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Linh vwe ky thuit dwoc dé cip

Giai phap hitu ich thudc linh vuc cong nghé sinh hoc, cu thé 1a dé cip dén ching
nidm men Pichia pastoris tai t& hop duoc tao ra bang cong nghé ADN tai t& hop. Ching
nay c6 thé dugc dung dé san xuit duong chirc nang isomaltuloza tir duong mia, nho kha
nang sinh tdng hop enzym sucroza isomeraza tai to hop, nham tng dung trong san xuét

thuc pham va duoc pham.
Tinh trang k§y thuit ctia gidi phap hiru ich

Isomaltuloza (6-O-a-D-glucopyranosyl-D-fructoza), véi cac tén thuong mai la
Palatinose, NRGylose hodc Xtend Isomaltulose 12 mot ddng phan ctia sucroza va dugc san
Xudt tir sucroza thong qua chuyén hoa enzym, trong do6 lién két 1,2-glycozit gitra glucoza
va fructoza duoc thay thé bang lién két 1,6-glycozit. Isomaltuloza c6 tinh chit vét li, cam
quan gin gibng voi sucroza va c¢6 gid tri nang luong nhu sucroza. Khac biét & chd,
isomaltuloza c6 chi s6 duong huyét (GI) thdp hon 50% so véi sucroza. Hién nay nhu ciu
thay thé viéc sir dung sucroza (GI 65) bang mét loai dudng ¢ GI thap hon ngay cang gia
tang do nhitng anh huéng khong tét ctia n6 téi sire khoé con ngudi nhu: gop phin lam ting
can va béo phi, pha hoai hé mién dich, kich thich su gia ting clia cic cholesterol ¢6 hai,
anh huong khong t6t toi bénh sdu ring, tiéu duong va lodng xwong. Isomaltuloza duoc
danh gia 1a mot su thay thé hop 1i cho sucroza boi rit nhidu wu diém nhu: khong gy sau
ring do cac lién cau khuan trong ring miéng khong co kha ning st dung isomaltuloza; do
chi s6 duong huyét thdp (GI 32) nén duogc co thé tiéu hod va hip thu chdm hon rat nhidu so
v6i sucroza, khong anh hudng dang ké t6i ndng do dudong va insulin trong méu; khong bi
1én men boi phan 16n céc vi khudn va ndm men, bén trong axit va invertaza, tinh chét nay
¢6 1¢i cho viéc duy tri d6 ngot trong thuc pham lén men va do udng; khong hut 4m nhu
sucroza va lactoza, do vay thuc phém chtra isomaltuloza bén va én dinh hon; kich thich su
phat trién cta Bifidobacteria trong hé vi thuc vét ctia rudt ngudi, nhiéu bang ching ching
minh cic vi khudn nay cé ich cho sirc khoé con ngudi va 1am chim lai qué trinh 130 hoa.
Gan day nguoi ta da ching minh ring isomaltuloza con tét cho chire ndng clua ndo va lam

tdng bd nha.
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Enzym sucroza isomeraza (EC 5.4.99.11) (con goi la isomaltuloza synthaza) chiu
trach nhiém chuyén hoa sucroza thanh isomaltuloza 14n dau tién dugc tich chiét tir
Protaminobacter rubrum (Weidenhagen va Lorenz, 1957). Sucroza isomeraza ngoai ra
con dugc phat hién va tach dong tir nhiéu vi sinh vat khac, trong d6 ¢6 Protaminobacter
rubrum (Cho va cong su, 2007); Pantoea dispersa UQ68J, Klebsiella planticola UQ148S
va Erwinia rhapontici WAC2928 (Li va cong su, 2013; Mu va cong su, 2014);
Enterobacter sp. FMB-1 (Lee va cong su, 2011); Klebsiella sp. LX3 (Li va cong su, 2003;

Zhang va cong su, 2002); va Erwinia rhapontici (Bérnke va cong su, 2001).

Trong cac nam 2010-2011, nhom nghién ciu tai Vién Cong nghicp Thuc pham da
tién hanh phan loai dya trén giai trinh ty 16S rADN cho thiy cac chung c6 kha nang sinh
tong hop isomaltuloza thudc céc loai Klebsiella variicola, Enterobacter cloacae,
Klebsiella sp. va Enterobacter sp. Trong do, Klebsiella variicola va Enterobacter cloacae
cho téi nay chua dugc cong bd va cac chung sinh téng hop isomaltuloza phén lap dugc tai
Viét Nam 1a méi vé kha nang sinh téng hop isomaltuloza (Nguyén Thi Hoa Mai va cong
sw, 2013). Hiéu sudt chuyén héa cao nhét thanh hdn hop isomaltuloza cua céc ching dat
xAp xi 80% véi dung dich dudng sucroza ndng dd 25%. Dua trén cac chung tu nhién nay,
cac tAc gia di xdy dung duoc quy trinh k¥ thut san xudt isomaltuloza tir mia dudng st
dung sinh khéi vi sinh vat lam tic nhan chuyén héa (Nguyén Thanh Thiy va cong su,

2013).

