong dugc tim thiy trong ching bat
ky trong s& 107 chung khac.

Su khac nhau vé axit amin dugc nhén biét trong glucokinaza suy dién tir 108
ching nay dugc thé hién trong bang 3. Do d6, 10 typ glucokinaza khac nhau s& dugc
phan biét (GIcK typ 1 dén GlcK typ 10, nhu dwoc néu 1an luot trong SEQ ID NO: 2, 4,
6, 8, 10, 12, 14, 16, 18 va 20). Dbi vdi cac thir nghiém tiép theo, 10 ching, ST1 dén
ST10, ma mdi ching biéu hién glucokinaza duy nhit duge lua chon. SEQ ID NO:2
dwoc ding lam trinh tw tham chiu, vi GIcK typ nay duoc tim thiy trong khoang 70%
trong sb 108 ching phén tich. Cu thé 13, ching DGCC7710, duge luu trit 8 DSMZ véi
s6 truy cidp DSM28255 vao ngiy 14 thang 1 nam 2014, ma ho4 glucokinaza nhu dugc
x4c dinh trong SEQ ID NO:2

Cén phai biét ring chi ¢6 sy khac nhau vé axit amin giita trinh tu cua
glucokinaza dwoc ma hod boi ching STO va SEQ ID NO:2 1a sy khac nhau vé axit amin
o vitri 275.

Vitriaa |21 |33[38]49[64]100]131]133]137] 141 [144 | 149|152
ST1 T/ E|E|E|[D|[V|[N[N|[I[T[G|A]N
ST2 -l -1
ST3 N|G - - -1 -1vl-T1T-1Tv]K
ST4 -l TaAl - - - -1 -1 -1-1-
ST5 - T-T-T-T -1 -
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ST6 - T-T-T-T-7-T-T7T-T-7-7-T7 -
ST7 ST IDp - - -1 -Tv]| -1 -71-7-
STS NI G|l-|-1-]-1-1-1v]-]-]1v/[Kx
ST9 - ---sIp|[Vv]|--]-7]-
ST10 ST - -1 | - [V ]| - -1-7-
STO - - - - - -7 -T7T-1T-71T-71T-71T-
ST20 - - - T-T -1 -1T-7T-71T-Ts/]-7-
Vitri e 1188 | 197 | 198 | 209 | 220 | 227 | 252 | 265 | 275 | Khde | % dong
aa aa nhat
ST1 K| V|V|A|S|F|I1|T|V]|E / /
ST2 A e 1 99,7
ST3 S -1 - -] - - -7- 7 97.8
ST4 S - T -T1T-71- 1 99,7
ST5 A N N N B B B e 1 99,7
ST6 N| - | -1T]|-]-]-1-1-71- 2 99.4
ST7 - - - - Ll 1| - - 5 98,4
ST8 ST - - -1 -1-1T-71- 6 98,1
ST9 S - -7 -1 -Jololr|-1- 7 97,8
ST10 | - | - | - | - [ - |1]|1]- 8 97,5
STO - - -1 -T-1T-1T-1T-Tx 1 99,7
ST20 | - | - | - | - | - [ -1 -1 -7- 1 99,7

Bang 3: Su khac nhau cia GlcK protein duoc nhén biét bing phép so sanh trinh tu
GIcK protein dugc ma hod boi 108 S. thermophilus, va trinh ty GlcK protein dugc ma
hoa bai STO va ST20. Cac vi tri axit amin dugc li€t ké cho biét tat ca su khac nhau vé
axit amin gitta cac GlcK protein. Trinh ty GlcK protein tr ST1 (SEQ ID NO:2) dugce
chon 1am trinh ty tham chiéu. Cac vi tri axit amin khong dugc liét ké trong bang nay 1a
gibng nhau dbi voi tit ca glucokinaza tir nghién ciru nay. Cot “aa diff’ thé hién sd
lugng khéc nhau v& axit amin khi so véi SEQ ID NO:2. Cot “% id” thé hién ty 1¢ phan
tram gidng véi SEQ ID NO:2

Vi du 3. Po hoat tinh glucokinaza cta ching STO va so véi cac chiing khac (ST1 dén
ST10)

Hoat tinh glucokinaza ctia ching STO so v6i hoat tinh glucokinaza cta céc ching
ST1 dén ST10 dugc chon nhu dugc thong béo trong vi du 2, sit dung thir nghi€ém A.
Cac két qua dugc tdng két trong bang 4.
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Hoat tinh riéng glucokinaza Hoat tinh
Chiing (U/g tdng dich chiét protein) | twong dbi (%
Trung binh STD DGCC7710)
DGCC7710 (ST1 2756 140 100
typ)
ST2 2250 381 82
ST3 2595 173 94
ST4 2014 105 73
ST5 ND ND ND
ST6 2892 354 105
ST7 2791 104 101
ST$ 2471 293 90
ST9 2553 337 93
ST10 2718 280 99
STO 977 29 35

Bang 4: Hoat tinh riéng glucokinaza cta 11 ching: 10 chung - ST1 dén ST10 — mdi
chung thé hién bién thé GlcK protein khac nhau va STO dugc nhan biét trong vi du 1;
ND: khong xé4c dinh

Céc dir liéu nay thé hién ring hoat tinh glucokinaza ctia cac ching ST1 dén
ST10 gom tir 2014 dén 2791 U/g tdng dich chiét protein nhu dugc dénh gia bing thir
nghiém A. Hoat tinh glucokinaza cao hon 1800 U/g tong dich chiét protein dugc xem 12
thé hién hoat tinh glucokinaza binh thuong. Hoat tinh glucokinaza cta chiing
DGCC7710 duge xem 4 hoat tinh glucokinaza tham chiéu (khi su biéu hién typ GlcK
nhidu nhét, dugc x4c dinh 1a SEQ ID NO:2).

Trai lai, ching STO, biéu hién GlcK protein mang lysin & vi tri 275 c6 hoat tinh
glucokinaza khoang 977 U/g téng dich chiét protein nhu dwgc ddnh gid bing thir
nghiém A, nghia 13 it hon khoang 3 1in hoat tinh glucokinaza cia chiing DGCC7710
(35%).

Céc dit liéu nay thé hién ring cach tiép can duoc giit lai boi cac tac gia sang ché
cho phép lua chon dbi v6i 1an thir nhat ching S. thermophilus Am tinh vé galactoza biéu

hién glucokinaza, ma hoat tinh ctia n6 bi giam déang ké nhung khéng vo hiéu.

Vi du 4: So sanh hoat tinh glucokinaza, Vmax, Km, mirc gidi phong glucoza va dong
hoc axit ho4 cua ching DGCC7710, dan xuit DGCC7710 mang su khic nhau vé
E275K va bién thé duong tinh vé galactoza cia DGCC7710 mang su thay ddi axit amin

v0 hiéu glucokinaza
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Pé kiém tra ddu hiéu tiét glucoza ctia ching STO 1a két qua cta viéc giam hoat
tinh glucokinaza va két qua vé su khac nhau axit amin E275K dugc nhén biét trong
glucokinaza, din xut ctia ching DGCC7710 dugc thiét ké, ma trong d6 gen glcK gen
ma hod glucokinaza véi axit glutamic (E) & vi tri 275 duoc thay thé bang axit amin
lysin (K). Dan xuét (DGCC12534) dugc luu trit & DSMZ vao ngay 15 thang 8 nim
2017 v6i sb truy cdp DSM32587. Trinh tu cia GleK protein cta né 1a nhu duogc xac
dinh trong SEQ ID NO:22.

Theo cach song song, thé dot bién ctia DGCC7710 duoc tao ra, ma trong do
serin (S) & vi tri 72 dugc thay thé bang prolin (P), thu dugc GlcK protein v6i trinh ty
nhu dugce xac dinh trong SEQ ID NO:23 [thay thé axit amin S72P; duoc thong bao
trong chung DSM25851 cua W02013/160413]. Vi su thay thé axit amin S72P dan dén
hoat tinh glucokinaza v6 hiéu (nghia la chung ma khong c6 kha ning st dung glucoza
thong qua glucokinaza), thé dot bién dugc tao ra trude duong tinh véi galactoza (dé cho
phép st dung galactoza, vi ching S. thermophilus am tinh vé galactoza thé hién hoat
tinh glucokinaza v hiéu dugc cho 1a khong thé séng). Do d6, doan khéi ddu gal operon
cia chung DGCC7710 dugc dot bién truéc theo WO2011/026863 dé thu duoc duoc
khoi ddu gal operon c6 trinh ty nhu dugc xéc dihh trong SEQ NO:24. Thé dot bién
dwong tinh vé galactoza mang su thay thé axit amin S72P trong GlcK protein thu dugc
va dugc goi 1a ST1m-glcK0-gal+.

Su cin chinh trinh ty protein cia glucokinaza cta ching DGCC7710,
DSM32587 va ST1m-glcK0-gal+ dugc bdc 10 trén Fig.1.

Hoat tinh glucokinaza, Vmax va Km cua glucokinaza, mirc gidi phong glucoza
trong sita 1én men, va ddng hoc axit hod, cia cac chung DGCC7710, DSM32587 va
ST1m-glcK0-gal+ dugc xac dinh nhu duge mo ta trong phin V4t lidu va phuong phap.
Céc két qua thu dugc duge bdc 16 trong cic bang 5 dén 7 va trén Fig.2, va dugc tong

két trong bang 8.

Hoat tinh riéng glucokinaza , £
Chiing (U/g téng dich chiét protein) Hoa tinh twong doi
= (% DGCC7710)
Trung binh STD
DGCC7710 2756 140 100
DSM32587 907 32 33
ST1m-glcK0-gal+ 0 / 0
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Bang 5: Hoat tinh riéng glucokinaza ciia chiing DGCC7710 va trong ching DSM32587
vd ST1m-glcKO-gal+ va % hoat tinh khi so véi hoat tinh glucokinaza cua ching
DGCC7710

Vmax Glucokinaza Km Glucokinaza
Chiing (U/g tong dich chiét pr(ztein) (mM)
Trung STD Yo Trung STD
binh DGCC7710 binh
DGCC7710 2855 178 100 1319 73
DSM32587 914 21 32 1328 56
ST1m-glcK0-gal+ | ND / ND ND /

Bing 6: Vmax cua glucokinaza cua ching DGCC7710 va trong chung DSM32587 va
ST1m-glcK0-gal+ va % Vmax cua glucokinaza khi so véi Vmax cla glucokinaza cia
ching DGCC7710 va hoat tinh Km cta glucokinaza cua cdc ching DGCC7710,
DSM32587 va ST1m-glcK0-gal+; ND: khong xac dinh

Glucoza Glucoza dwgce giai

. Lactoza dugc .
Chiing tidu thu (mM) dwgc giai phong/ Lactoza dwgc
: phong (mM) tiéu thu (%)
DGCC7710 55 0 0
DSM32587 83 29 35
ST1m-gleKO- 160 109 68
gal+

Bang 7: Su chuyén hoa carbohydrat trong sita 1én men (24 gi®) v6i chung DGCC7710,
DSM32587 hoac ST1m-glcK0-gal+.

Glucoza
Hoat tinh riéng Vm dwgce giai . A
. . , Giam d¢
- glucokinaza (U/g Glucokinaza phéng/ =
Chiing 2 . . £ Z . pH= 6-5,5
tong dich chiet (U/g tong dich lactoza (UpH/phit)
protein) chiét protein dwoc tiéu PH/P
thu(%)
DGCC7710 2756 2855 0 -0,0117
DSM32587 907 914 35 -0,0141
ST1m-glcKO0- 0 ND 68 -0,0077
gal+

Bang 8: Tong két v& hoat tinh ctia cac ching DGCC7710, DSM32587 va ST1m-glcK0-
gal+; ND: khong xac dinh

Thtt nhat, dit liéu cta bang 5 thé hién chi tiét ring bang cach thay thé axit
glutamic (E) ¢ vi tri 275 cua GlcK protein bang lysin (K) di mot minh 1am gidm dang
ké hoat tinh glucokinaza tir 2756 dén 907 U/g (nghia 13, 33% hoat tinh DGCC7710)
trong din xuit DGCC7710 (DSM32587). Dit lidu thu dugc dbi véi thé dot bién ST1m-
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glcK0-gal+ x4c nhin réng su thay ddi axit amin S72P du dé loai b hoan toan hoat tinh
glucokinaza. Cung véi hoat tinh glucokinaza, céc tac gia sang ché ciing da nghién ciru
xem liéu mirc gidm d& quan sat cia hoat tinh glucokinaza trong ching DSM32587 ¢6
phai 12 két qua cua viée giam 4i luc (Km) cua glucokinaza dbi véi co chit ciia no
(glucoza) va/hodc giam van tdc tién vé phia trudc tdi da (Vmax) cta glucokinaza hay
khong. Dit liéu ctia bang 6 x4c nhan ring viéc thay thé axit glutamic (E) & vi tri 275 cua
GlcK protein bing lysin (K) di mét minh dé lam giam dang ké Vmax ctia glucokinaza
tir 2855 dén 914 U/g (nghia 13, 32% Vmax cia DGCC7710) trong din xudt DGCC7710
(DSM32587). Khi véng mit glucokinaza chirc ning trong thé dot bién ST1m-glcKO-
gal+, Vmax khong thé xac dinh duoc.

Dit liéu ciia bang 7 thé hién ring ching DSM32587 giai phong 29 mM glucoza
sau khi 1én men sita, trong khi ching DGCC7710 c6 hoat tinh glucokinaza & muc cao
khong giai phén luong di glucoza; hon nita, ching DSM32587 tiéu thu lactoza nhiéu
hon gép 1,5 14n so véi ching DGCC7710. Glucoza dugc giai phéng trong sita duge 1én
men vdi DSM32587 tuong ing véi 35% lactoza ti€u thy, trong khi glucoza dugce gii
phong trong sita duge 1én men v6i ching DGCC7710 ¢6 murc phat hién thip (sita dugc
tim théy chirta 175 mM lactoza véi mire khong phat hién dugce ctia cac carbohydrat hodc
axit khac). Cac dit liéu nay da thé hién rang ching DSM32587 — ma trong d6 hoat tinh
ciia glucokinaza va Vmax giam khoang 3 1an khi so véi hoat tinh cta ching
DGCC7710 — bu muc chuyén hoéa glucoza ndi bao thap hon ciia né bang cach tiéu thu
lactoza nhiéu hon 1,5 14n va giai phong 35% phan glucoza cia lactoza d tiéu thu sau
24 gid. Cubdi cing, khi dot bién ST1m-glcK0-gal+ c6 lién quan, thé dot bién dwong tinh
vé galactoza ndy tiéu thu hau hét tit ca lactoza c6 mit trong sira (160 mM trong sb 175
mM), va tiét 109 mM glucoza, tuong g véi 68% lactoza tiéu thu. Phan glucoza con
lai duogc cho la dugc tiét trong sfta nhung dugc ti€u thu lai bai té bao, sau khi van
chuyén qua hé PTS.

Cudi cung, dit litu trén Fig.2 thé hién ring dong hoc axit héa cla ching
DSM32587 khong bj tac dong dang ké khi so véi ching DGCC7710 (giam d6 pH 6-5,5
cta -0,0141 UpH/phut @i véi ching DSM32587 khi so véi -0,0117 UpH/phut ddi véi
ching DGCC7710). Tréi lai, mirc giam do pH 6-5,5 cua thé dot bién ST1m-glcK0-gal+
bi tac dong dang ké (-0,0077 UpH/phit).

No6i chung, cac dit liéu nay thé hién ring, hoat tinh glucokinaza va Vmax giam
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nhiéu (dén 0), cac ching di tiéu thu nhiéu lactoza va lugng glucoza duogc tiét nhiéu
hon. Céc dit liéu nay xac nhan ring sy ving mit cua glucokinaza chirc ning, trong khi
tao ra lugng 16n glucoza da tiét, tac dong dang ké dén dong hoc axit héa trong S.
thermophilus duong tinh vé galactoza. Cac tac gia sing ché d3 ngac nhién phat hién ra
rang su két hop ciia ddu hiéu “4m tinh vé galactoza” ciia ching S. thermophilus va dau
hiéu “hoat tinh glucokinaza giam dang ké nhung khong v6 hiéu” trong chiing niy cling
v6i ddu hiéu “Vmax cta glucokinaza giam dang ké nhung khong vo hidu” trong ching
nay cho phép thu dugc cac ching c6 cic dic tinh tiét glucoza (16n hon 10 mM) trong

stta dugc lén men vdi cac ching nay.

Vi du 5: So sanh hoat tinh glucokinaza, Vmax, Km, mtc giai phéng glucoza va dong
hoc axit hoa ctia 2 ching S. thermophilus biéu hién hoat tinh glucokinaza tiéu chuin va
céc bién thé trong g cta chung mang su khic nhau vé E275K

Dé kiém tra ring tac dong cia chung S. thermophilus 4m tinh vé galactoza - ¢6
hoat tinh glucokinaza giam dang k& nhung khéng vo hiéu — ddi véi mirc giai phong
glucoza sau khi 1én men va dong hoc axit hoa khong bi giéi han & nén tang di truyén
cia DGCC7710, sy khac nhau vé axit amin E275K dugc dwa vao trong 2 ching S.
thermophilus 4m tinh vé galactoza c6 2 nén tang di truyén khac biét: ching ST1.1 va
ching ST1.2. Cac thé d6t bién twong tmg dugc goi 1a ST1.1m-glcK va ST1.2m-glcK.
Trinh tr ctia GlcK cta 2 thé dot bién 1a nhu duge x4c dinh trong SEQ ID NO:22.

Hoat tinh glucokinaza, Vmax va Km ctia glucokinaza, mirc giai phéng glucoza
trong sita 1én men, va dong hoc axit hda, cia cac thé dot bién ST1.1m-glcK va ST1.2m-
glcK duge xac dinh nhu duge mé ta trong phan Vit lidu va phuong phap) va so véi hoat
tinh glucokinaza, Vmax va Km ctia glucokinaza, mirc gidi phong glucoza trong stra 1é€n
men, va dong hoc axit héa, cda cac ching ST1.1 va ST1.2. Céc Kkét qué dugc boc 10
trong cac bang 9 dén 11 va trén cac hinh v& Fig.3A va Fig.3B, va duoc tong két trong
bang 12.

