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Linh vire k§ thuét dwoc dé cap

Séang ché d& cap dén bién thé peroxit dismutaza 1, polynucleotit md hoa bién thé
peroxit dismutaza 1, vi sinh vét, va phuong phéap san xuét glutathion hodc cic din xuét

cta chiing bang cch sit dung bién thé nay.
Tinh trang k§ thuit cia sing ché

Glutathion (GSH) 13 hop chit hitu co Iru huynh duoc tim thiy phd bién nhit trong
té bao va nd ton tai & dang tripeptit, trong d6 ba axit amin (tirc 13 glyxin, glutamat, va

xystein) dugc lién hop.

Trong co thé, glutathion t6n tai & hai dang: glutathion khir (GSH) va glutathion
oxy hoa (GSSG). Glutathion khir thuong xuét hién véi ty 16 kha cao. N6 chu yéu phan
tan trong gan va té bao da ciia co thé ngudi, va cé vai trd quan trong trong cac chirc ning
chéng oxy hoa, nhu phan hiy va loai bd cac géc oxy tu do, chirc nang gidi doc, nhur loai
bo cac hop chét ngoai lai (tirc 13, cac chit doc hai), va chirc ning 1am tring dé tc ché su

san xuat melanin, v.v..

Do nhing chirc ning da dang nay, glutathion di thu hut nhiéu sy chi ¥ nhu 13
nguyén liéu trong nhiéu linh vurc khac nhau nhu duge pham, thuc pham chirc ning, my
phﬁm, v.v., va cling dugc sir dung trong diéu ché cac thanh phén gia vi, thuc phém va
phu gia thirc in chin nudi. Glutathion duoc biét dén c6 tac dung dang ké trong viéc ting
hwong vi cia nguyén lidu thd va duy tri huong vi dam da, va ¢ thé ding riéng 1am chét
tang hwong vi kokumi hoic két hop véi cac chit khac. Thong thuong, nguyén liéu kokumi
¢6 huong vi ddm da hon nguyén liéu umami, chéng han nhu axit nucleic va MSG, va
duoge biét dén 12 duoc tao ra théng qua qua trinh phan hity va 150 héa protein. Hon nita,
glutathion ciing c¢6 thé duge chuyén d6i thanh cac peptit gamma-glutamyl khéc
(Sofyanovich, O. A. et al., (2019) Multiple pathways for the formation of the y-glutamyl
peptits y-glutamyl-valin va y-glutamyl-valyl glycine in Saccharomyces cerevisiae. PLoS
ONE 14 (5): €0216622). Peptit gamma-glutamyl 12 hop chat c6 trong lugng phén tir thap

c6 nhom gamma-carboxyl cua axit glutamic tai dau tan cung N cia phén tir, va duoc
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biét 14 duoc sit dung rong rdi nhu chat ting huong vi kokumi.

Tuy nhién, mic du nhu ciu vé glutathion va cac din xuét ctia n6 c6 thé sir dung
trong nhiéu linh vuc nhu d duoc mo ta & trén ngay cang ting, quy trinh téng hop enzym
van chua duoc thuong mai hoa do chi phi san xuét cao, va do d6, thi trudng chua dugce
kich thich dang ké do chi phi dang ké cin thiét cho san xuit cong nghiép glutathion va

cac din xuét cua no.
Ban chét k§ thuit ciia sing ché

Dé giai quyét cic vin d& néu trén, sang ché dé xuit bién thé peroxit dismutaza 1
va phurong phép san xuét glutathion hoic cac din xuét ciia chiing bang cich sir dung
bién thé nay.

Mot khia canh ciia sang ché dé xuét bién thé peroxit dismutaza 1, trong d6 axit
amin tuong ung voi vi tri tha 37 tr dau tin cung N cua trinh ty axit amin ¢6 SEQ ID
NO: 1 dugc thay thé bang axit amin khéc.

Khia canh khéac cta sing ché d& xuét polynucleotit m3 héa bién thé, va vecto bao
gdm polynucleotit.

Khia canh khéc nita cua sang ché @& xuit vi sinh vit bao gém bét ky mdt hoac
nhiéu bién thé va polynucleotit mi hoa bién thé.

Khia canh khac nita ctia sang ché d& xuit va phwong phép sian xuat glutathion hodc
cac dan xuit cia ching, bao gom nudi ciy vi sinh vit.

Hiéu qua dat dugc cua sang ché

Bién thé peroxit dismutaza 1 theo sang ché c6 thé duge st dung mot cach hiéu qua
trong qud trinh san xuét luong 1én glutathion hodc cac din xuét cia ching.
MO ta vin tit cdc hinh vé

Fig. 1 va Fig,2 thé hién két qua x4c nhin mirc san xuét glutathion bing cach dua
bién thé peroxit dismutaza 1 vao trong ching Saccharomyces cerevisiae.
M0 ta chi tiét sang ché

Sang ché s& duge md ta chi tiét sau day. Trong khi d6, mdi phdn mé ta va phuong
an duogc boc 16 ¢ day co thé duoc ap dung trong g cho céac ph?ln mo ta va cac phuong

4n khéc. Nghia 13, tit ca sy két hop cia cac yéu t6 khac nhau dugc boc 16 & day déu
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thudc pham vi bao hd cia sang ché. Hon nita, pham vi bao ho cua sang ché khong bi

han ché bai mé ta cu thé duge md ta dudi day.

Ngoai ra, nhimg ngudi co hiéu biét trung binh trong cung linh vuc k¥ thuat c6 thé
nhén dién hoic x4c nhan, chi bing c4ch sir dung thi nghiém thong thuong, nhiéu dwong
lugng vai cac khia canh cu thé cta sang ché duoc mo ta & day. Hon thé, du dinh rﬁng

nhimg duong luong nay ciing dugc bao gbm trong sing ché.

Hon nita, mot s nghién ciru va tai liéu sang che dugc tham chiéu va trich dan
trong sudt ban mo ta clia sang ché. Ngi dung cua cdc nghién ciu va tai liéu sang ché da
duoc trich dan dugc dua vao day bang cach tham chiéu toan bd, va mic df linh vuc k¥

thut ma sang ché thudc vé cing nhu ndi dung clia sang ché s& dugc mod ta rd rang hon.

Mot khia canh cla sang ché @ xuAt bién thé peroxit dismutaza 1 bao gbm su thay
thé axit amin trong protein c6 hoat tinh peroxit dismutaza 1 (SOD1), trong do su thay
thé bao gém thay thé axit amin twong tmg véi vi tri tha 37 tir du tan cung N cta SEQ
ID NO: 1 bang axit amin khéc.

Bién thé co thé 12 bién thé protein trong d6 axit amin twong tmg véi vi tri thir 37
tir dAu tan cung N trong trinh ty axit amin c¢6 SEQ ID NO: 1 dugc thay thé bang axit

amin khac.