[somaltuloza da dugc Ung dung vao san xuét thue phém va dugce phém. Pi dau
trong san xuét nhitng san phim nay 12 tip doan Siidzucker ctia Pirc cling 13 nha san xuét
dudng 16n nhat ciia chau Au, thuong hiéu Palatinit®, véi 2 san pham 14 Palatinose™ (keo
cao su, nudc ting luc, bot dinh dudng, banh quy, chocolate, kem, v.v.) va galenQ™
(dugc). Ngoai ra Cerestar (thudc tdp doan Cargill) va Shin Mitsui (Nhét) cling 13 cac cong
ty 16n san xuét cdc ché phdm cua isomaltuloza. Puong isomaltuloza hién dang dugc st
dung tai Viét Nam & dang dudng bd tro trong sita cho tré em cia cong ty C6 gai Ha Lan,
trong stta Nuti DiabetCare (cho ngudi tiéu duong), Slim Max (sita giam béo) cua
Nutrifood. Hién tai chua c6 mot nha may dudng nao tai Viét Nam ¢ cdng nghé san xuét
isomaltuloza va toan by lugng isomaltuloza tiéu thy trong thi trudong 13 san pham nhap
khiu. Viéc chuyén héa duong mia (sucroza) thanh isomaltuloza s& c6 gié tri 16n v& kinh té,

x& hoi.
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Cong nghé san xuét isomaltuloza phd bién nhit hién nay ma céc cong ty trén cling
nhu thé gi6i dang str dung la ¢ dinh té bao hodc enzym vi sinh vat. Trong d6, ¢6 dinh té
bao vi sinh vét trong chét mang dugc st dung truc tiép. Cong nghé nay da duoc trién khai
trong san xuét cong nghiép tai nhiéu nude trén thé gioi. Tuy nhién, cong nghé san XUt
isomaltulose nay van t6n tai mot s6 nhuoc diém nhu: vi sinh v4t chuyén hoa tiéu
thu dong thoi sucroza, isomaltuloza dan t&i giam ning suét chuyén hoéa; vi sinh vét
c¢b dinh rit d& mét hoat tinh; chi phi tinh ché isomaltuloza cao do budc loai bd doc
t6 ctia vi sinh vat; quy trinh san xut phtc tap; va chi phi dau tu thiét bi cao. Do vay,
trong thdi gian gin day xu hudng san xuét isomaltuloza tmg dung enzym tai t6 hop dugc
quan tim nhiéu hon. Nam 2011, Lee va cong sy da bidu hién thanh coéng gen ma hoa
sucroza isomeraza tir ching vi khuén Enterobacter sp. FMB-1 trén nidm men
Saccharomyces cerevisiae. Tuy nhién hé biéu hién nay déng thoi c6 kha ning sinh tdng
hop invertaza la enzym thuy phan sucroza thanh glucoza va fructoza, cac loai duong ma
nidm men c6 thé st dung d& dang. Qua trinh nay s& lam giam dédng ké hidu suét chuyén

hoa sucroza thanh isomaltuloza.

Do d6, van ¢6 nhu ciu tim kiém hé biéu hién gen ma héa sucroza isomeraza co
ngudn gdc tir vi khuan vira ¢6 kha ning chuyén héa tdt sucroza thanh isomaltuloza va vira
han ché duogc viée sinh téng hop cidc enzym thiy phan sucroza lam anh hudng dén hiéu
sudt chuyén hoa nay. Pichia pastoris 12 ndm men duoc st dung rong rai dé biéu hién
enzym tai to hop Gmg dung trong san xuét thudc, vacxin... Uu diém cta P. pastoris 1a
khong c6 kha ning sinh tong hop enzym invertaza dé chuyén hoa sucroza va isomaltuloza.
Dua vio tiém ning nay, chung t6i dd lua chon chung P. pastoris X33 dé nghién ctru xay
dung cong nghé mdi san xuat isomaltuloza tir dudng mia bing ching tai t& hop an toan.
Ban chit k§ thuit ciia giai phap hitu ich

Giai phap hitu ich dé xuit ching ndm men Pichia pastoris X33 téi td hop c6 kha
ning sinh téng hop enzym sucroza isomeraza, khac biét & chd, chiing nay mang vecto biéu
hién chira doan gen mi héa enzym sucroza isomeraza c6 trinh tu dugc chon tir mot trong
céc trinh tuw néu trong SEQ ID NO: 1, 2 va 3 ¢6 ngudn gbe 1an luot tir cac chiing vi khuén

Klebsiella sp. ISB8, Kosakonia sp. ISB10 va Klebsiella singaporensis ISB36.
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M6 ta van tit cac hinh vé

Hinh 1 13 biéu @b thé hién su sang loc cac ching nim men Pichia pastoris X33 tai tb hop

c6 kha nang chuyén héda dudong mia (sucroza).

Hinh 2 13 biéu dd danh gia kha nang tao dudong chirc ning isomaltuloza tir dudng mia

(sucroza) nong do cao cua ching nAm men Pichia pastoris X33 tai to hgp.

Hinh 3 13 biéu d6 danh gia kha ning tao dudng chirc ning isomaltuloza tir nuéc mia cua
ching ndm men Pichia pastoris X33 tai to hop trén hé thdng 1én men 2 lit.
M ta chi tiét giai phap hiru ich

Giai phap hiru ich dé cap dén ching ndm men Pichia pastoris X33 tai tb hop mang
vecto biéu hién chira doan gen ma héa enzym sucroza isomeraza. Poan gen nay c6 trinh tir
dugc chon tir mot trong cac trinh ty néu trong SEQ ID NO: 1, 2 va 3, ¢o nguén géc lan
lwot tir cic chung vi khudn Klebsiella sp. 1SBS, Kosakonia sp.ISB10 va Klebsiella
singaporensis ISB36, 14 cac ching c¢6 kha nang sinh téng hop enzym sucroza isomeraza,
dugc phan 1ap tai Viét Nam do Vién Cong Nghiép Thuc Phdm cung cip. Poan gen nay
dugc dua vao hé gen cia ching ndm men Pichia pastoris X33 bang cach st dung cac
vecto biéu hién 12 pPICZoA hoic pGAPZaA. Cac ching ndm men Pichia pastoris X33 tai
t6 hop duoc tao ra ¢é kha nang sinh enzym sucroza isomeraza chuyén hoa dudng sucroza
thanh dudng chirc ning isomaltuloza dé ung dung trong san xuét thuc phim va duge

pham.