Hoat tinh riéng glucokinaza (U/g tong dich Hoat tinh twong
Chiing chiét protein) doi
Trung binh STD (Yo DGCC7710)
ST1.1 2584 153 94
ST1.1m-glcK 755 82 27
ST1.2 2239 276 81
ST1.2m-glcK 453 27 16
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Bang 9: Hoat tinh riéng glucokinaza cia céc ching ST1.1 va ST1.2 va cac thé dot bién
E275K tuong tng cua ching va % hoat tinh khi so véi hoat tinh glucokinaza cia chung
DGCC7710

Vmax Glucokinaza .
Chiing (U/g tong dich chiét protein) Km Glucokinaza(mM)
Trung binh | STD | % DGCC7710 | Trung binh STD
ST1.1 2687 172 94 2011 428
ST1.1m-glcK 795 130 28 1923 665
ST1.2 2431 316 85 2532 60
ST1.2m-glcK 501 32 18 2397 452

Bang 10: Vmax cua glucokinaza ciia cdc chung ST1.1 va ST1.2 va cac thé dot bién
E275K tuong ng cua ching va % Vmax cua glucokinaza khi so véi Vmax cua
glucokinaza ctia ching DGCC7710 va hoat tinh Km cua glucokinaza cia cidc chung

ST1.1 va ST1.2 va céc thé ddt bién E275K tuong tng clia chiing

108/562

Chiing Lactoza dwgc Glucoza dugc gidi | Glucoza dwge gidi phong/
tiéu thu (mM) phong (mM) Lactoza dwgec tiéu thu (%)
ST1.1 54 1 1
ST1.1m-glcK 86 30 35
ST1.2 54 0 1
ST1.2m-glcK 69 18 26

Bang 11: Su chuyén héa carbohydrat trong sita duoc 1én men (24 gid) v6i ching ST1.1,

chiung ST1.2 va cac thé dot bién E275K tuwong (mg ciia chung

Hoat tinh riéng Glucoza dwgc Giam d¢

Chiing glucokinaza (U/g Vm gidi phong/ pH6-5,5
tong dich chiét | Glucokinaza | lactoza dwgc | (UpH/phut)

protein) ti€u thu (%)

ST1.1 2584 2687 1 -0,0160

ST1.1m-glcK 755 795 35 -0,0169

ST1.2 2239 2431 1 ’ -0,0136

ST1.2m-glcK 453 501 26 -0,0150

Bang 12: Téng két su tac dong clia cac ching ST1.1 va ST1.2 va céc thé dot bién

E275K tuong ing cla ching

Thir nhét, cac dit liéu ctia bang 9 thé hién chi tiét ring su thay thé axit glutamic

(E) & vi tri 275 ctia GlcK protein bang lysin (K) mdt minh du dé 1am giam hoat tinh
glucokinaza tir 2584 dén 755 U/g trong nén tang di truyén cta ST1.1 (nghia 12 hoat tinh
glucokinaza bang 27% hoat tinh cia DGCC7710) va tir 2239 dén 453 U/g trong nén
tang di truyén ctia ST1.2 twong tng (nghia 13, hoat tinh glucokinaza bing 16% hoat tinh

cia DGCC7710). Su quan sét tuong tu dugc thuc hién dbi v6i Vmax cta glucokinaza,
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ma su thay thé cta axit glutamic (E) & vi tri 275 cua GlcK protein bang lysin (K) dan
dén giam Vmax ctia glucokinaza tir 2687 dén 795 U/g trong nén tang di truyén cla
ST1.1 (nghia 1a 28% ctiia DGCC7710) va tir 2431 dén 501 trong nén tang di truyén cla
ST1.2 twong ung (nghia 13, 18% DGCC7710) (bang 10).

Dit liéu ctia bang 11 thé hién ring cac ching ST1.1m-glcK va ST1.2m-glcK - ¢6
hoat tinh glucokinaza giam ding ké nhung khong vd hiéu va Vmax giam déng ké
nhung khong vo hiéu — giai phong 30 va 18 mM glucoza tuwong Ung sau khi 1€n men
stta, trong khi cdc ching ST1.1 va ST1.2 — ¢6 hoat tinh glucokinaza cao — khong giai
phoéng lugng glucoza dang ké. Hon nita, cac ching ST1.1m-glcK va ST1.2m-glcK tiéu
thu lactoza nhiéu gép 1,6 va 1,3 14n 14n luot so véi céac ching ST1.1 va ST1.2. Glucoza
duogc gidi phong trong sita dugc 1én men voi cac chung ST1.1m-glcK va ST1.2m-glcK
1an luot twong tng v6i 35% va 26% lactoza tiéu thy, trong khi glucoza dugc giai phong
trong stta dugc 1én men voi cic ching ST1.1 va ST1.2 ¢6 muc phat hién thip hoic rat
gln v6i 0. Céc dit lidu nay da thé hién ring ST1.1m-glcK va ST1.2m-glcK — trong d6
hoat tinh cua glucokinaza va Vmax giam it nhét 12 3 1dn khi v6i cc hoat tinh cua céc
ching ST1.1 va ST1.2 — bu muc chuyén héa glucoza ndi bao thip hon cta ching bing
cach tiéu thu lactoza nhiéu hon khoang tir 1,3 dén 1,6 1an va giai phéng khoang tir 26
dén 35% phan glucoza cua lactoza da tiéu thu sau 24 gio.

Cubi cing, dit lidu trén Fig.3 thé hién ring dong hoc axit héa clia céc ching
ST1.1m-glcK va ST1.2m-gleK khong bi tic dong déng ké khi 1an lugt so vé6i cac ching
ST1.1 va ST1.2 (giam do pH 6-5,5 cua -0,0169 UpH/phut d6i v6i chung ST1.1m-glcK
khi so vé6i -0,0160 UpH/phit dbi véi ching ST1.1 va giam do pH= 6-5,5 cta -0,0150
UpH/phut d6i v6i chung ST1.2m-glcK khi so véi -0,0136 UpH/phu d6i v6i ching
STL.1).

Noi chung, céac dit li€u nay xac nhén réng viéc dua sy khac nhau vé E275K trong
GIcK protein cua 2 ching S. thermophilus am tinh vé galactoza véi nén tang di truyén
khac biét du dé tao ra sita 1én men v6i mic glucoza ddng quan tam.

Tém lai, 1an d4u tién sang ché cho biét rﬁng su két hop cua dAu hiéu “am tinh vé
galactoza” trong ching S. thermophilus véi ddu hiéu “hoat tinh glucokinaza giam dang
ké nhung khong vo hiéu” trong ching nay cing véi du hiéu “Vmax cta glucokinaza

giam dang ké nhung khéng vo hidu” trong ching ndy, cho phép thu duge cac ching S.
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thermophilus duong tinh vé lactoza, Am tinh v& galactoza ma c6 thé st dung dugc aé

tao ra sita 1én men véi glocoza dugc gidi phong/tich tu.

Vi du 6: Nhan biét protein dot bién GlcK khéc

Chung Streptococcus thermophilus (ST20) dugc nhan biét, ma gen glcK clia n6
chita su khac nhau v& axit amin khong lién tiép, G144S. Sy thay d6i axit amin nay
khong duge tim thay trong trinh ty bét ky trong s cac trinh tu ctia GlcK cla cac chung
S. thermophilus khac (GIcK typ ST1 dén ST10). Can phai biét rdng chi c6 sw khac nhau
v& axit amin gitta trinh tw ciia glucokinaza dugc ma hoa boi chiung ST20 va SEQ ID

NO:2 14 su khéc nhau vé axit amin & vi tri 144 (bang 3).

Vi du 7: Mb ta dic diém vé ty 1& cia hoat tinh beta-galactosidaza so véi hoat tinh

glucokinaza trong cac thé dot bién glcK

Céc cong bd don qubc t& s& WO02015/0149940, WO2013/160413 va
WO02017/103051 bdc 16 riang cac ching Streptococcus thermophilus giai phéng
glucoza. Tuy nhién, cac ching dugc boc 10 trong céc tai liu nay 1a cac chung duong
tinh v& galactoza, hién tuong ma khong nhét thiét duoc mong mubn va da thé hién 1a
khong 6n dinh, cu thé 13 khi cac ching dugc nudi cdy trén moi truong chia lactoza.

Nhu duge néu trén ddy, cac két qua thé hién rang hoat tinh glucokinaza trong
ching (ma dugce giam nhung khong v6 hiéu nhu dugc xac dinh trong ban mo ta nay) la
tham sb quan tdm dé nhan biét cac ching Streptococcus thermophilus giai phong
glucoza. Tuy nhién, tham sb nay la co thé khong du, khi dugc sir dung riéng, dé nhan
biét Streptococcus thermophilus giai phong glucoza dot bién trong (cac) gen khac véi
gen glck.

Do d6, cac tac gia sang ché dd quan sit va kiém tra ring, 16n hon hoat tinh
glucokinaza riéng, ty 1€ cua hoat tinh beta-galactosidaza so v6i hoat tinh glucokinaza la
tham s tuyét voi, khong chi dé nhan biét Streptococcus thermophilus giai phong
glucoza dot bién trong gen glcK cla chung, ma con nhén biét Streptococcus
thermophilus giai phong glucoza dot bién trong céc gen khéc.

Do d9, ty 1¢€ nay dugc tinh toan bang céach:

- x4c dinh hoat tinh beta-galactosidaza (U/g protein) trong chung, bang thir
nghiém D
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- x4c dinh hoat tinh glucokinaza (U/g protein) trong cing chung nay, bang thir
nghiém E; va

- tinh todn ty 1€ cua hoat tinh beta-galactosidaza so v6i hoat tinh glucokinaza

trong chung nay.

Ty 1€ nay dugc tinh toan trong ching DGCC7710, ching DSM32587 (mang dot
bién E275K trong gen glck ciia nod), ching ST1.1, ching ST1.1m-glcK (mang dot bién
E275K trong gen glck cia nd), chung ST20 (mang dot bién G144S trong gen glck cia
n6) va ching ST5. Can phai luu y ring, khi véng mit glucokinaza chirc ning trong thé
5t bién ST1m-glcK0-gal+ (hoat tinh GlcK nho hon 0,1), ty 1& nay khong thé x4c dinh
duoc. Két qua duge tdng két trong bang 13 va Fig.4.

Glucoza giai phong trong sita 1én men va ddng hoc axit héa cua 6 chung nay
cling dugc xéac dinh nhu dugc mo ta trong phan Vit liéu va phuong phép va dugc tong

két trong bang 14, va so véi tic dung ctia ST1m-glcK0-gal+.

111/562

Hoat tinh Glck | Hoat tinh Beta Gal . 3
) (U/g protein) (U/g protein) Tyl h.Oi_lt tinh beta}-
Ching galactosidaza /hoat tinh
Tt::ll:lllg STD Tl::llllll;lg STD glucokinaza

DGCC7710 | 1692 298 |5,20x107{1,19x107 3,07x107
DSM32587 876 126 19,95x107|3,92x10™ 1,14x10°
ST1.1 1425 189 |3,57x107|2,77x10™ 2,50x10°®
ST1.1m-glcK | 520 55 |6,01x10%|3,82x10™ 1,16x107
ST20 889 99  |8,01x10%|2,01x10™ 9,01x10®
ST5 1168 89  |3,09x10°|1,88x10™ 2,64x107°

Bang 13: Téng két ty 18 cua hoat tinh beta-galactosidaza so véi hoat tinh glucokinaza

trong cac chuing DGCC7710, DSM32587, ST1.1, ST1.1m-glcK, ST20 va ST5

Ty l€ ctia hoat tinh Glucoza giai Giam d6 pH =6-

Chiing beta-galactosidaza/hoat | phéng (mM) 5,5 (U H[/) hiif)
tinh glucokinaza (thir nghiém B) | ™ PH/P
DGCC7710 3,07x10° <0,1 -0,0140
DSM32587 1,14x107 32 -0,0148
ST1.1 2,50x10° <0,1 -0,0180
ST1.1m-glcK 1,16x107 35 -0,0168
ST20 9,01x10°° 49 -0,0121
ST5S 2,64x10° <0,1 -0,0065
ST1m-gleK0- / 68 10,0077

gal+
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Bang 14: Tong két tic dung cia cac ching DGCC7710, DSM32587, ST1.1, ST1.1m-
gleK, ST20, ST5 va ST1m-glcKO0-gal+

Céc dit lidu nay thé hién rang tit ca cac chiing giai phong glucoza (it nhat 1a 32
mM) thé hién ty 1& hoat tinh beta-galactosidaza so vé&i hoat tinh glucokinaza 16n hon
hodc bang 9,10, trong khi tit ca cac ching ma d6i véi mirc glucoza khong phat hién
duoc thé hién ty 1é hoat tinh beta-galactosidaza so v6i hoat tinh glucokinaza nim trong
khoang tir 2 dén 3x10°.

Pidu nay x4c nhin rang ty 1é hoat tinh beta-galactosidaza so v6i hoat tinh
glucokinaza (nhu dugc tinh toan trong ban mo ta nay) la tham sd tuyét voi dé nhan biét
céc chung Streptococcus thermophilus dwong tinh vé lactoza, 4m tinh vé galactoza giai
phong lugng glucoza dang ké.

Vi du 8: Mo ta dic diém vé ty 1€ cua hoat tinh beta-galactosidaza so véi hoat tinh
glucokinaza trong thé dot bién ccpA

Dua vao két luan cta vi du 7, cac tac gia sang ché da xac dinh dugc hoat tinh
beta-galactosidaza (thir nghi€ém D) so v6i hoat tinh glucokinaza (thtr nghi€ém E) cua cac
ching Streptococcus thermophilus dwong tinh vé lactoza, 4m tinh vé galactoza (khong
d6t bién trong gen glcK cia chung) ciia bd suu tip doc quyén DuPont.

Mot chiing (ST30) da thé hién c6 ty 18 nhu vay. Viéc sap xép trinh tw ctia hé gen
clia chiing nay da biéu thi dot bién trong gen ccpA: loai bét nucleotit A trong doan dai 7
nucleotit A & vi tri 114-120 (SEQ ID NO:71), din dén sy dich chuyén khung ctua khung
doc mé& cua gen ccpA.

Dot bién nay dugce dua vao trong nén tang di truyén cia ching DGCC7710 dé
thu duge ching ST1m-ccpA (nghia 13, dAn xudt DGCC7710 tht nhit dwgc thiét ké ma
trong d6 gen ccpA cua ching DGCC7710 dugce sao chép bdi gen ccpd dot bién nhu
dugc xac dinh trong SEQ ID NO:71). Cung 4ot bién nay dugc dua vao trong nén tang
cua chung ST1.1, thu dugc chung ST1.1m-ccp4. Dot bién ndy cling dugc dua vao trong
DSM32587 (nghia 14 DGCC7710 mang gen glcK ddt bién ma hoa glucokinaza véi su
thay thé E275K), dé thu duoc ST I1m-glck+ccpA.

Ty 1€ cua hoat tinh beta-galactosidaza so v4i hoat tinh glucokinaza dugc tinh
toan trong chung DGCC7710, ching ST1m-ccpA, ching ST1.1 va chiung ST1.1m-ccpA.

Céc két qua duoc tong két trong bang 15 va Fig.4. Glucoza giai phong trong sita 1én
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men va dong hoc axit hod cia 4 chung nay ciing dugc xac dinh nhu dugc mo ta trong

phan V4t lidu va phuong phap va dugc téng két trong bang 16.

Hoat tinh Glck | Hoat tinh Beta Gal | Ty I€ ciia hoat tinh

Chiing (U/g protein) (U/g protein) beta-ﬁalact’osidaza/
oat tinh

Moy SD Moy SD gluc;)kinaza

DGCC7710 | 1692 | 298 | 520x10° |1,19x107 3,07x10°
STlm-ccpA | 1871 | 310 | 1,84x107 |2,25x107 9,82x10°°
ST1.1 1425 | 189 | 3,57x10° |2,77x10™ 2,50x10°
ST1.1m-ccpA | 1701 | 290 | 1,03x107 |1,44x107 6,07x10°

Bang 15: Téng két cua ty 18 cia hoat tinh beta-galactosidaza so v6i hoat tinh
glucokinaza trong cac chung DGCC7710, STIm-ccpA, ST1.1 va ST1.1m-ccpA

- Ty I¢ cua hOi_l.t tinh ratio Glucoza | Giam d¢ pH =6-
Chiing beta-’galactomd.aza /hoat (mM) 5,5 (UpH/phiit)
tinh glucokinaza

DGCC7710 3,07x10° <0,1 -0,0140
ST1m-ccpA 9,82x10° 12 -0,0125
ST1m-KOccpA nd 28 -0,0084
glfg j;‘c‘p y nd 39 -0,0100
ST1.1 2,50x10° <0,1 -0,0180
ST1.1m-ccpA 6,07x10°® 14 -0,0160

Bang 16: Tong két tic dung ciia cac ching DGCC7710, ST1m-cepd, STIm-KOccpA,
ST1m-glcK+ccpA, ST1.1 va ST1.1m-ccpA (nd: khdng x4c dinh dugc)

Thir nhat, cac dir liéu ndy x4c nhan ring dot bién ccpA nhan biét dan dén chung
thé hién ty 1& cta hoat tinh beta-galactosidaza so v6i hoat tinh glucokinaza 1a 6 va
9,8x10°, trong khi cac chiing khogn dot bién trong gen ccpA thé hién ty 18 cia hoat tinh
beta-galactosidaza so v4i hoat tinh glucokinaza 1a 2,5x10° va 3,10°. Tiép theo, cac dir
liéu nay ciling x4c nhan ring cic ching mang dot bién ccpd duoc dot bién giai phong
glucoza trong qua trinh 1én men sita, trai v6i cac ching khong dot bién trong gen ccpA.
Cudi ciing, cac dit liéu nay ciing thé hién rang dong hoc axit hoa ciia céc ching mang
dot bién ccpA duge bot bién khong bi tac dong.

