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(57) Sang ché lién quan dén ching ndm men c6 kha ning chuyén hoa xyloza va chéng

chiu axit va phuong phap thu duoc chung nay. Phuong phép theo sang ché bao gdm cac

budc:

- lai chung ndm men dugc luu gitr 6 CNCM dudi 5O hiéu luu gitr I-4538 voi chung nam
men duoc luu gitt & CNCM dudi s6 hi¢u luu gitr [-4627, d€ thu dugce it nhat mot the lai,

- chon it nhat mot thé lai c6 kha ning chuyén hoa xyloza va chdng chiu axit axetic.
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Linh vue ki thuit dwge dé cap

Sang ché lién quan dén cac ching nAm men c¢6 kha ning chuyén hoda xyloza
va dong thoi c6 kha nang chdng chiu it nhit mét chat Gc ché 1én men. Sang ché
cing lién quan dén phuong phép thu duoc céc ching nay, ndm men thu duoc tir
c4c chung nim men nay va phuong phép san xuat san phim 1én men sir dung nim
men néu trén trong moi trudong chira xyloza, tuy y voi su ¢6 mit cua it nhat mot

chat ¢ ché 1én men.

Tinh trang k¥ thuét ciia sing ché

Don sang ché quc té sé PCT/EP2011/071616 mb ta cac nAm men dung dé
san xuét ruou trong moi trudng chira it nhat mot pentoza, thong qua su biéu hién
con duong chuyén hoa XI-XDH (xyloza isomeraza- xylitol dehydrogenaza). Tai
lidu nay 1an dAu tién mo ta sy két hop cua biéu hién qué mirc hoat tinh cua xyloza
isomeraza (XI) v6i sy biéu hién qua muc hoat tinh cta xylitol dehydrogenaza
(XDH) va cho thy ring sy biéu hién qua muc hoat tinh cta xylitol dehydrogenaza
khién cho nd c6 thé ngin ngira su tc ché hoat tinh cua xyloza isomeraza boi
xylitol. Vi du, don sang ché quéc té s PCT/EP2011/071616 mb ta ching nim
men duoc luu gitt & Bao tang gidng vi sinh vét qubc gia (National Collection of
Microorganism Cultures - CNCM) ngay 05 thang 10 nim 2011, dudi sb hiéu luu
gifr [-4538.

Viéc san xudt rugu cong nghiép nhd ndm men tir cdc san pham thuy phan
lignoxenluloza can dén khéng chi bd may di truyén dé chuyén hod pentoza, ma
con can cac dac tinh ché)ng chiu cc chét e ché 1én men c6 mat trong cac chét
thuy phan lignoxenluloza nay.

Céc chat (rc ché 1én men duoc tao ra trong khi xtt Iy so bd va thuy phan sinh

khéi lignoxenluloza. Cac cht {rc ché trong s6 céc chét e ché nay 1a furaldehyt
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(furfural, HMF), c4c hop chat phenol va céc axit hitu co (axit axetic, axit levulinic,
axit formic).

Céc bién phép khéc nhau da duoc mé ta dé chong lai tac dong cia céc chit
Grc ché 1én men, trong sb céc bién phép do 1a khir doc moi truong 1én men, cai
thién qua trinh 1én men, hoac cai thién su chéng chiu chét trc ché 1én men ctia nAm
men.

Vi du, tinh chéng chiu chit c ché 1én men ctia ndm men duoc cai thién
bang cong nghé di truyén, bang cach tién hoa truc tiép hodc bang cach thich nghi
(Almeida and Hahn-Hégerdal, International Sugar Journal, 2009, Vol. 111, No.
1323).

Tuy nhién, dudng nhu kho tao ra dugc chiing nAm men cong nghiép sinh ra
nim men vira hiru hiéu dé san xuit ruou trong moi trudng 1én men chua it nhat
mdt pentoza, va vira chdng chiu it nhat mot chét e ché 1én men.

Do vay, ¢6 nhu cau thuc su dé tao ra cdc chung ndm men méi c¢6 kha nang
chuyén ho4 it nhat mot pentoza, vi du, xyloza, thdm chi véi su ¢ mit cta it nhat
mot chit e ché 1én men, nhu axit axetic, cac chung ndm men nay sinh ra nam
men hitu hiéu dé san xuit rugu, thim chi véi su c6 mit cua it nhat mot chat vc

ché 1én men.

Ban chat k§ thuit ciia sing ché

Muc dich thit nhét theo sang ché 1a dé xuét ching ndm men duoc luu gilt &
CNCM (Bao tang gidng vi sinh vat quéc gia) dudi s6 hiéu luu gitr [-4627.

Muc dich thtr hai theo sang ché 1 dé xuét phuong phép thu dugc chung
nam men c6 kha ning chuyén hoa xyloza va chéng chiu axit axetic, phuong phap
nay bao gdm cac budc:

- lai ching ndm men duoc luu gitt & CNCM (Béo tang gibng vi sinh vt
qubc gia) dudi sb hiéu luu gifr [-4538 voi chiing nim men dugc luu gitt § CNCM
dudi sé hiéu luu giit 4627, dé thu duoc it nhat mot thé lai,

- chon it nhat mot thé lai c6 kha nang chuyén hoa xyloza va chéng chiu axit

axetic.
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Muc dich thir ba ctia sang ché 13 d& xuét chung ndm men c6 kha nang
chuyén hod xyloza va chéng chiu axit axetic, ma c6 thé thu dugc nho phuong
phap nhu dugc xac dinh trén day.

Muc dich thtr tu ctia sang ché 1a dé xuat chiing ndm men thu dugc tir chiing
ndm men nhu duoc xac dinh trén day, khac biét & chd, ching nim men thu duoc
nay c6 kha nang chuyén hoa xyloza va chdng chiu axit axetic.

Muc dich tht ndm cta sang ché 13 d& xudt nAm men thu duoc bang cach
nudi cdy chung ndm men néu trén hodc bang cach nudi cdy ching nAm men thu
dugc nhu dugc xac dinh trén day.

Muc dich thir sau ctia sang ché 13 d& xuit phuong phép san xuét it nhat mot
san pham 1én men, phuong phép nay bao gébm buéc 1én men, trong diéu kién ky

khi, bang céch str dung nam men nhu néu trén.

MBS ta vin tit cic hinh vé

Fig.1 12 hinh v& thé hién luong etanol duoc tao ra (g/kg moi truong 1én men)
theo thoi gian (gio) trong méi truong 1én men YFGX-Ac, & 32°C, nhd ching ndm
men I-4538 (hinh thoi), chiing ndm men H1 (hinh vuéng), ching ndm men ED1
(hinh tam giéc), ching nAm men ED2 (hinh tron) va ching nAm men ED3 (hinh
chir thap).

Fig.2 12 hinh v& thé hién luong etanol duoc tao ra (g/kg moi truong 1€n men)
theo thdi gian (gi®) trong méi truong A, & 32°C, nho chiing nim men 1-4538 (hinh
thoi), chting ndm men ED1 (hinh tam giac) va ching ndm men ED2 (hinh tron).

Fig.3 12 hinh v& thé hién luong etanol duoc tao ra (g/kg méi trudng 1én men)
theo thoi gian (gi®) trong méi truong A, & 35°C, nho ching nim men 1-4538 (hinh
thoi), ching nim men ED1 (hinh tam giac), ching nAm men ED2 (hinh tron) va
ching ndm men ED3 (hinh chit thap).

Fig.4 12 hinh v& thé hién lugng etanol duoc tao ra (g/kg méi trudng 1én men)
theo thoi gian (gi®) trong moi truong B, & 35°C, nhé chiing nAm men I-4538 (hinh
thoi), chiing nAm men ED1 (hinh tam gi4c), ching ndm men ED2 (hinh tron) va
chting ndm men ED3 (hinh chit thép).
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M6 ta chi tiét sang ché
Cac dinh nghia

Thuét ngit “chiing ndm men” dung dé chi quan thé té bao nAm men tuong
d6i dong nhét.

Chung nam men thu duoc bang cach phan 14p mot dong, dong nay 1a quan
thé té bao thu duoc tir mot té bao nAm men.

Thuat nglt gen “ngoai sinh” dugc du dinh cé nghia la gen khong c¢6 mat
trong tu nhién trong ching ndm men cua céc loai dang dugc xem xét.

Thuat ngft gen “ndi sinh” dugc du dinh c6 nghia 1a gen c6 mat trong tu
nhién trong chiing nAm men cua cac loai dang dugc xem xét.

Xyloza isomeraza hogc XI (xylose isomerase) & ddy ding dé chi enzym c6
kha ning chuyén hod D-xyloza thanh D-xyluloza & mot buéc, va enzym nay tuong
ung voi lop EC 5.3.1.5.

Xylitol dehydrogenaza hodc XDH (xylitol dehydrogenase) & day dung dé
chi enzym c6é kha ning chuyén hoa xylitol thanh D-xyluloza & mét buéc, va
enzym nay tuong tmg véi lép EC 1.1.1.9.

Xyloza reductaza hoic XR (xylose reductase) & ddy dung dé chi enzym c6
kha ning chuyén hoa D-xyloza thanh xylitol & mét buédc, va enzym nay tuong
ung voi lop EC 1.1.1.307.

D-xylulokinaza (D-xylulokinase) hodic XKS & ddy dung dé chi enzym c6
kha ning chuyén hod D-xyluloza thanh D-xyluloza-5-phosphat & mot budc, va
enzym nay tuong tng véi 1ép EC 2.7.1.17.

Gen GRE3 mi hod enzym aldoza reductaza ma tuong Gng véi loai EC
1.1.1.21.

Gen RPE1 ma hod enzym D-ribuloza-5-phosphat 3-epimeraza ma tuong
ung voi lép EC 5.1.3.1.

Gen RKI1 m4 hoa enzym riboza-5-phosphat ketol-isomeraza ma tuong (g
voi lop EC 5.3.1.6.

Gen TKL1 ma hoa enzym transketolaza ma tuong tng véi 16p EC 2.2.1.1.

Gen TALI ma hod enzym transaldolaza ma tuong Ung véi 16p EC 2.2.1.2.
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Ching ndm men nguyén dudng 1a ching nim men c6 kha ning phat trién
trong moi truong tdi thiéu. Cu thé, ching nAm men nguyén dudng theo sang ché
c6 kha ning téng hop tit ca cc axit amin va bazo can thiét cho su sinh truéng
cua no.

Moi trudng tbi thiéu 1a méi truong chtra ngudn cacbon (C:H,0,), nguén
nito v6 co, ngudn kali, ngudn phospho, ngudn luu huynh, ngudn magié, ngudn
canxi, ngudn sét, ngudn cac nguyén té vi luong va nuée.

Vi du vé méi trudng tdi thiéu 13 moi truong YNB (Yeast Nitrogen Base-
nidm men nito bazo) cé ngudn cacbon (vi du, dudng) va ngudn nito vo co (vi du,
amoni sulfat) duoc bd sung vao.

Trong mdi lit méi truong YNB chtra: 2 pg biotin, 400 ug canxi pantothenat,
2 pg axit folic, 2000 pg inositol, 400 pg niaxin, 200 pg axit p-aminobenzoic,
400 pg pyridoxin hydroclorua, 200 pg riboflavin, 400 pg thiamin hydroclorua,
500 pg axit boric, 40 pug dong sulfat, 100 pg kali iodua, 200 ug sat (1I1) clorua,
400 pg mangan sulfat, 200 pg natri molypdenat, 400 pg k&m sulfat, 1 g kali
phosphat monobazo, 500 mg magie sulfat, 100 mg natri clorua, 100 mg canxi
clorua, 5 g/l nhém sulfat, d6 pH cudi cing la 5,4.

Cum tir “ching nim men thu duogc” dung dé chi chiing ndm men thu dugc
b1 mot hodc nhiéu bude lai va/hoac bﬁng cach dot bién va/hoac béng cach bién
nap gen.

Chiing ndm men thu duoc bing cach lai ¢6 thé thu duoc bang cach lai ching
nam men theo sang ché vdi ching ndm men twong tu, v&i mot ching ndm men
khac theo sang ché, hoidc véi ching ndm men khéc bt ky.

Chung nim men thu dugc biang cach dot bién c6 thé 1a ching nidm men c6
it nhat mot d6t bién tu phat trong bd gen ciia n6 hodc it nhat mot dot bién gdy ra
boi sy dot bién gen. (Cac) dot bién cta ching thu dugc co thé 12 hodc c6 thé khong
la cam.