Ching ndm men Pichia pastoris X33 va cac vecto biéu hién pPICZaA hoic
pGAPZoA do hang Invitrogen, M§ cung cdp. Vecto biéu hién Pichia chtra cdc thanh phin
sau: diém khdi dau sao chép pUC cho phép vecto ¢6 thé nhan ban duge trong vi khuan E.
coli; gen Zeo (zeoxin) chdng chiu khang sinh zeoxin duoc ding dé chon loc chung Pichia
pastoris tai to hop; hai diém cét gigi han EcoRI va Xbal 1a vi tri dé chén doan gen ma hoa
enzym sucroza isomeraza; XmalJl, Mssl, Sacl 1a cac vi tri cht gi61 han mé vong vecto trude
khi dwa vao Pichia pastoris. Yéu t& didu khién ving 5° dong vai trd trong viée tich hop
vecto biéu hién Pichia vao hé gen cua Pichia pastoris X33; hai yéu t§ didu khién duoc st
dung rdng rii hién nay la: AOX1 (alcohol oxidase 1) dugc thiét ké trong vecto biéu hién
pPICZoA va GAPDH (glyceraldehyde-3-phosphate dehydrogenase) dugc thiét ké trong

vecto biéu hién pGAPZaA. Nim men Pichia pastoris X33 dugce lya chon st dung lam hé
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biéu hién chu dao do tinh bén viing di truyén, kha nang phat trién trén méi truong khodng

chat ré tién, an toan phu hgp v6i san xuat cong nghiép.

Doan gen ma hda enzym sucroza isomeraza cé trinh ty néu trong SEQ ID NO:1
duoc phan 1ap bang cich nhan dong tir hé gen cia ching vi khudn Klebsiella sp. ISBS.
Doan gen méa hda enzym sucroza isomeraza c6 trinh tu néu trong SEQ ID NO:2 dugc phan
lap bing cach nhan dong tir hé gen clia ching vi khudn Kosakonia sp. ISB10. Poan gen ma
hoa enzym sucroza isomeraza c6 trinh ty néu trong SEQ ID NO:3 duoc phan lap bang
cach nhan dong tir hé gen ctia ching vi khuan Klebsiella singaporensis ISB36. Céc chung
vi khuén nay duoc phan 1ap tai Viét nam va hién dugc luu gilt tai Trung tdm Vi sinh vét

Cong nghiép, Vién Cong nghiép Thuc pham (301 Nguyén Trai, Thanh Xuan Ha Noi).
Chung ndm men Pichia pastoris X33 tai t6 hop duoc tao ra nhu sau:

Céc chung vi khudn Klebsiella sp. ISB8, Kosakonia sp.ISB10 hoic Klebsiella
singaporensis ISB36 duge nudi cy trén mdi truong thach LB (0,5% dich chiét nAm men;
1% trypton; 0,5% NaCl, 1,6% agar, @ pH 1a 7,0) & 37°C qua dém (16 gio). Liy 1 vong
que cdy vao dng eppendorf 1,5ml da bd sung 500ul dém SSC (15mM natri xitrat, 150mM
NaCl, do pH l1a 7,0). Lic déu va & & 99°C trong 10 phut. Ly tdm 13000 vong/phut trong 2
phit. Hat bo phan dich va tién hanh rira t& bao 1 1an bang nuéc cét vo tring. Thém khoang
100ul hat thuy tinh c6 duong kinh 0,2 - 0,5mm (Roth, Puc), 100ul dung dich
phenol/cloroform (ti 1& 1:1) va 100ul nudce cit vo tring. Lac & 1400 vong/phut trong 10
phut trén may Thermocomfort (Eppendorf, Ptrc) sau d6 ly tdm 13000 vong/phut trong 10
phut. Phan dich trong phia trén c6 chira ADN duoc béo quan & -20°C.

Céc doan gen c6 do dai tir 1713 dén 1728 nucleotit mad hoa enzym sucroza
isomeraza lan lugt dugc khuyéch dai tr ADN tdng sb cua ching vi khuan Klebsiella sp.
ISB8, Kosakonia sp. 1SB10 hodc Klebsiella singaporensis ISB36 bing phan tmg PCR st
dung cip mdi d3 duoc bd sung céc trinh tu nhan biét cua enzym gigi han EcoRI va Xbal
(Bang 1). Dé dam bao giam thiéu cac 18i co thé gip trong PCR, enzym Phusion High-
Fidelity ADN polymeraza (Thermo scientific, My) dugc st dung. Phan ing PCR duoc
thuc hién bao gdm cac thanh phan: 5ng ADN khuén 1a ADN tong s duoc tach chiét tir vi
khuén, 10pmol mdi xudi va mdi nguwoc, 200uM dNTPs, 11U enzym trong dém Phusion
High-Fidelity ADN polymeraza v6i ché d nhiét: 98°C trong 30 gidy; 25 chu ki phén g
(98°C: 10 gidy; 60°C: 10 gidy; 72°C: 30 gidy); 72°C trong 10 phut trén thiét bi GenAmp®

-6-
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PCR System 9700 thermal cycler (Applied Biosystem, M¥). San phdm PCR duogc xi Iy
bang enzym gidi han EcoRl, Xbal (Thermo scientific, M¥) va vecto pPICZaA, pGAPZoA
(Invitrogen, M¥) ciing dd dugc md& vong bang céc enzym tuong tng. Cac san phdm cit

gi6i han duoc tinh ché bang Kit GenJET Gel extraction (Thermo scientific, M¥).