N6i chung, céc két qua nay xac nhén ring ty 18 clia hoat tinh beta-galactosidaza
so v6i hoat tinh glucokinaza nhu duogc xac dinh trong ban md ta nay 1a tham s tuyét
voi @ nhan biét cac ching Streptococcus thermophilus duong tinh vé lactoza, am tinh

vé galactoza giai phong luong glucoza dang ké.
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Céc két qua nay ciing thé hién ring cac tac gia séng ché d3 nhan biét dugc, ngoai
cac dot bién cta gen glcK ma hod glucokinaza, ma hoat tinh ciia n6 gidm nhung khong
v6 hiéu, gen khéc - gen ccp4 - ma ¢co thé dugc dot bién (nhung khong bi ngit quéng)
thu duoc ching gidi phong glucoza va c6 dong hoc axit hoa tbt. Tac dung cua ching
DGCC7710 mang gen ccpA4 dot bién (SEQ ID NO:71) [ST1m-ccpA] duge so véi tac
dung cia din xuit DGCC7710 ma trong d6 gen ccpd cua chung DGCC7710 bi ngit
quang (ST1m-KOccpA). Diéu thu vi 13, phép so sanh nay thé hién raing ST1m-KOccp4
bi tac dong dang ké vé cac dong hoc axit hod cla nd, trong khi ching ST1m-ccpA
khong bi tac dong (bang 16), thé hién rang dot bién ctia gen ccpA trong ching ST1m-
ccpA khéac vé6i sy ngét quang tinh khiét cua gen.

Cubi cung, viée dua ca gen glcK dot bién va gen ccpd dot bién trong ching
DGCC7710 thé hién luwong glucoza (39 mM) ma dugc gia ting khi so v6i chung
DSM32587 (bang 14) va v6i chiing ST1m-ccpA.

Vi du 9: M6 ta dic diém vé ty 16 clia hoat tinh beta-galactosidaza so voi hoat tinh
glucokinaza trong cac ching dugc dot bién trong gen manL va ca gen ccpA va manL va
so véi ty 1€ trong céc ching dot bién trong gen glcK hodc gen ccpA

Trong céac thr nghiém khac, cic tic gia sang ché da nhan biét duoc cac ching
Streptococcus thermophilus duong tinh v& lactoza, am tinh vé galactoza (khong dot
bién trong gen glck cta nd) mang dot bién trong gen manL (gen md hoa IIABM™
protein, protein 12 mot phan ctia PTS dic hiéu manoza-glucoza). Dot bién cta gen manL
1a su thay thé nucleotit G trong nucleotit T & vi tri 916, dan dén codon dimg & vi tri 306
cua protein [ITABM™;5] (SEQ ID NO:155).

Dot bién nay duge dua vao trong nén tang di truyén ctia ching DGCC7710 dé
thu dugc ching ST1m-manL; cung dot bién nay duoc dua vio trong nén tang cia ching
ST1.1, dé thu dugc chung ST1.1m-manL. Ngoai ra, gen dot bién manL duoc dua vao
trong chung ST1m-ccpA va ching ST1.1m-ccp4 duge mo 4 chi tiét trong vi du 8 (nghia
13, cac chung DGCC7710 va ST1.1 mang gen ccpd dot bién).

Ty 1€ cta hoat tinh beta-galactosidaza so véi hoat tinh glucokinaza duoc tinh
toan trong chung DGCC7710, ching ST1m-manL, ching ST1m-ccpA4, ching ST1m-
ccpA+manL, ching ST1.1, chung ST1.lm-manL, chung ST1.lm-ccpA va ching
ST1.1m-ccpA+manL. Céc két qua dugc téng két trong bang 17 va Fig.4. Glucoza giai

phong trong sita 1én men va dong hoc axit hoa cla 8 ching cling dugc xac dinh nhu
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115/562
dwoc md ta trong phan Vat liéu va phuong phap va dugce tdng két trong bang 18.
Hoat tinh Glck | Hoat tinh Beta Gal | Ty 1€ hoat tinh
] (Cic) gen (U/g protein) (U/g protein) beta.-
Chiing d6t bién galactosidaza
' Trung | gyp | Trung | g /hoat tinh
binh binh glucokinaza
DGCC7710 / 1692 | 298 [5,20x107|1,19x10°|  3,07x10°®
ST1m-ccpA ccpA 1871 | 310 |1,84x107(2,25x10°|  9,82x10°
STlm-manL | manL 1667 | 147 |4,24x107°|1,89x10"|  2,54x10°
STlm- cepAt | ya6s | 129 |1,61x102(4,76x10% | 9,11x10°
ccpatmanL manL
ST1.1 / 1425 | 189 |3,57x10°(2,77x10*|  2,50x10°
STL.1m- cepA 1701 | 290 |[1,03x107|1,44x10°| 6,07x10°®
ccpA
ST1.Im- manL 1413 | 148 |[3,27x107|1,99x10*|  2,32x10°°
manlL
STim- ccpA+man | 1547 | 120 |1,47x107|2,43x107|  9,49x10°
ccpatmanL

Bang 17: Tong két ty 18 ctia hoat tinh beta-galactosidaza so v6i hoat tinh glucokinaza

trong cac chung DGCC7710, ST1m-manL, ST1m-ccpA, STIm-ccpA+manL, ST1.1,

ST1.1m-manL, ST1.1m-ccpA va ST1.1m-ccpA+manL

. Giam pH 6-
Chiing (ggtc% i%‘:‘ Ty 18 G('I‘I‘E\‘,’Sa s,Is)

- (UpH/phut)
DGCC7710 / 3,07x10° <0,1 -0,0140
ST1m-ccpA cepA 9,82x10° 12 -0,0125
ST1m-manL manL 2,54x10° 17 -0,0104
ST1m-ccpatmanLl | ccpA+manL| 9,11x10° 124 -0,0089
ST1.1 / 2,50x10° <0,1 -0,0180
ST1.1m-ccpA ccpa 6,07x10° 14 -0,0160
ST1.lm-manL manL 2,32x10° 7 -0,0123
ST1.lm-ccpatmanL | cepatmanL | 9,49x10° 107 -0,0091

Bang 18: Tong két tic dung ciia cac chiing DGCC7710, ST1m-manL, ST1m-ccpA,

ST1m-ccpA+manL, ST1.1, ST1.1m-manL, ST1.1m-ccpA va ST1.1m-ccpA+manL

Thi nhét, cac dit liéu nay thé hién ring cc ching dugc dot bién trong gen manL

ctia chung (ST1lm+manL hodc ST1.1lm-manL) chi giai phong glucoza trong qua trinh

1&n men sita, mic du chung khong thé hién ty 1¢ cia hoat tinh beta-galactosidaza so véi

hoat tinh glucokinaza ma nhiéu hon hoic it tvong tw v6i ching DGCC7710 hodc STI1.1.
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Pidu nay thé hién ring dot bién manL khong tic dong dén hoat tinh ctia glucokinaza
va/hoic hoat tinh cuia beta-galactosidaza trong chung Streptococcus thermophilus.

Céc dit liéu nay ciing thé hién ring cc ching dot bién trong ca gen ccpA va gen
manL cta chung (cac ching ST1m-ccpA+manL va ST1.1m-ccpA+manL) thé hién ty 18
hoat tinh beta-galactosidaza so v6i hoat tinh glucokinaza ma twong tu hodc cao hon so
v6i cac chung chi d6t bién trong gen ccpd (cic ching ST1m-ccpd va ST1.1m-ccpA).
Didu ndy xac nhén ring ty 18 hoat tinh beta-galactosidaza so v6i hoat tinh glucokinaza
(nhu dugc xac dinh trong ban md ta nay) co thé duoc st dung dé tao ra va nhan biét cac
dot bién khac nita trong gen glcK, gen ccpA va gen man, bing cach két hop (cac) gen
d6t bién nay dé duoc danh gia véi gen glcK, gen ccpA hodc gen man véi cac dot bién da
biét (va x4c dinh ty 18).

Diéu tha vi 13, cac dot bién kép (ccpA+manL) giai phong glucoza voi ndéng do
cao hon 100 mM, va gip 7 dén 10 14n ndng d6 glucoza clia cac ching ST1m-ccpA va
ST1.1m-ccpA. Céc dit lidu nay thé hién ring c6 su hiép ddng lién quan dén ndng d¢ ctia
glucoza duoc giai phong [ndng dd cia glucoza duge gidi phong bang céach sir dung dot
bién kép 16n hon nhidu so véi viéc cong ndng d6 cla glucoza dugc giai phong bang
cach st dung cac ching dot bién ccpd va ndng dd cla glucoza duge gidi phong bang
cach st dung cac ching dot bién manL]. Mic du cac dong hoc axit hoa cla céc ching
d6t bién kép bi tac dong, ndng dd cna glucoza duge gidi phong trogn qué trinh 1én men
tao ra cac chung dot bién kép nay hitu ich v& mit cong nghiép. Céc dit lidu nay xac
nhan rang ty 1& ciia hoat tinh beta-galactosidaza so véi hoat tinh glucokinaza (nhu dugc
x4c dinh trong ban mé ta nay) co thé dugc st dung dé nhan biét cac chung
Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé galactoza giai phong
lwong glucoza dang ké.

Cubi clng, trong ban mo ta nay, lién két dua ra bang chimg giita ty 1& ctia hoat
tinh beta-galactosidaza so v6i hoat tinh glucokinaza va mtre gidi phong glucoza trong
qué trinh 1én men sftra, co thé duge st dung dé nhan biét cac gen khac, ma dot bién cta
ching dan dén ty 16 nhu dugc xac dinh trong ban mo ta ndy, v6i muc dich thiét ké nhiéu
ching Streptococcus thermophilus dwong tinh vé lactoza, am tinh vé galactoza giai
phong glucoza.

Vi du 10: Muc giai phéng glucoza cta cac ching Streptococcus thermophilus duong

tinh v& lactoza, 4m tinh v& galactoza djt bién khéac nhau
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Dua vao su nhdn biét dot bién manL 1am ting cudng tac dung gidi phong
glucoza ciia gen ccpA ddt bién trong cic ching Streptococcus thermophilus duong tinh
vé lactoza, am tinh v& galactoza, cic tic gia sang ché di nhan biét dugc cac dot bién
khac trong manM (ma héa IICM™ protein) va ManN (ma hoa IID™*" protein):

- gen manM dot bién véi su thay thé nucleotit G b.%ng nucleotit T & vi tri 625,
dan dén codon dung & vi tri 209, nhu dugc xac dinh trong SEQ ID NO:201;

- gen manN dot bién v6i su 10ng vao nucleotit A c6 chiéu dai 5 nucleotit A & vi
tr{ 37-41 (dan dén chiéu dai 6 nucleotit A, dich chuyén khung va cét cut IIDM™ protein
& vi tri 28), nhu dugc xac dinh trong SEQ ID NO:250;

Céc ching dot bién kép va dot bién bd ba, dua vao cac gen dot bién sau, dugc
thiét ké, trong nén tang DGCC7710 (ST1) hodc trong nén tang ST1.1.

- dan xudt STlm-manM: DGCC7710, ma trong d6 gen manM cia ching
DGCC7710 duge thay thé bang gen manM ddt bién nhu dugc x4c dinh trong SEQ ID
NO:201;

- dan xuét ST1m-manN: DGCC7710, ma trong d6 gen manN dugc thay thé bang
gen manN dot bién nhu duge xac dinh trong SEQ ID NO:250;

- din xuét ST1m-glck+manM: DSM32587 (mang gen glcK ma hoa glucokinaza
v6i su thay thé E275K; vi du 2), ma trong d6 gen manM dugc thay thé bang gen manM
dot bién nhu duge xé4c dinh trong SEQ ID NO:201;

- din xuét ST1m-ccpA+manM: ST1m-ccpA (DGCC7710 mang gen ccpd dot
bién nhu duge xac dinh trong SEQ ID NO:71; vi du 8), ma trogn d6 gen manM dugc
thay thé bang gen manM d6t bién nhu duge x4c dinh trong SEQ ID NO:201;

- dan xuit ST1m-ccpA+manN: ST1m-ccpA, ma trong d6 gen manN dugc thay
thé bang gen manN dot bién nhu duge x4c dinh trong SEQ ID NO:250;

- dan xuit ST1m-glcK+ccpA+manM: DSM32587, ma trong d6 gen ccpd dugc
thay thé bing gen ccpA dot bién nhu duge xac dinh trong SEQ ID NO:71 va gen manM
duoc thay thé bang gen manM dot bién nhu dugc xac dinh trong SEQ ID NO:201; va

- dan xuét ST1.1m-glcK+manM: ST1.1m-glcK (ching ST1.1 mang gen glcK ma
hoa glucokinaza véi su thay thé E275K; vi du 2), ma trong d6 gen manM dugc thay thé
bang gen manM a6t bién nhu duge x4c dinh trong SEQ ID NO:201.

Glucoza giai phong trong sita 1én men va dong hoc axit hod ciia 7 ching bd sung

va cac ching dugc boc 10 trong cac vi du truée day duoc xdc dinh nhu dugc mo ta
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trong phin V4t liéu va phwong phéap va dugc téng két trong bang 19.

Chiing (Cac) gen dot Glucoza | Gidam d¢ pH f6-

bién (mM) 5,5 (UpH/phut)
DGCC7710 / <0,1 -0,0140
DSM32587 Glck275 32 -0,0148
ST1m-ccpA ccpA 12 -0,0125
ST1m-glcK+ccpA Glck275 + ccpA 39 -0,0100
ST1m-manlL manlL 17 -0,0104
ST1m-manM manM 18 -0,0089
ST1m-manN manN 13 -0,0095
ST1m-glck+manM Glck275+manM 112 -0,0104
ST1m-ccpa+manL ccpA+manL 124 -0,0089
ST1m-ccpA+manM ccpA+manM 124 -0,0082
ST1m-ccpA+manN ccpA+manN 123 -0,0109

ST1m- Glck275+ccpA+

glcK+ccpA+manM manM : 125 -0,0092
ST20 Glck144 49 -0,0124
ST1.1 / <0.1 -0,0180
ST.1.1m-glcK Glck275 35 -0,0168
ST1.1m-ccpA ccpa 14 -0,0160
ST1.1m-manlL manlL 7 -0,0123
ST1.1m-glcK+manM | glcK275+manM 89 -0,0140
ST1.1m-ccpa+manL ccpatmanL 107 -0,0091

118/562

Bang 19: Tong két tic dung ciia cac ching DGCC7710, ST1.1 va cac thé dot bién cua
chung (nd: khong dugc x4c dinh)

Céc dit liéu da thé hién ring, trong khi cac thé d6t bién man riéng r& (manL,
manM hoic ManN) giai phéng glucoza khoang tir 7 dén 18 mM, viéc dua cic gen
manL, manM hodc ManN d6t bién trong céc ching mang cac dot bién trong gen glcK
va/hodc trong gen ccpA dan dén cac thé dot bién kép hodc dot bién bd ba giai phong
khoang tr 89 dén 125 mM glucoza. Céc quan sat ndy x4c nhén ring tic dung ting
cudng cia cac gen mang dot bién dbi véi sy giai phong glucoza.

Cac dit lidu cling x4c nhan ring cic gen dot bién c6 thé dwoc nhén biét thanh
cong bing cach str dung hoat tinh beta-galactosidaza so v6i hoat tinh glucokinaza nhu
dugc xac dinh trong ban md ta nay, va sau d6 két hop dé thiét ké cac ching giai phong
lwong glucoza déng ké trong qua trinh 1én men sita. Viéc xac dinh & chd, ty 1& nay 1a

tham s tuyét voi dugc lién két voi su giai phong glucoza md ra con dudng khong chi
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tao ra va nhén biét cac dot bién khéac trong gen glcK, gen ccpA, gen manL, gen manM
va gen manN, ma cOn ca & trong gen quan tam khac bét ky (mién 1a dat dén tri sb t6i
thiéu cua ty 1¢ nhu dugc xéc dinh).