Cum tir “dot bién gen” dung dé chi ca dot bién ngau nhién thu duoc bing

cach ing dung chiéu xa (vi du, chiéu xa tia cuc tim) hodc bang cach sir dung hoa
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chat gay dot bién, va ca dot bién bang cach ghép hodc dot bién thay ddi, bing cach
d6i vi tri hodc bing cach hop nhit mot manh ADN ngoai sinh.

Ching ndm men thu dugc bang cach bién déi gen 13 chung ndm men c6
trinh tu ADN dugc dua vao, tét hon néu trinh tu ADN nay duogc tao ra boi plasmit
hodc duoc hop nhét mot cach truc tiép vao bd gen.

Muc dich ctia sang ché 1a d& xuat ching nAm men c6 kha ning chuyén hoé
it nhat mot pentoza, cu thé 1a xyloza, ngay ca vdi su ¢c6 mat cua it nhét mot chat
Grc ché 1én men, nhu axit axetic.

Péi v6i muc dich cua sang ché, ching ndm men c6 kha ning chuyén hod
xyloza 14 chiing ndm men c6 kha ning tao ra etanol trong méi trudng chira xyloza,
duéi diéu kién ky khi.

Cu thé, chiing nim men c6 kha ning chuyén hoa xyloza 1a ching ndm men
c6 kha nang chuyén hoa xyloza thanh etanol, tiic 1a ¢6 kha ning 1én men xyloza.

Su chuyén hoé cua xyloza thanh etanol 13 két qua ctia su ddng phan hod
truc tiép hodc gian tiép xyloza thanh xyluloza, tiép theo 1a st dung xyluloza thu
duoc trong phan khong oxy hod ctia qua trinh tao pentoza phosphat.

D6i voi muc dich cua sang ché, ching ndm men c6 kha ning chuyén hoé
xyloza la ching ndm men chuyén hod dugc it nhét 13 70%, t6t hon 1a it nhét 1a
80%, tot hon nita 13 it nhét 13 90% xyloza thanh etanol trong 60 gidy trong moi
truong chtra 55 g glucoza va 45 g xyloza cho mdi kg moéi trudong 1én men, dudi
didu kién ky khi.

Tét hon, néu viéc cdy ching ndm men dugc ding dé do phan trim xyloza
duoc chuyén hod thanh etanol 14 0,25 g chét kho/kg cia méi truong 1én men.

Thoi gian 60 gid duoc tinh bt dau tir viée ciy ching ndm men vao moéi
truong 1€n men.

T6t hon, néu méi trudng 1én men dung dé do phan trim xyloza duoc chuyén
hoa thanh etanol 1a méi truong téng hop.

MBoi trudng tong hop 12 méi trudong cé thanh phan hoa hoc chinh xac da
biét.
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MGoi truong tong hop theo sang ché chira ngudn cacbon, ngudn nito, ngudn
phospho, va ca cac vitamin va khoang chét chu yéu cho sy sinh truéng cta ching
nidm men.

Theo mdt phuong 4n dugc uu tién, moi truong 1én men ding dé do phan
trim xyloza dwoc chuyén hod thanh etanol 12 méi truong tong hop YFGX chtra
55 g/kg glucoza, 45 g/kg xyloza, 10 g/kg dich chiét nAm men, 10 g/kg peton va
2000 phan triéu axit axetic, ¢ pH duoc diéu chinh dén 5 bang KOH.

Trong méi truong YFGX, axit axetic c6 mit véi ndng d6 2000 phan triéu &
d6 pH=5 ma khong c6 tac dung tic ché.
| T6t hon, néu su 1én men duoc thuc hién & nhiét do6 32°C, béng cach khqu
vua phai, vi dy, 90 vong/phut.

Viéc khudy vira phai dé khong bi oxy hoa.

Tét hon, néu dd pH cua moi truong duogc kiém soat, béng dung tich dém
gém cap axit/bazo chéng han, vi dy, dung tich dém chura axit axetic/axetat trong
moi truong YFGX.

Luong etanol c6 mat trong moi truong 1én men dugce do bé'lng phuong tién
thich hop bt ky ma nguoi cé hiéu biét trung binh trong linh vuc nay da biét.

Co6 thé tién hanh viée do truc tiép lugng etanol da dugc tao ra hodc do gian

tiép qua thong s6 lién quan t6i viéc tao ra etanol, nhu khéi luvong hao hut.
Vi duy, lugng ruou duoc tao ra c6 thé do duoc nhd phép sic ky, cu thé 1a HPLC
(Séc ky léng hiéu ning cao - High Performance Liquid Chromatography), kit
enzym (vi du, kit phan tich etanol ctia Boehringer), hodc phén tich bing cach sir
dung kali dicromat.

Lugng xyloza c6 mit trong mdi truong 1én men do dugc bing phuong tién
thich hop bat ky ma ngudi c6 hiéu biét trung binh trong linh vuc nay da biét, tét
hon 13 bang phép sic ky, cu thé 1a HPLC.

Viéc str dung méi truong 1én men chira ca glucoza va xyloza khién cho c6
thé danh gia su chuyén hoa cta xyloza thanh etanol biang cach sir dung lugng sinh

khoi c6 thé so sanh dugc doi véi cac ching nam men khac nhau dugc danh gia.
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Thuc vay, ching ndm men nay trude tién 1én men glucoza cia hdn hop glucoza
va xyloza, va sau do 1én men glucoza va xyloza.

Kha nang chuyén hoa xyloza véi su c6 mit ciia it nhat mot chat e ché 1én
men dugc mo ta dudi dang tinh chéng chiu chét Gc ché 1én men néu trén.

Trong pham vi ctia sang ché, t6t hon néu chat &rc ché 1én men 14 axit axetic.
Axit axetic & dang khong ion ho4, bat dau tir néng do nhat dinh, c6 tén 13 ndng do
doc hai, 1a nguyén nhan sinh ra doc t6 va do do giy ra tac dung trc ché cua né.

Vi du, néng do axit axetic la 4000 phén triéu & do pH=4,4 1a néng do doc
hai ddi vdi cac chiing khong chdng chiu axit axetic, nhu ching ndm men I1-4538.

Trong khi sur 1én men xay ra dudi diéu kién ky khi, thi tic dung trc ché dan
dén két qua cu thé 1a 1am cham su bét dau chuyén ho4 dudng thanh sinh khéi va
thanh etanol.

Su chéng chiu axit axetic do dugc & day dbi vé6i thoi gian lam cham sy bat
dau chuyén hod cua dudng thanh etanol, tirc 1a d6i vé6i thoi gian lam cham sy bt
dau 1én men ruou.

Dudng cong 1én men ctia ruou thé hién luong rugu duge tao ra néi chung
dué6i dang ham s6 cta thoi gian bao gém ba giai doan:

- giai doan tiém an, trong d6 khéng tao ra etanol,

- giai doan tao ra ruou, va

- giai doan binh on, tuong Uing v6i viée két thuc su 1én men.

Thoi gian lam cham su bt dau 1én men rugu ¢ day tuong Ung voi truc X &
vi trf ban dau cla duong biéu thi dao ham cuc dai cua tde do tao ra rugu.

Mot cach don gian hon, thoi gian 1am cham sy bit dau 1én men ruou & day
tuong tmg véi truc x ¢ vi tri bat dau ctia dudng tuong tmg véi do nghiéng cia giai
doan tao ra rugu.

Chung nim men chéng chiu axit axetic dugc xac dinh ¢ day la chung nam
men c6 thoi gian 1am cham su bat dau 1én men rugu nhé hon 30 gio, tot hon la
ngan hon 29 gio, tot hon nita 13 ngin hon 28 gid, trong moi truong 1én men chira

4000 phan triéu axit axetic & d6 pH=4,4.
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Tét hon, néu méi truong 1én men duoc ding dé danh gia tinh chéng chiu
axit axetic 13 méi truong tong hop, tét hon nita 1a moi truong YFAc.

Thanh phan ciia méi truong YFAc 1a nhu sau: 150 g/kg glucoza, 5 g/kg
dich chiét tir nAm men, 4,7 g/kg DAP (diamoni phosphat), 11,5 g/kg axit xitric,
4 g/kg axit axetic, 13,5 g/kg natri xitrat, 1 ml/kg Tween 80, 2 ml/kg ZnSO, (&
ndng d6 10,6 g/1), 2,5 ml/kg MgSO,.7H,0 (6 ndng dé 400 g/), 1 ml/kg thiamin
(6 nong do 18,24 g/l), 1 ml/kg pyridoxin (6 ndng d6 5,28 g/l), 1 ml/kg biotin (&
ndng dé 1,76 g/1), 1 ml/kg pantothenat (6 ndng d6 3,8 g/1), 2,5 ml/kg axit nicotinic
(6 ndng do 8 g/l), 1 ml/kg mesoinositol (& ndng dd 50 g/l), 1 ml/kg riboflavin (&
noéng d6 1 g/l), 1 ml/kg para-aminobenzoat (¢ nong d6 1,2 g/1), do pH duoc diéu
chinh t6i 4,4 bang KOH.

Tét hon, néu viéc ciy bing ching nim men dugc dung dé danh gia tinh
chéng chiu axit 13 0,25 g chét kho/kg méi truong 1én men.

Thoi gian t = 0 cua duong cong lén men ruou tuong Uing vai thoi gian ma
chtng nim men duoc ciy vao mdi truong 1én men.

Tét hon, néu sy 1én men ruou dugc tién hanh trong diéu kién ky khi, & nhiét
do 32°C va véi viéc khuéy vura phai, vi du, 90 vong/phut.

Viéc khudy vira phai la dé khéng bi oxy hoa.

T4t hon, néu do pH cua moéi truong dugc kiém soat, béng dung tich dém
chtra cap axit/bazo chéng han, vi dy, dung tich dém chtra axit axetic/axetat trong
moi truong YFAc.

Trong méi trudng 1én men YFAc, ching ndm men khéng chdng chiu axit
axetic c6 thé ¢6 thoi gian lam cham su bt diu 1én men ruou it nhit 13 40 gio.

Céc tac gia sang ché di ¢b ging dé thu duoc chiing ndm men c6 kha ning
chuyén ho4 xyloza, ngay ca vé6i sy ¢6 mit cla axit axetic, bat dau tir ching nim
men hitu hiéu theo chuyén ho4 xyloza thanh etanol.

Chung ndm men nay 13 hiru hiéu theo khai niém chuyén hoa xyloza thanh
etanol, duoc chon lam chung géc nham truyén cho no dac tinh chiu axit axetic, la
ching nim men [-4538 duoc luu gilt theo Hiép udc Budapest ngay 05 thang 10
nim2011, tai CNCM (Bao tang gidng vi sinh vét qubc gia - National Collection
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of Microorganism Cultures), 25, rue du Docteur Roux, 75724 Paris cedex 15,

Phap.

Chung ndm men 1-4538 chuyén hod it nhat 90% xyloza thanh etanol trong

60 gio trong moi truong lén men YFGX chta 55 g glucoza va 45 g xyloza cho

moi kg moi trudng nay.

Tuy nhién, ching ndm men I-4538 dic biét nhay vdi axit axetic; n6 ¢o6 thoi

gian lam cham sy bat dau Ién men rugu it nhat la 40 gio trong méi truong 1én men

YFAc chtta 4000 phan triéu axit axetic & 4o pH=4,4.

Chung nim men [-4538 14 ching Saccharomyces cerevisiae thu dugc bang

cach tién ho4 truc tiép tir ching nam men dugc bién doi gen bang cach:

chén it nhat mot ban sao gen ngoai sinh mi hod xyloza isomeraza (XI) cia
ching Clostridium phytofermentans, duéi su kiém soét ctia gen khéi dau
pADHI va gen két thuc CYCI,

chén it nhit mot ban sao gen ngoai sinh ma hod xylitol dehydrogenaza
(XDH) cua chung Pichia stipitis, dudi su kiém soét ciia gen khéi dau
pADH1 va gen két thuc CYCI,

it nhat mot ban sao cia gen ndi sinh TAL1 duoc dit dudi su kiém soét ciia
gen khéi dau pPGK1,

it nhat mot ban sao cta gen ndi sinh TKL1 duoc dat dudi su kiém sodt cia
gen khoi dau pTDH3,

it nhat mot ban sao cua gen nodi sinh RPE1 duoc dit dudi sy kiém soét cta
gen khéi dau pTDH3,

it nhit mot ban sao cia gen nodi sinh RKI1 duoc dit duédi su kiém soat cua
gen khoi dau pTDH3,

chén it nhat mot ban sao gen ndi sinh ma hoa xylulokinaza (XKS1), dudi
su kiém soat ctia gen khéi diu pADH1 va gen két thuc CYC1, va

1am mét doan it nhat mot ban sao khung doc mé cua gen ndi sinh GRE3 ma
ho4 aldoza reductaza.