Bang 1. Danh sich mdi st dung trong thi nghiém nhén dong gen ma hoéa sucroza

isomeraza
L . N Chung vi Ma, do dai
Tén moi Trinh ty moi (5° 2 37) A
khuan (bp)
Kleb-LX3-
AGCTGAATTCGCACCATCCTTGAATCAG
Enter-SZ62-F Klebsiella sp. | SEQ ID NO: 1
Kleb-LX3- ISB8 1713
TTGTICTAGATTACCGCAGCTTATACAC
AXMC-R
Entero-FMB1-F |AGCTGAATTCGCGTATAGTGCAGAAACTTC | Kosakonia sp. | SEQ ID NO: 2
Entero-FMB1-R TTGTTCTAGATTACTGGAGTTCATAAAC ISB10 1728
Kleb-L.X3-
AGCTGAATTCGCACCATCCTTGAATCAG Klebsiella
Enter-SZ62-F . | SEQIDNO: 3
singaporensis
Kleb-LX3- N 1713
TTGTTCTAGATTACCGCAGCTTATACAC 1SB36
AXMC-R

San pham sau khi tinh ché 13 cac trinh tr SEQ ID NO:1, SEQ ID NO:2 va SEQ ID
NO:3 s& dugc nbi vao plasmit pPICZaA hosic pGAPZoA (d3 duge xir Iy enzym gidi han
EcoRI va Xbal) theo cac ty 16 ndng d6 3:1. Thanh phan ctia phan tmg trong tdng thé tich
10pl nhu sau: 1pl dém 10x cua T4 ADN ligaza; 1ul T4 ADN ligaza 400U/ml; 4ul vecto
va 4l ADN. Hdn hop phan tmg duge 0 & 16°C trong 16 gid.

San phdm sau khi gin két dugc bién nap vao vi khudn Escherichia coli DH5a
(Invitrogen) bang phuong phéap soc nhiét theo k§ thuat cia Sambrook va Russell (2001).
Vi khuén chua plasmit tai to hop dugc sang loc trén mdi truong thach LB chua 25mg/l
zeoxin & diéu kién 37°C trong 24 gid. Khuan lac phat trién trén méi truong trén duogc cly
chuyén sang 6ng Fancol chira 5ml méi truong 16ng LB - 25mg/l zeoxin va nudi cly lic &
37°C trong 16 gid. Sinh khéi vi sinh vét dugc thu hdi bing ly tAm & 10000xg, 4°C trong 5
phat. Plasmit duge tach chiét st dung kit tach chiét plasmit ctia Thermo scientific theo
huéng din ctia nha san xuét. Trinh tw gen dwgc kiém tra bang phuong phap “dideoxy chain
termination” st dung cdc mdi a-factor (5'-TACTATTGCCAGCATTGCTGC-3") va
3’ AOX (5'-GCAAATGGCATTCTGACATCC -3") trén thiét bi AB-377 ctia hang Applied

Biosystems.
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Céc vecto biéu hién chira cac doan gen ma hdéa enzym sucroza isomeraza dugc md
vong bang mét trong nhiing enzym gidi han: Xmall, Mssl, Sacl (Thermo scientific, M¥).
San pham sau mé vong dugc lam sach bing kit tinh ché plasmit cua Thermo scientific va
dinh lrgng bang thiét bi Nanodrop 2000 (Thermo scientific, My¥). Plasmit sau mé& vong
(5pg) duoc bién nap vao té bao P. pastoris X33 sit dung thiét bi xung dién GenPulser
(Bio-Rad, M¥) & 2,5kV trong 4 mili gidy. Té bao P. pastoris X33 duoc t trong 1M sorbitol
sau do trai 1én cic dia moi truong thach YPDS (1% dich chiét nAm men, 2% Bacto pepton,
2% glucoza, 1M sorbitol va 2% agar) chtra 100mg/1 zeoxin va . & 30°C. Sau 4 ngay nudi

cdy, cac khuan lac tao ra dugc lam sach va kiém tra hoat tinh sucroza isomeraza.

Chung Pichia pastoris X33 tai to hop phat trién t6t trén moi treong YPD (cao ndm
men 1%, pepton 2%, glucoza 2% va agar 2%) & nhiét do trong giai tir 20-32°C va hién
dang dugc bao quan bang cic phuong phap déng kho, bao quan trong nito léng theo k¥
thuat thuong quy cho nim men (Hunter-Cevera va Belt, 1996) va luu gilr tai Trung tdm Vi

sinh vat Cong nghiép, Vién Coéng nghiép Thuc phim.
Vi du thye hién gidi phap hiru ich

Céc vi du duéi dy chi nhim minh hoa cac phuong an thuc hién giai phap hitu ich

ma khong lam gidi han pham vi yéu cau bao hd cua giai phap hiru ich.