Trinh tw

SEQ ID NO:2
MSKKLLGIDLGGTTVKFGILTADGEVQEKWAIETNTFENGSHIVPDIVESLKHR
LELYGLTAEDFIGIGMGSPGAVDRENKTVTGAFNLNWAETQEVGSVIEKELGIP
FAIDNDANVAALGERWVGAGANNRNVVFITLGTGVGGGVIADGNLIHGVAGA
GGEIGHIIVEPDTGFECTCGNKGCLETVASATGIVRVAHHLAEKYEGNSSIKAA
VDNGEFVTSKDIIVAATEGDKFADSIVDKVSKYLGLATANISNILNPDSVVIGGG
VSAAGEFLRSRVEGYFTRYAFPQVRRTTKVKLAELGNDAGIIGAASLAYSIDK

SEQ ID NO:22
MSKKILLGIDLGGTTVKFGILTADGEVQEKWAIETNTFENGSHIVPDIVESLKHR
LELYGLTAEDFIGIGMGSPGAVDRENKTVTGAFNLNWAETQEVGSVIEKELGIP
FAIDNDANVAALGERWVGAGANNRNVVFITLGTGVGGGVIADGNLIHGVAGA
GGEIGHIIVEPDTGFECTCGNKGCLETVASATGIVRVAHHLAEK YEGNSSIKAA
VDNGEFVTSKDIIVAATEGDKFADSIVDKVSKYLGLATANISNILNPDSVVIGGG
VSAAGKFLRSRVEGYFTRYAFPQVRRTTKVKLAELGNDAGIIGAASLAYSIDK

SEQ ID NO:45
MSKKLLGIDLGGTTVKFGILTADGEVQEKWAIETNTFENGSHIVPDIVESLKHR
LELYGLTAEDFIGIGMGSPGAVDRENKTVTGAFNLNWAETQEVGSVIEKELGIP
FAIDNDANVAALGERWVGAGANNRNVVFITLGTGVSGGVIADGNLIHGVAGA
GGEIGHIIVEPDTGFECTCGNKGCLETVASATGIVRVAHHLAEK YEGNSSIKAA
VDNGEFVTSKDIIVAATEGDKFADSIVDKVSKYLGLATANISNILNPDSVVIGGG
VSAAGEFLRSRVEGYFTRYAFPQVRRTTKVKLAELGNDAGIIGAASLAYSIDK

SEQ ID NO:23
MSKKLLGIDLGGTTVKFGILTADGEVQEKWAIETNTFENGSHIVPDIVESLKHR
LELYGLTAEDFIGIGMGPPGAVDRENKTVTGAFNLNWAETQEVGSVIEKELGIP
FAIDNDANVAALGERWVGAGANNRNVVFITLGTGVGGGVIADGNLIHGVAGA
GGEIGHIIVEPDTGFECTCGNKGCLETVASATGIVRVAHHLAEK YEGNSSIKAA
VDNGEFVTSKDITVAATEGDKFADSIVDKVSKYLGLATANISNILNPDSVVIGGG
VSAAGEFLRSRVEGYFTRYAFPQVRRTTK VKLAELGNDAGIIGAASLAYSIDK

SEQ ID NO :65
ATGAATACTGATGAAACAATCACAATTTATGATGTAGCGCGTGAAGCTGGA
GTATCGATGGCAACTGTTTCTCGTGTTGTAAATGGTAACAAAAACGTAAAA
GAAAACACCCGAAAAAAAGTGCTCGAAGTCATTGATCGTTTGGATTACCGT
CCAAATGCGGTTGCGCGTGGCTTGGCAAGTAAAAAAACAACTACTGTAGGA
GTTGTCATTCCAAATATTGTAAATAGCTATTTTGCTACTCTAGCTAAAGGTA
TTGATGACATTGCAACCATGTATAAGTATAATATTGTTCTTGCTTCCAGTGA
TGATAATGAGGATCATGAAGTTACAGTCATTCATTCTCTAATTTCTAAACAA
GTTGATGGTATTATTTTTATGGGACACCATCTGACAGAAAAAATCCGTGCA
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GAATTCTCTCGTACCCGTACACCGATTGTTCTAGCAGGAACAGTTGATCTCG
AACACCAATTACCAAGTGTTAACATCGACTATAAAGCTGCCGTTGAGGATT
GTGTAACGCAACTTGCTAAAAATAATGAAAAGGTTGCCTTTGTATCAGGAC
CACTAATTGATGATATTAATGGCAAACTACGTTTGGCCGGGTATAAGTCTG
GACTTGAAAAGAATAATTTGAGCTACAACGAAGGACTTGTCTTTGAAGCTA
AATATAGCTATAAAGACGGCTTTGAGTTAGCACAACGTGTCTTGAACTCTG
GTGCCACTGCTGCCTATGTTGGGGAAGATGAATTGGCTGCAGGTCTCTTGA
ATGGCCTCTTTGCTGCAGGCAAATCAGTTCCAGAAGATTTCGAAATCATCAC
AAGCAATGATTCACCGGTTACAAGCTACACACGTCCAAACCTTTCTAGTAT
AAACCATCCTCTCTATGATTTAGGGGCAGTTAGCATGCGTATGTTGACTAAA
ATTATGCATAAGGAAGAACTTGAAGATAAAGACGTTATTCTTAATCATGGT
CTAACTTTACGCCAGTCAACAAAATAA

SEQ ID NO :71
ATGAATACTGATGAAACAATCACAATTTATGATGTAGCGCGTGAAGCTGGA
GTATCGATGGCAACTGTTTCTCGTGTTGTAAATGGTAACAAAAACGTAAAA
GAAAACACCCGAAAAAAGTGCTCGAAGTCATTGATCGTTTGGATTACCGTC
CAAATGCGGTTGCGCGTGGCTTGGCAAGTAAAAAAACAACTACTGTAGGAG
TTGTCATTCCAAATATTGTAAATAGCTATTTTGCTACTCTAGCTAAAGGTAT
TGATGACATTGCAACCATGTATAAGTATAATATTGTTCTTGCTTCCAGTGAT
GATAATGAGGATCATGAAGTTACAGTCATTCATTCTCTAATTTCTAAACAAG
TTGATGGTATTATTTTTATGGGACACCATCTGACAGAAAAAATCCGTGCAG
AATTCTCTCGTACCCGTACACCGATTGTTCTAGCAGGAACAGTTGATCTCGA
ACACCAATTACCAAGTGTTAACATCGACTATAAAGCTGCCGTTGAGGATTG
TGTAACGCAACTTGCTAAAAATAATGAAAAGGTTGCCTTTGTATCAGGACC
ACTAATTGATGATATTAATGGCAAACTACGTTTGGCCGGGTATAAGTCTGG
ACTTGAAAAGAATAATTTGAGCTACAACGAAGGACTTGTCTTTGAAGCTAA
ATATAGCTATAAAGACGGCTTTGAGTTAGCACAACGTGTCTTGAACTCTGGT
GCCACTGCTGCCTATGTTGGGGAAGATGAATTGGCTGCAGGTCTCTTGAAT
GGCCTCTTTGCTGCAGGCAAATCAGTTCCAGAAGATTTCGAAATCATCACA
AGCAATGATTCACCGGTTACAAGCTACACACGTCCAAACCTTTCTAGTATA
AACCATCCTCTCTATGATTTAGGGGCAGTTAGCATGCGTATGTTGACTAAAA
TTATGCATAAGGAAGAACTTGAAGATAAAGACGTTATTCTTAATCATGGTC
TAACTTTACGCCAGTCAACAAAATAA

SEQ ID NO :122
MGIGIITASHGRFAEGIHQSGSMIFGDQEKVQVVTFMPSEGPDDLYAHFNNAIAQ
FDVDDEILVLADLWSGSPFNQASRIARENPDRKIAIITGLNLPMLIQAYTERMM
DANATVEQVAANIIKEAKGGIKALPEELNPAEETTAAPVEAAAPQGAIPEGTVI
GDGKLKINLARLDTRLLHGQVVTNWVPYSKADRIIVASDDVAKDELRKELIKQ
AAPNGIKVNVVPIQKLIDASKDPRFGNTHALVLFETVQDALRAIEGGVPIKELN
VGSMAHSTGKTMVNNVLSMDKDDVACFEKLRDLGVEFDVRKVPNDSKKDLF
ELIKKANVQ

SEQ ID NO :155
ATGGGTATCGGTATTATTATTGCCAGCCATGGTAGGTTCGCTGAAGGAATCC
ACCAATCAGGCTCTATGATTTTTGGGGACCAAGAGAAAGTTCAAGTTGTGA
CTTTCATGCCAAGTGAAGGTCCTGATGATTTGTACGCTCACTTCAACAACGC
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CATTGCACAATTCGATGTTGATGATGAAATTCTTGTTTTGGCTGACCTTTGG
AGTGGTTCACCATTTAACCAAGCTAGTCGAATCGCTAGGGAAAATCCAGAT
CGCAAGATTGCTATCATCACAGGACTTAACTTGCCAATGCTAATCCAAGCA
TACACTGAACGTATGATGGATGCTAACGCTACTGTAGAGCAAGTTGCTGCT
AATATCATCAAGGAAGCTAAGGGTGGTATCAAGGCACTTCCAGAAGAGCTA
AATCCAGCTGAGGAAACAACTGCAGCTCCTGTAGAAGCTGCAGCACCTCAA
GGAGCTATCCCTGAAGGAACAGTCATCGGAGATGGTAAACTCAAGATTAAC
TTGGCACGTTTGGACACACGTCTCTTGCATGGTCAAGTAGTAACTAACTGGG
TACCTTATTCTAAAGCAGACCGTATTATTGTTGCTTCGGATGACGTTGCCAA
AGATGAGCTTCGTAAGGAATTGATCAAACAGGCTGCACCAAACGGTATTAA
AGTAAACGTTGTTCCGATTCAAAAATTAATTGATGCTTCTAAAGACCCACGT
TTTGGAAATACACATGCGCTTGTCTTGTTCGAAACTGTTCAAGACGCACTTC
GTGCTATCGAAGGTGGCGTGCCAATAAAAGAACTTAACGTTGGTTCTATGG
CTCACTCAACTGGTAAAACAATGGTTAACAACGTTTTGTCTATGGATAAAG
ATGATGTTGCTTGTTTTGAAAAATTACGTGACCTTGGCGTTTAATTTGACGT
CCGTAAGGTTCCAAACGATTCTAAGAAAGATTTGTTTGAGCTTATCAAGAA
AGCTAACGTTCAATAA

SEQ ID NO:156
MGIGIITIASHGRFAEGIHQSGSMIFGDQEKVQVVTFMPSEGPDDLYAHFNNAIAQ
FDVDDEILVLADLWSGSPFNQASRIARENPDRKIAIITGLNLPMLIQAYTERMM
DANATVEQVAANIIKEAKGGIKALPEELNPAEETTAAPVEAAAPQGAIPEGTVI
GDGKLKINLARLDTRLLHGQVVTNWVPYSKADRIIVASDDVAKDELRKELIKQ
AAPNGIKVNVVPIQKLIDASKDPRFGNTHALVLFETVQDALRAIEGGVPIKELN
VGSMAHSTGKTMVNNVLSMDKDDVACFEKLRDLGV

SEQ ID NO:174
MSDMSIISAILVVAVAFLAGLESILDQFQFHQPLVACTLIGAATGNLTAGIMLGG
SLQMITLAWANIGAAVAPDVALASVAAAIILVKGGKFTAEGIGVAIAIAILLAV
AGLFLTMPVRTASIAFVHAADKAAEHGNIAGVERAYYLALLLQGLRIAVPAAL
LLAIPAQSVQHALGLMPDWLTHGLVVGGGMVVAVGYAMIINMMATREV WPF

FAIGFALAAISQLTLIALSTIGVAIAFIYLNLSKQGGGNGGGNGGGTSSGSGDPIG
DILEDY

SEQ ID NO:201
ATGTCAGATATGTCAATTATTTCTGCGATTTTGGTCGTAGCTGTTGCCTTCCT
TGCTGGTCTTGAAAGTATCCTTGACCAATTCCAATTCCACCAACCACTTGTT
GCATGTACCCTCATCGGTGCTGCCACAGGTAACCTCACTGCAGGTATCATGC
TTGGTGGTTCTCTTCAAATGATTACCCTTGCTTGGGCAAACATCGGTGCTGC
CGTAGCTCCTGACGTTGCCCTTGCATCTGTTGCCGCTGCCATCATTTTGGTTA
AAGGTGGTAAATTTACAGCTGAAGGTATCGGTGTTGCGATTGCAATAGCTA
TCCTGCTTGCAGTTGCAGGTCTCTTCCTAACTATGCCTGTTCGTACAGCATCT
ATTGCCTTTGTTCATGCTGCAGATAAAGCTGCAGAACACGGAAACATCGCT
GGTGTTGAACGTGCATACTACCTCGCTCTCCTTCTTCAAGGTTTGCGTATTG
CTGTGCCAGCAGCCCTTCTTCTTGCCATCCCGGCCCAATCTGTTCAACATGC
CCTTGGCTTGATGCCTGACTGGCTCACCCATGGTTTGGTTGTCGGTGGTGGT
ATGGTCGTAGCCGTTGGTTACGCCATGATTATCAATATGATGGCTACTCGTT
AAGTTTGGCCATTCTTCGCCATTGGTTTTGCTTTGGCAGCAATTAGCCAATT
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GACACTTATCGCTCTTAGTACCATTGGTGTTGCCATCGCCTTCATCTACCTC
AACCTTTCTAAACAAGGTGGCGGAAATGGTGGCGGAAATGGTGGCGGAACT
TCATCTGGTTCAGGCGACCCAATCGGCGATATCTTGGAAGACTACTAG

SEQ ID NO:202
MSDMSIISAILVVAVAFLAGLESILDQFQFHQPLVACTLIGAATGNLTAGIMLGG
SLQMITLAWANIGAAVAPDVALASVAAAIILVKGGKFTAEGIGVAIAIAILLAV
AGLFLTMPVRTASIAFVHAADKAAEHGNIAGVERAYYLALLLQGLRIAVPAAL
LLAIPAQSVQHALGLMPDWLTHGLVVGGGMVVAVGYAMIINMMATR

SEQ ID NO:211
MAEKIQLSQADRKKVWWRSQFLQGAWNYERMQNLGWAYSLIPAIKKLYTNK
EDQAAALKRHLEFFNTHPYVAAPIIGVTLALEEEKANGTEIEDAAIQGVKIGMM
GPLAGIGDPVFWFTIRPILGALGASLAQAGNIAGPLIFFIGWNLIRMAFLWYTQE
LGYKAGSEITKDISGGILKDITKGASILGMFILAVLVERWVSVVFTVKLPGKVLP
KGAYIEWPKGYVTGDQLKTILGQVNDKLSFDKIQVDTLQKQLDSLIPGLTGLLL
TFACMWLLKKKVSPITHIGLFVVGIVASFFGIM

SEQ ID NO:250
ATGGCTGAAAAAATTCAATTATCTCAAGCGGATCGTAAAAAAGGTTTGGTG
GCGCTCACAATTCTTGCAAGGTGCATGGAACTATGAACGTATGCAAAACTT
GGGTTGGGCTTACTCACTCATTCCTGCTATCAAAAAACTTTATACTAACAAA
GAGGACCAAGCCGCAGCTCTTAAACGTCACTTGGAATTCTTCAACACTCAC
CCTTACGTAGCTGCTCCTATCATAGGGGTTACCTTAGCTCTTGAAGAAGAAA
AAGCTAATGGTACTGAAATCGAAGATGCGGCTATCCAAGGGGTTAAAATCG
GTATGATGGGTCCACTTGCCGGTATCGGTGACCCTGTCTTCTGGTTCACAAT
TCGTCCAATTCTTGGTGCCCTTGGTGCATCATTGGCACAAGCTGGTAACATT
GCTGGTCCACTTATCTTCTTCATTGGTTGGAACCTTATCCGCATGGCCTTCTT
GTGGTACACTCAAGAACTTGGTTACAAAGCAGGTTCAGAAATCACTAAAGA
CATATCTGGTGGTATCTTGAAAGATATTACTAAAGGGGCATCAATACTTGGT
ATGTTCATCTTGGCCGTCCTCGTTGAACGTTGGGTATCTGTCGTCTTCACTGT
AAAGCTTCCAGGTAAAGTTTTGCCTAAAGGTGCTTATATTGAATGGCCAAA
AGGATATGTTACTGGTGACCAACTAAAAACTATCCTTGGTCAAGTCAACGA
TAAGCTTAGCTTTGATAAGATTCAAGTCGATACCCTACAAAAACAATTGGA
TTCATTAATTCCAGGTTTGACGGGACTTCTCCTTACTTTTGCATGTATGTGGT
TGCTTAAGAAGAAAGTTTCACCAATCACAATCATCATCGGACTCTTTGTAGT
TGGTATTGTTGCAAGCTTCTTCGGAATCATGTAA

SEQ ID NO:251
MAEKIQLSQADRKKGLVALTILARCMEL

Céc ching

Céc s6 DGCC 1a céc sb tham chiu noi tai d6i véi bd suu tap DuPont Danisco; cac
s6 DSM la cac s6 dugc gan boi Leibniz-Institut DSMZ-Deutsche Sammlung von
Mikroorganismen und Zellkulturen, GmbH (Inhoffenstr. 7B, D-38124 Braunschweig),

theo su luu trit theo hi¢p udc Budapest.
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Pén nay, ching Streptococcus thermophilus DGCC7710 dugc luu trit theo hiép udc
Budapest ¢ Leibniz-Institut DSMZ-Deutsche Sammlung von Mikroorganismen und
Zellkulturen, GmbH, vao ngay 14 thang 1 nim 2014 vé&i sd DSM28255 1a déng quan
tdm, chung tdi xin x4c nhan ring ngudi gui lwu trit, Danisco Deutschland GmbH (&
Busch-Johannsen-Strasse 1, D-25899 Niebiill, Germany) d4 uy quyén cho ngudi ndp
don (DuPont Nutrition Biosciences ApS) tham chiéu dén vat liéu sinh hoc di Iuu trit
trong sang ché nay. Cum tur “chimg DGCC7710” va “déan xudt DGCC7710” dugc st
dung thay thé cho cum tir “ching DSM28255” va “dén xudt DSM28255.

Chung Streptococcus thermophilus dugce luu trit theo hiép uéc Budapest & Leibniz-
Institut DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen, GmbH,
vao ngay 15 thang 8 nim 2017 vé6i s6 DSM32587 da dugc luu trit béi DuPont Nutrition
Biosciences ApS.

Ngudi nop don yéu cau rang mau vi sinh vét duoc luu triv duogc ké dén trong ban
md t4 nay chi c6 thé kha dung ddi véi chuyén gia, cho dén ngay ma bing doc quyén
sang ché duoc cép.

Lién quan dén cac chi dinh ma & d6 co quan sang ché chau Au tim kiém, miu vi
sinh vat da luu trit s& kha dung cho dén khi cong bd dé cap dén viéc cép bang sangché
clia co quan sang ché chau Au hodc cho dén ngdy ma sang ché bj tir chéi hodc duge rat
bd hodc duong nhu bi rit bo, chi béng cach ban hanh mau nhu vay dbi vei chuyén gia
dugce chi dinh bdi nguoi yéu cdu miu va duoc chap thuén i) béi nguoi ndp don va/hoic
ii) boi co quan sang ché chau Au, bat k& co quan nao ap dung.