“Peroxit dismutaza 1”7 cua sang ché 13 enzym con duoc goi 1a “SOD1” hodc
“peroxit dismutaza [Cu-Zn]”. Peroxit dismutaza dugc biét dén 12 chat xuc tac cho so d6

phén Ung sau:
20, + 2HY - H202 + O2

Nhu dugc st dung & ddy, trinh ty axit amin clia peroxit dismutaza 1 1a trinh tu axit
amin ma hda bdi gen sodl, va ¢ thé dwoc goi 1a “protein SOD1”. Axit amin cAu thanh
peroxit dismutaza 1 theo sang ché ¢6 thé thu duoc tir GenBank ctia NCBI, co s¢ dir liéu
d3 biét. Peroxit dismutaza 1 c6 thé 12 protein bao gdm trinh ty axit amin ¢ SEQ ID
NO: 1, nhung sang ché khong bi gidi han & déy. Trong vi du khac, peroxit dismutaza 1
¢6 thé c6 ngudn gbc tir Saccharomyces cerevisiae. Trong vi du khac, peroxit dismutaza
1 6 thé 12 peroxit dismutaza 1 trong d6 axit amin twong Gng véi vi tri thir 37 trong trinh
tur axit amin ¢ SEQ ID NO: 1 1a glyxin, tuy nhién sang ché khong bi giéi han & day, va
trinh tu bét ky c6 hoat tinh peroxit dismutaza 1 tuong tur nhu trinh tu axit amin & trén c6
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thé duge bao gdbm ma khong bi gidi han.

Trong vi du cu thé, peroxit dismutaza 1 theo sang ché ¢6 thé 1a protein bao gém
trinh ty axit amin ¢6 SEQ ID NO: 1 ho4c trinh tir axit amin cO cb su tuong déng hoic
ddng nhat it nhat 80%, 85%, 90%, 95%, 96%, 97%, 98%, hodc 99%. Hon nifa, 13 rang
rﬁng bét ky protein c6 trinh tir axit amin trong d6 mot phﬁn cua trinh tir axit amin bi xda,
stra d6i, thay thé, hodc thém, ciing ¢ thé nim trong pham vi cia protein muc tiéu dé sira
doi ciia sang ché mién 12 né 12 trinh ty axit amin c6 tinh twong ddng hodc dbng nhit nhu

vay va biéu hién hiéu qua trong tmg v6i hiéu qua cua protein néu trén.

Ngoai ra, mac du theo sang ché, peroxit dismutaza 1 duoc dinh nghia 13 protein
bao gém trinh tu axit amin c6 SEQ ID NO: 1 trong mot vi du, nd khong loai trir dot bién
6 thé xay ra bang cach thém trinh tir v6 nghia (’w.phia trude hodc phia sau cua trinh tu
axit amin c6 SEQ ID NO: 1 hodc ¢ thé xdy ra tu nhién, hodc dot bién cAm cua no, va
15 rang ddi véi ngudi cb hiéu biét trung binh trong cing linh vuc k¥ thuét rang bét ky
protein c¢6 hoat tinh tuong tur hodc tuong duong voi protein bao gdm trinh ty axit amin

c6 SEQIDNO: 1c¢co thé nam trong peroxit dismutaza 1 theo sdng ché.

Tuc 13, theo sang ché, mic du né duoc biéu thi 12 “protein hodc polypeptit c6 trinh
tu axit amin ctia SEQ ID NO cu thé” hoic “protein hodc polypeptit bao gOm trinh tir axit
amin cta SEQ ID NO cu thé”, 1 rang rang bat ky protein c6 trinh tir axit amin ma trong
6 mot phan cua trinh tir axit amin bi x6a, sira di, thay thé, hodc thém, cling cd thé dugc
sir dung theo séng ché, mién 14 protein c6 hoat tinh twong tu hodc twong dwong véi

polypeptit bao gbm trinh ty axit amin ciia SEQ ID NO tuong tmg.

Nhu duoc sir dung & day, thudt ngir “bién thé” hoic “polypeptit dugc sira a6i” dé
cap dén protein c6 mot hoac nhiéu axit amin khac véi trinh ty duge A cap bﬁng cac thay
thé va/hoic stra ddi bao toan sao cho cac chirc ning hodc cac dédc tinh ctia protein dugc
gitt lai.

Céc bién thé khac vdi cac trinh tir dugc xac dinh b?mg thay thé, x6a hoic bd sung
mot sb axit amin. Cac bién thé nhu vay thudng c6 thé duge xéc dinh bang viée bién dbi
mdt hoac nhiéu trinh ty axit amin bén trén cua protein va ddnh gia cac dac tinh cia
protein sua dbi. Tirc 13, kha ndng cla cac bién thé co thé duoc ting cudng, khong thay
dbi hoac giam xuéng $0 v6i protein ty nhién. Ngoai ra, mot s6 bién thé c6 thé bao gém

céac polypeptit dugc sira dbi ma trong 46 mot hodc nhiéu viing, chang han nhu trinh ty
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din dau dau tin cung N hoac mién xuyén mang, di dugc loai bd. Cac bién thé khac c6
thé bao gdm cic bién thé trong d6 ving da dugc loai bo tir dau tan cung C va/hodc N
cua protein truong thanh. Thuét ngir “bién thé” hoic “polypeptit dugc sira d6i” c6 thé
duoc st dung thay thé cho cac thuat ngit chéng han nhu bién déi, protein dugc sura ddi,
dot bién, mutein, phan ky, bién thé, v.v., mién 1 cac thuat ngir duge sir dung dé chi su

bién ddi, nhung cc thuét ngit khong bi gidi han & do.

Nhu duoc sir dung & diy, thuat ngit “thay thé bao toan” dé cap dén thay thé coa
axit amin b?mg axit amin khac c6 c6 dic tinh héa hoc va’hodc cAu tric tuong tir. Bién
thé ¢6 thé co, vi du, mot hoic nhiéu thay thé bao toan trong khi van gift lai mdt hodc
nhiéu hoat tinh sinh hoc. Su thay thé axit amin nhu vay thudng c6 thé xay ra dua trén
sur giéng nhau vé do phén cuc, dién tich, d6 hoa tan, tinh ky nudc, tinh uva nudc, va/hoac

tinh chét ludng tinh cia gbc.

Vi dy, trong sb cac axit amin c6 mach bén tich dién, cac axit amin (bazo) tich dién
duong bao gbm arginin, lysin, va histidin; cic axit amin (tinh axit) tich dién 4m bao gém
axit glutamic va axit aspartic; va cac axit amin ¢6 mach bén khong tich dién bao gdm
glyxin, alanin, valin, leuxin, isoleuxin, methionin, phenylalanin, tryptophan, prolin,

serin, threonin, Xystein, tyrosin, asparagin, va glutamin.

Ngoi ra, bién thé ciing c6 thé bao gbm x6a hoic bd sung cac axit amin ¢ su anh
hudng téi thiéu dén cac dic tinh va cau tric thit cap cla polypeptit. Vi du, polypeptit c6
thé lién hop véi trinh tu (hodc dan du) tin hiéu tai dau tan cing N lién quan dén van
chuyén ctia cac protein ddng dich ma hoic sau dich mi. Hon nita, polypeptit cling co
thé Tién hop v6i trinh ty khac hodc lién két dé xac dinh, tinh ché, hodic tong hop
polypeptit.