Vi du 1: Sang loc chiing ndm men Pichia pastoris X33 tai tb hop c6 kha ning chuyén hoa

duong mia (sucroza)

Pé lya chon chung ndm men Pichia pastoris X33 tai t& hgp mang gen ma hoa
enzym sucroza isomeraza cé trinh tu néu trong SEQ 1D NO:1, ¢6 nguodn goc tir chung vi
khudn Klebsiella sp. ISB8 c6 kha ning chuyén héa duong mia cao nhit, tién hanh nuédi
biéu hién enzym sucroza isomeraza trén moi truong chira 20% sucroza. 5 chiing nAm men
tai t6 hop X33.SI8.2, X33.S18.3, X33.S18.4, X33.S18.7 va X33.S18.8 c6 kha ning chuyén
hoa sucroza dugc hoat hoa trén mdi trudng YPD & 30°C. Sau 48 gid, chuyén mot vong
que ciy sinh khéi té bao nAm men vao 25mL YPD 16ng va tién hanh nudi lic 150 vong/
phat & 30°C. Sau 2 ngay, toan bd sinh khdi t& bao duwoc chuyén vao 25mL dung dich
sucroza 40% va tiép tuc nudi lic 150 vong/ phat & 30°C qua dém (16 gid). Qua trinh
chuyén hoa sucroza dugc kiém tra bang cach phan tich ham luong cac loai dudng trong

mdi truong bang phuong phap HPLC.
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Két qua phan tich HPLC cho thdy, cic chung ndm men Pichia pastoris tai tb hop
X33.S18.2, X33.S18.3, X33.S18.4, X33.S18.7 va X33.SI8.8 déu c6 kha ning chuyén hoa
sucroza thanh isomaltuloza v&i hi€u suét chuyén hoa dat tr 19,2% dén 23,4% sau 16 gio,
ngoai ra san pham phu trehaluloza ciing dugc tao thanh. Trong khi ching dbi ching
Pichia pastoris X33 kiéu dai khong chuyén hoa dugc sucroza (Hinh 1). Ching Pichia
pastoris X33.S18.3 c6 hidu suat ddng phan hoa sucroza cao nhét dat 23,4% duoc dit ma

sb Pichia pastoris CNTP 9100.

Vi du 2: Déanh gi4 kha ndng tao duong chirc ndng isomaltuloza tir duong mia (sucroza)

ndng d6 cao ctia chung nidm men Pichia pastoris X33 tai tb hop.

Chiing Pichia pastoris X33 t4i t6 hop mang gen mé hoa enzym sucroza isomeraza
c¢6 trinh tw néu trong SEQ ID NO:3, c¢6 ngudn gbc tir ching vi khudn Klebsiella
singaporensis ISB36 véi ma sb Pichia pastoris CNTP 9102 duoc 1dy ra tir nito long va
hoat héa trén moi trudng YPD. Sau 48 gid, chuyén méot vong que cdy sinh khéi té bao
ndm men vao 20mL mdi truong YPD20 (cao ndm men 1%, pepton 2%, glucoza 20%) va
tién hanh nudi lic & nhiét do 30°C trong 48 gid véi toe do lc 150 vong/ phit. Sau khi ting
sinh, 3mL sinh khéi t& bao dugc chuyén vao binh tam giac 100mL chta 27mL moi truong
YPS (cao ndm men 1%, pepton 2% va glucoza 0,5%) chira luong dudng mia sucroza tir
20 dén 50% va dugc nudi bidu hién & nhiét do 30°C véi tée do 1ic 150 vong/ phit. Qua
trinh chuyén héa duong mia sucroza dugc kiém tra sau 0, 16 va 21 gid bang cach hut 1mL
sinh khéi ly tdm thu dich dé phan tich ham lugng céc loai duong trong mdi trudng bing

phuong phép HPLC.

Két qua cho thdy, sau 16 gid chung Pichia pastoris X33 tai t6 hop da chuyén hoa
hoan toan lugng sucroza co trong mdi trudng biéu hién YPS voi nong do tir 20-40%
sucroza. Va sau 21 gio, moi truong YPS chta 45 hodc 50% sucroza cling da duoc
chuyén hoa hoan toan (Hinh 2). Hiéu suét chuyén hoa & cac moi truong YPS chira 20-
45% sucroza déu dat khoang 89% so véi lwong dudng tong sb, va moi treong YPS chtra

50% sucroza hiéu suét chi dat 84,5%.

Vi du 3: Dénh gia kha nang tao duong chirc ning isomaltuloza tir nudc mia cia chiing nam

men Pichia pastoris X33 ti to hop trén hé théng 1én men 2 lit.