Danh muc tai liéu tham chiéu
Pool et al.; 2006. Metabolic Engineering 8(5): 456-464
Porter ef al.; 1982. Biochim Biophys Acta 709: 178-186
Serensen et al.; 2016. Appl Environ Microbiol 82(12): 3683-3692
Van den Bogaard et al. 2000. Journal of Bacteriology; 182: 5982-5989

123



52856 124/562

YEU CAU BAO HO

1. Chiing Streptococcus thermophilus duong tinh vé lactoza, am tinh vé galactoza,

trong d6 chung Streptococcus thermophilus dwong tinh vé lactoza, 4m tinh vé
galactoza c6 d6t bién trong gen glcK,

chung ndy c6 hoat tinh glucokinaza va c6 hoat tinh glucokinaza nim trong
khoang tir 200 dén 1500 U/g tdng dich chiét protein nhu dwgc danh gia bang thir
nghiém A; va

chiing nay c6 ty 1¢ clia hoat tinh beta-galactosidaza nhu dugc danh gia bing thir
nghiém D véi hoat tinh glucokinaza nhu dugc danh gia bang thir nghiém E it nhit 1a
4x10°.

2. Ching Streptococcus thermophilus duwong tinh vé lactoza, 4m tinh vé galactoza theo
diém 1, trong do6 hoat tinh glucokinaza trong ching nay nim trong khoang tir 300 dén

1200 U/g téng dich chiét protein, nhu dugc danh gid bing thir nghiém A.

3. Ching Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé galactoza theo
diém 1, trong d6 hoat tinh glucokinaza trong ching ndy ndm trong khoang tir 10 dén
50% hoat tinh glucokinaza ctia ching DGCC7710 (duge luu trit & DSMZ véi sd truy
cap DSM28255 vao ngay 14 thang 1 nam 2014), khi ca hai ching dugc danh gia bing
thtr nghiém A.

4. Chung Streptococcus thermophilus dwong tinh vé lactoza, 4m tinh vé galactoza theo
diém 1, trong d6 ching nay c6 van tdc tién vé phia trudc tdi da (Vmax) cua
glucokinaza; va

Vmax cia glucokinaza dugc x4c dinh boi mot hoidc hai tham sé:

Vmax clia glucokinaza trong ching nay nim trong khoang tir 300 dén 1200 U/g,
nhu duge danh gia bang thir nghiém C;

Vmax cla glucokinaza trong chiing nay nim trong khoang tir 10 dén 50% Vmax
cua glucokinaza cua ching DGCC7710 (duge lwu trit & DSMZ véi sb truy cap
DSM28255 vao ngdy 14 théng 1 nim 2014), khi ca hai dwoc dénh gia bing thir
nghiém C.
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5. Chung Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé galactoza theo
diém 1, trong d6 gen glcK dot bién ma hoa ddi véi glucokinaza c6 axit amin & vi tri 275

1a lysin.

6. Chung Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé galactoza theo

diém 1, con dugc dot bién trong gen ccpA.

7. Chung Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé galactoza theo
diém 6, trong d6 trinh tw ctia gen ccpd dot bién 1a nhu duge x4c dinh trong SEQ ID
NO:71.

8. Chung Streptococcus thermophilus duong tinh v& lactoza, am tinh vé galactoza theo
didm 1, con dugc dot bién trong gen manL ma hod protein ciia PTS ddc hiéu manoza-

glucoza.

9. Chung Streptococcus thermophilus duong tinh v& lactoza, 4m tinh vé galactoza theo
diém 8, trong d6 gen manL @6t bién ma hod protein ctia PTS dic hiéu manoza-glucoza

ma hoa d6i voi protein c6 trinh tu [TABM™ 305 protein cia SEQ ID NO:156.

10. Chung Streptococcus thermophilus duong tinh v& lactoza, 4m tinh vé galactoza theo
diém 1, trong d6 chung Streptococcus thermophilus dugc dic trung & chd sita dugc 1én
men bang ching Streptococcus thermophilus theo thtt nghiém B dat dugc ndng o

glucoza it nhit 1a 8 mM.

11. Chung Streptococcus thermophilus duong tinh vé lactoza, 4m tinh vé galactoza theo
diém 1, ma con duge:

a) dot bién trong gen lacZ ma hoa beta-galactosidaza sao cho hoat tinh thuy phan
lactoza cua beta-galactosidaza nay dugc gia ting; hoac

b) d6t bién trong gen ptsH ma hoa HPr.

12. Ché phim chira chiing Streptococcus thermophilus duong tinh vé lactoza, 4m tinh

vé galactoza nhu dugc x4c dinh trong diém 1; va
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mot hodc nhi€u ching dugc chon tir nhém goém cé chiing cta chi Lactobacillus, ching

cta chi Lactococcus, va chung cua chi Bifidobacterium.

13. Phuong phép san xut san phdm 1én men, trong d6 phuong phép nay bao gdm budc:
tiém truyén co chit sita véi ching Streptococcus thermophilus dwong tinh vé
lactoza, 4m tinh vé galactoza nhu duoc xac dinh trong diém I;va

1€n men co chat di tiém truyeén.

14. Phuong phép theo diém 13, trong d6 san phdm 1én men bao gdm san phdm tur sita

1én men, va co chéat bao gom co chit sira.
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DANH MUC TRINH TU

gctattgaaa

ttgaaacacc

ggatctccag

tgggcagaaa

attgataatg

aatcggaatg

ggtaacttaa

cctgacacag

gcaacaggta

attaaagctg

<110> DuPont Nutrition Biosciences ApS
<120>

<130> NB41231-WO-PCT

<150> EP17210053.9

<151> 2017-12-22

<160> 266

<170> PatentIn version 3.5
<210> 1

<211> 969

<212> ADN

<213> Streptococcus thermophilus
<400> 1

atgagtaaga aactcttagg tattgacctt ggtggaacaa
60

actgcagatg gtgaagttca agaaaaatgg
120

agccacattg ttcctgacat tgtagaatct
180

actgctgaag attttattgg aattggtatg
240

aaaacagtaa cgggtgcctt taacttgaac
300

attgaaaaag aacttggtat tccattcgct
360

ggtgaacgtt gggttggtgc tggtgctaac
420

acaggtgttg gtggcggtgt tatcgctgat
480

ggtggggaaa ttggtcacat tattgttgaa
540

aacaaggggt gtctggaaac tgtagcttca
600

ttggcagaaa aatacgaagg aaactcttct
660

ctgttaagtt
caaatacgtt
gtttggaatt
gtgqagttga
ctcaagaagt
atgctaatgt
ttgtctttat
ttcatggtgt
gatttgagtg
ttgtacgtgt

ctgtagacaa

VI KHUAN AXIT LACTIC c& CAC PAC TINH TAO NGQT SU DUNG NO

tggtattttg

tgaaaatggt

gtatggactt

ccgagaaaat

tggctctgtt

ggctgcactg

aacattgggt

tgccggtgcet

tacttgcgga

agcacatcat

tggtgagttt
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gtgacaagta aagatattat cgtagctgct actgaaggtg
720
gttgataaag tctctaaata cctcggactt gcaacagcaa
780
ccagattctg tcgttatcgg tggtggtgtt tctgccgceag
840
gttgaaggat actttacacg ttatgcattc ccacaagttc
900
ttagcggagc ttggaaatga tgcaggaatc attggagctg
960
gacaaataa
969
<210> 2
<211> 322
<212> PRT
<213> Streptococcus thermophilus
<400> 2
Met Ser Lys Lys Leu Leu Gly Ile Asp Leu Gly
1 5 10
Phe Gly Ile Leu Thr Ala Asp Gly Glu Val Gln
20 25
Glu Thr Asn Thr Phe Glu Asn Gly Ser His Ile
35 40
Glu Ser Leu Lys His Arg Leu Glu Leu Tyr Gly
50 55
Phe Ile Gly Ile Gly Met Gly Ser Pro Gly Ala
65 70 75
Lys Thr vVal Thr Gly Ala Phe Asn Leu Asn Trp
85 90
Val Gly Ser Val Ile Glu Lys Glu Leu Gly Ile
100 105

ataagtttgc

acatctcaaa

gagaattctt

gccgtacaac

ctagtcttgce

Gly

Glu

Val

Leu

60

Val

Ala

Pro

Thr

Lys

Pro

45

Thr

Asp

Glu

Phe

Thr

Trp

Asp

Ala

Arg

Thr

Ala
110

tgacagcatt

cattcttaac

gcgtagtcgt

aaaagtgaaa

ttatagtatt

val

15

Ala

Ile

Glu

Glu

Gln

95

Ile

Lys

Ile

val

Asp

Asn

80

Glu

Asp
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Asn

Ala

Gly

145

Gly

Cys

Gly

Ser

Asp

225

Val

Asn

Ala

Ala

Gly

305

Asp

Asp

Asn

130

Gly

Gly

Thr

Ile

Ser

210

Ile

Asp

Ile

Gly

Phe

290

Asn

Lys

Ala

115

Asn

Val

Glu

Cys

Val

195

Ile

Ile

Lys

Leu

Glu

275

Pro

Asp

Asn

Arg

Ile

Ile

Gly

180

Arg

Lys

Val

Val

Asn

260

Phe

Gln

Ala

Val
Asn
Ala
Gly
165
Asn
Val
Ala
Ala
Ser
245
Pro
Leu

Val

Gly

Ala

val

Asp

150

His

Lys

Ala

Ala

Ala

230

Lys

Asp

Arg

Arg

Ile
310

Ala

Val

135

Gly

Tle

Gly

His

Val

215

Thr

Tyr

Ser

Ser

Arg

295

Ile

Leu

120

Phe

Asn

Ile

Cys

His

200

Asp

Glu

Leu

Val

Arg

280

Thr

Gly

52856

Gly

Ile

Leu

val

Leu

185

Leu

Asn

Gly

Gly

Val

265

Val

Thr

Ala

Glu

Thr

Ile

Glu

170

Glu

Ala

Gly

Asp

Leu

250

Ile

Glu

Lys

Ala

Arg

Leu

His

155

Pro

Thr

Glu

Glu

Lys

235

Ala

Gly

Gly

Val

Ser
315

Trp

Gly

140

Gly

Asp

Val

Lys

Phe

220

Phe

Thr

Gly

Tyr

Lys

300

Leu

vVal

125

Thr

Val

Thr

Ala

Tyr

205

Val

Ala

Ala

Gly

Phe

285

Leu

Ala

Gly

Gly

Ala

Gly

Ser

190

Glu

Thr

Asp

Asn

Val

270

Thr

Ala

Tyr

Ala

Val

Gly

Phe

175

Ala

Gly

Ser

Ser

Ile

255

Ser

Arg

Glu

Ser

Gly

Gly

Ala

160

Glu

Thr

Asn

Lys

Ile

240

Ser

Ala

Tyr

Leu

Ile
320
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<210> 3
<211> 969
<212> ADN
<213>
<400> 3
atgagtaaga
60
actgcagatg
120
agccacattg
180
actgctgaag
240
aaaacagtaa
300
attgaaaaag
360
ggtgaacgtt
420
acaggtgttg
480
ggtggggaaa
540
aacaaggggt
600
ttggcagaaa
660
gtgacaagta
720
gttgataaag
780
ccagattctg
840
gttgaaggat
900

aactcttagg

gtgaagttca

ttcctgacat

attttattgg

cgggtgceccectt

aacttggtat

gggttggtgce

gtggcggtgt

ttggtcacat

gtctggaaac

aatacgaagg

aagatattat

tctctaaata

tcgttatcgg

actttacacg

Streptococcus thermophilus

tattgacctt

agaaaaatgg

tgtagaatct

aattggtatg

taacttgaac

tccattcget

tggtgctaac

tatcgctgat

tattgttgaa

tgtagcttca

aaactcttct

cgtagctgct

cctcggactt

tggtggtgtt

ttatgcattc

52856

ggtggaacaa
gctattgaaa
ttgaaacacc
ggatctccag
tgggcagaaa
attgataatg
aatcggaatg
ggtaacttaa
cctgacacag
gcaacaggta
attaaagctg
actgaaggtg
gcaacagcaa
tctgcecgcecag

ccacaagttc

ctgttaagtt

caaatacgtt

gtttggaatt

gtgcagttga

ctcaagaagt

atgctaatgt

ttgtctttgt

ttcatggtgt

gatttgagtg

ttgtacgtgt

ctgtagacaa

ataagtttgc

acatctcaaa

gagaattctt

gccgtacaac

tggtattttg

tgaaaatggt

gtatggactt

ccgagaaaat

tggctctgtt

ggctgcactg

aacattgggt

tgccggtgcet

tacttgcgga

agcacatcat

tggtgagttt

tgacagcatt

cattcttaac

gcgtagtcgt

aaaagtgaaa
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ttagcggagc ttggaaatga tgcaggaatc attggagctg ctagtcttgc ttatagtatt

960

gacaaat
969

<210>
<211>
<212>
<213>

<400>
Met Ser

1

Phe Gly

Glu Thr

Glu Ser
50

Phe Ile
65

Lys Thr

vVal Gly

Asn Asp

Ala Asn

130

Gly Gly
145

aa

4
322
PRT

52856

Streptococcus thermophilus

4

Lys

Ile

Asn

35

Leu

Gly

Val

Ser

Ala

115

Asn

Val

Lys

Leu

20

Thr

Lys

Ile

Thr

vVal

100

Asn

Arg

Ile

Leu

Thr

Phe

His

Gly

Gly

85

Tle

Val

Asn

Ala

Leu

Ala

Glu

Arg

Met

70

Ala

Glu

Ala

Val

Asp
150

Gly

Asp

Asn

Leu

55

Gly

Phe

Lys

Ala

val

135

Gly

Ile

Gly

Gly

40

Glu

Ser

Asn

Glu

Leu

120

Phe

Asn

Asp

Glu

25

Ser

Leu

Pro

Leu

Leu

105

Gly

Val

Leu

Leu

10

Val

His

Tyr

Gly

Asn

90

Gly

Glu

Thr

Ile

Gly

Gln

Ile

Gly

Ala

75

Trp

Ile

Arg

Leu

His
155

Gly

Glu

Val

Leu

60

Val

Ala

Pro

Trp

Gly

140

Gly

Thr

Lys

Pro

45

Thr

Asp

Glu

Phe

val

125

Thr

Val

Thr

Trp

30

Asp

Ala

Arg

Thr

Ala

110

Gly

Gly

Ala

Val

15

Ala

Ile

Glu

Glu

Gln

95

Ile

Ala

Val

Gly

Lys

Ile

Val

Asp

Asn

80

Glu

Asp

Gly

Gly

Ala
160
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Gly

Cys

Gly

Ser

Asp

225

Val

Asn

Ala

Ala

Gly

305

Asp

Gly

Thr

Ile

Ser

210

Ile

Asp

Ile

Gly

Phe

290

Asn

Lys

<210>
<211>
<212>
<213>

<400>

atgagtaaga aactcttagg tattgacctt ggtggaacaa ctgttaagtt tggtattttg

60

5
9

Glu

Cys

val

195

Ile

Ile

Lys

Leu

Glu

275

Pro

Asp

69

ADN

Ile

Gly

180

Arg

Lys

Val

Val

Asn

260

Phe

Gln

Ala

Gly

165

Asn

Val

Ala

Ala

Ser

245

Pro

Leu

Val

Gly

His

Lys

Ala

Ala

Ala

230

Lys

Asp

Arg

Arg

Ile
310

Ile

Gly

His

vVal

215

Thr

Tyr

Ser

Ser

Arg

295

Ile

Ile

Cys

His

200

Asp

Glu

Leu

Val

Arg

280

Thr

Gly

52856

val

Leu

185

Leu

Asn

Gly

Gly

Val

265

Val

Thr

Ala

Streptococcus thermophilus

5

Glu

170

Glu

Ala

Gly

Asp

Leu

250

Ile

Glu

LyS

Ala

Pro

Thr

Glu

Glu

Lys

235

Ala

Gly

Gly

Val

Ser
315

Asp

Val

Lys

Phe

220

Phe

Thr

Gly

Tyr

Lys

300

Leu

Thr

Ala

Tyr

205

Val

Ala

Ala

Gly

Phe

285

Leu

Ala

Gly

Ser

190

Glu

Thr

Asp

Asn

Val

270

Thr

Ala

Tyr

Phe

175

Ala

Gly

Ser

Ser

Ile

255

Ser

Arg

Glu

Ser

Glu

Thr

Asn

Lys

Ile

240

Ser

Ala

Tyr

Leu

Ile
320
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aatgcagatg gtgaagttca
120

agccacattg ttcctgacat
180

actgctgaag attttattgg
240

aaaacagtaa cgggtgcctt
300

attgaaaaag aacttggtat
360

ggtgaacgtt gggttggtgc
420

acaggtgttg gtggcggtgt
480

ggtggggaaa ttggtcacat
540

aacaaggggt gtctggaaac
600

ttggcagaaa aatacgaagg
660

gtgacaagta aagatattct
720

gttgataaag tctctaaata
780

ccagattctg tcgttatcgg
840

gttgaaggat actttacacg
900

ttagcggagc ttggaaatga
960

gacaaataa

969

<210> 6

<211> 322

<212> PRT

<213>

agaaaaatgg

tgtagaatct

aattggtatg

taacttgaac

tccattcget

tggtgctaac

catcgttgat

tattgttgaa

tgtagcttca

aaactcttct

cgtagctgct

cctcggactt

tggtggtgtt

ttatgcattc

tgcaggaatc

Streptococcus thermophilus

52856

gctattggaa
ttgaaacacc
ggatctccag
tgggcagaaa
attgataatg
aatcggaatg
ggtaaattaa
cctgacacag
gcaacaggta
attaaagctg
actgaaggtg
gcaacagcaa
tctgccgecag
ccacaagttc