Ching ndm men I-4538 khong c6 bt ky gen danh dau chon loc sét ndo ca.
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Ching ndm men 1-4538 khéng chita gen ma hoa gen ngoai sinh gbc XR,
hodc gen araA, araB hodc gen AraD.

Gen ngoai sinh md hoa xyloza isomeraza (XI) cua chung Clostridium
phytofermentans 13 gen cua trinh tu duoc t6i uu hod dugc thé hién trong SEQ ID
NO: 3 duge mo ta trong DE102008031350.

Gen ngoai sinh ma hod xylitol dehydrogenaza (XDH) cta chung Pichia
stipitis 14 gen cta trinh tu tham chiéu X55392.1 trong ngén hang Gen.

Céc gen khoi ddu pADHI, pPGK1 va pTDH3 1a gen khoi dau cia ching
Saccharomyces cerevisiae.

Gen két thuc CYCI1 1a gen khéi dau cua ching Saccharomyces cerevisiae.

Ching ndm men I-4538 13 chung nidm men cong nghiép thé boi khong
chinh.

Chung nim men I-4538 14 chung ndm men thé nguyén dudng.

Pé tao ra dic tinh chdng chiu axit axetic cho chung nim men I-4538, nhung
hau nhu khéng 1am cai bién kha niang chuyén hoa xyloza clia né, cac tic gia sang
ché da chon viéc sir dung k¥ thuét lai chung.

Theo sy hiéu biét cia cac tic gia sang ché, day 1a 1an dau tién k¥ thuét lai
duogc st dung dé cai thién chung ndm men thé boi khong chinh duoc bién d6i gen.

Thuc vay, ngudi c6 hiéu biét trung binh trong linh vuc nay khéng thé thoat
nhin ma c6 thé st dung k¥ thuét lai, khi chting nim men géc:

- chira khong it hon tim cai bién di truyén ma trude hét phai duoc chuyén
véo thé phan ly da dugc chon,

- 1a ching nim men thé bdi khong chinh va c6 cac van dé vé su phan ly khi
khong c6 mat tinh [udng boi nghiém ngat, va

- d4 trai qua budc dot bién trong pham vi tién hod truc tiép, c6 thé 1a nguyén
nhan gy khé khan cho viéc lai, cu thé 13 trong trudng hop chuyén doan
nhiém séc thé do vén dé nady mam gay ra.

Viéc lai nhu vay duoc tién hanh gitra ching ndm men I-4538 va cac chung
nim men chéng chiu axit axetic va khong bi bién doi gen, tuc 1a khong c6 bo may

di truyén can thiét doi véi sy 1én men xyloza.

-12-



23900

Céc chung ndm men chéng chiu axit axetic, dugc dung cho viéc lai, c6 thoi
gian 1am cham su bit dau 1én men rugu ngin hon 14 gid trong méi trudng 1én
men YFAc.

Céc két qua lai 1a khong thuyét phuc: trong khi dic tinh chiu axit axetic
duoc chuyén thuc su cho céac thé lai, thi cc thé lai lai khong hitu hiéu so véi
ching ndm men gbc [-4538 dé chuyén hoa xyloza thanh etanol.

Trong diéu kién t6t nhat, cac thé lai thu duoc chuyén hod 40% xyloza thanh
etanol trong 60 gio trong moéi truong 1én men YFGX chura 55 g glucoza va 45 g
xyloza cho mdi kg moi truong nay.

Céc tac gia sang ché da cb gang dé cai thién kha ning 1én men xyloza cla
céc thé lai bang cach tién hod truc tiép, nhung khong cé su thanh cong thém nfra.

Do d6, cac tac gia sang ché dd ching minh duoc rang, dé chuyén dic tinh
chiu axit axetic bang cach lai, ma khong lam mét kha ning chuyén hoé xyloza
mat cach hitu hiéu, thi diéu can thiét 13 lai ching nAm men 1-4538 v6i ching ndm
men chdng chiu axit axetic c6 nén di truyén gidng nhau, tirc 14 ciing c6 bd may di
truyén dé chuyén hoa xyloza, nhung khong nhét thiét 13 hiru hiéu theo chuyén hod
xyloza.

Chung nam men duoc st dung vira chdng chiu axit axetic vira ¢6 bd may
di truyén dé chuyén hod xyloza, 14 ching Saccharomyces cerevisiae duoc luu gitt
duéi s6 hiéu luu gitt 1-4627 theo Hiép udc Budapest ngay 24 thang 05 nam 2012,
vo1 CNCM (National Collection of Microorganism Cultures), 25, rue du Docteur
Roux, 75724 Paris cedex 15, Phép.

Do vy, bang céch lai chung ndm men I-4538 véi chung ndm men 1-4627,
céc tac gia sang ché di thu duoc chung ndm men hiru hiéu dbi véi ca viée chuyén
hoa xyloza 14n chdng chiu axit axetic.

Do d6, muc dich cia sang ché 1a dé xuét ching ndm men duoc luu gitt &
CNCM duéi s hiéu luu gitt [-4627.

Chung I-4627 tao ra mét trong s6 hai ching gdc dé thu duoc cac ching nim

men theo sang cheé.
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Chung nidm men I-4627 1a ching ndm men méi, thu duoc bing phuong

phép ban dau lai chung nim men thé bdi khéng chinh chéng chiu axit axetic va

khong bi bién doi gen, vdi ching nam men thé bdi khong chinh duoc bién doéi

gen.

Do vay, chung ndm men 1-4627 thu dugc theo cach sau:

- chon ching ndm men chong chiu axit axetic, tic 1a ching nam men c6 thoi

gian lam cham sy bat dau 1én men rugu ngan hon 14 gid trong moi truong

lén men YFAc,

- chon ching ndm men dugc bién d6i gen bang cach:

O

chén it nhit mot ban sao gen ngoai sinh ma hod xyloza isomeraza
(XI) chung Clostridium phytofermentans, dudi su kiém soat ciia gen
khoi dau pADHI va gen két thuc CYCI,

chén it nhit moét ban sao gen ngoai sinh mi hod xylitol
dehydrogenaza (XDH) chung Pichia stipitis, dudi su kiém soat cla
gen khéi dau pADH]1 va gen két thic CYCI,

dat it nhat mot ban sao gen nodi sinh TALT duéi su kiém soét cua gen
khoi dau pPGK1,

dat it nhat mot ban sao gen noi sinh TKL1 dudi sy kiém soét cua gen
khoi dau pTDH3,

dat it nhat mot ban sao gen ndi sinh RPE1 dudi su kiém soat cia gen
khéi dau pTDH3,

dit it nhat mot ban sao gen ndi sinh RKI1 dudi su kiém soét cta gen
khéi dau pTDH3,

16ng it nhit mot ban sao gen ndi sinh ma hod xylulokinaza (XKS1)
dudi su kiém soat ctia gen khdi dau pADHI va gen két thiic CYCI,
va

lam méAt doan it nhit mot ban sao khung doc md cua gen ndi sinh

GRE3 mi hoa aldoza reductaza,

- lai ching ndm men chong chiu axit axetic néu trén v4i ching nam men bi

bién doi gen néu trén, dé€ thu dugc thé lai,
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- tién ho4 truc tiép thé lai néu trén, dé thu duoc ching ndm men 1-4627.

Chuing ndm men [-4627 chira it nhat mot ban sao gen ngoai sinh ma hod
xyloza isomeraza (XI) cia ching Clostridium phytofermentans, duéi su kiém soét
ctia gen khoi dau pADH1 va gen két thuc CYC], it nhit mot ban sao gen ngoai
sinh ma ho4 xylitol dehydrogenaza (XDH) ctia chiing Pichia stipitis, du6i su kiém
soét clia gen khdi diu pADH1 va gen két thiic CYCI, it nh4t mot ban sao gen nodi
sinh TAL1 dugc dat dudi su kiém soat ctia gen khéi dau pPGK 1, it nhat mot ban
sao gen noi sinh TKL1 duoc dat dudi su kiém soat cua gen khoi dau pTDH3, it
nhét mét ban sao gen ndi sinh RPE1 duoc dat duédi su kiém soét cia gen khaoi dau
pTDH3, it nhat mét ban sao gen ndi sinh RKI1 duoc dat duéi su kiém soat cta
gen khoi dau pTDH3, it nhat mot ban sao gen noi sinh ma hoa xylulokinaza
(XKS1) duéi su kiém soét ciia gen khéi dau pADHI va gen két thuc CYC1, va it
nhét mét ban sao khung doc md cua gen ndi sinh GRE3 mi ho4 aldoza reductaza
d4 bi lam mat doan.

Péi v6i ching nim men I-4538, gen ngoai sinh ma hod xyloza isomeraza
(XI) ctia chiing Clostridium phytofermentans 13 gen cia trinh tu duoc t6i wu hod
duoc thé hién trong SEQ ID NO: 3 dugc mb ta trong DE102008031350 va gen
ngoai sinh ma hoa xylitol dehydrogenaza (XDH) cua ching Pichia stipitis 1a gen
clia trinh ty tham chiéu X55392.1 trong ngan hang Gen.

Chuing nidm men [-4627 khéng c6 bat ky gen danh diu chon loc sét nao ca.

Chung nidm men [-4627 khéng chira gen ma hoa XR c6 gbc ngoai sinh,
hoéé gen araA, araB hodc gen AraD.

Chung ndm men I-4627 14 ching nAm men cong nghiép va 1a thé boi khéng
chinh.

Chiing ndm men 1-4627 14 ching nAm men thé nguyén dudng.

Tinh chéng chiu axit axetic cta ching nim men 1-4627 kém hon so véi
ching nim men gdc chéng chiu axit axetic ding dé lai, nhung tinh chéng chiu
axit axetic clla n6 16n t6i mirc chip nhén dugc dé 4p dung trong cong nghiép.

Do vay, chung ndm men 1-4627 ¢6 thoi gian 1am cham su bat dau 1én men

ruou ngan hon 20 gio trong mdi trudng 1én men YFAc.
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Veé tinh hiéu qua ddi véi xyloza, ching ndm men I1-4627 chuyén hoa dugc
gin 60% xyloza thanh etanol, du6i didu kién ky khi, trong 60 gio, trong moi
truong 1én men YFGX chtra 55 g glucoza va 45 g xyloza cho mdi kg ciia moi
truong nay.

Do vay, chung ndm men [-4627 1a ching ndm men géc co tinh chiu axit
axetic va c6 bo méy di truyén dé chuyén hoa xyloza, nhung khoéng c6 kha nang
chuyén ho4 xyloza dbi véi cac muc dich cua sang ché, tic 1 ching ndm men nay
1a khéng thich hop ddi véi viée st dung & quy mé cong nghiép dé san xuét etanol.

Do d6, c4c tac gia sang ché da lai chung nAm men 1-4538 véi ching nim
men I-4627, @ thu duoc chung ndm men c6 kha nang chuyén hoa xyloza va chéng
chiu axit axetic.

Do d6, muc dich ciia sang ché 1 d& xuit phuong phép thu ching nim men
c6 kha niang chuyén hoa xyloza va chdng chiu axit axetic, phuong phap nay bao
gbm céc budc:

- lai chiing ndm men dugc luu gitt & CNCM duéi s6 hiéu luu gift [-4538 voi
chung nim men duoc luu gitt & CNCM dudi s6 hiéu luu gilt 1-4627, dé thu
duoc it nhat mot thé lai,

- chon it nhat mét thé lai c6 kha nang chuyén hoa xyloza va chdng chiu axit
axetic, dé thu duoc ching ndm men c6 kha ning chuyén hoé xyloza va
chéng chiu axit axetic.