Chung Pichia pastoris X33 tai t0 hop mang gen ma héa enzym sucroza isomeraza

c6 trinh tw néu trong SEQ ID NO:2, c6 ngudn gbc tir ching vi khuén Kosakonia sp. ISB10
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v6i ma sd Pichia pastoris CNTP 9101 duoc liy ra tir nito 16ng va hoat hoéa trén moi
truong YPD. Sau 48 gid, chuyén mét vong que cdy sinh khéi té bao ndm men vao 50mL
nudce mia da dun s6i 100°C, 5 phut va tién hanh nudi lic & nhiét do 30°C trong 48 gid v6i
toc do lac 150 vong/ phit. Sau khi ting sinh, sinh khéi té bao dugc chuyén vao hé théng
[én men Jupiter bioreactor 2 lit (Solaris biotech, Y) chira 450mL nudc mia d3 dun soi
100°C, 5 phut va tién hanh nu6i biéu hién & nhiét d6 30°C véi tée do khudy 400-700 vong/
phtt. Qua trinh sinh truéng té bao va chuyén hoa dudng mia sucroza duoc kiém tra sau
mdi 1 gid bang cach hut 1mL sinh khéi dé do do duc (OD 600nm) va 1mL sinh khéi dé
phan tich ham lugng cac loai dudng trong moi trudng bang phuong phap HPLC.

Két qua cho thdy, sau 16 gio ching ndm men tai td hop Pichia pastoris X33 da
chuyén héa hoan toan luong sucroza cé trong moi trudng nudc mia va isomaltuloza tao

thanh 166g/L dat t6i 90,24% so vé6i lwong dudng téng s (Hinh 3).
Hi¢u qué dat dugc cia gidi phap hiru ich

Chting ndm men Pichia pastoris X33 tai tb hop dugc tao ra theo gidi phap hitu ich
¢6 kha ning chuyén héa sucroza cao, khong tiéu thu sucroza hay san phdm isomaltuloza
tao thanh, rit thich hop dé ung dung trong san xuét isomaltuloza tir duong mia, 13 ngudn
nguyén lidu ddi dao tai Viét Nam. San phim duong isomaltuloza dugc tao ra ¢ gia tri
kinh té cao hon rét nhidu so véi dudong mia, gop phan tao gié tri gia ting cho san xuét
ndng nghiép, cung cip nguyén lidu cho nganh san xuit thuc phim va duoc phim trong

nudc va xuat khau.
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YEU CAU BAO HOQ
1. Ching ndm men Pichia pastoris X33 tai t6 hop c¢6 kha ning sinh tdng hop enzym
sucroza isomeraza, khic biét & chd, ching ndy mang vecto biéu hién chtra doan gen ma
hoéa enzym sucroza isomeraza cé trinh tu dugc chon tir mot trong céc trinh tu néu trong
SEQ ID NO: 1, 2 va 3 ¢6 ngudn gdc lan luot tir cac ching vi khuan Klebsiella sp. ISBS,
Kosakonia sp. ISB10 va Klebsiella singaporensis ISB36.

2. Ching ndm men Pichia pastoris X33 tai tb hop theo diém 1, trong d6 vecto biéu hién

dugc stir dung la vecto pPICZaA hodc pGAPZaA.
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DANH MUC TRINH TU

<110> Vién Cong nghiép thuc pham

<120> Chting ndm men Pichia pastoris X33 tai td hop c6 kha ning sinh tong hop enzym

sucroza isomeraza

<160>3

<210> 1

<211> 1713

<212> ADN

<213> Klebsiella sp.

<400> 1

> SEQ ID NO: 1

GCACCATCCT
AAAGAAGCTG
ATTGGCGATA
GCTATCTGGA
AATTATCGTC
GAAATGAAAA
CAACACCCGT
TTCTGGCGTG
TCGGCATGGC
CAACCTGATC
TTCTGGCTGG
ATCCCGGGAT
ATGGGGCCTA
GATGTGGCCA
GATCGCCGCC
GACAGCAATG
AGCAAAATGG
GACAACCCCC
GCTAAGGCAC
TCAGAGCTGG
GTCAAAGGTT
GATAATGTGC
CTGAATGCTG
ATCAACGCCG
ATTCAGCTAC
CAGGACAATA
GTGAACTTTA
GTGGTCATTG
CCCTGGCAGG

TGAATCAGGA
TTTTTTATCA
TTCGCGGTAT
TAAATCCCCA
AGATAATGAA
AACGAAATAT
GGTTTATTCA
ACGGAAAAGA
AAAAAGATGC
TCAACTGGGA
ATAAAGGCGT
TTCCCAATCT
ATATTCATCG
CCGCGGGTGA
GACATGAGCT
AACGCTGGCG
ATGTCACGGT
GTGCGGTATC
TGGCGACGAT
GAATGACTAA
TCTGGCAGGA
GCCTGACGAG
GTTTTACTCG
AACGCGAAGA
GCCACCATAT
CCGTTTATGC
AGGAGTACCC
ATACTCAGCA
CAGGTGTGTA

ISB 8

TATTCTCGTT
GATCTATCCT
CATTGAAAAG
TTATGACTCT
AGAGTATGGC
GCGCTTAATG
GAGTAAAAGC
TAATCAGCCA
AANGTCAGGA
TAACCCGAAA
TTCAGGCATG
GACACCTGAA
ATACATTCAG
AATTTTTGGC
GAATATGGCG
TCACAAGTCG
CGGAAAGTAT
TCACTTCGGG
TACCCTCACT
TTATCCCTTC
TTATGTCCAG
CCGCGATAAC
CGGAAAGCCG
AACCCGCGAA
CCCTGCTCTG
CTATACCCGA
GGTCCGCTAT
GCAGGCGGCT
TAAGCTGCGG