attggagccg

caaatacgtt

gtttggaatt

gtgcagttga

ctcaagaagt

atgctaatgt

ttgtctttgt

ttcatggtgt

gatttgagtg

ttgtacgtat

ctgtagacaa

ataagtttgc

acatctcaaa

gagaattctt

gccgtacaac

ctagtcttgce

tgaaaatggt

gtatggactt

ccgagaaaat

tggctctgtt

ggctgcactg

aacattgggt

tgccggtgcect

tacttgcgga

agcacatcat

tggtgagttt

tgacagcatt

cattcttaac

gcgtagtcgt

aaaagtgaaa

ttatagtatt

133/562



52856 134/562

<400> 6

Met Ser Lys Lys Leu Leu Gly Ile Asp Leu Gly Gly Thr Thr Val Lys
1 5 10 15

Phe Gly Ile Leu Asn Ala Asp Gly Glu Val Gln Glu Lys Trp Ala Ile
20 25 30

Gly Thr Asn Thr Phe Glu Asn Gly Ser His Ile Val Pro Asp Ile Val
35 40 45

Glu Ser Leu Lys His Arg Leu Glu Leu Tyr Gly Leu Thr Ala Glu Asp
50 55 60

Phe Ile Gly Ile Gly Met Gly Ser Pro Gly Ala Val Asp Arg Glu Asn
65 70 75 80

Lys Thr Val Thr Gly Ala Phe Asn Leu Asn Trp Ala Glu Thr Gln Glu
85 90 95

Val Gly Ser Val Ile Glu Lys Glu Leu Gly Ile Pro Phe Ala Ile Asp
100 105 110

Asn Asp Ala Asn Val Ala Ala Leu Gly Glu Arg Trp Val Gly Ala Gly
115 120 125

Ala Asn Asn Arg Asn Val Val Phe Val Thr Leu Gly Thr Gly Val Gly
130 135 140

Gly Gly Val Ile Val Asp Gly Lys Leu Ile His Gly Val Ala Gly Ala
145 150 155 160

Gly Gly Glu Ile Gly His Ile Ile Val Glu Pro Asp Thr Gly Phe Glu
165 170 175

Cys Thr Cys Gly Asn Lys Gly Cys Leu Glu Thr Val Ala Ser Ala Thr
180 185 190

Gly Ile Val Arg Ile Ala His His Leu Ala Glu Lys Tyr Glu Gly Asn
195 200 205



52856

135/562

Ser Ser Ile Lys Ala Ala Val Asp Asn Gly Glu Phe Val Thr Ser Lys
210 215 220
Asp Ile Leu Val Ala Ala Thr Glu Gly Asp Lys Phe Ala Asp Ser Ile
225 230 235 240
Val Asp Lys Val Ser Lys Tyr Leu Gly Leu Ala Thr Ala Asn Ile Ser
245 250 255
Asn Ile Leu Asn Pro Asp Ser Val Val Ile Gly Gly Gly Val Ser Ala
260 265 270
Ala Gly Glu Phe Leu Arg Ser Arg Val Glu Gly Tyr Phe Thr Arg Tyr
275 280 285
Ala Phe Pro Gln Val Arg Arg Thr Thr Lys Val Lys Leu Ala Glu Leu
290 295 300
Gly Asn Asp Ala Gly Ile Ile Gly Ala Ala Ser Leu Ala Tyr Ser Ile
305 310 315 320
Asp Lys
<210> 7
<211> 969
<212> ADN
<213> Streptococcus thermophilus
<400> 7
atgagtaaga aactcttagg tattgacctt ggtggaacaa ctgttaagtt tggtattttg
60
actgcagatg gtgaagttca agaaaaatgg gctattgaaa caaatacgtt tgaaaatggt
120
agccacattg ttcctgacat tgtagaatct ttgaaacacc gtttggaatt gtatggactt
180
actgctgaag cttttattgg aattggtatg ggatctccag gtgcagttga ccgagaaaat
240
aaaacagtaa cgggtgcctt taacttgaac tgggcagaaa ctcaagaagt tggctctgtt
300



attgaaaaag
360
ggtgaacgtt
420
acaggtgttg
480
ggtggggaaa
540
aacaaggggt
600
ttggcagaaa
660
gtgacaagta
720
gttgataaag
780
ccagattctg
840
gttgaaggat
900
ttagcggagc
960
gacaaataa
969

<210> 8
<211> 322
<212> PRT
<213>

<400> 8

aacttggtat

gggttggtgc

gtggcggtgt

ttggtcacat

gtctggaaac

aatacgaagg

aagatattat

tctctaaata

tcgttatcgg

actttacacg

ttggaaatga

tccattcgcet

tggtgctaac

tatcgctgat

tattgttgaa

tgtagcttca

aaactcttct

cgtagctgct

cctcggactt

tggtggtgtt

ttatgcattc

tgcaggaatc

52856

attgataatg
aatcggaatg
ggtaacttaa
cctgacacag
gcaacaggta
attaaagctg
actgaaggtg
gcaacagcaa
tctgccgcag
ccacaagttc

attggagctg

Streptococcus thermophilus

atgctaatgt

ttgtctttat

ttcatggtgt

gatttgagtg

ttgtacgtgt

ctgtagacaa

ataagtttgc

acatctcaaa

gagaattctt

gccgtacaac

ctagtcttgce

agctgcactg

aacattgggt

tgccggtgcet

tacttgcgga

agcacatcat

tggtgagttt

tgacagcatt

cattcttaac

gcgtagtcgt

aaaagtgaaa

ttatagtatt

Met Ser Lys Lys Leu Leu Gly Ile Asp Leu Gly Gly Thr Thr Val Lys

1

10

15

Phe Gly Ile Leu Thr Ala Asp Gly Glu Val Gln Glu Lys Trp Ala Ile

25

30

Glu Thr Asn Thr Phe Glu Asn Gly Ser His Ile Val Pro Asp Ile Val

35

40

10

45
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Glu

Phe

65

Lys

Val

Asn

Ala

Gly

145

Gly

Cys

Gly

Ser

Asp

225

Val

Ser

50

Ile

Thr

Gly

Asp

Asn

130

Gly

Gly

Thr

Ile

Ser

210

Ile

Asp

Leu

Gly

Val

Ser

Ala

115

Asn

Val

Glu

Cys

Val

195

Ile

Ile

Lys

Lys

Ile

Thr

Val

100

Asn

Arg

Ile

Ile

Gly

180

Arg

Lys

val

Val

His

Gly

Gly

85

Ile

Val

Asn

Ala

Gly

165

Asn

Val

Ala

Ala

Ser
245

Arg

Met

70

Ala

Glu

Ala

Val

Asp

150

His

Lys

Ala

Ala

Ala
230

Lys

Leu

55

Gly

Phe

Lys

Ala

Val

135

Gly

Ile

Gly

His

Val

215

Thr

Tyr

Glu

Ser

Asn

Glu

Leu

120

Phe

Asn

Ile

Cys

His

200

Asp

Glu

Leu

52856

Leu

Pro

Leu

Leu

105

Gly

Ile

Leu

Val

Leu

185

Leu

Asn

Gly

Gly

Tyr

Gly

Asn

90

Gly

Glu

Thr

Ile

Glu

170

Glu

Ala

Gly

Asp

Leu
250

11

Gly
Ala
75

Trp
Ile
Arg
Leu
His
155
Pro
Thr
Glu
Glu
Lys
235

Ala

Leu

60

Val

Ala

Pro

Trp

Gly

140

Gly

Asp

Val

Lys

Phe

220

Phe

Thr

Thr

Asp

Glu

Phe

Val

125

Thr

Val

Thr

Ala

Tyr

205

Val

Ala

Ala

Ala

Arg

Thr

Ala

110

Gly

Gly

Ala

Gly

Ser

190

Glu

Thr

Asp

Asn

Glu

Glu

Gln

95

Ile

Ala

Val

Gly

Phe

175

Ala

Gly

Ser

Ser

Ile
255

Ala

Asn

80

Glu

Asp

Gly

Gly

Ala

160

Glu

Thr

Asn

Lys

Ile
240

Ser
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Asn Ile Leu Asn Pro Asp Ser Val Val Ile Gly
260 265
Ala Gly Glu Phe Leu Arg Ser Arg Val Glu Gly
275 280
Ala Phe Pro Gln Val Arg Arg Thr Thr Lys Val
290 295
Gly Asn Asp Ala Gly Ile Ile Gly Ala Ala Ser
305 310 315
Asp Lys
<210> 9
<211> 969
<212> ADN
<213> Streptococcus thermophilus
<400> 9
atgagtaaga aactcttagg tattgacctt ggtggaacaa
60
actgcagatg gtgaagttca agaaaaatgg gctattgaaa
120
agccacattg ttcctgacat tgtagaatct ttgaaacacc
180
actgctgaag attttattgg aattggtatg ggatctccag
240
aaaacagtaa cgggtgcctt taacttgaac tgggcagaaa
300
attgaaaaag aacttggtat tccattcgct attgataatg
360
ggtgaacgtt gggttggtgc tggtgctaac aatcggaatg
420
acaggtgttg gtggcggtgt tatcgctgat ggtaacttaa
480
ggtggggaaa ttggtcacat tattgttgaa cctgacacag
540

12

Gly Gly Val Ser
270

Tyr Phe Thr Arg

285

Lys Leu Ala Glu

300

Leu Ala Tyr Ser

ctgttaagtt

caaatacgtt

gtttggaatt

gtgcagttga

ctcaagaagt

atgctaatgt

ttgtctttat

ttcatggtgt

gatttgagtg

Ala

Tyr

Leu

Ile
320

tggtattttg

tgaaaatggt

gtatggactt

ccgagaaaat

tggctctgtt

ggctgcactg

aacattgggt

tgccggtget

tacttgcgga



aacaagg
600

ttggcag
660

gtgacaa
720

gttgata
780

ccagatt
840

gttgaag
900

ttagcgg
960

gacaaat

969

<210>
<211>
<212>
<213>
<400>
Met Ser
1

Phe Gly

Glu Thr

Glu Ser
50

Phe Ile
65

Lys Thr

ggt

aaa

gta

aag

ctg

gat

agc

aa

10
322
PRT

gtctggaaac

aatacgaagg

aagatattat

tctctaaata

tcgttatcgg

actttacacg

ttggaaatga

tgcagcttca

aaactcttct

cgtagctgct

cctcggactt

tggtggtgtt

ttatgcattc

tgcaggaatc

52856

gcaacaggta

attaaagctg

actgaaggtg

gcaacagcaa

tctgccgceag

ccacaagttc

attggagctg

Streptococcus thermophilus

10

Lys

Ile

Asn

35

Leu

Gly

Val

Lys

Leu

20

Thr

Lys

Ile

Thr

Leu

Thr

Phe

His

Gly

Gly

Leu

Ala

Glu

Arg

Met

70

Ala

Gly

Asp

Asn

Leu

55

Gly

Phe

Ile

Gly

Gly

40

Glu

Ser

Asn

Asp

Glu

25

Ser

Leu

Pro

Leu

Leu

10

vVal

His

Tyr

Gly

Asn
90

13

Gly

Gln

Ile

Gly

Ala

75

Trp

ttgtacgtgt

ctgtagacaa

ataagtttgce

acatctcaaa

gagaattctt

gccgtacaac

ctagtcttgc

Gly

Glu

Val

Leu

60

Val

Ala

Thr

Lys

Pro

45

Thr

Asp

Glu

Thr

Trp

30

Asp

Ala

Arg

Thr

agcacatcat

tggtgagttt

tgacagcatt

cattcttaac

gcgtagtcgt

aaaagtgaaa

ttatagtatt

Val Lys
15

Ala Ile

Ile Val

Glu Asp

Glu Asn
80

Gln Glu
95
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Val

Asn

Ala

Gly

145

Gly

Cys

Gly

Ser

Asp

225

Val

Asn

Ala

Ala

Gly-

Asp

Asn

130

Gly

Gly

Thr

Ile

Ser

210

Ile

Asp

Ile

Gly

Phe
290

Ser

Ala

115

Asn

Val

Glu

Cys

Val

195

Ile

Ile

Lys

Leu

Glu
275

Pro

vVal

100

Asn

Arg

Ile

Ile

Gly

180

Arg

Lys

Val

Val

Asn

260

Phe

Gln

Ile

Val

Asn

Ala

Gly

165

Asn

Val

Ala

Ala

Ser

245

Pro

Leu

Val

Glu

Ala

Val

Asp

150

His

Lys

Ala

Ala

Ala

230

Lys

Asp

Arg

Arg

Lys

Ala

Val

135

Gly

Ile

Gly

His

Val

215

Thr

Tyr

Ser

Ser

Arg
295

Glu

Leu

120

Phe

Asn

Ile

Cys

His

200

Asp

Glu

Leu

Val

Arg

280

Thr

52856

Leu

105

Gly

Ile

Leu

Val

Leu

185

Leu

Asn

Gly

Gly

Val

265

Val

Thr

Gly

Glu

Thr

Ile

Glu

170

Glu

Ala

Gly

Asp

Leu

250

Ile

Glu

Lys

14

Ile

Arg

Leu

His

155

Pro

Thr

Glu

Glu

Lys

235

Ala

Gly

Gly

Val

Pro

Trp

Gly

140

Gly

Asp

Ala

Lys

Phe

220

Phe

Thr

Gly

Tyr

Lys
300

Phe

Val

125

Thr

Val

Thr

Ala

Tyr

205

Val

Ala

Ala

Gly

Phe

285

Leu

Ala

110

Gly

Gly

Ala

Gly

Ser

190

Glu

Thr

Asp

Asn

Val

270

Thr

Ala

Ile

Ala

Val

Gly

Phe

175

Ala

Gly

Ser

Ser

Ile

255

Ser

Arg

Glu

Asp

Gly

Gly

Ala

160

Glu

Thr

Asn

Lys

Ile

240

Ser

Ala

Tyr

Leu
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Gly Asn Asp Ala Gly Ile Ile Gly Ala Ala Ser Leu Ala Tyr Ser Ile

305 310 315
Asp Lys

<210> 11

<211> 969

<212> ADN

<213> Streptococcus thermophilus

<400> 11

atgagtaaga aactcttagg tattgacctt ggtggaacaa
60

actgcagatg gtgaagttca agaaaaatgg gctattgaaa
120

agccacattg ttcctgacat tgtagaatct ttgaaacacc
180

actgctgaag attttattgg aattggtatg ggatctccag
240

aaaacagtaa cgggtgcctt taacttgaac tgggcagaaa
300

attgaaaaag aacttggtat tccattcgct attgataatg
360

ggtgaacgtt gggttggtgc tggtgctaac aatcggaatg
420

acaggtgttg gtggcggtgt tatcgctgat ggtaacttaa
480

ggtggggaaa ttggtcacat tattgttgaa cctgacacag
540

aacaatgggt gtctggaaac tgtagcttca gcaacaggta
600

ttggcagaaa aatacgaagg aaactcttct attaaagctg
660

gtgacaagta aagatattat cgtagctgct actgaaggtg
720

gttgataaag tctctaaata cctcggactt gcaacagcaa
780

15

ctgttaagtt

caaatacgtt

gtttggaatt

gtgcagttga

ctcaagaagt

atgctaatgt

ttgtctttat

ttcatggtgt

gatttgagtg

ttgtacgtgt

ctgtagacaa

ataagtttgce

acatctcaaa

320

tggtattttg

tgaaaatggt

gtatggactt

ccgagaaaat

tggctctgtt

agctgcactg

aacattgggt

tgccggtgcet

tacttgcgga

aacacatcat

tggtgagttt

tgacagcatt

cattcttaac
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ccagattctg tcgttatcgg tggtggtgtt tctgccgcag gagaattctt gcgtagtcgt
840

gttgaaggat actttacacg ttatgcattc ccacaagttc gccgtacaac aaaagtgaaa
900

ttagcggagc ttggaaatga tgcaggaatc attggagctg ctagtcttgce ttatagtatt
960

gacaaataa

969

<210> 12

<211> 322
<212> PRT

<213> Streptococcus thermophilus
<400> 12

Met Ser Lys Lys Leu Leu Gly Ile Asp Leu Gly Gly Thr Thr Val Lys
1 5 10 15

Phe Gly Ile Leu Thr Ala Asp Gly Glu Val Gln Glu Lys Trp Ala Ile
20 25 30

Glu Thr Asn Thr Phe Glu Asn Gly Ser His Ile Val Pro Asp Ile Val
35 40 45

Glu Ser Leu Lys His Arg Leu Glu Leu Tyr Gly Leu Thr Ala Glu Asp
50 55 60

Phe Ile Gly Ile Gly Met Gly Ser Pro Gly Ala Val Asp Arg Glu Asn
65 70 75 80

Lys Thr Val Thr Gly Ala Phe Asn Leu Asn Trp Ala Glu Thr Gln Glu

Val Gly Ser Val Ile Glu Lys Glu Leu Gly Ile Pro Phe Ala Ile Asp
100 105 110

Asn Asp Ala Asn Val Ala Ala Leu Gly Glu Arg Trp Val Gly Ala Gly
115 120 125

Ala Asn Asn Arg Asn Val Val Phe Ile Thr Leu Gly Thr Gly Val Gly
130 135 140

16



Gly Gly Vval

145

Gly Gly Glu

Cys Thr Cys

Gly Ile Val

195

Ser Ser Ile

210

Asp Ile Ile

225

Val Asp Lys

Asn Ile

Leu

Ala Gly Glu

Ala Phe
290

275

Pro

Gly Asn Asp

305

Asp Lys

<210>
<211>
<212>
<213>

13
969
ADN

Ile

Ile

Gly

180

Arg

Lys

Val

Val

Asn

260

Phe

Gln

Ala

Ala

Gly

165

Asn

vVal

Ala

Ala

Ser

245

Pro

Leu

vVal

Gly

Asp

150

His

Asn

Thr

Ala

Ala

230

Lys

Asp

Arg

Arg

Ile
310

Gly

Ile

Gly

His

Val

215

Thr

Tyr

Ser

Ser

Arg

295

Ile

Asn

Ile

Cys

His

200

Asp

Glu

Leu

Val

Arg

280

Thr

Gly

52856

Leu

Val

Leu

185

Leu

Asn

Gly

Gly

Val

265

vVal

Thr

Ala

Streptococcus thermophilus

Ile

Glu

170

Glu

Ala

Gly

Asp

Leu

250

Ile

Glu

Lys

Ala

17

His

155

Pro

Thr

Glu

Glu

Lys

235

Ala

Gly

Gly

Val

Ser
315

Gly

Asp

Val

Lys

Phe

220

Phe

Thr

Gly

Tyr

Lys

300

Leu

Val

Thr

Ala

Tyr

205

Val

Ala

Ala

Gly

Phe

285

Leu

Ala

Ala

Gly

Ser

190

Glu

Thr

Asp

Asn

Val

270

Thr

Ala

Tyr

Gly

Phe

175

Ala

Gly

Ser

Ser

Ile

255

Ser

Arg

Glu

Ser

Ala

160

Glu

Thr

Asn

Lys

Ile

240

Ser

Ala

Tyr

Leu

Ile
320
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<400> 13
atgagtaaga
60