Nhu d& dugc xé4c dinh trén day, ching ndm men c6 kha ning chuyén hod
xyloza va chong chiu axit axetic theo sang ché c6 céc dic tinh sau:

- chuyén hoa dugc it nhit 70%, tot hon 1 it nhit 80%, t6t hon nita 13 it nhat
90% xyloza thanh etanol trong 60 gi¢ trong moi truong 1én men YFGX
chira 55 g glucoza va 45 g xyloza cho méi kg ctia moi trudong 1én men, dudi
diéu kién ky khi, va

- ¢6 thoi gian 1am cham sy bat dau 1én men ruou ngén hon 30 gid, tdt hon 12
ngan hon 29 gid, tot hon nita 1 ngén hon 28 gi0, trong moi truong 1én men

YFAc chira 4000 ph?xn triéu axit axetic & do pH=4,4.
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Budc lai duge tién hanh theo cac k¥ thuét thong thudng, nhu k§ thuat duoc
trinh bay trong chuong 7, “Sporulation and Hybridization of Yeast” cia R.R.
Fowell, sach tham khao “The Yeasts”, volume 1, edited by A.H. Rose and J. S.
Harrison, 1969 - Academic Press.

Pé cai thién tinh hiéu qua ctia phuong phap nhim thu duge ching ndm men
theo sang ché, dic biét c6 loi néu chon trong s6 cac thé phan ly thu duoc tir ching
nam men 1-4538 va/hoic trong sb cac thé phan ly thu duge tir chiing ndm men I-
4627.

Tét hon, néu cac thé phan ly cia ching ndm men 1-4538 duoc si dung dé
lai duoc chon dua vao kha nang chuyén hoa xyloza cia chung.

Céc thé phén ly cia chiing nAm men 1-4627 duoc st dung dé lai duoc chon
dwa vao tinh chéng chiu axit axetic ctia chung.

Do vay, muc dich ctia sang ché 1a dé xuit phuong phap nhu duoc xac dinh
trén day, khac biét & chd, budc lai bao gém cac viéc sau:

- tao thanh bao ti cua ching ndm men duoc luu gilt ¢ CNCM dudi s6 hiéu
luu giir 1-4538, dé thu dugc it nhat mot thé phan ly X,

- tuy y danh gi4 su chuyén hoa xyloza thanh etanol bi it nhat mot thé phan
ly X,

- tao thanh bao tr cua chung ndm men duoc luu gitt & CNCM duéi s6 hiéu
Iwu giit 1-4627, dé thu duoc it nhat mot thé phan ly Y,

- tuy y danh gia tinh chdng chiu axit axetic ciia it nhit mot thé phan ly Y,

- lai it nhat mot thé phan ly X v&i it nhat mét thé phan ly Y, thé phan ly X
nay c6 kha ning chuyén hoé xyloza thanh etanol va/hoic thé phan ly Y néu
trén c6 tinh chiu axit axetic, dé thu duoc it nhit mot thé lai.

Céc budc tao thanh bao tir, danh gid su chuyén hod xyloza thanh etanol va
danh gi4 tinh chng chiu axit axetic c6 thé duoc thuc hién theo thir tu mong mudn
bat ky, mién 13 su tao thanh bao tir cia chiing ndm men nhét dinh duoc thuc hién
trude khi danh gia cac thé phén ly ca né.

Vi du, muc dich ctia sang ché 13 d& xuat phuong phap nhu duge x4c dinh

trén day, khac biét & cho, budce lai néu trén bao gom cac viéc sau:
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- hinh thanh bao tr clia chting nAm men dugc luu gitt & CNCM duéi sb hidu
Iwu gitr 1-4538, dé thu duoc it nhat mot thé phan ly X,

- tuy y do phin trim xyloza dugc chuyén hoé thanh etanol béi it nhét mot
thé phéan ly X, duéi diéu kién ky khi, trong 60 gio trong mdi truong 1én men
chtra 55 g glucoza va 45 g xyloza cho méi kg clia méi trudng néu trén,

- tao thanh bo tir ciia ching nidm men dugc luu gitt & CNCM duéi sb hidu
Iwu gitr [-4627, dé thu duoc it nhit mot thé phan ly Y,

- tuy y do thoi gian lam chdm su bt dau 1én men ruou cta it nhit mot thé
phén ly Y trong méi trudng 1én men chira 4000 phan tridu axit axetic & do
pH=4,4,

- lai it nh4t mot thé phan ly X véi it nhat mét thé phan ly Y, thé phan ly X
nay chuyén hod 60% xyloza thanh etanol trong 60 gio va/hodc thé phén ly
Y c6 thoi gian lam chdm su bat dau 1én men ruou ngén hon 30 gio, dé thu
duoc it nhat mot thé lai.

Céc budc tao thanh bao tir, do phan trim xyloza duoc chuyén hod thanh
etanol va do thoi gian 1am cham sy bat dau 1én men rugu cé thé duogc thuc hién
theo thir tw mong muén bat ky, mién 1a sy tao thanh bao t cta chung ndm men
nhét dinh dugce thuc hién trude khi do thong sd lua chon dé ap dung cho cac thé
phéan ly cua ching nay.

Tét hon, néu viée cy dung dé do phan trim xyloza dugc chuyén ho4 thanh
etanol béi it nhat mot thé phén ly ctia ching ndm men 1-4538 120,25 g chat kho/kg
moi truong 1én men.

T6t hon, néu méi truong 1én men duge dung dé do phan trim xyloza duoc
chuyén hoa thanh etanol béi it nhat mot thé phén ly cua ching nidm men 1-4538
la méi truong 1én men YFGX.

Céc thé phan ly clia ching ndm men 1-4538 trong tu nhién kém hiéu qua
hon chiing gbc thé boi khong chinh theo chuyén hoa xyloza. Do véy, viéc chon
tiéu chuan dé 4p dung d6i véi su chuyén hoa xyloza thanh etanol khéng doi hoi

so v6i1 kha nang ctuia ching nam men goc 1-4538.
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Do d6, theo mét phuong an c6 loi, thé phan ly cta ching nAm men 1-4538
dugc chon, trong diéu kién ky khi, néu no chuyén hod dugc it nhat 60% xyloza
thanh etanol trong 60 gi¢ trong mai truong [én men chia 55 g glucoza va 45 g
xyloza cho mdi kg ctia mdi truong nay, tot hon 14 it nhit 65% xyloza, tham chi t6t
hon nita 1a it nhat 70% xyloza.

Pé t61 uu hoa khoang thoi gian ciia bude chon thé phén ly, c6 thé do muc
d6 chuyén hod xyloza thanh etanol béi céc thé phan ly cia chiing nAm men [-4538
trong khoang thoi gian ngén hon, trong khoang 48 gid chang han.

Do d6, theo mot phuong 4n c6 loi khac, thé phén ly ctia ching nAm men I-
4538 duogc chon, trong diéu kién ky khi, néu né chuyén hod duoc it nhat 60%
xyloza thanh etanol trong 48 gid trong moéi truong 1€n men chira 55 g glucoza va
45 g xyloza cho mdi kg ctia méi trudng nay, t6t hon 14 it nhat 65% xyloza, thim
chi tot hon nira 1 it nhat 70% xyloza.

Theo mét phuong an c6 loi, thé phan ly clia chung ndm men [-4627 dugc
chon néu né ¢ thoi gian lam cham su bt dau 1én men ruou ngén hon 30 gio, tbt
hon 1 ngén hon 29 gio, tét hon nita 14 ngén hon 28 gid, trong moi truong 1én men
chtra 4000 phﬁn triéu axit axetic & do pH=4.4.

Tuy nhién, diéu ngac nhién 13 phan 16n cac thé phan ly cta ching ndm men
1-4627 chdng chiu axit axetic tbt hon chung ndm men gbc 1-4627, tirc 1a thoi gian
13m cham sy bt dau 1én men ruou ciia chung ngén hon so vdéi ching ndm men
gbe [-4627.

Do d6, tét hon néu tiéu chuan lua chon 4p dung lién quan dén tinh chéng
chiu axit axetic la khét khe hon.

Do vy, theo mot phuong 4n dic biét c6 lgi, thé phan ly cta chung ndm
men 1-4627 dugc chon néu nd cé thoi gian lam cham sy bat dAu 1én men rugu
ngan hon 25 gid, tot hon 14 ngén hon 20 gid.

Tét hon, néu mai truong 1én men dugc st dung dé do thoi gian lam cham
su bat ddu 1én men ruou cia it nhat mot thé phén ly cua ching ndm men 1-4627

la moi truong lén men YFAc.
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T6t hon, néu viéc céy duoc st dung dé do thoi gian lam cham su bat dau
lén men ruou cla it nhat moét thé phan ly ctia ching nAm men 1-4627 13 0,25 g
chét kho/kg ctia méi trudng 1én men.

Céc thé phan ly ciia chiing ndm men I-4627 c6 thé ciing dugc chon theo kha
néngChuyénhoéxykmathaﬂldanolcﬁachﬁng

Tuy nhién, diéu ngac nhién 1a cac thé lai tot nhat thu duogc bang cach st
dungcécthéphénlycﬁachﬁngnﬁn1nux1L4627chonduqcchiduavéoﬁnhchéng
chiu axit axetic cua chung.

Tt hon, néu buée lai duge thuc hién véi:

- it nhat mot thé phén ly X chuyén hoé duoc it nhat 60% xyloza thanh etanol,
t6t hon 13 it nhat 65% xyloza, thdm chi tdt hon nita 12 it nhat 70% xyloza
trong 60 gid, tt hon 14 trong 48 gid, va

- it nhit mot thé phan ly Y c6 thoi gian lam chdm su bat diu 1én men ruou
ngan hon 30 gid, t6t hon 13 ngén hon 29 gio, t6t hon nira 1a ngén hon 28
gio, t6t hon nita 1a ngén hon 25 gi®, tham chi tét hon nita 12 ngén hon 20
gio.

Do db, céc thé lai thu dugc sau d6 duoc chon dua trén hai tiéu chuin: kha
néngchuyé1h0é>qdozavéthﬂ1chéngchhlaxﬁaxeﬁccﬁachﬁng.

Cu thé hon, muyc dich cta sang ché 1a d& xuét phuong phap nhu dugc xac
dinh trén day, khac biét & chd, budce chon it nhat mot thé lai cé kha ning chuyén
hoa xyloza va chéng chiu axit axetic néu trén bao gom céc viéc sau:

- do phan trim xyloza dugc chuyén hoa thanh etanol béi it nhat mot thé lai
dudi diéu kién ky khi trong 60 gid trong moi truong 1én men chira 55 g
glucoza va 45 g xyloza cho mdi kg ciia méi truong 1én men,

- do thoi gian 1am chdm su bét d4u 1én men rugu cla it nhit mot thé lai trong
mdi trudng 1én men chira 4000 phén triéu axit axetic & do pH=4,4,

- chon it nhat mét thé lai chuyén hod dugc it nhit 70%, t6t hon 1a it nhét 80%,
t6t hon nita 13 it nhit 90% xyloza thanh etanol trong 60 gid va c6 thoi gian
lam cham su bat dau 1én men rugu ngén hon 30 gid, tbt hon 1a ngin hon 29

gio, t6t hon nita 13 ngan hon 28 gio,
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dé thu dugc ching nim men c6 kha niang chuyén ho4 xyloza va chbng chiu

axit axetic.

Thi tu clia cac bude do phan trim xyloza dugc chuyén hod thanh etanol va
do thoi gian l[am cham sy bét dau 1én men ruou la khong quan trong; chiing cé thé
duoc tién hanh tir budce nay dén budc kia, theo mot chiéu hodc theo chiéu nguoc
lai, hodc trong cung mot thoi gian.

Céc diéu kién dé do phan trim chuyén ho4 cia xyloza thanh etanol va thoi
gian lam cham su bat dau 1én men ruou 13 nhu duoc x4c dinh trén day.