Theo mét phuong 4n, bién thé theo sang ché c6 thé 12 thé peroxit dismutaza 1 trong
d6 axit amin twong Gng vaéi vi tri thir 37 tr d4u tn cung N cia trinh ty axit amin c6 SEQ
ID NO: 1 duoc thay thé bing axit amin khac, hodc polypeptit dugc sira ddi ¢6 hoat tinh
peroxit dismutaza 1, trong s6 peroxit dismutaza 1 dugc mo ta bén trén. Bién thé theo
sang ché, tic 13, “bién thé peroxit dismutaza 1 ¢6 thé duoc biéu hién nhu “polypeptit
(stra dd1) c6 hoat tinh peroxit dismutaza 1” hodc “bién thé SOD1”, hodc c6 thé bién thé
c6 thé ting cudng san xuét glutathion so véi polypeptit kiéu dai hoic polypeptit khong

stra d6i, tuy nhién sang ché khong bi gidi han & day.
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Theo mét phuong an bét ky trong cic phuong 4n d4 dugc mo ta & trén, bién thé c6
thé 1a thé peroxit dismutaza 1 trong d6 axit amin tuong ng v&i vi tri thir 37 tir dau tan

cung N cia trinh ty axit amin ¢6 SEQ ID NO: 1 dugc thay thé bang axit amin khéc.

Theo sang ché, “thay thé bing axit amin khac” khong bi giéi han mién 12 n6 14 axit
amin khac véi axit amin trude khi thay thé. Trong khi do, theo sing ché, khi thé hién
rang “axit amin cu thé dugc thay thé”, rd rang rang axit amin dugc thay thé bang axit
amin khéc véi axit amin true khi thay thé, ngay ca khi didu-d6 khong quy dinh cu thé

rang axit amin da duoc thay thé bang axit amin khéc.

Theo mdt phuwong 4n bat ky trong cac phurrong dn da duge md ta & trén, “axit amin
khéc” c6 thé 13 axit amin ngoai trir glyxin. Cu thé 13 axit amin khac c6 thé 13 axit amin
duoc lua chon tir alanin, valin, leuxin, isoleuxin, methionin, phenylalanin, tryptdphan,
prolin, serin, threonin, Xystein, tyrosin, asparagin, glutamin, axit aspartic, axit glutamic,

lysin, arginin, va histidin, tuy nhién sang ché khong bi gi6i han & day.

Nhu duge st dung & day, “vi tri tuong img” d@ cap dén gbc axit amin tai vi tri néu
trong protein hodc peptit, hoac gbc axit amin 12 twong tir, ddng nhét hodc twong dong
v6i gbe néu trong protein hodc peptit. Nhu duge st dung & day, “yung tuong Ung”
thudng dé cap dén vi tri tuong tw hodc twrong img trong protein lién quan hodc protein

tham chiéu.

Theo sang ché, c6 thé st dung cach danh s6 cu thé cla cac vi tri goc axit amin
trong protein dugc st dung & day. Vi du, c6 thé dédnh s6 lai cac vi tri gdc axit amin cua
protein ciia sang ché theo cdc vi tri twong ung bang cach can thang trinh tu peptit cia

protein ctia séng ché vdi protein dich can so sanh.

Bién thé peroxit dismutaza 1 trong d6 axit amin twong g voi vi tri thir 37 tir du
tan cung N ciia trinh tu axit amin ¢ SEQ ID NO: 1 dugc thay thé bang axit amin khéc,
c6 thé 12 protein ma trong @6 axit amin twong Gmg véi vi tri thir 37 c6 SEQ ID NO: 1
duoc thay thé bang axit amin khéc, trong sb trinh tu axit amin ¢c6 SEQ ID NO: 1 hoac
trinh tur axit amin c6 c6 su twong dong hodc dong nhat it nhat 80%, 85%, 90%, 95%,
96%, 97%, 98%, hodc 99%.

Bién thé nhu vay co thé 1a bién thé c6 tinh tuong ddng hodc ddng nhét of 80%,
85%, 90%, 95%, 96%, 97%, 98%, hoic 99% hozc nhiéu hon véi trinh tr c6 SEQ ID
NO: 1, V4 c6 tinh twrong ddng hodc ddng nhat nhd hon 100% véi trinh tr 6 SEQ ID

6
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NO: 1, tuy nhién sang ché khéong bi gidi han & day.

Bién thé peroxit dismutaza 1 trong d6 axit amin tuong tmg v6i vi tri thir 37 tir dau
tan ctng N ciia trinh ti axit amin ¢6 SEQ ID NO: 1 dugc thay thé bang axit amin khéc,
c6 thé bao gdm bt ky mét trinh tr trong s6 cc trinh tu c6 SEQ ID NO: 12 dén SEQ ID
NO: 30. Cu thé 12 bién thé c6 thé vé co ban bao gdm bit ky mot trinh tu trong sb cac
trinh tw c6 SEQ ID NO: 12 @én SEQ ID NO: 30, va cu thé hon bao gdm bat ky mét trinh
tir trong $b cac trinh tir ¢6 SEQ ID NO: 12 d¢én SEQ ID NO: 30.

Thém nita, bién thé c6 thé bao gdm bét ky mét trinh ty trong s6 cac trinh tir ¢6
SEQ ID NO: 12 dén SEQ ID NO: 30, hodc cé thé bao gdm trinh ty axit amin, trong dé
axit amin & vi tri thtt 37 trong trinh tur axit amin duoc ¢b dinh (tic 13, trong trinh tu axit
amin clia bién thé, axit amin twong tmg véi vi tri thir 37 trong trinh tir axit amin ¢4 SEQ
ID NO: 12 d@n SEQ ID NO: 30 ddng nhét v6i axit amin tai vi tri thit 37 trong trinh tyr
axit amin ¢6 SEQ ID NO: 12 dén SEQ ID NO: 30) va c6 tinh twong ddng hoic dong
nhét 80% hoic nhiéu hon, tuy nhién sang ché khong bi gidi han ¢ day.

Cu thé 12 bién thé theo sang ché c6 thé c6 bt ky mot trinh ty trong s6 cac trinh tu
¢6 SEQ ID NO: 12 dén SEQ ID NO: 30 va c6 thé co tinh twong ddng hogc dong nhét it
nhit 80%, 90%, 95%, 96%, 97%, 98%, hodc 99% véi cée trinh ti axit amin cua bat ky
mat trinh tu trong sb cac trinh trr ¢6 SEQ ID NO: 12 dén SEQ ID NO: 30, trong d9 axit
amin twong Ung véi vi tri thir 37 trong trinh tir axit amin cia bét ky mét trong cac trinh
tr ¢6 SEQ ID NO: 12 dén SEQ ID NO: 30 ¢6 thé bao gdm polypeptit, 1a axit amin khac
ngoai glyxin. Ngoai ra, 10 rang rang bét ky protein ¢ trinh ty axit amin, trong d6 mot
phﬁn cua trinh ty axit amin bi xda, stra dbi, thay thé, hoic thém, c6 thé nam trong pham
vi bao ho cua sang ché, mién 14 trinh tur axit amin ¢4 sy tuong déng hoic déng nhit nhu
véy va thé hién hiéu qua twong tmg vdi higu qua cla bién thé.