CAAAAGGAAA
CGCTCATTTA
CTGGACTATC
CCGAACACAG
ACAATGGAGG
ATCGACGTGG
GATAAAAACA
CCTAATAATT
CAGTACTATT
GTACGTGAGG
CGATTTGATA
CAACAGAAAA
GAAATGAACC
GTCCCGCTGG
TTTATGTTTG
TGGTCGCTCT
GGCTGGAACA
GATGACAGGC
CAGCGGGCGA
AGGCAACTCA
AGTGGAAAAG
AGCAGAACAC
TGGTTTCACA
GATTCAGTGC
GTATATGGCG
ACGCTGGGTA
ACTCTCCCGG
GCGCCGCACA
TAA

-14-

GTGAATATCC
AAGACACCAA
TGAAATCGCT
ATAACGGCTA
ATTTTGATAA
TCATTAACCA
ACCCTTATCG
ACCCCTCATT
TACACTATTT
ATCTTTACGC
CGGTGGCAAC
ATTTTGCTGA
GGAAAGTTCT
ATCGTTCGTC
ACCTCATTCG
CTCAGTTCCG
CGTTCTTCTT
CGCAATGGCG
CGCCGTTTAT
ACGAATTTGA
TCACGGCCAC
CTTTCCAGTG
TCAACCCAAA
TGAATTACTA
CCTATCAGGA
ACGAGCGTTA
CTAATGATGC
GCACATCCCT

TGCATGGTGG
TGATGATGGC
CGGTATTGAC
TGACATCAGT
CCTTGTTGCC
TACCAGTGAT
TGACTATTAT
TTTCGGCGGC
TGCCAGACAG
AATGCTCCGC
TTATTCCAAA
ACAATACACC
GTCCCGGTAT
GCAGTTTTTT
TCTCGATCGC
CCAGATCATC
AGATAACCAT
GGAGGCGTCG
TTATCAGGGT
CGACATCGAG
AGAGTTTCTC
GAATGACACC
CTATGTGGAG
TAAAAAAATG
TCTTAATCCA
TCTGGTCGTG
CATCGAGGAA
GTCATTGAGC

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1713



<210>2

<211> 1728

<212> ADN

<213> Kosakonia sp.

<400> 2

> SEQ ID NO: 2

GCGTATAGTG
CCGGCATGGT
AACGGAGATG
TTAGGGATAG
TATGATATCA
ACGTTAGTTT
CATACAAGCG
CGTGAATATT
TTCTTTGGCG
TTTGCCAGAC
GCCATGCTCC
ACGTATTCGA
GAGCAGTATA
CTTTCCCGGT
TCTGATTTTT
CGTCTCGATC
CGTCAGATTA
TTGGACAATC
ATAGAGCCTT
ATTTTTCAGG
GACGATATTG
GAAGAATTTA
TGGAACGACC
AACTATGTTG
TATAAGGAAA
GATATCAGTC
TATCTTGTCG
GTTATCAAAA
GTCTTAACAT

CAGAAACTTC
GGAAAGAAGC
GGATAGGTGA
ATGCAATCTG
GAGACTACGA
CAGAAATGAA
ATCAACACCC
ATTTCTGGCG
GCTCTGCATG
AGCAGCCTGA
GCTTCTGGCT
AGATTCCGGG
CAATGGGGCC
ATGATGTAGT
TTGACCGTCG
GCGACAGCAA
TCAACAAAAT
ATGATAACCC
CCGCTAAGGC
GGTCAGAACT
AAGTCAAAGG
TTGATAACGT
GTAAGAACGC
AAATTAACGC
TGATCAAGTT
CTGAAGATGA
TAATAAACTT
GCATCTTAAT
TGAGTCCCTG

2455

ISB10

CGTCACTCAG
TGTATTTTAT
CATTCGCGGC
GATTAATCCA
AAAAATTATG
AAAGCGTAAT
CTGGTTTATT
TGACGGTAAG
GCAAAAAGAT
CCTTAACTGG
TGATAAGGGC
CTTCCCCGAT
GAATATCCAT
GACGGCAGGC
TCGCAATGAA
TGAACGCTGG
GGATTCTAAC
GCGGGCAGTG
ATTAGCGACA
GGGAATGACC
TTTCTGGCAG
ACGCCTGACA
CGGTTTTACC
TGACAAAGAA
GCGGCATAAA
TAGTGTCTAT
TACCGAAAAG
TGAGGCCAAT
GCAGGCTGGG

AGTATACAGA
CAAATTTATC
ATTATAGAAA
CATTACGACT
CAAGAGTACG
ATGCGGTTAA
CAAAGTAAAA
GATAATCAGC
GATAAAACAG
GATAATCCGA
GTGTCCGGGA
CTGACGCCAG
CGTTATCTAC
GAAATATTCG
CTGGATATGT
CGTCATAAAA
GCCGGAGAGT
TCTCATTTTG
ATCATTCTGA
AATTATCCCT
GATTATGTCC
AGCCGTGATA
AGTGGAAAGC
TTAATCCGTA
ACCCCTGCGC
GCTTATACCA
ACAGTTCGTT
CAGAATAAAA
GTTTATGAAC

-15-

CTCAGAAGGA
CCCGCTCATT
AACTGGACTA
CACCTAACAC
GAACTATGGA
TGATAGACGT
GCAGTAAAGA
CACCCAATAA
GACAATATTA
AGGTGCGAGG
TGCGGTTTGA
AGCAGCAGAA
AAGAAATGAA
GTGTTCCTCT
CGTTTATGTT
AATGGACGCT
ATGGATGGAA
GGGATGACAG
CCCAGCGTGC
TTAAAAAGCT
AGACCGGAAA
ACAGCAGGAC
CCTGGTTCAG
ATGACTCTGT
TCATATACGG
GAACCCTTGG
ATCCTCTGCC
CCGCCGAAAA
TCCAGTAA