[N)dé,nmwcﬁchcuthécﬁaséngchélédéXuétphucngphépthuchﬁngnénl
men c6 kha ning chuyén hod xyloza va chdng chiu axit axetic, phuong phap nay
bao gdm céc budc:

- lai chiing nAm men duoc luu gitt & CNCM dudi sé hiéu luu gitt [-4538 voi
chung nim men duoc luu gitt & CNCM dudi sd hiéu luu gift [-4627, budc
lai nay bao gdém céc viéc sau:

o tao thanh bao tir cia chiing ndm men dugc luu gitt & CNCM dudi sb
hiéu luu gitt I-4538, dé thu duoc it nhit mot thé phan ly X,

o do phan trim xyloza dugc chuyén hoa thanh etanol béi it nhat mot
thé phan ly X trong 60 gio, t6t hon 1a trong 48 gio, trong moi truong
1én men chita 55 g glucoza va 45 g xyloza cho mdi kg ctia méi truong
nay,

o chon it nhat mot thé phan ly X chuyén hoa dugc it nhit 60% xyloza
thanh etanol trong 60 gid, t6t hon 14 trong 48 gid,

o tao thanh bao tir clia chiing nAm men dugc lru gitt & CNCM duéi sb
hiéu luu gitr 1-4627, dé thu duoc it nhat mot thé phan ly Y,

o do thoi gian 13m chdm su bit dau 1én men rugu béi it nhat mot thé
phan ly Y trong méi truong 1én men chira 4000 phan triéu axit axetic
0 do pH=4,4,

o chon it nhat mot thé phan ly Y c6 thoi gian 1am cham su bat du 1én

men ruou ngan hon 30 gio,
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- lai {t nh4t mot thé phan ly chuyén hoa duoc it nhat 60% xyloza thanh etanol
trong 60 gid, tot hon 13 trong 48 gid, vdi it nhat mot thé phan ly Y ¢o thoi
gian lam cham su bt dau 1én men ruou ngén hon 30 gio, dé thu duoc it
nhat mot thé lai,

- chon it nhat mot thé lai c¢6 kha ning chuyén’ hoa xyloza va chéng chiu axit
axetic, budc chon nay bao gém cac viéc sau:

o do phan trim xyloza dugc chuyén hod thanh etanol boi it nhat mot
thé lai, dudi diéu kién ky khi, trong 60 gid, trong méi truong 1én men
chtra 55 g glucoza va 45 g xyloza cho mdi kg ctia méi truong 1én
men,

o do thoi gian lam cham su bt dau 1én men ruou cla it nhét mot thé
lai trong méi trurdng 1én men chira 4000 phan triéu axit axetic ¢ do
pH=4,4,

o chon it nhat mot thé lai chuyén hoa duoc it nhat 70%, tot hon 13 it
nhat 80%, tot hon nita 13 it nhat 90% xyloza thanh etanol trong 60
gid va ¢6 thoi gian lam cham sy bt ddu [én men ruou ngén hon 30
gio, t6t hon 14 ngén hon 29 gio, t6t hon nita 1 ngén hon 28 giv,

dé thu duoc chiing ndm men c6 kha nang chuyén hoa xyloza va chéng chiu

axit axetic.

Nhu néu trén, thir tu cac viéc cua budc lai 1a khong quan trong, cling nhu
thit tu cdc viée ctia bude chon it nhat mot thé lai 1a khong quan trong.

T6t hon, néu buée lai duoc tién hanh gitra:

- {tnhat mot thé phan ly X chuyén hod duogc it nhat 60% xyloza thanh etanol,
tot hon 13 it nhat 65% xyloza, tham chi t6t hon nita 14 it nhat 70% xyloza,
trong 60 gid, t6t hon 12 trong 48 gio, va

- it nhat mot thé phan ly Y c6 thoi gian 1am chim su bit ddu 1én men ruou
nho hon 30 gio, t6t hon 13 ngén hon 29 gid, t6t hon nita 1a ngén hon 28 gio,
tham chi 6t hon nita 1a ngén hon 25 gid¢, tham chi con t5t hon nita 1a ngén
hon 20 gio.

Phuong phép theo sang ché tuy y ¢ thé bao gdm budc tién ho4 truc tiép.
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Theo mét phuong 4n c6 loi clia sang ché, bude tién hod truc tiép duoc tién
hanh trén thé lai khong dugc chon & bude chon theo phuong phép thu dugc chung
ndm men c6 khé ning chuyén hoa xyloza va chdng chiu axit axetic nhu duoc xac
dinh trén day, v6i v dinh nham khién cho thé lai néu trén c6 kha ning chuyén hoa
xyloza thanh etanol va/hozc khién cho né chéng chiu axit axetic.

Do vay, muc dich ctia sang ché 1 dé xudt phuong phap nhu duoc x4c dinh
trén day dé thu ching ndm men c6 kha ning chuyén hod xyloza va chéng chiu
axit axetic, phuong phap nay bao gdm cac budc:

- lai ching ndm men dugc Iuu gitt & CNCM dudi s6 hidu luu gift [-4538 véi
ching ndm men duoc luu gitt & CNCM duéi sb hiéu luu giir [-4627, dé thu
dugc it nhat mot thé lai,

- tién hoa truc tiép it nhat mot thé lai,

- chon it nh4t mét thé lai c6 kha ning chuyén hoa xyloza va chéng chiu axit
axetic, dé thu duoc ching ndm men cé kha ning chuyén hoa xyloza va
chdng chiu axit axetic.

Budc tién hod truc tiép bao gém cac viéc sau:

- géy dot bién, dé thu dugc cac thé dot bién, va

- nhan gibng cac thé dot bién nay, trong mdi truong tudn hoan, duéi didu
kién thiéu oxy, trong méi trudng nudi ciy chira xyloza va/hoic chét tic ché
1én men.

Dé don gian héa, cic thé dot bién thu duge & cudi bude tién hod truc tiép
van dugc md ta nhu céc thé lai.

Cum tir “dudi diéu kién thiéu oxy” c6 nghia 13 dudi didu kién khong du
OXy.

Su thiéu hut oxy ¢ day duoc x4c dinh bang phén trim oxy trong khong khi
nho hon 20%.

T6t hon, néu budce gy dot bién 1a gay dot bién “6n hod”, tic 1a thu dugc
bing céach cho cac té bao nAm men tiép xtic v6i birc xa tia cuc tim & budce song

254 nm c6 mat do nam trong khoang tir 100 dén 500 J/cm?, vi du, 300 J/cm?.
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Céc diéu kién nay khién cho ty 1& chét cua quan thé té bao chi nim trong
khoang tir 7% dén 16% do biic xa cua tia cuc tim.

Tyléchétduqcxécdhﬁlbéngcéd1dén1n6ng,Uén(ﬁach&arnéiuudngcé
ngudn cacbon 14 glucoza, thé tich huyén phtl té bao giéng nhau trude va sau khi
gy dot bién va bang cach so sanh véi sb quan thé sau 48 gid phat trién.

Viéc nhéan gidng cac thé dot bién trong méi trudng tudn hoan, dudi diéu
kién thiéu oxy, trong méi trudng nudi cdy chira xyloza va/hodc chét tc ché bao
génlcécbuéc;vidu:

a) nudi ciy quin thé té bao da qua dot bién, trong moi truong nudi cdy, co
khudy, dudi diéu kién thiéu oxy, t6t hon 13 & 32°C,
b) 14y mAu thé tich nudi ciy thu duge & bude a), vi du, mot ml, va ciy lai nd

vao mdi truong nudi cdy c6 thanh phan gibng nhu & budce a),

céc budc a) va b) duoc lap lai it nhat 3 14n, t6t hon 13 it nhét 4 14n, vi du, 6 13n,
7 1an hodc 8 Ian.

Néu chét rc ché 1én men c6 mit trong mdi truong nudi cay trong khi nhan
gidng céac thé dot bién, thi tét hon néu chat d6 1a axit axetic.

Theo mot phuong an duoc uu tién cia sang ché, viéc nhan gidng céc thé
d6t bién trong méi truong tudn hoan dudi diéu kién thidu oxy duoc thuc hién trong
moi trudong nudi cdy chira xyloza va khong chira axit axetic.

Vi du, méi truong nudi cdy dé nhan gibéng cac thé dot bién chira 7% xyloza.

Vi du vé& méi trudong nudi ciy dé nhan gidng cac thé dot bién 12 moi truong
YFX c6 thanh phan sau: 70 g/kg xyloza, 5 g/kg dich chiét tir nAm men, 4,7 g/kg
DAP (diamoni phosphat), 11,5 g/kg axit xitric, 13,5 g/kg natri xitrat, I ml/kg dung
dich Tween 80, 2 ml/kg ZnSO, (¢ ndng d6 10,6 g/1), 2,5 ml/kg MgSO4.7H,0 (6
nong d6 400 g/1), 1 ml/kg thiamin (6 nong d6 18,24 /1), 1 ml/kg pyridoxin (&
noéng d6 5,28 g/l), 1 ml/kg biotin (¢ ndng do 1,76 g/l), 1 ml/kg pantothenat (&
ndng d6 3,8 g/l), 2,5 ml/kg axit nicotinic (& ndng do 8 g/l), 1 ml/kg mesoinositol
(6 néng dd 50 g/l), 1 ml/kg riboflavin (¢ ndng do 1 g/l), 1 ml/kg para-
ammdmumuwn&gdéLZQ&d@m{&wcm&wMMMﬁn&4&mgKOH
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Vi duy, cac didu kién thiéu oxy thu dugc nhd 4p suét du riéng phan trong
thiét bi duoc st dung (vi duy, binh hoéc thung 1én men) do su qua ap xay ra sau su
san sinh CO, trong khi 1én men, va khong thong gio.

Tét hon, néu khoang thoi gian nuéi ciy & bude a) 1 sao cho toan bd xyloza
ctia méi trudng nay duge tiéu thu hét.

Vi du, khoang thoi gian nudi ciy nam trong khoang tir 1 tudn dén 48 gio.
S6 luong nudi cdy 1a khac nhau, vi dy, nim trong khoang tir 5 dén 20.

Theo mdt phuong an dugc wu tién, budc tién ho4 truc tiép bao gém viéc
chon céc thé dot bién cé hé ho hép.

Thé dot bién c6 hé ho hap 1a thé dot bién c6 kha ning nhan giéng duéi didu
kién chuyén héa oxy hoa.

Cu thé, thé dot bién c6 hé hd hap c6 kha nang nhén gidng, dudi didu kién
ua khi, & nhiét 6 30°C, trong moi truong chira glyxerol 1am ngudn cacbon duy
nhét, vi du, méi trudong chia 20 g/kg glyxerol, 5 g/kg amoni sulfat va 1,7 g/kg
mdi truong YNB, méi truong YNB cia Difco ching han.

Néu mdi trudng nudi cdy khéng chira chét e ché 18n men, thi viéc nhan
gidng trong moi trudng nudi cdy chira axit axetic ¢6 thé duoc thuc hién sau viéc
nudi cdy nhat dinh hoic mdi viée (cac viéc) trong moi truong tuan hoan, dé xac
nhan rang méi trudng ndy van con chia it nhat mot thé dot bién chdng chiu axit
axetic.

Tét hon, néu khoang thoi gian nhan gidng trong méi trudong nudi cdy chira
axit axetic dai hon 20 gio va ngén hon 75 gio.

Vi du, khoang thoi gian ciia viéc nhan giéng trong méi truong nudi ciy
chira axit axetic nam trong khoang tir 70 gi&r dén 75 gio.

Ciing c6 thé tién hanh budc chon cac thé dot bién co tde do sinh truong
thich hop, bang cach nubi cdy trong méi truong chira glucoza, vi dy, moéi truong
chira 20 g/l glucoza, va chon céc thé d6t bién co tde d6 sinh truéng thich hop.

Budc tién hod truc tiép c6 thé cling duoc thuc hién bé“mg cach su dung thé
lai dugc chon & cudi budce chon ciia quy trinh thu ching ndm men c6 kha nang

chuyén hod xyloza va chéng chiu axit axetic nhu dwoc xac dinh trén day, vi du,
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dé tiép tuc cai thién kha nang chuyén hoa xyloza va/hoac tinh chéng chiu axit
axetic cua no.

Muc dich cta sing ché con 1a d& xut chiing nAm men c6 kha nang chuyén
hoa xyloza va chéng chiu axit axetic, ching nim men nay c6 thé thu duoc nho
phuong phap nhu néu trén.

Chung nim men H1 nhu vy thu dugc nhd phuong phép thu dugc chung
niam men nhu néu trén (xem vi du 1).

Chung ndm men H1 chuyén ho4 it nhat 90% xyloza thanh etanol duéi diéu
kién ky khi trong 60 gid trong méi truong YFGX va c6 thoi gian 1am chim su bét
dAu 1én men ruou ngén hon 22 gid trong méi trudng 1én men YFAc.