Nhu duoc st dung & day, thudt nglr “twong ddng” va “dong nhat” c6 nghia 1a muic
5 phu hop gifra hai trinh tur axit amin hogc trinh tu nucleotit da cho va ¢6 thé duoc thé

~, &

hién bing ty 18 phin trim. Thut ngit “twong ddng” va “déng nhat” thudng c6 thé duoc

str dung thay thé cho nhau.
Su twong ddng hodc ddng nhit trinh tu cia cac polynucleotit bdo thu 6 thé dugc
xéc dinh bing thudt toan can chinh tiéu chuin, va cic ham phat khoang trong mic dinh

. dugc thiét 14p bang chuong trinh dang st dung c6 thé dugc sir dung cung nhau. Vé co

7152
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ban, cac trinh tu tuong dE‘)ng hoac déng nhat c6 thé dugc lai héa véi toan b hodc it nhét
50%, 60%, 70%, 80%, hodc 90% cua toan bd chiéu dai trong cac diéu kién nghiém ngat
cao hoic trung binh. R0 rang rang viéc lai hoa con bao gdm lai héa polynucleotit véi
polynucleotit chira don vi ma hoa (codon) thong thudng hodc codon trong su xem xét

thodi bién codon.

Su tuong ddng, tuong tu, hodc ddng nhit giita bat ky hai trinh ty polynucleotit
hodc protein co thé duoc x4c dinh bang cich sir dung thuét toin may tinh da biét trong
cung linh vuc k§ thuat, vi du, thudt toan “FASTA” (Pearson et al., (1988) Proc. Natl.
Acad. Sci. USA 85:2444) béng cach str dung céc thong sb mic dinh. Thay vao do, su
twong dong, twong tw, hodc ddng nhét c6 thé dugc x4c dinh bang cach st dung thuat
toan Needleman—Wunsch (Needleman va Wunsch, 1970, J. Mol. Biol. 48:443-453),
dugc thue hién trong chuong trinh Needleman cua 261 B0 phﬁn mém mé sinh hoc phan
tir chau Au (EMBOSS: The European Molecular Biology Open Software Suite, Rice et
al., 2000, Trends Genet. 16:276-277) (t6t hon 1a phién ban 5.0.0 hodc cao hon) (go1
chuong trinh GCG (Devereux, J. et al., Nucleic Acids Research 12:387 (1984)),
BLASTP, BLASTN, FASTA (Atschul, S. F. et al., J MOLEC BIOL 215:403 (1990);
Guide to Huge Computers, Martin J. Bishop, ed., Academic Press, San Diego, 1994, va
CARILLO et al. (1988) SIAM J Applied Math 48:1073). Vi duy, su tuong dong, tuong
tu, hodc déng nhét c6 thé dugc xac dinh b%mg cach stt dung BLAST hogc ClustalW tu
co s& dir liéu ciia Trung tim Thong tin Cong ngh¢ Sinh hoc Quéc gia (NCBI).

Su twong dong, twong tu, hodc ddng nhét gitta cac polynucleotit hodc polypeptit
c6 thé dugc xac dinh b'?lng cach so sanh thong tin trinh tu st dung, vi dy, chuong trinh
may tinh GAP ching han nhu Needleman et al. (1970), J Mol Biol. 48:443, nhu dugc
dua ra trong, vi du, Smith va Waterman, Adv. Appl. Math (1 981) 2:482. Tém lai, chuong
trinh GAP c6 thé duge dinh nghia 1a gia tri thu duoc bé‘mg cach chia sb luong céc ky
hiéu dugc can chinh (cu thé, cac nucleotit hodc cac axit amin) cho tdng sb cac ky tu
trong trinh tur ngz“'m hon trong hai trinh tu. Cac tham s6 mac dinh ddi véi chuong trinh
GAP c6 thé bao gbm: (1) ma tran so sanh nhi phan (bao gom gid tri 1 d6i voi ddng nhét
va gia tri 0 dbi voi khong ddng nhét) va ma tran so sénh trong s6 cua Gribskov et al.
(1986) Nucl. Acids Res. 14: 6745 nhu dugc mo ta boi Schwartz and Dayhoff, eds., Atlas
Of Protein Sequence And Structure, National Biomedical Research Foundation, pp.
353-358 (1979) (hodc ma tran thay th8 EADNFULL (phién ban EMBOSS cua NCBI
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NUCA4.4)); (2) ham phat bing 3,0 d6i v6i mbi khoang tréng dich chuyén va ham phat bd
sung 0,10 déi v6i mdi ky tr trong méi khoang trong dich chuyén (hoic ham phat m&
khoang tréng dich chuyén bang 10, hAm phat mé rong khoang tréng dich chuyén bang
0,5); va (3) khong c6 ham phat déi véi cac khoang tréng dich chuyén cubi.

Ngoai ra, bat ky hai trinh tu polynucleotit hodc polypeptit c6 su ddng nhét, tuong
tur, hodc twong ddng hay khong c6 thé dugc x4c dinh bang cach so sanh céc trinh ty ndy
thong qua céc thir nghiém lai Southemn trong cac diéu kién nghiém ngit da xac dinh, va
céc diéu kién lai hoa thich hgp duoc xac dinh c6 thé nam trong pham vi cia cdng nghé
va c6 thé duoc xac dinh bang phuong phap da biét ddi ngudi co hiéu biét trung binh
trong cung linh vuc k§ thut (vi du, J. Sambrook et al., Molecular Cloning, A Laboratory
Manual, tai ban 1an hai, 4n phdm Cold Spring Harbor Laboratory, Cold Spring Harbor,
New York, 1989; F.M. Ausubel et al., Current Protocols in Molecular Biology, John
Wiley & Sons, Inc., New York).

Khia canh khac cia sang ché co th& @ xuit polynucleotit ma hoa bién thé.

Nhu duoc st dung & déy, thuat ngit “polynucleotit”, 1a polyme of cac nucleotit bao
gém c4ac monome nucleotit dugc ndi theo chubi dai bé‘mg lién két cong hoad tri, 1a chudi

ADN hodc ARN c6 it nhit d6 dai nhat dinh.
Gen mai hoa peroxit dismutaza 1 theo sang ché c6 thé 1a gen sod].

Gen c6 thé ¢6 ngudn gbc tir nAm men. Cu thé 13 n6 co thé co ngudn gbc tir chi
Saccharomyces, cu thé hon 14 tir Saccharomyces cerevisiae. Cu thé 12 bat ky gen c6 thé
bao gdm ma khéng gi6i han mién 14 né mi héa polypeptit c6 hoat tinh cia peroxit
dismutaza 1 c6 ngudn gdc tir Saccharomyces cerevisiae. Theo mot phuong an, no co thé
1a gen m4 hoéa trinh tyr axit amin c6 SEQ ID NO: 1, va theo phuong 4n khac, n6 c6 thé
bao gém trinh tu nucleotit of SEQ ID NO: 2 hodc SEQ ID NO: 3, tuy nhién sang ché
khong bi gidi han & day.