actgcagatg
120

agccacattg
180

actgctgaag
240

aaaacagtaa
300

attgaaaaag
360

ggtgaacgtt
420

acaggtgttg
480

ggtggggaaa
540

aacaaggggt
600

ttggcagaaa
660

gtgacaagta
720

gttgataaag
780

ccagattctg
840

gttgaaggat
900

ttagcggagc
960

gacaaataa
969

aactcttagg

gtgaagttca

ttcctgacat

attttattgg

cgggtgcctt

aacttggtat

gggttggtgc

gtggcggtgt

ttggtcacat

gtctggaaac

aatacgaagg

aagatattct

tctctaaata

tcgttatcgg

actttacacg

ttggaaatga

tattgacctt

agaaaaatgg

tgtagactct

aattggtatg

taacttgaac

tccattcget

tggtgctaac

tatcgctgat

tattgttgaa

tgtagcttca

aaactcttct

cgtagctgct

cctcggactt

tggtggtgtt

ttatgcattc

tgcaggaatc

52856

ggtggaacaa
gctattgaaa
ttgaaacacc
ggatctccag
tgggcagaaa
attgataatg
aatcggaatg
ggtaacttaa
cctgacacag
gcaacaggta
attaaagctg
actgaaggtg
gcaatagcaa
tctgcecgcag
ccacaagttc

attggagctg

18

ctgttaagtt

caaatacgtt

gtttggaatt

gtgcagttga

ctcaagaagt

atgctaatgt

ttgtctttgt

ttcatggtgt

gatttgagtg

ttgtacgtgt

ctgtagacaa

ataagtttgc

acatctcaaa

gagaattctt

gccgtacaac

ctagtcttgc

tggtattttg

tgaaaatggt

gtatggactt

ccgagaaaat

tggctctgtt

ggctgcactg

aacattgggt

tgccggtgcet

tacttgcgga

agcacatcat

tggtgagctt

tgacagcatt

cattcttaac

gcgtagtcgt

aaaagtgaaa

ttatagtatt
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<210> 14

<211> 322
<212> PRT
<213>

<400> 14
Met Ser Lys
1

Phe Gly Ile

Glu Thr Asn
35

Asp Ser Leu
50

Phe Ile Gly
65

Lys Thr Val

Val Gly Ser

Asn Asp Ala
115

Ala Asn Asn
130

Gly Gly Val
145

Gly Gly Glu

Cys Thr Cys

Lys

Leu

20

Thr

Lys

Ile

Thr

Val

100

Asn

Arg

Ile

Ile

Gly
180

Leu

Thr

Phe

His

Gly

Gly

Ile

Val

Asn

Ala

Gly

165

Asn

Leu

Ala

Glu

Arg

Met

70

Ala

Glu

Ala

Val

Asp

150

His

Lys

Gly

Asp

Asn

Leu

55

Gly

Phe

Lys

Ala

Val

135

Gly

Ile

Gly

Ile

Gly

Gly

40

Glu

Ser

Asn

Glu

Leu

120

Phe

Asn

Ile

Cys

52856

Streptococcus thermophilus

Asp

Glu

25

Ser

Leu

Pro

Leu

Leu

105

Gly

Val

Leu

Val

Leu
185

Leu

10

Val

His

Tyr

Gly

Asn

90

Gly

Glu

Thr

Ile

Glu

170

Glu

19

Gly

Gln

Ile

Gly

Ala

75

Trp

Ile

Arg

Leu

His

155

Pro

Thr

Gly

Glu

Val

Leu

60

vVal

Ala

Pro

Trp

Gly

140

Gly

Asp

Val

Thr

Lys

Pro

45

Thr

Asp

Glu

Phe

Val

125

Thr

Val

Thr

Ala

Thr

Trp

Asp

Ala

Arg

Thr

Ala

110

Gly

Gly

Ala

Gly

Ser
190

vVal

15

Ala

Ile

Glu

Glu

Gln

95

Ile

Ala

Val

Gly

Phe
175

Ala

Lys

Ile

Val

Asp

Asn

80

Glu

Asp

Gly

Gly

Ala

160

Glu

Thr
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Gly Ile Val Arg Val Ala His His Leu Ala Glu Lys Tyr Glu Gly Asn
195 200 205

Ser Ser Ile Lys Ala Ala Val Asp Asn Gly Glu Leu Val Thr Ser Lys
210 215 220

Asp Ile Leu Val Ala Ala Thr Glu Gly Asp Lys Phe Ala Asp Ser Ile
225 230 235 240

Val Asp Lys Val Ser Lys Tyr Leu Gly Leu Ala Ile Ala Asn Ile Ser
245 ‘ 250 255

Asn Ile Leu Asn Pro Asp Ser Val Val Ile Gly Gly Gly Val Ser Ala
260 265 270

Ala Gly Glu Phe Leu Arg Ser Arg Val Glu Gly Tyr Phe Thr Arg Tyr
275 280 285

Ala Phe Pro Gln Val Arg Arg Thr Thr Lys Val Lys Leu Ala Glu Leu
290 295 300

Gly Asn Asp Ala Gly Ile Ile Gly Ala Ala Ser Leu Ala Tyr Ser Ile

305 310 315 320
Asp Lys

<210> 15

<211> 969

<212> ADN

<213> Streptococcus thermophilus
<400> 15

atgagtaaga aactcttagg tattgacctt ggtggaacaa ctgttaagtt tggtattttg
60

aatgcagatg gtgaagttca agaaaaatgg gctattggaa caaatacgtt tgaaaatggt
120

agccacattg ttcctgacat tgtagaatct ttgaaacacc gtttggaatt gtatggactt
180

actgctgaag attttattgg aattggtatg ggatctccag gtgcagttga ccgagaaaat
240

20



aaaacagtaa cgggtgcctt taacttgaac tgggcagaaa

300

attgaaaaag aacttggtat tccattcgct attgataatg

360

ggtgaacgtt gggttggtgc tggtgctaac aatcggaatg

420

acaggtgttg gtggcggtgt catcgttgat ggtaaattaa

480

ggtggggaaa ttggtcacat tattgttgaa cctgacacag

540

aacaaggggt gtctggaaac tgtagcttca gcaacaggta

600

ttggcagaaa aatacgaagg aaactcttct attaaagctg

660

gtgacaagta aagatattat cgtagctgct actgaaggtg

720

gttgataaag tctctaaata cctcggactt gcaacagcaa

780

ccagattctg tcgttatcgg tggtggtgtt tctgccgcag

840

gttgaaggat actttacacg ttatgcattc ccacaagttc

900

ttagcggagc ttggaaatga tgcaggaatc attggagctg

52856

960

gacaaataa

969

<210> 16

<211> 322

<212> PRT

<213> Streptococcus thermophilus
<400> 16

ctcaagaagt

atgctaatgt

ttgtctttgt

ttcatggtgt

gatttgagtg

ttgtacgtat

ctgtagacaa

ataagtttgc

acatctcaaa

gagaattctt

gccgtacaac

ctagtcttgc

tggctctgtt

ggctgcactg

aacattgggt

tgccggtgcet

tacttgcgga

agcacatcat

tggtgagttt

tgacagcatt

cattcttaac

gcgtagtcgt

aaaagtgaaa

ttatagtatt

Met Ser Lys Lys Leu Leu Gly Ile Asp Leu Gly Gly Thr Thr Val Lys

1

5 10

15

Phe Gly Ile Leu Asn Ala Asp Gly Glu Val Gln Glu Lys Trp Ala Ile

20 25

21

30

147/562



Gly

Glu

Phe

65

Lys

Val

Asn

Ala

Gly

145

Gly

Cys

Gly

Ser

Asp
225

Thr

Ser

50

Ile

Thr

Gly

Asp

Asn

130

Gly

Gly

Thr

Ile

Ser

210

Ile

Asn

35

Leu

Gly

Val

Ser

Ala

115

Asn

Val

Glu

Cys

Val
195

Ile

Ile

Thr

Lys

Ile

Thr

Val

100

Asn

Arg

Ile

Ile

Gly

180

Arg

Lys

Val

Phe

His

Gly

Gly

85

Ile

Val

Asn

Val

Gly

165

Asn

Ile

Ala

Ala

Glu

Arg

Met

70

Ala

Glu

Ala

Val

Asp

150

His

Lys

Ala

Ala

Ala
230

Asn

Leu

55

Gly

Phe

Lys

Ala

Val

135

Gly

Ile

Gly

His

Val

215

Thr

Gly

Glu

Ser

Asn

Glu

Leu

120

Phe

Lys

Ile

Cys

His

200

Asp

Glu

52856

Ser

Leu

Pro

Leu

Leu

105

Gly

Val

Leu

Val

Leu

185

Leu

Asn

Gly

His

Tyr

Gly

Asn

90

Gly

Glu

Thr

Ile

Glu

170

Glu

Ala

Gly

Asp

22

Ile

Gly

Ala

75

Trp

Ile

Arg

Leu

His

155

Pro

Thr

Glu

Glu

Lys
235

Val

Leu

60

Val

Ala

Pro

Trp

Gly

140

Gly

Asp

Val

Lys

Phe

220

Phe

Pro

45

Thr

Asp

Glu

Phe

Val

125

Thr

Val

Thr

Ala

Tyr

205

Val

Ala

Asp

Ala

Arg

Thr

Ala

110

Gly

Gly

Ala

Gly

Ser

190

Glu

Thr

Asp

Ile

Glu

Glu

Gln

95

Ile

Ala

Val

Gly

Phe

175

Ala

Gly

Ser

Ser

Val

Asp

Asn

80

Glu

Asp

Gly

Gly

Ala

160

Glu

Thr

Asn

Lys

Ile
240
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Val Asp Lys Val Ser Lys Tyr Leu Gly Leu Ala
245 250
Asn Ile Leu Asn Pro Asp Ser Val Val Ile Gly
260 265
Ala Gly Glu Phe Leu Arg Ser Arg Val Glu Gly
275 280
Ala Phe Pro Gln Val Arg Arg Thr Thr Lys Val
290 295
Gly Asn Asp Ala Gly Ile Ile Gly Ala Ala Ser
305 310 315
Asp Lys
<210> 17
<211> 969
<212> ADN
<213> Streptococcus thermophilus
<400> 17
atgagtaaga aactcttagg tattgacctt ggtggaacaa
60
actgcagatg gtgaagttca agaaaaatgg gctattgaaa
120
agccacattg ttcctgacat tgtagaatct ttgaaacacc
180
actgctgaag attttattgg aattggtatg ggatctccag
240
aaaacagtaa cgggtgcctt taacttgaac tgggcagaaa
300
attgaaaaag aacttggtat tccattcgct attgataatg
360
ggtgaacgtt gggttggtgc tggtgctaac agtcgggatg
420
acaggtgttg gtggcggtgt tatcgctgat ggtaacttaa
480

23

Thr Ala Asn

Val
270

Gly Gly

Phe Thr

285

Tyr

Lys Leu Ala

300

Leu Ala Tyr

ctgttaagtt

caaatacgtt

gtttggaatt

gtgcagttga

ctcaagaagt

atgctaatgt

ttgtctttgt

ttcatggtgt

Ile
255

Ser

Ser Ala

Arg

Tyr

Glu Leu

Ile
320

Ser

tggtattttg

tgataatggt

gtatggactt

ccgagaaaat

tggttctgtt

ggctgcactg

aacattgggt

tgccggtget
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ggtggggaaa ttggtcacat tattgttgaa cctgacacag gatttgagtg tacttgcgga
540

aacaaggggt gtctggaaac tgtagcttca gcaacaggta ttgtacgtgt agcacatcat
600

ttggcagaaa aatacgaagg aaactcttct attaaagctg ctgtagacaa tggtgagctt
660

gtgacaagta aagatattct cgtagctgct actgaaggtg ataagtttgc tgacagcatt
720

gttgataaag tctctaaata cctcggactt gcaatagcaa acatctcaaa cattcttaac
780

ccagattctg ttgttatcgg tggtggtgtt tctgccgcag gagaattctt gcgtagtcgt
840

gttgaaggat actttacacg ttatgcattc ccacaagttc gccgtacaac aaaagtgaaa
900

ttagcggagc ttggaaatga tgcaggaatc attggagctg ctagtcttgce ttatagtatt
960

gacaaataa

969

<210> 18

<211> 322
<212> PRT

<213> Streptococcus thermophilus

<400> 18

Met Ser Lys Lys Leu Leu Gly Ile Asp Leu Gly Gly Thr Thr Val Lys
1 5 10 15

Phe Gly Ile Leu Thr Ala Asp Gly Glu Val Gln Glu Lys Trp Ala Ile
20 25 30

Glu Thr Asn Thr Phe Asp Asn Gly Ser His Ile Val Pro Asp Ile Val
35 40 45

Glu Ser Leu Lys His Arg Leu Glu Leu Tyr Gly Leu Thr Ala Glu Asp
50 55 60

Phe Ile Gly Ile Gly Met Gly Ser Pro Gly Ala Val Asp Arg Glu Asn
65 70 75 80

24



Lys

val

Asn

Ala

Gly

145

Gly

Cys

Gly

Ser

Asp

225

Val

Asn

Ala

Ala

Thr

Gly

Asp

Asn

130

Gly

Gly

Thr

Ile

Ser

210

Ile

Asp

Ile

Gly

Phe

vVal

Ser

Ala

115

Ser

Val

Glu

Cys

Val

195

Ile

Leu

Lys

Leu

Glu
275

Pro

Thr

Val

100

Asn

Arg

Ile

Ile

Gly

180

Arg

Lys

Val

Val

Asn

260

Phe

Gln

Gly

Ile

Val

Asp

Ala

Gly

165

Asn

Val

Ala

Ala

Ser

245

Pro

Leu

Val

Ala

Glu

Ala

Val

Asp

150

His

Lys

Ala

Ala

Ala

230

Lys

Asp

Arg

Arg

Phe

Lys

Ala

Val

135

Gly

Ile

Gly

His

Val

215

Thr

Tyr

Ser

Ser

Arg

Asn

Glu

Leu

120

Phe

Asn

Ile

Cys

His

200

Asp

Glu

Leu

Val

Arg

280

Thr

52856

Leu

Leu

105

Gly

vVal

Leu

Val

Leu

185

Leu

Asn

Gly

Gly

Val

265

Val

Thr

Asn

90

Gly

Glu

Thr

Ile

Glu

170

Glu

Ala

Gly

Asp

Leu

250

Ile

Glu

Lys

25

Trp

Ile

Arg

Leu

His

155

Pro

Thr

Glu

Glu

Lys

235

Ala

Gly

Gly

Val

Ala

Pro

Trp

Gly

140

Gly

Asp

Val

Lys

Leu

220

Phe

Ile

Gly

Tyr

Lys

Glu

Phe

Val

125

Thr

Val

Thr

Ala

Tyr

205

Val

Ala

Ala

Gly

Phe

285

Leu

Thr

Ala

110

Gly

Gly

Ala

Gly

Ser

190

Glu

Thr

Asp

Asn

Val

270

Thr

Ala

Gln

95

Ile

Ala

vVal

Gly

Phe

175

Ala

Gly

Ser

Ser

Ile

255

Ser

Arg

Glu

Glu

Asp

Gly

Gly

Ala

160

Glu

Thr

Asn

Lys

Ile

240

Ser

Ala

Tyr

Leu
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290

295

52856

300

Gly Asn Asp Ala Gly Ile Ile Gly Ala Ala Ser Leu Ala Tyr Ser Ile
310

305

Asp Lys
<210> 19
<211> 969
<212> ADN
<213>
<400> 19
atgagtaaga
60
actgcagatg
120
agccacattg
180
actgctgaag
240
aaaacagtaa
300
attgaaaaag
360
ggtgaacgtt
420
acaggtgttg
480
ggtggggaaa
540
aacaaggggt
600
ttggcagaaa
660
gtgacaagta
720

315

Streptococcus thermophilus

aactcttagg tattgacctt ggtggaacaa

gtgaagttca

ttcctgacat

attttattgg

cgggtgcctt

aacttggtat

gggttggtge

gtggcggtgt

ttggtcacat

gtctggaaac

aatacgaagg

aagatattct

agaaaaatgg

tgtagaatct

aattggtatg

taacttgaac

tccatteget

tggtgctaac

tatcgctgat

tattgttgaa

tgtagcttca

aaactcttct

cgtagctget

gctattgaaa

ttgaaacacc

ggatctccag

tgggcagaaa

attgataatg

aatcgggatg

ggtaacttaa

cctgacacag

gcaacaggta

attaaagctg

actgaaggtg

26

ctgttaagtt

caaatacgtt

gtttggaatt

gtgcagttga

ctcaagaagt

atgctaatgt

ttgtctttgt

ttcatggtgt

gatttgagtg

ttgtacgtgt

ctgtagacaa

ataagtttgc

320

tggtattttg

tgataatggt

gtatggactt

ccgagaaaat

tggctctatt

ggctgcactg

aacattgggt

tgccggtgcet

tacttgcgga

agcacatcat

tggtgagctt

tgacagcatt

152/562
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gttgataaag tctctaaata cctcggactt gcaatagcaa