Muc dich ctia sang ché con 13 d& xuit chung ndm men cu thé c6 kha nang
chuyén ho4 xyloza va chdng chiu axit axetic, thu dugc nhd phuong phép nhu néu
trén, chiing ndm men nay duoc chon tir chiing ndm men duoc luu gitt & CNCM
duéi s6 hiéu luu gitt I-4624, ching ndm men duogc luu gitt & CNCM duéi sé hiéu
luu gitt [-4625 va ching ndm men duoc luu gitt & CNCM dudi sd hiéu luu gifr I-
4626.

Céc chiing nam men [-4624, 1-4625 va [-4626 1a cac ching Saccharomyces
cerevisiae dugc luu gilt theo Hiép udc Budapest ngay 24 thang 05 nam 2012, &
CNCM, 25, rue du Docteur Roux, 75724 Paris cedex 15, Phép.

Chuing ndm men s I-4624 chuyén ho4 it nhat 90% xyloza thanh etanol dudi
diéu kién ky khi trong 60 gid trong méi trudng YEGX va c6 thoi gian lam cham
su bt dau 1én men ruou ngén hon 23 gid trong moéi truong 1én men YFAc.

Chuing ndm men s6 [-4625 chuyén hod it nhat 90% xyloza thanh etanol duéi
diéu kién ky khi trong 60 gio trong méi truong YFGX va cé thoi gian 1am cham
su bit dau 1én men ruou ngin hon 23 gid trong mdi trudng 1én men YFAC.

Chuing ndm men s6 I-4626 chuyén hod it nhat 90% xyloza thanh etanol dudi
didu kién ky khi trong 60 gid trong méi trudng YEFGX va c6 thoi gian 1am chim
su bat dau 1én men ruou ngin hon 27 gid trong méi truong 1én men YFAc.

Muc dich ctia sang ché con 13 d& xuét chiing ndm men thu duogc tir ching

nam men theo sang ché ma co6 cung cac tinh chat nay.
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Do véy, muc dich cta sang ché con 13 dé xuat ching ndm men thu duoc tir
ching ndm men theo sang ché, khac biét & chd, ching nim men thu dugc nay cé
kha ning chuyén hod xyloza va chéng chiu axit axetic.

Chung ndm men thu duoc 1a nhu duge xac dinh trén day trong phﬁn dinh
nghia.

Muc dich ctia sang ché con 1a d& xuit nAm men thu dugc bang cach nudi
cdy chung ndm men nhu néu trén hodc bang cich nubi ciy ching nAm men thu
duoc nhu néu trén.

Céc nidm men thu duoc bing cach nudi cdy chiing ndm men theo sang ché
hozc chiing nAm men thu dugc theo sang ché, cu thé nhu duoc moé ta trong “Yeast
Technology”, 2™ edition, 1991, G. Reed and T.W. Nagodawithana, nha xuat ban
Van Nostrand Reinhold, ISBN 0-442-31892-8.

N6i chung, viéc nhan gidng ndm men & quy mé cong nghiép bao gom it
nhat hai budc ciia quy trinh bao gdm céc bude sau:

- nhén giéng ching ndm men trong mét s giai doan, thir nhat duéi didu kién
ban ky khi va sau dé dudi diéu kién hiéu khi,

- tach bang cach ly tAm ndm men thu dugc ra khoi méi truong nubi ciy no,
sao cho thu dugc ndm men dang kem 16ng chira chat khé vé6i luong nim
trong khoang tir 12% dén 25%, hodc tham chi véi luong chét khé cao hon
néu nidm men dang kem duoc tron vdi cac san phém phéan giai tham thau,

- loc ndm men dang kem l6ng thu duoc, néi chung trong bé loc quay trong
chén khéng, sao cho thu duoc nim men tuoi kho chira chit kho véi lugng
nim trong khoang tir 26% dén 35%,

- trOn nAm men tuoi kho nay, sao cho thu dugc khéi déng nhét,

- ép nim men thu dugc, sao cho thu duoc:

o nim men ép ¢ dang banh nim men tuoi hodc nAm men cuc, chia
chat kho véi luong khoang 30%, hodc
o nim men €p 0 dang hat, noi chung 1a hat, néu nim men duge du dinh

dé duoc lam kho,
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- tuyy 13, lam khé theo cach tiét kiém, trong dong khong khi néng, bing cach
hoa 16ng chang han, cac hat nAm men thu duoc bang cach ép, dé thu duoc
nam men kho.

Tét hon, néu bude 1am kho 13 1am khd nhanh tiét kiém véi su c6 mat cua
chat nhil hod.

T?ongsécécchétnhﬁhoérnécéthédﬁqcs&dung(Sbuéclénlkhé,vidu,
c6 thé chon sorbitan monostearat & noéng do khoang 1,0% (theo khdi luong chét
kho) dé st dung.

Cécnénlnwntheoséngchécéthéduqcs&chug;édangcéthébétky.

Vi dy, muc dich cta sang ché 13 dé xuit nAm men nhu duoc xac dinh trén
day, khéac biét ¢ chd, ndm men nay & dang kem ciia nAm men ép, nAm men kho
hodc nAm men déng lanh sau.

N4m men theo sang ché c6 cac dic tinh tuong tur nhu chiing nAm men ma
tir d6 chiing thu duoc bang cach nudi ciy, cu thé 1a:

- nam men theo sang ché c6 kha nang chuyén hod xyloza, va

- nam men theo séang ché chdng chiu axit axetic.

NAm men theo sang ché dac biét co loi dé san xuit ruou cong nghiép, vi du,
duoc du dinh dé 1am nhién liéu sinh hoc hodc dung cho cong nghiép hoa hoc.

Muc dich ctia sang ché con 1a dé xuét phuong phép ding dé san xuat it nhét
1n©ts&nph&nlﬁlnmn,phuﬁngphépnéybaogénlbuéclénnmn,duéid@u&dém
ky khi, nho ndm men nhu duoc xé4c dinh trén day trong moi trudong 1én men.

San phém 1én men dugc chon mdt cach cu thé tir etanol, san phém trao doi
chét thu dugc tir etanol hodc san phim trao ddi chét thir cAp.

San pham lén men duoc wu tién theo sang ché 14 etanol.

Viéc tao ra etanol dugc thuc hién béng cach 1én men ruou.

Ngudi ¢ hiéu biét trung binh trong linh vuc nay biét cach lam thé nao xac
dinh diéu kién thich hop dbi véi viée 18n men ruou.

Dé lam vi du, c6 thé tham khao céc didu kién 1én men ruou dugc mo ta
trong “Yeast Technology”, 2" edition, 1991, G. Reed and T.W. Nagodawithana,
nha xuit ban Van Nostrand Reinhold, ISBN 0-442-31892-8.
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MBoi truong 1én men chira cac thanh phan sau: it nhat mét ngudn cacbon, it
nhit mét nguodn nito, it nhat mot ngudn luu huynh, it nhat mét ngudn phospho, it
nhit mét ngudn vitamin va/hodc it nhat mot ngudn khoang chét.

Nguén cacbon, vi dy, dugc tao ra & dang duong céd thé dugc tiéu hoa ngay
boi ndm men, pentoza nhu xyloza, glyxerol, etanol va/hodc hdn hop cua ching.

Tét hon, néu ngudn cacbon dugc tao ra béi duong c6 thé duoc tiéu hod
ngay béi ndm men, va béi xyloza.

Vi du, duong c6 thé dugc tiéu hod ngay béi nAm men 13 monosacarit ctia
glucoza, fructoza hoic loai galactoza, disacarit cta loai sucroza va/hodc hon hop
cua cac loai duong nay.

Nguén cacbon ¢6 thé duoc tao ra & dang xiro glucoza, xiro fructoza, mat
mia, mat sau ly tim c4p thip 2 (mat sau ly tdm cép thap thu duoc tir 1an két tinh
thr hai ctia duong), san pham thuy phan cua tit ca hodc mot phén vt liéu thuc
vat, va/hodc hon hop cua chung.

Nguén nito duoc tao ra ¢ dang, vi du, amoni sulfat, amoni hydroxit,
diamoni phosphat, amoniac, ure va/ho#c hon hop cia ching.

Nguén luu huynh, vi du, dugc tao ra & dang amoni sulfat, magie sulfat, axit
sulfuric va/hodc hon hop cuia ching.

Ngu@)n phospho, vi du, dugc tao ra & dang axit phosphoric, kali phosphat,
diamoni phosphat, monoamoni phosphat, va/ho#ic hdn hop cta chiing.

Nguén vitamin, vi du, dugc tao ra & dang mat mia, san phérn thuy phan nim
men, dung dich vitamin tinh ché hoac hon hop cac vitamin tinh ché, va/hoic hdn
hop cua ching.

Ngudn vitamin cung cip cho ndm men tAt ca cac vitamin véi lugng it nhat
twrong dwong v6i ndm men duoc khuyén cdo trong tai liéu tham khao. C6 thé két
hop mot s6 ngudn vitamin véi nhau.

Nguén khoang chét, vi du, dugc tao ra & dang mat mia, hon hop céc mubi

khoang, va/ho#ic hon hop cua chung.
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Nguén khoang chét cung cip cho nim men tit ca cac nguyén té va céc
nguyén t6 vi lugng véi luong it nhat tuong duong véi ndm men duoc khuyén céo
trong tai liéu tham khao. C6 thé két hop mot sé ngudn khodng chit véi nhau.

Cuing mot chét cé thé tao ra mot sb nguyén t6 khac nhau.

Cu thé, muc dich cua sang ché 1a dé xuét phuong phép nhu dugc xac dinh
trén day, dé san xuat it nhat mot san phdm 1én men, tét hon 14 etanol, phuong phap
nay bao gém budc 1én men, duéi didu kién ky khi, boi ndm men nhu dugc xé4c
dinh trén ddy trong moi truong 1én men chira xyloza va/hodc it nhat mot chét tc
ché 1én men.

Chét Gc ché 1én men, vi du, duoc chon tr nhom bao gém axit hitu co,
furfural, HMF (hydroxymetylfurfural), mét hodc nhiéu hop chét phenol, va ap
suat thdm théu.

Axit hitu co, vi du, dugc chon tir axit axetic, axit lactic, axit formic va axit
levulinic.

Theo mot phuong an duge wu tién, it nhat mot chat Ge ché 16n men néu trén
12 axit axetic.

Ap suét tham thAu co, vi du, trong san phélm thuy phan ctia tAt ca hodc mot
phﬁn vat liéu thuc vat. Sau do, ap suét thidm thAu sinh ra, cu thé 1a tr mudi duoc
tao ra trong phuong phap thu san pham thuy phén néu trén.

Moi truong 1én men 1a moi truong nhu dugc xac dinh trén day.

Tét hon, néu moi truong 1én men chia it nhét 0,2% xyloza, ty 1& phén trim
duoc thé hién theo khéi luong/khéi luong clia moi truong 1én men.

Mai truong 1én men duge uu tién chira xyloza véi lugng nam trong khoang
tir 2% dén 7%.

Theo modt phuong 4n dugc uu tién ctia sang ché, méi trudng 1én men cling
chtra duong c6 thé dugc tiéu hoa ngay béi nAm men, vi du, glucoza.

Vi du, méi truong 1én men c6 thé chia, xyloza véi luong nim trong khoang
tir 2% dén 7% va glucoza v6i lwong nidm trong khoang tir 0,5% dén 15%.

Theo mot phuong 4n dugc uu ti€n, moi truong 1én men chira xyloza,

glucoza va axit axetic.
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Cu thé, muc dich ciia sang ché 13 dé xuét phuong phéap nhu dugc xac dinh
trén day, dé san xudt it nhét mot san phém 1én men, t6t hon 13 etanol, khéc biét &
chd, méi truong 1én men ndy chira it nhat mot san pham thuy phan cua tit ca hodc
mét phan vat liéu thuc vt

San phém thuy phan cua tat ca hodc mot ph?ln vat liéu thuc vat c6 thé thu
dugc ¢ bude xu ly so bd vat liéu thuc vat, vi du, & nhiét d6 cao va véi sy c6 mat
clia axit hitu co hodc dung méi, tuy y tiép sau 1a thuy phan mét phin hodc toan bd
duong polyme, béng enzym va/hodc hoa hoc va/hoic nhiét.