Polynucleotit ma hoa bién thé peroxit dismutaza 1 theo sang ché c6 thé bao gdbm
bét ky polynucleotit ma hoa bién thé peroxit dismutaza 1 hodc polypeptit c6 hoat tinh
trong tmg v4i nd ma khong bi gioi han.

Peroxit dismutaza 1 theo sang ché hoic polynucleotit ma hoa bién thé ciia nd c6

thé trai qua nhiéu bién dbi trong ving ma hda trong pham vi ma khong thay dbi trinh tur
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axit amin cta polypeptit, do thoai bién codon hoic xem xét cac codon duoc wu tién trong

sinh vt trong d6 polypeptit dugc biéu hién.

Cu thé, polynucleotit ma hoa bién thé peroxit dismutaza 1 theo sang ché c6 thé bao
gbm trinh tir polynucleotit bét ky ma khong gi6i han mién 12 né m3 hoa bién thé protein
ma trong d6 axit amin twong Ung v&i vi tri thir 37 trong trinh tur axit amin c6 SEQ ID

NO: 1 bing axit amin khéc.

Vi du, polynucleotit ma hoa bién thé protein theo sang ché c6 thé bién thé protein
theo sang ché, cu thé trinh tur polynucleotit ma hoa bt ky mdt trinh tu trong s6 cac trinh
tu ¢6 SEQ ID NO: 12 dn SEQ ID NO: 30 hoic polypeptit c6 tinh twong ddng hoic
dong nhét v&i nd, va trinh tw ma héa axit amin trong ing vdi vi tri thir 37 trong bat ky
trinh tu trong sb c4c trinh tw axit amin c6 SEQ ID NO: 12 dén SEQ ID NO: 30 ¢6 thé 1a
trinh tir polynucleotit md hda axit amin ngoai trir glyxin, tuy nhién sang ché khéng bi
gi¢i han ¢ day. Tinh twong ddng va ddng nhat nhu duge md ta bén trén.

Hon nira, polynucleotit md hoa bién thé protein theo sing ché c6 thé bao gém dau
do c6 thé duoc didu ché tir trinh tu gen d bibt, vi du, trinh tw bit ky ma héa bién thé
protein ma trong d6 axit amin tuong tmg v6i vi tri thir 37 trong trinh ty axit amin co6
SEQ ID NO: 1 dugc thay thé bang axit amin khéc, cd thé 1ai héa véi trinh tr b6 sung
cho toan bo hoac mot phﬁn trinh tu nucleotit dudi cac diéu kién nghiém ngit ma khong
gidi han.

“Céc didu kién nghiém ngat” d& cap dén céc diéu kién cho phép lai ddc hiéu gitta
cac polynucleotit. Cac diéu kién nhu vy dugc md ta cu thé trong tai liéu (vi du, J.
Sambrook ef al.). Vi du, cic diéu kién nghiém ngit c6 thé bao gdm cac diéu kién trong
d6 cac gen co6 tinh tuong ddng hoidc dong nhét cao tir 40% hodc nhiéu hon, cu thé 90%
hoiic nhidu hon, cu thé hon 95% hodc nhidu hon, 96% hodc nhiéu hon, 97% hodc nhiéu
hon, 98% hodc nhiu hon, hoic cu thé hon nita 99% hodc nhiéu hon, dwoc lai héa véi
nhau va cac gen c6 tinh trong ddng hodc déng nhét thap hon cic tuong ddng hoic dong
nhét bén trén khong dugc lai hoa v6i nhau, hoic cac diéu kién rira cla lai Southern, tirc
14, rira mot 14n, cu thé 12 hai hodc ba 1in & ndng d6 mudi va nhiét d6 twong img véi 60°C,
1xSSC, 0,1% SDS, cu thé 60°C, 0,1xSSC, 0,1% SDS, va cu thé hon 68°C, 0,1xSSC,
0,1% SDS.

Lai hoa yéu cau hai axit nucleic chira cc trinh tir bd sung, mac du sy khong khép
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gilta cac bazo co thé phu thudc vao mirc 46 nghiém ngat cua phép lai. Thu4t ngit “bd
sung” dugc sur dung dé dé mo ta moi quan hé gifra cac bazo nucleotit c6 thé lai v4i nhau.
Vi du, di voi ADN, adenin bd sung cho thymin va xytosin bd sung cho guanin. Do do,
polynucleotit theo sang ché c6 thé bao gdm cac doan axit nucleic da phan lap bd sung

cho toan bd trinh tir cling nhu céc trinh tu axit nucleic vé co ban tuong tr v6i chung.

Cu thé 13 cac polynucleotit c6 tinh tuong ddng hoidc dong nhét c6 thé dugc phat
hién bang cach sir dung cac didu kién lai hoa bao gém budc lai & gia tri Tm 12 55°C dudi
cac diéu kién duge mo ta bén trén. Hon nita, gié tri Tm cO thé 14 60°C, 63°C, hodc 65°C,
tuy nhién sing ché khong bi gi6i han & ddy, va c6 thé dugc didu chinh thich hop béi
nguoi co hidu biét trung binh trong cung linh vuc k¥ thut tay thude vao muc dich cua

J4

no.

Murc d6 nghiém ngat dé 1ai hoa céc polynucleotit phu thudc vao d¢ dai cua cac
polynucleotit va murc do bd sung, va cac bién s nay di duoc bién dén trong cing linh

vuc k¥ thuét (vi du, Sambrook et al., supra, 9.50-9.51, 11.7-11.8).

Khia canh khac nita cua sang ché c6 thé d€ xuat vecto bao gom polynucleotit ma
hoa bién the protein.

~, &6

Nhu dugce sir dung & day, thuat ngit “vecto” dé cap dén cAu tra AND chira trinh tu
nucleotit ciia polynucleotit ma hoa protein dich lién két chirc ning voi ving diéu hoa
biéu hién phit hop (hodc trinh tu diéu hda biéu hién) dé cho phép biéu hién polypeptit
dich trong té bao chi thich hgp. Ving didu hoa biéu hién c6 thé bao gdm cac ving khoi
dong c6 kha ning bit ddu phién ma, bat ky trinh tw vén hanh dé diéu hoa phién ma, trinh
ir ma héa vi tri lién két ribosom mARN thich hop, va trinh t 4 diéu hoa két thiic phién
ma va dich ma. Mgt khi dugce bién nap vao trong té bao chu thich hop, vecto sao chép

hodc hoat dong ddc 1ap véi bd gen chi, hodc co thé tich hop vao bd gen cta nod.