780

ccagattctg tcattatcgg tggtggtgtt tctgccgcag

840

gttgaaggat actttacacg ttatgcattc ccacaagttc

900

ttagcggagc ttggaaatga tgcaggaatc attggagctg

960
gacaaataa
969

<210> 20
<211> 322
<212> PRT

<213> Streptococcus thermophilus

<400> 20
Met Ser Lys
1

Phe Gly Ile

Glu Thr Asn
35

Glu Ser Leu
50

Phe Ile Gly
65

Lys Thr Val

Val Gly Ser

Asn Asp Ala
115

Lys

Leu

20

Thr

Lys

Ile

Thr

Ile

100

Asn

Leu

Thr

Phe

His

Gly

Gly

Ile

Val

Leu

Ala

Asp

Arg

Met

70

Ala

Glu

Ala

Gly

Asp

Asn

Leu

55

Gly

Phe

Lys

Ala

Ile

Gly

Gly

40

Glu

Ser

Asn

Glu

Leu
120

Asp

Glu

25

Ser

Leu

Pro

Leu

Leu

105

Gly

Leu

10

Val

His

Tyr

Gly

Asn

90

Gly

Glu

27

Gly

Gln

Ile

Gly

Ala

75

Trp

Ile

Arg

acatctcaaa cattcttaac

gagaattctt gcgtagtcgt

gccgtacaac aaaagtgaaa

ctagtcttgc ttatagtatt

Gly Thr Thr Val Lys
15

Glu Lys Trp Ala Ile

Val Pro Asp Ile Val
45

Leu Thr Ala Glu Asp
60

Val Asp Arg Glu Asn
80

Ala Glu Thr Gln Glu
95

Pro Phe Ala Ile Asp
110

Trp Val Gly Ala Gly
125

153/562



Ala

Gly

145

Gly

Cys

Gly

Ser

Asp

225

Val

Asn

Ala

Ala

Gly

305

Asp

Asn

130

Gly

Gly

Thr

Ile

Ser

210

Ile

Asp

Ile

Gly

Phe

290

Asn

Lys

<210>

Asn

Val

Glu

Cys

Val

195

Ile

Leu

Lys

Leu

Glu

275

Pro

Asp

21

Arg

Ile

Ile

Gly

180

Arg

Lys

Val

Val

Asn

260

Phe

Gln

Ala

Asp

Ala

Gly

165

Asn

Val

Ala

Ala

Ser

245

Pro

Leu

Val

Gly

Val

Asp

150

His

Lys

Ala

Ala

Ala

230

Lys

Asp

Arg

Arg

Ile
310

Val

135

Gly

Ile

Gly

His

Val

215

Thr

Tyr

Ser

Ser

Arg

295

Ile

Phe

Asn

Ile

Cys

His

200

Asp

Glu

Leu

Val

Arg

280

Thr

Gly

52856

vVal

Leu

Val

Leu

185

Leu

Asn

Gly

Gly

Ile

265

Val

Thr

Ala

Thr

Ile

Glu

170

Glu

Ala

Gly

Asp

Leu

250

Ile

Glu

Lys

Ala

28

Leu

His

155

Pro

Thr

Glu

Glu

Lys

235

Ala

Gly

Gly

Val

Ser
315

Gly

140

Gly

Asp

Val

Lys

Leu

220

Phe

Ile

Gly

Tyr

Lys

300

Leu

Thr

Val

Thr

Ala

Tyr

205

Val

Ala

Ala

Gly

Phe

285

Leu

Ala

Gly

Ala

Gly

Ser

190

Glu

Thr

Asp

Asn

Val

270

Thr

Ala

Tyr

Val

Gly

Phe

175

Ala

Gly

Ser

Ser

Ile

255

Ser

Arg

Glu

Ser

Gly

Ala

160

Glu

Thr

Asn

Lys

Ile

240

Ser

Ala

Tyr

Leu

Ile
320
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atgagtaaga aactcttagg tattgacctt

<211> 0969
<212> ADN
<213>
<400> 21
60
actgcagatg
120
agccacattg
180
actgctgaag
240
aaaacagtaa
300
attgaaaaag
360
ggtgaacgtt
420
acaggtgttg
480
ggtggggaaa
540
aacaaggggt
600
ttggcagaaa
660
gtgacaagta
720
gttgataaag
780
ccagattctg
840
gttgaaggat
900
ttagcggagce
960

gtgaagttca

ttcctgacat

attttattgg

cgggtgcctt

aacttggtat

gggttggtge

gtggcggtgt

ttggtcacat

gtctggaaac

aatacgaagg

aagatattat

tctctaaata

tcgttatcgg

actttacacg

ttggaaatga

agaaaaatgg

tgtagaatct

aattggtatg

taacttgaac

tccattcgcet

tggtgctaac

tatcgctgat

tattgttgaa

tgtagcttca

aaactcttct

cgtagctgct

cctcggactt

tggtggtgtt

ttatgcattc

tgcaggaatc

52856

Streptococcus thermophilus

ggtggaacaa

gctattgaaa

ttgaaacacc

ggatctccag

tgggcagaaa

attgataatg

aatcggaatg

ggtaacttaa

cctgacacag

gcaacaggta

attaaagctg

actgaaggtg

gcaacagcaa

tctgccgecag

ccacaagttc

attggagctg

29

ctgttaagtt
caaatacgtt
gtttggaatt
gtgcagttga
ctcaagaagt
atgctaatgt
ttgtctttat
ttcatggtgt
gatttgagtg
ttgtacgtgt
ctgtagacaa
ataagtttgc
acatctcaaa
gaaaattctt
gccgtacaac

ctagtcttgc

tggtattttg

tgaaaatggt

gtatggactt

ccgagaaaat

tggctctgtt

ggctgcactg

aacattgggt

tgccggtgcet

tacttgcgga

agcacatcat

tggtgagttt

tgacagcatt

cattcttaac

gcgtagtcgt

aaaagtgaaa

ttatagtatt
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gacaaataa

969

<210> 22

<211> 322
<212> PRT

<213> Streptococcus thermophilus
<400> 22

Met Ser Lys Lys Leu Leu Gly Ile Asp Leu Gly Gly Thr Thr Val Lys
1 5 10 15

Phe Gly Ile Leu Thr Ala Asp Gly Glu Val Gln Glu Lys Trp Ala Ile
20 25 30

Glu Thr Asn Thr Phe Glu Asn Gly Ser His Ile Val Pro Asp Ile Val
35 40 45

Glu Ser Leu Lys His Arg Leu Glu Leu Tyr Gly Leu Thr Ala Glu Asp
50 55 60

Phe Ile Gly Ile Gly Met Gly Ser Pro Gly Ala Val Asp Arg Glu Asn
65 70 75 80

Lys Thr Val Thr Gly Ala Phe Asn Leu Asn Trp Ala Glu Thr Gln Glu
85 90 95

Val Gly Ser Val Ile Glu Lys Glu Leu Gly Ile Pro Phe Ala Ile Asp
100 105 110

Asn Asp Ala Asn Val Ala Ala Leu Gly Glu Arg Trp Val Gly Ala Gly
115 120 125

Ala Asn Asn Arg Asn Val Val Phe Ile Thr Leu Gly Thr Gly Val Gly
130 135 140

Gly Gly Val Ile Ala Asp Gly Asn Leu Ile His Gly Val Ala Gly Ala
145 150 155 160

Gly Gly Glu Ile Gly His Ile Ile Val Glu Pro Asp Thr Gly Phe Glu
165 170 175

30



Cys Thr

Gly Ile

Ser Ser
210

Asp Ile
225

val Asp

Asn Ile

Ala Gly

Ala Phe
290

Gly Asn
305

Asp Lys

<210>
<211>
<212>
<213>

<400>

Cys

Val

195

Ile

Ile

Lys

Leu

Lys

275

Pro

Asp

23
322
PRT

Gly

180

Arg

Lys

Val

Val

Asn

260

Phe

Gln

Ala

Asn

val

Ala

Ala

Ser

245

Pro

Leu

Val

Gly

Lys

Ala

Ala

Ala

230

Lys

Asp

Arg

Arg

Ile
310

Gly

His

vVal

215

Thr

Tyr

Ser

Ser

Arg

295

Ile

Cys

His

200

Asp

Glu

Leu

Val

Arg

280

Thr

Gly

52856

Leu

185

Leu

Asn

Gly

Gly

Val

265

Val

Thr

Ala

Streptococcus thermophilus

23

Glu

Ala

Gly

Asp

Leu

250

Ile

Glu

Lys

Ala

Thr

Glu

Glu

Lys

235

Ala

Gly

Gly

Val

Ser
315

Val

Lys

Phe

220

Phe

Thr

Gly

Tyr

Lys

300

Leu

Ala

Tyr

205

Val

Ala

Ala

Gly

Phe

285

Leu

Ala

Ser

190

Glu

Thr

Asp

Asn

Val

270

Thr

Ala

Tyr

Ala

Gly

Ser

Ser

Ile

255

Ser

Arg

Glu

Ser

Thr

Asn

Lys

Ile

240

Ser

Ala

Tyr

Leu

Ile
320

Met Ser Lys Lys Leu Leu Gly Ile Asp Leu Gly Gly Thr Thr Val Lys

1

5

10

15

Phe Gly Ile Leu Thr Ala Asp Gly Glu Val Gln Glu Lys Trp Ala Ile

20

25

31

30
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Glu

Glu

Phe

65

Lys

Val

Asn

Ala

Gly

145

Gly

Cys

Gly

Ser

Asp
225

Thr

Ser

50

Ile

Thr

Gly

Asp

Asn

130

Gly

Gly

Thr

Ile

Ser

210

Ile

Asn

35

Leu

Gly

Val

Ser

Ala

115

Asn

Val

Glu

Cys

Val

195

Ile

Ile

Thr

Lys

Ile

Thr

Val

100

Asn

Arg

Ile

Ile

Gly

180

Arg

Lys

Val

Phe

His

Gly

Gly

85

Ile

Val

Asn

Ala

Gly

165

Asn

Val

Ala

Ala

Glu

Arg

Met

70

Ala

Glu

Ala

Val

Asp

150

His

Lys

Ala

Ala

Ala
230

Asn

Leu

55

Gly

Phe

Lys

Ala

Val

135

Gly

Ile

Gly

His

Val

215

Thr

Gly

40

Glu

Pro

Asn

Glu

Leu

120

Phe

Asn

Ile

Cys

His

200

Asp

Glu

52856

Ser

Leu

Pro

Leu

Leu

105

Gly

Ile

Leu

Val

Leu

185

Leu

Asn

Gly

His

Tyr

Gly

Asn

90

Gly

Glu

Thr

Ile

Glu

170

Glu

Ala

Gly

Asp

32

Ile

Gly

Ala

75

Trp

Ile

Arg

Leu

His

155

Pro

Thr

Glu

Glu

Lys
235

Val

Leu

60

Val

Ala

Pro

Trp

Gly

140

Gly

Asp

Val

Lys

Phe

220

Phe

Pro

45

Thr

Asp

Glu

Phe

Val

125

Thr

Val

Thr

Ala

Tyr

205

Val

Ala

Asp

Ala

Arg

Thr

Ala

110

Gly

Gly

Ala

Gly

Ser

190

Glu

Thr

Asp

Ile

Glu

Glu

Gln

95

Ile

Ala

val

Gly

Phe

175

Ala

Gly

Ser

Ser

Val

Asp

Asn

80

Glu

Asp

Gly

Gly

Ala

160

Glu

Thr

Asn

Lys

Ile
240
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52856 150/562

Val Asp Lys Val Ser Lys Tyr Leu Gly Leu Ala Thr Ala Asn Ile Ser
245 250 255

Asn Ile Leu Asn Pro Asp Ser Val Val Ile Gly Gly Gly Val Ser Ala
260 265 270

Ala Gly Glu Phe Leu Arg Ser Arg Val Glu Gly Tyr Phe Thr Arg Tyr
275 280 285

Ala Phe Pro Gln Val Arg Arg Thr Thr Lys Val Lys Leu Ala Glu Leu
290 295 300

Gly Asn Asp Ala Gly Ile Ile Gly Ala Ala Ser Leu Ala Tyr Ser Ile

305 310 315 320
Asp Lys

<210> 24

<211> 147

<212> ADN

<213> Streptococcus thermophilus
<400> 24

catagtatcc tcctcatatt tcagtataac ataactttta ttttttacct atattttact
60

aaaaaaatag taaaaatatt gattttccat gtgaaagggg ttatgatttc agtataaaca
120

aaaagaataa gtgagataca tcctatg

147

<210> 25
<211> 322
<212> PRT

<213> Streptococcus thermophilus

<220>

<221> MISC FEATURE

<222> (275)..(275)

<223> Xaa c6 thd 1la axit amin xult hién ty nhién bit ky, nhung khdng
phdi la Glu

<400> 25
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Met

Phe

Glu

Glu

Phe

65

Lys

Val

Asn

Ala

Gly

145

Gly

Cys

Gly

Ser

Ser

Gly

Thr

Ser

50

Ile

Thr

Gly

Asp

Asn

130

Gly

Gly

Thr

Ile

Ser
210

Lys

Ile

Asn

35

Leu

Gly

Val

Ser

Ala

115

Asn

Val

Glu

Cys

Val

195

Ile

Lys

Leu

20

Thr

Lys

Ile

Thr

Val

100

Asn

Arg

Ile

Ile

Gly

180

Arg

Lys

Leu

Thr

Phe

His

Gly

Gly

85

Ile

Val

Asn

Ala

Gly

165

Asn

Val

Ala

Leu

Ala

Glu

Arg

Met

70

Ala

Glu

Ala

Val

Asp

150

His

Lys

Ala

Ala

Gly

Asp

Asn

Leu

55

Gly

Phe

Lys

Ala

Val

135

Gly

Ile

Gly

His

Val
215

Ile

Gly

Gly

40

Glu

Ser

Asn

Glu

Leu

120

Phe

Asn

Ile

Cys

His

200

Asp

52856

Asp

Glu

25

Ser

Leu

Pro

Leu

Leu

105

Gly

Ile

Leu

Val

Leu

185

Leu

Asn

Leu

10

Val

His

Tyr

Gly

Asn

90

Gly

Glu

Thr

Ile

Glu

170

Glu

Ala

Gly

34

Gly

Gln

Ile

Gly

Ala

75

Trp

Tle

Arg

Leu

His

155

Pro

Thr

Glu

Glu

Gly

Glu

Val

Leu

60

Val

Ala

Pro

Trp

Gly

140

Gly

Asp

Val

Lys

Phe
220

Thr

Lys

Pro

45

Thr

Asp

Glu

Phe

Val

125

Thr

vVal

Thr

Ala

Tyr

205

Val

Thr Val
15

Trp Ala
30

Asp Ile

Ala Glu

Arg Glu

Thr Gln
95

Ala Ile
110

Gly Ala

Gly Vval

Ala Gly

Gly Phe

175

Ser Ala
190

Glu Gly

Thr Ser

Lys

Ile

Val

Asp

Asn

80

Glu

Asp

Gly

Gly

Ala

160

Glu

Thr

Asn

Lys
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Asp Ile
225

Val Asp

Asn TIle

Ala Gly

Ala Phe
290

Gly Asn
305

Asp Lys

<210>
<211>
<212>
<213>

<220>

Ile

Lys

Leu

Xaa

275

Pro

Asp

26
322
PRT

vVal

Val

Asn

260

Phe

Gln

Ala

Ala

Ser

245

Pro

Leu

Val

Gly

Ala

230

Lys

Asp

Arg

Arg

Ile
310

Thr

Tyr

Ser

Ser

Arg

295

Ile

Glu

Leu

Val

Arg

280

Thr

Gly

52856

Gly

Gly

Val

265

Val

Thr

Ala

Streptococcus thermophilus

<221> MISC FEATURE
(275) ..(275)
<223> Xaa cb thd 1a axit amin xuit

<222>
phdi la

<400>

Glu

26

Met Ser Lys Lys Leu Leu Gly Ile Asp

1

5

Phe Gly Ile Leu Thr Ala Asp Gly Glu

20

25

Glu Thr Asn Thr Phe Glu Asn Gly Ser

35

40

Asp Lys
235

Leu Ala

250

Ile Gly

Glu Gly

Lys Val

Ala Ser
315

hién tu

Leu Gly

Val Gln

His Ile

35

Phe Ala

Thr Ala

Gly Gly

Tyr Phe
285

Lys Leu
300

Leu Ala

Asp

Asn

vVal

270

Thr

Ala

Tyr

Ser

Ile

255

Ser

Arg

Glu

Ser

Ile

240

Ser

Ala

Tyr

Leu

Ile
320

nhién bit ky, nhung

Gly Thr Thr Val Lys

15

Glu Lys Trp Ala Ile

30

Val Pro Asp Ile Val

45

khéng
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Glu

Phe

65

Lys

Val

Asn

Ala

Gly

145

Gly

Cys

Gly

Ser

Asp

225

Val

Ser

50

Ile

Thr

Gly

Asp

Asn

130

Gly

Gly

Thr

Ile

Ser

210

Ile

Asp

Leu

Gly

Val

Ser

Ala

115

Asn

vVal

Glu

Cys

Val

195

Ile

Ile

Lys

Lys

Ile

Thr

Val

100

Asn

Arg

Ile

Ile

Gly

180

Arg

Lys

Val

Val

His

Gly

Gly

Ile

Val

Asn

Ala

Gly

165

Asn

Val

Ala

Ala

Ser
245

Arg

Met

70

Ala

Glu

Ala

Val

Asp

150

His

Lys

Ala

Ala

Ala

230

Lys

Leu

55

Gly

Phe

Lys

Ala

Val

135

Gly

Ile

Gly

His

Val

215

Thr

Tyr

Glu

Ser

Asn

Glu

Leu

120

Phe

Asn

Ile

Cys

His

200

Asp

Glu

Leu

52856

Leu

Pro

Leu

Leu

105

Gly

Val

Leu

vVal

Leu

185

Leu

Asn

Gly

Gly

Tyr

Gly

Asn

90

Gly

Glu

Thr

Ile

Glu

170

Glu

Ala

Gly

Asp

Leu
250

36

Gly

Ala

75

Trp

Ile

Arg

Leu

His

155

Pro

Thr

Glu

Glu

Lys
235

Ala

Leu

60

Val

Ala

Pro

Trp

Gly

140

Gly

Asp

Val

Lys

Phe

220

Phe

Thr

Thr

Asp

Glu

Phe

Val

125

Thr

Val

Thr

Ala

Tyr

205

Val

Ala

Ala

Ala

Arg

Thr

Ala

110

Gly
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>