Sau d6, san pham thuy phan cta tit ca hodc mot phan vat liéu thuc vat chta
hén hop duodng sinh ra tir viée thuy phan dudng polyme, nhu xenluloza,
hemixenluloza va tinh bot.

Moi truong 1én men c6 thé ciing chtra san phdm thuy phan cua tit ca hodc

mot phan vét liéu thuc vat va sucroza.

Vi du thue hién sidng ché

Céc dic diém va vu diém khac cua sang ché s& ndi bat 1én tham chi ro rang
hon khi doc cdc phuong 4n sau dy lam vi du minh hoa sang ché ma khéng nham
giéi han pham vi ctia séng ché, va cac hinh v& kém theo dé hiéu sang ché.
Vi du 1: Thu chiing nAm men c6 kha ning chuyén hoa xyloza va chéng chiju axit
axetic
Vat liéu va phwong phap
(1) Moi truong 1én men

MBoi truong nhéan giéng dugce dung dé nhan gidng ching ndm men chua
10 g/kg dich chiét tir ndm men, 10 g/kg pepton va 20 g/kg glucoza.

MBoi truong nudi cdy YFGX dugc mé ta dudi ddy dung dé do mic do
chuyén hoé cua xyloza thanh etanol.

MBbi truong nudi cdy YFGX dugc mé ta dudi day dung dé do tinh chéng

chiu axit axetic.
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Moi truong nudi cdy YFGX-Ac dugc mo ta dudi day dung d€ danh gia cac
ching ndm men trong moi truong nudi cay chua xyloza, glucoza va chat tc ché

Ién men, axit axetic trong cung mot thoi gian.

YFGX YFGX-Ac
Glucoza 55 g/kg 55 g/kg
Xyloza 45 g/kg 45 g/kg
Dich chiét tir ndm men 10 g/kg 10 g/kg
Pepton 10 g/kg 10 g/kg
Axit axetic 2000 phan 8000 phan
triéu - triéu
Piéu chinh d6 pH biang KOH do pH 5 do pH S

Trong méi trudng YEGX, ndng do axit axetic 1a 2000 phan triéu & d6 pH 5
khéng c6 tac dung Gc ché.
Mit khéc, trong méi truong YFGX-Ac, axit axetic véi nong d6 8000 phan

triéu & d6 pH 5 c6 tac dung tic ché.

YFAc
Glucoza 150 g/kg
Dich chiét tir nAm men 5 g/kg
DAP (diamoni phosphat) 4.7 g/kg
Axit xitric 11,5 g/lkg
Axit axetic 4 g/kg
Natri xitrat 13,5 g/kg
Tween 80 1 ml/kg
ZnS0O4 (10,6 g/ 2 ml/kg
MgS0,4.7H,0 (400 g/l) 2,5 ml/kg
Thiamin (18,24 g/1) Vit Bl 1 ml/kg
Pyridoxin (5,28 g/I) Vit B6 1 ml/kg
Biotin (1,76 g/) 1 ml/kg
Pantothenat (3,8 g/l) 1 ml/kg
Axit nicotinic (8 g/I) 2,5 ml/kg
Mesoinositol (50 g/l) 1 ml/kg
Riboflavin (1 g/l 1 ml/kg
Para-aminobenzoat (1,2 g/1) 1 ml/kg
Diéu chinh d6 pH dén 4,4 biang KOH
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YFX

Xyloza 70 g/kg

Dich chiét tir nhAm men 5 g/kg
DAP (diamoni phosphat) 4,7 g/kg
Axit xitric 11,5 g/kg
Natri xitrat 13,5 g/kg
Tween 80 1 ml/kg

ZnSO4 (10.6 g/1) 2 ml/kg
MgS04.7H,0 (400 g/1) 2,5 ml/kg

Thiamin (18,24 g/1) Vit Bl 1 ml/kg
Pyridoxin (5,28 g/1) Vit B6 1 ml/kg

Biotin (1,76 g/I) 1 ml/kg
Pantothenat (3,8 g/1) 1 ml/kg
Axit nicotinic (8 g/1) 2,5 ml/kg
Mesoinositol (50 g/I) 1 ml/kg

Riboflavin (1 g/l) 1 ml/kg

Para-aminobenzoat (1,2 g/1) 1 ml/kg
Diéu chinh d6 pH dén 4,4 bang KOH

(i1) Nhan gibéng chting nAm men

Viéc nhan giéng ching nam men duge thuc hién theo hai buéde: budc nudi
cly so bo va tiép sau 13 budc nudi cly.

Viéc nudi céy so bo dugc thuc hién bé‘mg cach céy quai cua chung nim men
vao 5 ml méi trudong lan truyén nhu duge x4c dinh trén day.

Sau 24 gio nudi cdy ¢ 30°C trong méi truong duge thong khi bang cich
khudy, 14y ra 2 ml & budc nudi ciy so bd va ciy vao 50 ml méi trudng nhan gidng.

Viéc nudi ciy nay duoc tién hanh trong 24 gid & 30°C trong mdi trudng
dugc thong khi bang cach khuy.

Viéc chuyén hoa xyloza thanh etanol va tinh chong chiu axit axetic duogc
do trén céc t& bao ndm men thu duge tir budce nudi ciy nay.
(iii) Po mirc d6 chuyén hod xyloza thanh etanol

Pé xac dinh mirc d6 chuyén hoa xyloza thanh etanol, 0,25 g chét kho cua
ching ndm men lan truyén nhu dugc xac dinh trén ddy dugc cdy vao mdi kg cia
moi truong YFGX.

Viéc 1én men duogc thuc hién & 32°C, dudi didu kién ky khi, bang cach
khuay vira phai.
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Nong do cua etanol va ca ndéng dé cua xyloza va glucoza duoc do béi
HPLC.

Sau d6, st dung cong thic sau diy dé thu duoc mic d6 chuyén hod cia
xyloza thanh etanol:

xyloza wy — Lxylozal ., s
% chuyén hod = [y ]b[i’;(;:lza] [xy Jeusi x 100
cudi

trong d6 [xyloza]san a trong tng voi ndng do xyloza trong méi trudng &
thoi diém cdy ching ndm men va [xyloza]es trong tng v6i ndng do xyloza trong
mdi truong nudi cly ¢ thoi diém 60 gior (ké tir khi bit dau cy).

(iv) Po tinh chdng chiu axit axetic

Tinh chéng chiu axit axetic cua chung ndm men duge xac dinh boi thoi gian
lam cham su bat dau 1én men ruou.

0,25 g chat khé cta chung ndm men duoc nhén gidng nhu duoc x4c dinh
trén day duogc cdy trén mdi kg ctia méi truong YFAc.

Viéc 1én men dugc thuc hién dudi diéu kién ky khi, & 32°C, bé‘mg cach
khudy vira phai.

Muc do tao ra etanol dugc do mot cach gian tiép béng cach do lugng thét
thoat ctia binh 1én men, lugng that thoat ny lién quan truc tiép dén viéc san xuét
ruou.

Puong cong 1én men rugu thé hién lugng that thoat duoc tao ra duéi dang
ham sb theo thoi gian.

Piém giao cit gitra truc x va dao ham cyc dai cua lugng that thoat duoc xac
dinh: n6 twong tng véi thoi gian 1am cham sy bat dau 1én men ruou.

Cén luu y ré'mg, dao ham cuc dai cia lugng tht thoat cho két qua tuong tu
nhu dao ham cuc dai téc do tao ra ruou, néu duong cong 1én men rugu biéu thi su
tao ra ruou dudi dang ham sb cua thoi gian thay vi biéu thi luong thét thoat dudi
dang ham s6 cua thoi gian.

Khoang thoi gian thu duoc cang thu hep, thi thoi gian 1dm chim sy bat dau
1én men rugu cang trd nén ngén va tinh chng chiu axit axetic ctia nAm men cang

cao.
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(v) Lai

Céc ching ban du duoc sir dung dé lai 1a ching ndm men 1-4538 va chung
nam men 1-4627.

Budc 1: Su sinh trudng ctia ching nAm men

Quai cua chiing ban dau (duoc bao quan ¢ -80°C) dugc ciy trén bé mat aga
cua dia Petri chira moi truong A.

Thanh phan ctia méi truong A 1a nhu sau: 10 g dich chiét tir ndm men, 10 g
pepton, 20 g glucoza, 20 g aga, d6 pH=6,2 +/- 0,2, nudc véi lugng dé du 1 1.

Sau do dia Petri dugc 0 trong 24 gio & 30°C.

Budc 2: Tao bao tu trén méi truong 2

Quai cua chiing néu trén duoc ciy trén bé mit aga cua dia Petri chira moi
truong B.

Thanh phan ciia méi trudng B 13 nhu sau: 6,5 g natri axetat, 15 g aga, do
pH=6,5-7, nudc vai lugng dédu1l.

Dfia Petri dugc U trong 96 gio ¢ 25°C. Sau d6, sinh khdi thu duoc trén bé
mit dia duge thu hoach in 500 pl nuée v tring. B sung 25 pl zymolyaza vao
100 pl huyén phu nay. Huyén phil nay duoc u trong 30 phit & 30°C, trude khi
dugc dat 1én dia aga chita moi trudong 1. Tt hon, néu viée phéu tich ti tu dugc
thuc hién sau d6 20 phut.

Buéc 3: Phau tich ti tir

Céc ti tir dwoc phau tich bang may vi thao tac, sau d6 dia Petri duoc u trong
48 gio ¢ 30°C.

Budc 4: Bao quan thé phan ly

Sau d6, cac thé phéan ly duoc bao quan & -80°C trong mdi trudng 1 chira
20% glyxerol.

Budc 5: Chon cac thé phan ly cta ching ndm men 1-4538
Céc thé phan ly ciia ching ndm men I-4538 dugc chon theo kha nang

chuyén ho4 xyloza thanh etanol cta chung.
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Mirc d6 chuyén hoa xyloza duoc do theo muc (iii), bang cach dung thé phan
ly dugc nhan giéng nhu theo muc (ii) déi véi ching ndm men nay, trir viéc do
duoc tién hanh sau 48 gio thay vi sau 60 gio.

Céc thé phan ly d duoc chon chuyén hoa it nhit 70% xyloza sau 48 gio.

Kiéu gidng ciia Mat a hoic Mat alpha ctia cac thé phan ly d& duoc chon
dugc xac dinh boi PCR.

Budc 6: Chon céc thé phan ly cia ching ndm men 1-4627

Céc thé phan ly ctia ching ndm men I-4627 dugc chon dua vao tinh chéng
chiu axit axetic cua ching.

Tinh chéng chiu axit axetic dugc dénh gia theo muc (iv), bang cach str dung
thé phan ly lan truyén nhu theo muc (ii) dbi véi chung ndm men nay.

Céc thé phan ly di dugc chon c6 thoi gian 1am chim su bt ddu 1én men
ruou ngan hon 25 gio.

Kiéu gibng ctia Mat a hodc Mat alpha cta cac thé phan ly di duoc chon
duoc xac dinh bdi PCR.

Budc 7: Lai va chon loc thé lai

Quai ciia thé phan ly don bdi Mat alpha duoc ciy trén bé mat aga cua dia
Petri chirta moi truong A. Quai ctia thé phan ly don boi Mat a duoc tron véi ching
da duogc luu gitt Mat alpha.

Thanh phan ctia méi truong A 1a nhu sau: 10 g dich chiét tir ndm men, 10 g
pepton, 20 g glucoza, 20 g aga, d6 pH=6,2 +/- 0,2, nudc véi lugng dédull

Sau d6, dia Petri dugc u trong 24 gid & 30°C. Quai ciia hon hop nay duoc
cdy trén bé mit aga cua dia Petri chira méi truong A. Budce ndy duogc lap lai 5 14n.

Trong lan ciy cubi cling, cac té bao dugc cdy thanh vach dé thu duoc cac
quan thé céch ly. Céc t& bao ndm men duoc ldy ra khoi quan thé cach ly va duoc
nudi ciy, bd gen ADN ciia chiing duoc chiét va tién hanh PCR trén b gen ADN
dé kiém chting rang céc alen Mat a va Mat alpha dugc du dinh c6 mit trong mot
té bao ndm men va t& bao nim men twong tu.