Theo mdt vi dy, polynucleotit ma hoa protein dich trong nhidm sic thé co thé dugc
thay thé vé6i polynucleotit dugc sira d4i thong qua vecto @& chén nhi®m séc thé noi bao.
Chén polynucleotit vao nhidm sic thé c6 thé duoc thuc hién bing bét ky phuong phap
d3 dugc biét trong cing linh vuc ky thuat, vi dy, bang tai t6 hop tuong ddng, tuy nhién
sang ché khong bi gidi han ¢ day. Vecto co thé con bao gdm chi dAu chon loc d x4c
nhéin chén vao nhidm sic thé. Chi d4u chon loc dé lwa chon céc té bao duoc bién nap

véi vecto, tirc 13, dé xac nhan xem phén tir axit nucleic dich d3 dugc chén, va cac chi
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diu cung cép c4c kiéu hinh c6 thé lira chon, chéng han nhu khang thude, tang dudng,
khéang lai cac tac nhan gay doc té bao, hoic biéu hién c6 thé sir dung cac protein bé mit
c6 thé duoc st dung. Chi céc t& bao biéu thi chi ddu chon loc méi c6 thé tdn tai hoic thé
hién c4c kiéu hinh khac nhau trong méi trudng duge xir Iy bang tac nhan chon loc va do

d6 céc té bao da bién doi co thé dugce chon.

Vecto duoc stir dung theo sang ché khéng bi giéi han cu thé, va bat ky vecto di
duoc biét dén trong cung linh vuc k¥ thuét c6 thé duoc sir dung. Vecto biéu hién nim
men c6 thé bao gdm ca plasmit tich hgp ndm men (YIp) va vecto plasmit ngoai bao.
Vecto'plasmit ngoai bao cé thé bao gbm plasmit episomal ndm men (Yep), plasmit sao
chép nim men (YRp), va plasmit doan trung tim ndm men (YCp). Ngoai ra, cdc nhiém
sic thé nhan tao cia ndm men (YACs) ciing c6 thé dugce sir dung nhu vecto cla sing
ché. Cac vi du cu thé cta vecto ¢6 thé duoc sir dung cé thé bao gé‘)m pESCHIS, pESC-
LEU, pESC-TRP, pESC-URA, Gateway pYES-DEST52, pAO815, pGAPZ A, pGAPZ
B, pGAPZ C, pGAPa A, pGAPa B, pGAPa C, pPIC3.5K, pPIC6 A, pPIC6 B, pPIC6 C,
pPIC6a A, pPIC6a B, pPIC6a C, pPICIK, pYC2/CT, vecto hién thi ndm men pYDI,
pYES2, pYES2/CT, pYES2/NT A, pYES2/NT B, pYES2/NT C, pYES2/CT, pYES2.1,
pYES-DESTS52, pTEF1/Zeo, pFLDI1, PichiaPinkTM, p427-TEF, p417-CYC, pGAL-
MF, p427-TEF, p417-CYC, PTEF-MF, pBY011, pSGP47, pSGP46, pSGP36, pSGP40,
ZM552, pAG303GAL-ccdB, pAG414GAL-ccdB, pAS404, pBridge, pGAD-GH,
pGAD T7, pGBK T7, pHIS-2, pOBD2, pRS408, pRS410, pRS418, pRS420, pRS428,
vi ndm men dang A, pRS403, pRS404, pRS405, pRS406, pYJ403, pYJ404, pYJ405, va
pYJ406, nhung sang ché khéng bi gidi han & dé.

Nhu dugce st dung ¢ day, thuat ngir “bién nap” dé cap dén dua vecto bao gém
polynucleotit ma hoa protein dich vao trong té bao chil sao cho protein ma héa béi
polynucleotit co thé biéu hién trong té bao chi. Mién 1a dugc bién nap polynucleotit co
thé biéu hién trong té bao chi1, khong quan trong xem polynucleotit dugc bién nap cb
duge tich hop vao trong nhiém shc thé ctia té bao chu va ndm trong d6 hoic ndm ngoai
nhiém sic thé hay khong, va ca hai trudng hop duge bao gbém. Hon nita, polynucleotit
c6 thé bao gdm ADN va ARN ma héa protein dich. Polynucleotit c6 thé dugc dua vao
& dang bét ky, midn 12 n6 c6 thé duoc dua vao trong té bao chii va biéu hién trong do.
Vi duy, polynucleotit co thé duoc dua vao trong té bao chu & dang catxet biéu hién, 12

ciu tric gen bao gom tat ca cac yéu td yéu cau cho bicu hién tr dong ctia n6. Catxet bi€u
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hién c6 thé thuong bao gdm cac ving khéi dong lién két chirc ning véi polynucleotit,
rinh két thc phién m, vi tri lién két ribosom, hodc trinh két thic dich ma. Catxet biéu
hién c6 thé & dang vecto biéu hién ty sao chép. Ngoai ra, polynucleotit c6 thé duogc dua
vao trong té bao chu nhu vén co6 va lién két chirc ning véi trinh tr dugc yéu cau cho

biéu hién trong té bao chi, tuy nhién sing ché khong bi giéi han & day.

Hon nita, nhu duoc st dung & day, thuat nglr “lién két chic ning” c6 nghia rang
trinh tu gen dugc lién két chirc ning v6i trinh tu cic vung khéi dong dé khoi dau va

trung gian phién m3 ctia polynucleotit ma héa polypeptit dich cua sang ché.

Phuong phép bién nap vecto cua sang ché c6 thé bao gdm bit ky phuong phap c6
thé dua axit nucleic vao trong té bao, va bién nap co thé dugc thuc hién béng cach luya
chon k¥ thuét tiéu chuan thich hop nhu d3 biét dén trong cing linh vuc k¥ thuat theo té
bao chu. Vi dy, phuong phap ¢ thé bao gbm dién di, két tha canxi phosphat (CaPOs),
két tha canxi clorua (CaCly), vi tiém, phuong phép polyetylen glycol (PEG), phuong
phap DEAE—dextran, phuong phép liposom cation, va phuong phap lithi axetat-DMSO,
v.v., tuy nhién sang ché khong bi gi6i han & day.

Sang ché c6 thé d& xuat vi sinh vit bao gdm bt ky modt hodc nhiéu peroxit

dismutaza 1 va polynucleotit ma hoa bién thé.

Nhu duoc sic dung & day, thuat ngit “vi sinh vat” bao gdm tit ca vi sinh vét kiéu
dai, hodc céc vi sinh vat sira d8i bang phuong phép ty nhién hoic nhan tao, va 1a khai
niém toan dién bao gém tAt c4 cac vi sinh vat trong d6 co ché cu thé vi suy yéu hoic
duoc ting cudng do chén gen ngoai lai, hoic ting cudng hodc suy yéu hoat tinh ctia gen
ndi sinh.

Theo mdt phuwong an, vi sinh vét co thé vi sinh vAt san xuét glutathion. Nhu dugc
st dung & day, thuat ngit “vi sinh vat dé san xuit glutathion” c6 thé dugc sir dung thay
thé cho cac thuat ngir chéng han nhu “vi sinh vat san xuét glutathion”, “vi sinh vat ¢
kha ning san xut glutathion”, “chung san xuét glutathion”, “ching c6 khd nang san

xuét glutathion”, v.v..

Theo mot phuong an bét ky trong cac phuong én d3 duoc md ta & trén, vi sinh vat

c6 thé vi sinh vat san xuét cac dAn xuat glutathion.

Theo mot phuong 4n bét ky trong cac phuong 4n da duoc mé ta & trén, vi sinh vét
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ciia sang ché co thé bao gdm vecto bao gbm polynucleotit ma hoa peroxit dismutaza 1.