GAGTACACTT
TAAAGATACG
TCTTAAATCA
TGATAATGGT
GGATTTTGAC
GGTAATTAAT
AAACCCATAT
TTACCCCTCA
TCTCCATTAT
CGATCTTTAC
CACCGTTGCA
AAATTTTGCA
ACAGGAAGTC
CGAGCGCTCG
TGACTTAATC
TTCTCAGTTT
CACCTTCTTT
CCCTCAGTGG
GACACCTTTC
GAATGAATTT
AGTGTCGGCT
CCCTTTTCAG
AATTAATCCA
GCTCAATTAT
CACCTATAAA
AAAGGCAACGC
GAAAAATAAT
ACAGAGTACA

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1728



<210>3

<211> 1713

<212> ADN
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<213> Klebsiella singaporensis ISB36

<400> 3

> SEQ ID NO: 3

GCACCATCCT
AAAGAAGCTG
ATTGGCGATA
GCTATCTGGA
AATTATCGTC
GAAATGAAAA
CAACACCCGT
TTCTGGCGTG
TCGGCATGGC
CAACCTGATC
TTCTGGCTGG
ATCCCGGGAT
ATGGGGCCTA
GATGTGGCCA
GATCGCCGCC
GACAGCAATG
AGCAAAATGG
GACAACCCCC
GCTAAGGCAC
TCAGAGCTGG
GTCAAAGGTT
GATAATGTGC
CTGAATGCTG
ATCAACGCCG
ATTCAGCTAC
CAGGACAATA
GTGAACTTTA
GTGGTCATTG
CCCTGGCAGG

TGAATCAGGA
TTTTTTATCA
TTCGCGGTAT
TCAATCCCCA
AGATAATGAA
AACGAAATAT
GGTTTATTCA
ACGGAAAAGA
AAAAAGATGC
TCAACTGGGA
ATAAAGGCGT
TTCCCAATCT
ATATTCATCG
CCGCGGGTGA
GACATGAGCT
AACGCTGGCG
ATGTCACGGT
GTGCGGTATC
TGGCGACGAT
GAATGACTAA
TCTGGCAGGA
GCCTGACGAG
GTTTTACTCG
AACGCGAAGA
GCCACCATAT
CCGTTTATGC
AGGAGTACCC
ATACTCAGCA
CAGGTGTGTA

TATTCACGTT
GATCTATCCT
TATTGAAAAG
TTACGACTCT
AGAGTATGGC
GCGCTTAATG
GAGTAAAAGC
TAATCAGCCA
AAAGTCAGGA
TAACCCGAAA
TTCAGGCATG
GACACCTGAA
ATACATTCAG
AATTTTTGGC
GAATATGGCG
TCACAAGTCG
CGGAAAGTAT
TCACTTCGGG
TACCCTCACT
TTATCCCTTC
TTATGTCCAG
CCGCGATAAC
CGGAAAGCCG
AACCCGCGAA
CCCTGCTCTG
CTATACCCGA
GGTCCGCTAT
GCAGGCGGCT
TAAGCTGCGG

CAARAAGGAAA
CGCTCATTTA
CTGGACTATC
CCGAACACCG
ACAATGGAGG
ATCGACGTGG
GATAAAAACA
CCTAATAATT
CAGTACTATT
GTACGTGAGG
CGATTTGATA
CAACAGAAAA
GAAATGAACC
GTCCCGCTGG
TTTATGTTTG
TGGTCGCTCT
GGCTGGAACA
GATGACAGGC
CAGCGGGCGA
AGGCAACTCA
AGTGGAAAAG
AGCAGAACAC
TGGTTTCACA
GATTCAGTGC
GTATATGGCG
ACGCTGGGTA
ACTCTCCCGG
GCGCCGCACA
TAA
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GTGAATATCC
AAGACACCAA
TGAAATCGCT
ATAACGGCTA
ATTTTGATAG
TCATTAACCA
ACCCTTATCG
ACCCCTCATT
TACACTATTT
ATCTTTACGC
CGGTGGCAAC
ATTTTGCTGA
GGAAAGTTCT
ATCGTTCGTC
ACCTCATTCG
CTCAGTTCCG
CGTTCTTCTT
CGCAATGGCG
CGCCGTTTAT
ACGAATTTGA
TCACGGCCAC
CTTTCCAGTG
TCAACCCAAA
TGAATTACTA
CCTATCAGGA
ACGAGCGTTA
CTAATGATGC
GCACATCCCT

TGCATGGTGG
TGATGATGGC
CGGTATTGAC
TGACATCAGT
CCTTGTTGCC
TACCAGTGAT
TGACTATTAT
TTTCGGCGGC
TGCCAGACAG
AATGCTCCGC
TTATTCCAAA
ACAATACACC
GTCCCGGTAT
GCAGTTTTTT
TCTCGATCGC
CCAGATCATC
AGATAACCAT
GGAGGCGTCG
TTATCAGGGT
CGACATCGAG
AGAGTTTCTC
GAATGACACC
CTATGTGGAG
TAAAAARAATG
TCTTAATCCA
TCTGGTCGTG
CATCGAGGAA
GTCATTGAGC

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1713
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D-Glucoza = Trehaluloza @ Isomaltuloza * Sucroza

Hinh 1
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