Céc té bao ndm men c6 cac alen Mat a va Mat alpha dugc goi la cac thé lai.
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Sau d6, cac thé lai dugce chon dwa vao hai tidu chi: kha ning chuyén hoa
xyloza ctia ching va tinh chéng chiu axit axetic cta ching, cac tiéu chi nay duoc
danh gia nhu duge thé hién trong cac muc (iii) va (iv).
Céc thé lai chon dugc 13 nhu sau:
- thé lai c6 thoi gian lam cham sy bét dau 1én men ruou ngén hon 30 gid,
- thé lai chuyén hoa dugc it nhit 60% xyloza sau 60 gid.

(vi) Tién hoa truc tiép

Tién ho4 truc tiép 1a su két hop bude gy dot bién bing tia cuc tim, sau d6
lam giau trén méi trudng 1én men, trong d6 xyloza chi 13 ngudn cacbon.

Budc 1: Trong khi giy dot bién bang tia cuc tim, 15 ml huyén phi chira céc té
bao ndm men & ndéng do 5% (tinh theo g chat khé trong 100 g huyén phu) duoc
dat 1én dia Petri c6 duong kinh 9 cm. Sau d6, dia Petri dugc dua vao birc xa tia
cuc tim ¢6 méat do 300 J/cm? & bude séng 254 nm.

Budc 2: Sau do, cac té bao ndm men d3 duoc chiéu xa duogc céy voi luong 1 g
chét kho/kg méi truong YFX. Sau 96 gid nhan gidng duéi didu kién thiéu dudng
khi ¢ 32°C, 100 pul méi truong nudi ciy duge ding dé ciy vao 50 ml moéi truong
glyxerol chtra 20 g/kg glyxerol, 5 g/kg amoni sulfat va 1,7 g/kg méi truong YNB
(Yeast Nitrogen Base) ctia Difco. Lan nuéi cdy tht hai nay duoc thuc hién duéi
didu kién wa khi va & 30°C trong 48 gio.

Sau d6, 14y 1 ml dung dich té bao nudi ciy nay dé ciy vao 170 ml méi
truong YFX.

Chu ky nay dugc lap lai 8 lan.

Két qua

Mot vai thé lai thu duoc bang cach lai chung [-4627, trong d6 c6 céc thé lai
H1 va H2.

Thé lai H2, khéng c6 kha ning chuyén hoa xyloza theo muc dich cia sang
ché nhung lai biéu 16 tinh chéng chiu axit axetic, dugc dua qua bude tién ho4 truc
tiép: sau d6 thu duoc cac thé lai ED1, ED2 va ED3, 1an luot tuong ung voi cac
chung nim men [-4624, 1-4626 va 1-4625.
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Bang 1 chi ra phén tram xyloza dugc chuyén hod thanh etanol sau 60 gio
trong mdi trudng YFGX va thoi gian 1am cham su bat ddu 1én men rugu trong
mdi trudng YFAc (giod) cua cac ching ndm men khac nhau:

- chung d6i chimg Ac 1a chung ndm men khong duoc bién doi gen chéng
chiu axit axetic, do d6 né khéng c6 kha ning chuyén hoa xyloza,

- chung ndm men I-4538 ban dau rat hitu hidu dé san xuat ruou, nhung khéng
chéng chiu axit axetic,

- chung nidm men [-4627 ban dau chéng chiu axit axetic, nhung khéng cé
kha nang chuyén hoa xyloza theo muc dich cta séang ché,

- thé lai H1 14 ching ndm men c6 kha ning chuyén hoa xyloza va chéng chiu
axit axetic,

- thé lai H2 14 ching ndm men khéong c6 kha ning chuyén hod xyloza theo
muc dich ctia sing ché, nhung chdng chiu axit axetic,

- céc thé lai EDI1, ED2 va ED3 1a thé lai ¢6 kha nang chuyén hoa xyloza va

chong chiu axit axetic.

Bang 1
Chung ndm men Phan tram xyloza dugc Thoi gian 1am chim su bét
chuyén ho4 thanh etanol & | dau 1én men ruou trong méi
60 gio trong moi truong truong YFAc (gio)
YFGX

Chung d6i chimg Ac 0 12
[-4538 95 40
1-4627 60 18
H1 95 20
H2 60 25
ED1 (I-4624) 95 22
ED2 (I-4626) 95 26
ED3 (I-4625) 95 22
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Hon nita, viéc tao ra etanol cua cac ching ndm men dugc danh gia trong
moi truong 1én men YFGX-Ac chita dong thoi glucoza, xyloza va axit axetic 1am
chét trc ché 1én men.

Céac chung ndm men H1, EDI1, ED2 va ED3 theo sang ché cho phép san
xuét rugu duoc cai thién mét cach rd rang so v6i chiing nAm men gbc 1-4538 trong
moi truong YFGX-Ac nay (xem Fig.1).

Vi du 2: San xuét rugu trong méi trudong ap dung thuc té bang cach st dung céc
chung ndm men theo sang ché
Vat liéu va phuong phap

Mire d6 tao ra ruou cia cdc chung nAm men ED1, ED2 va ED3 duoc danh
gi4 trong mdi trudng 4p dung thuc té.

Me do tao ra rugu cua chung nim men 1-4538 ciing duoc danh gia bang
cach so sanh.

Viéc danh gia sy tao ra rugu cua cac chung nam men dugc thuc hién trong
hai méi truong 4p dung thuc té khac nhau:

- mdi truong A chira:

o co chit hemixenluloza tuong ing vé&i pha 1ong thu dugc sau khi tach
cac phan ran/léng cua sinh khéi di qua xir Iy so bd va thuy phan nhiét
hoa rom cta cdy lua my va chira phan 16n xyloza (48 g/kg), cac
duong khac véi lugng nho, va cé céac chét rc ché 1én men thu duoc
tir viée xir Iy so bd hod ly sinh khéi lignoxenluloza, va

o chét dinh dudng (ngudn nito va nguén phospho),

- mdi truong B tuong tmg v6i mdi trudng A néu trén duoc bd sung glucoza,
dé mé phong san pham thuy phan cua sinh khéi lignoxenluloza, ma phan
hemixenluloza ctia né dugc thuy phan hod va phan xenluloza ctia né duoc
thuy phan hoa mot phan.

D6 pH ban diu ctia méi trudong A va B duoc diéu chinh dén 5,5.

Thing 1én men duogc ciy 1,5 g/kg chat kho clia chiing ndm men duoc danh gia.

Viéc 1én men rugu dugc thuc hién & 35°C.

Viéc 1én men ciing dugc thuc hién ¢ 32°C biang méi trudng A.
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Két qua

Cac két qua thu duoc vo1 moi truong A & 32°C va 35°C 1an luot dugc thé
hién trén Fig.2 va Fig.3, va két qua thu duoc véi méi trudong B & 35°C duge thé
hién trén Fig.4.

Cén luu ¥ rang, trén Fig.3, cac diém ding lai & 60 gior d6i voi ching nim
men [-4538, vi da dat duoc giai doan binh on.

Céc thé lai ED1 va ED2 thé hién uu diém thuc trong méi truong 4p dung A
& 32°C so vdi chiing nAm men gdc [-4538.

Céc thé lai ED1, ED2 va ED3 thé hién vu diém thyc trong mdi trudng ap
dung A & 35°C so voi chung nim men géc [-4538. Thuc vay, mac du su tao ra
etanol 14 tot hon & 60 gio dau tién dbi véi ching ndm men [-4538, nhung luong
etanol cuc dai duoc tao ra 13 6,3 g cho mdi kg clia moi truong, trong khi lugng
etanol thu duoc bang cac thé lai ED1, ED2 va ED3 14 16n hon 10 g/kg.

Lai 1an nita, cac thé lai ED1 va ED2 thé hién vu diém thuc su trong moi
truong ap dung B ¢ 35°C so véi chiing ndm men I-4538. Thé lai ED3 1a kém trong

moi truong ap dung nay.
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YEU CAUBAO HO

1. Chiing ndm men duoc luu giit ngay 24 thang 05 ndm 2012 & Bao tang gidng vi
sinh vat quéc gia (National Collection of Microorganism Cultures - CNCM) dudi
s6 hiéu luu gitt [-4627.

2. Phuong phép thu dugc ching ndm men c¢é kha ning chuyén hoa xyloza va

chéng chiu axit axetic, phuong phap nay bao gém céc budc:

o lai chiing nAm men dugc luu git ngay 05 thang 10 nam 2011 & CNCM dudi
s6 hiéu luu gitr [-4538 v6i ching nAm men duoc luu gilt ngay 24 thang 05 nam
2012 & CNCM dudi s6 hiéu luu giit I-4627, dé thu duoc it nhat mot thé lai,

- chon it nhat mot thé lai ¢6 kha ning chuyén hod xyloza va chéng chiu axit
axetic.

3. Phuong phap theo diém 2, trong d6 budc lai néu trén bao gdm cac bude:

- tao bao tir ctia chiing ndm men dugc luu gilt ngdy 05 thang 10 nam 2011 &
CNCM duéi s6 hiéu luu gitt I-4538, dé thu duoc it nhat mot thé phan ly X,

- tao bao tir ctia chiing ndm men dugc luu giit ngdy 24 thang 05 nam 2012 &
CNCM duéi s6 hiéu luu gitr 1-4627, dé thu dugc it nhat mét thé phan ly Y, va
- lai it nhat mot thé phén ly X véi it nhat mot thé phan ly Y, trong dé6 thé phan
ly X néu trén chuyén hoa xyloza thanh etanol va/hoic thé phén ly Y néu trén
chéng chiu axit axetic, dé thu duoc it nht mot thé lai.

4. Ching ndm men c6 kha ning chuyén hoa xyloza va chéng chiu axit axetic thu

duogc bang cach sir dung phuong phap theo diém 2.

5. Chiing ndm men c6 kha ning chuyén hoa xyloza va chdng chiu axit axetic thu

duogc bang cach sir dung phuong phap theo diém 3.

6. Ching nim men theo diém 4, trong d6 ching ndm men nay duoc chon tir nhém

bao gém chiing nAm men duoc luu gitt ngay 24 thang 05 nim 2012 & CNCM duéi

s6 hiéu luu gifr [-4624, chung ndm men dugc luu gilt ngay 24 thang 05 nam 2012

& CNCM duéi sb hiéu luu gitt 1-4625 va ching ndm men duge luu gilr ngay 24

thang 05 nam 2012 & CNCM duéi sb hiéu luu gift [-4626.
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7. Ching ndm men thu dugc tlr chiing ndm men theo diém bt ky trong sb céc
diém tir 4 dén 6, trong d6 chiing ndm men thu duoc ndy chuyén hoa xyloza va
chéng chiu axit axetic.

8. Nam men thu dugc bang cach nudi cdy chiing ndm men theo diém bét ky trong
sd céc diém tir 4 dén 6.

9. Ndm men thu dugc bang cach nudi ciy ching ndm men theo diém 7.

10. Phuong phép san xuét it nhat mot san phim 1én men, phuong phap nay bao
gdm budc 1én men dudi diéu kién ky khi béi nAm men theo diém 8 trong moi
treong 1én men.

11. Phuong phap theo diém 10, trong d6 méi truong 1én men nay chira xyloza
va/hodc it nhat mot chét e ché 1én men.

12. Phuong phép theo diém 10, trong d6 méi trudng 1én men nay chira it nhat mot
chat thuy phan trong sd tit ca hodc mot phan vt lidu thuc vat.

13. Phuong phép theo diém 11, trong d6 méi trudng 1én men nay chia it nhit mot
chét thuy phan trong s tat ca hodc mot phén vat liéu thuc vat.

14.  Phuong phép san xuét it nhdt mot san pham 1én men, trong d6 phuong phap
nay bao gdm budc 1én men dudi cac didu kién ky khi boi nAm men theo diém 9
trong moi truong 1én men.

15.  Phuong phap theo diém 14, trong dé méi trudong 1én men chia xyloza
va/hoic it nhit mot chit Gc ché 1én men.

16.  Phuong phap theo diém 14, trong d6 mai trudng 1én men nay chura it nht
mot chat thily phan trong sb tat ca hodc mot phén vat liéu thuc vat.

17.  Phuong phap theo diém 15, trong d6 mdi trudng 1én men nay chira it nhat

mot chét thuy phan trong s6 tat ca hodc mot phén vat liéu thuc vat.
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