“Glutathion” cua sang ché c6 thé dugc sir dung thay thé cho “glutathion” hodc
“GSH”, va d& cap dén tripeptit bao gbm ba axit amin (tirc 14, glutamat, xystein, glyxin).
Glutathion c6 thé duge st dung 1am nguyén liéu tho cho duge phém, thue phém chuc
ning sttc khoe, huong li€u, thuc phém, phu gia thirc an chdn nudi, my phém, v.v., tuy

nhién sang ché khong bi giéi han & day.

“DAn xuét glutathion” cta sang ché c6 thé bao gom chit bat ky co thé duoc chuyén

d6i bang cach st dung glutathion 1am nguyén liéu ban d4u ma khong gidi han.

Theo sang ché, glutathion hodc cac din xuit ciia ching co thé dugc goi chung la
“peptit gamma-glutamyl”. Peptit gamma-glutamyl dé cap dén hop chét rtrong luong
phén tu thdp c6 nhém gamma-carboxyl cua axit glutamic tai dau tan cung N cua phan
tir.

Cu thé 1a peptit gamma-glutamyl c6 thé hop chét duoc biéu dién bang Céng thirc

chung 1 bén dudi:
[Cong thirc chung 1]
y-Glu-X-Y

Trong cdng thirc chung bén trén, X 13 xystein, axit glutamic, tyrosin, methionin,
valin, tryptophan, axit aspartic, isoleuxin, Jeuxin, asparagin, glutamin, histidin, lysin,

ornithin, arginin, S-metylxystein, hodc S-etylxystein;

Y 1a glyxin, alanin, leuxin, isoleuxin, serin, threonin, methionin, xystein, axit
aspartic, asparagin, glutamin, lysin, ornithin, arginin, phenylalanin, tyrosin, prolin,

hydroxyprolin, alpha-aminobutyric acid, hodc absent.

Theo mét phuong 4n, peptit gamma-glutamyl c6 thé dugc lra chon tir y-Glu-Cys-
Gly (Glutathion), y-Glu-Glu (y-EF), y-Glu-Tyr (y-EY), 7-Glu-Met (y-EM), y-Glu-Val
(y-EV), y-Glu-Trp (y-EW), y-Glu-Asp (y-ED), v-Glu-Ile (y-EI), y-Glu-Leu (y-EL), y-
Glu-Cys-Gly (y-ECG), y-Glu-Val-Gly (y-EVG), y-glutamyl-S-metyl-xystein (y-E-S-
metyl-C), y-glutamyl-S-ethenyl-xystein (y-E-S-ethenyl-C), va y-glutamyl-cysteinyl-f-
alanin (y-E-C-B-A).

Theo mdt phuong an bét ky trong cac phuong an di dugc md td & trén, peptit

gamma-glutamyl co thé glutathion, tuy nhién sang ché khong bi giéi han & day.
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Vi sinh vt cia sang ché c6 thé dé cap dén vi sinh vat c6 kha ning san xuit vuot
mirc glutathion mong muén, bao gbm peroxit dismutaza 1, so v6i vi sinh vat khong stra
dbi hoic kidu dai. Vi sinh vat khong bi gi6i han cu thé bdi loai cia né mién 1a né c6 thé
san xuit glutathion, nhung cé thd vi sinh vat thudc chi Saccharomyces, cu thé

Saccharomyces cerevisiae. Tuy nhién, vi sinh vat khong bi gi6i han & do.

Ching bb me cua vi sinh vat san xuét glutathion bao gdbm bién thé khong bi gidi
han cu thé mi&n 12 né ¢ kha ning san xuit glutathion. Vi sinh vat c6 thé con bao gdbm
céc d6t bién chang han nhu ting cudng céc con dudng sinh téng dé ting kha ning san
xuit glutathion, giai phong tic ché phan hdi, hodc bat hoat gen dé 1am suy yéu céc con
duodng thodi bién hodc cac con dudng sinh tdng hop, va cic dot bién nay khong loai trir

cac dot bién xay ra tu nhién.

Nhu duge st dung & day, thuat ngir “ting cudng” hoat tinh polypeptit c6 nghia
rang hoat tinh ciia polypeptit dugc ting 1én so véi hoat tinh néi sinh ctia n6. Tang cuong
c6 thé duoc str dung thay thé cho céac thuat ngir chéng han nhu kich hoat, diéu chinh
tang, biéu hién qua muc, tang, v.v.. Cu thé, kich hoat, tang cuong, diéu chinh tang, biéu
hién qua muc va tang co6 thé bao gdm ca hai truong hop ma trong d6 hoat tinh khéng
duoc s& hiru ban dau duoc biéu hién, hoic hoat tinh duoc ting cudng so véi hoat tinh
ndi sinh hoic hoat tinh truéc khi bién ddi. “Hoat tinh ndi sinh” dé cap dén hoat tinh ctia
polypeptit cu thé duoc s& hiru ban diu bai ching bé me trudce khi bién nap hozc vi sinh
vt khong sira ddi, khi dic diém bj thay ddi théng qua bién ddi gen gay ra bdi cc yéu
t4 tw nhién hoic nhan tao, va cé thé duoc st dung thay thé cho “hoat tinh truéc khi bién
dbi”. “Téng cuong”, “diéu chinh tdng”, “biéu hién qua muc”, hodc “tang” hoat tinh cta
polypeptit so v4i hoat tinh ndi sinh ctia né cé nghia réng hoat tinh va/hoac néng do (muc
d6 biéu hién) polypeptit dugc ting cudng so véi hoat tinh cta polypeptit cu thé duoc so
hiru ban d4u bai ching bd me trudce khi bién nap hoic vi sinh vat khong sira d6i.

Tang cudng cé thé dat duge bang cach dua polypeptit ngoai lai, hodc bang cach
ting cudng hoat tinh vi/hodc ndng d§ (mirc do biéu hién) cua polypeptit ndi sinh. Ting
cuong hoat tinh cta polypeptit co thé dugc x4c nhin bang cach ting mirc hoat tinh cia
polypeptit, mic do biéu hién, hoidc lrong san phim dugc bai tiét tir polypeptit.

Tang cuong hoat tinh cta polypeptit ¢ thé duoc 4ap dung bang cac phuong phap

khéc nhau di biét dén trong ciing linh vuc k¥ thuat, va khong bi giéi han mién 1a n6 c6
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thé ting cudng hoat tinh cua polypeptit dich so vdi hoat tinh cua vi sinh vét trugce khi
bién ddi. Cu thé 12 ki thuét gen va/hodc k¥ thuét protein da duoc bién dén ddi véi nguoi
¢6 hiéu biét trung binh trong cung linh vyre k§ thut, 12 phuong phap thong thuong trong
sinh hoc phan tir ¢6 thé duoc st dung, nhung phuong phéap khong bi gidi han & day (vi
du, Sitnicka et al. Functional Analysis of Genes. Advances in Cell Biology. 2010, Vol. 2.
1-16, Sambrook et al. Molecular Nhén dong 2012, v.v..).

Cu thé 13 ting cudng polypeptit clia sing ché co6 thé dat duoc bang cach:

1) tang s6 lwrong ban sao ndi bao cia polynucleotit ma hoa polypeptit;

2) thay thé ving didu hoa biéu hién ciia gen mi hda polypeptit trén nhiém sic thé
with trinh tur c6 hoat tinh manh;

3) bién @i trinh tr nucleotit m hoa codon khdi dau hogc 5'-UTR cta ban phién
mi gen mi hoa polypeptit;

4) bién dbi trinh ty axit amin ciia polypeptit sao cho hoat tinh cta polypeptit dugc
tang cuong;

5) bién ddi trinh tu polynucleotit ma hda polypeptit sao cho hoat tinh cta polypeptit
dugc ting cuong (vi du, viéc bién ddi trinh tr polynucleotit cua gen polypeptit dé ma
hoéa polypeptit da dugc stra dbi dé tang cudng hoat tinh ciia polypeptit);

6) dua polypeptit ngoai lai biéu hién hoat tinh polypeptit hoac polynucleotit ngoai
lai ma hoa polypeptit;

7) t&i wru hoa codon cua polynucleotit mé hoa polypeptit;

8) phan tich cAu triic bac ba cua polypeptit va nhd d6 lua chon va viéc bién ddi vi
tri tiép xuc, hodic bién di hoa hoc polypeptit; hodc

9) két hop cua hai hodc nhiéu hon dugc lva chon tir phuong phép 1 dén 8 néu trén,
nhung sang ché khong bi gidi han cu thé & do.

Cu théhon la

Phuong phép 1 dé ting sb lugng ban sao ndi bao cia polynucleotit mad hoa
polypeptit ¢o thé dat duoc bang cach dua vecto, dugc lién két chic ning véi
polynucleotit ma hoa polypeptit va c6 kha nang dé sao chép va hoat dong bat ké té bao

chu, vao trong té bao chu. Ngoai ra, phuong phéap co thé dat duogc béng cach dua mot
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ban sao hoic hai ban sao ctia cac polynucleotit ma héa polypeptit vao trong nhiém sic
thé cua té bao chi. Pua vao trong nhidm sic thé c6 thé dugc thuc hién bf?mg cach dua
vecto, c6 kha nang dé chén polynucleotit vao trong nhiém séc thé cua té bao chi, vao
trong t& bao chu, tuy nhién sing ché khong bi gi6i han & ddy. Vecto nhu duge mo ta bén

trén.

Phuong phép 2 dé thay thé ving didu hoa biéu hién (hogc trinh ty diéu hoa bicu
hién) cta gen ma hoa polypeptit trén nhidm sic thé bang trinh tir ¢6 hoat tinh manh ¢6
thé dat dugc bang cach gy ra bién ddi trén trinh tr thong qua x6a, chén, thay thé bao
toan hoac khong bao toan, hodc Kkét hop cia ching dé ting cudng hon nita hoat tinh cta
ving didu hoa biéu hién, hoic by thay thé trinh tu bang trinh tu ¢ hoat tinh manh hon.
Ving diéu hoa biéu hién c6 thé bao gbém, nhung khong bi gigi han cu thé &, cac ving
khéi dong, trinh tw van hanh, trinh tw ma hoa vi tri lién két ribosom, va trinh tr diéu hoa
két thiic phién ma va dich m3, v.v.. Theo mét vi du, phuong phép c6 thé bao gbém thay
thé cac ving khoi dong ban dau véi cac ving khoi dong manh, tuy nhién sdng ché khong
bi gidi han & day.

Céc vi du ciia chc ving khéi dong da bibt dén & sinh vat nhan chuén bao gom cac
ving khéi dong cho yéu t6 kéo dai dich md 1 (TEF1), glycerol-3-phosphat
dehydrogenaza 1 (GPD1), 3-phosphoglyxerat kinaza, hodc cac enzym glycolytic khac,
vi du, enolaza, glyceraldehyde-3-phosphat dehydrogenaza, hexokinaza, pyruvat
decarboxylaza,  phosphofructokinaza, glucoza-6-phosphat  isomeraza, 3-
phosphoglyxerat mutaza, pyruvate kinaza, trioza phosphat isomeraza, phosphoglucoza
isomeraza, va glucokinaza; cic vi du cta cac vung khoi dong nim men khac, 1a cic ving
khéi dong cam tmg véi céc ru didm bd sung ctia phién mi duoc diéu khién boi céc dieu
kién sinh truéng bao gdm cic ving khdi dong cho alcohol dehydrogenaza 2,
isocytochrom C, axit phosphataza, cac enzym thoai bién lién quan dén chuyén héa nito,
metallothionein, glyceraldehyde-3-phosphat dehydrogenaza, va cac enzym chiu trach
nhiém st dung maltoza va galactoza; cac ving khéi dong co thé dwoc sir dung khi té
bao cha 12 nAm men c6 thé bao gdm TEF1 cic vung khoi dong, TEF2 cdc ving khoi
dong, GAL10 cac ving khéi dong, GALI cac vung khoi dong, ADHI cac vung khoi
dong, ADH2 céc vang khai dong, PHOS cic vung khoi dong, GAL1-10 cac vung khéi
dong, TDH3 cac ving khoi dong(GPD céc vung khéi dong), TDH2 céc vung khét dong,
TDHI1 cac vung khéi dong, PGK1 cac vung khéi dong, PYK2 cac vung khéi dong,
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ENO1 cac ving khéi dong, ENO2 cac vung khéi dong, va TPII cac vung khoi dong; va
cac vecto thich hgp va cac ving khéi dong dé st dung trong biéu hién nam men con
duoc mo ta trong patent chiu Au sb 073657, nhung cac ving khoi dong khong bi gidi
han & d6. Hon nifa, cac chét tang cuong ndm men ciing c6 thé dugc sir dung thuén loi
theo cach két hop véi cac ving khai dong ndm men, nhung sing ché khéng bi gi6i han
G do.

Phuong phép 3 dé bién ddi trinh twr nucleotit mi héa codon khdi dau hodc 5'-UTR
of ban phién mi gen ma hoéa polypeptit cd thé dat duoc, vi du, bang cich thay thé thay
thé trinh tu nucleotit b??mg trinh tu nucleotit ma héa codon khéi du khéc c6 téc dd biéu
hién cao cta polypeptit so vdi codon khéi dAu ndi sinh, tuy nhién sang ché khong bi gidi

han & day.

Cac phuong phép 4 va 5 dé bién dbi trinh ty axit amin hodc trinh ty polynucleotit
¢6 thé dat dwoc bang cach giy ra bién dbi trén trinh tir thong qua xda, chén, thay thé bao
toin hodc khong bao todn cla trinh tw axit amin cia polypeptit hodc trinh tu
polynucleotit ma hoa polypeptit, hodc két hop ciia chung dé ting cuong hoat tinh cta
polypeptit, hodc bang cach thay thé trinh ty bang trinh tu axit amin hodc trinh tur
polynucleotit sira ddi dé c6 hoat tinh manh hon, hodc trinh t axit amin hodc trinh tu
polynucleotit sira dbi dé tang cuong hoat tinh, nhung sang ché khong bi giéi han & dé.
Viéc thay thé ¢6 thé dugc thuc hién cu thé bing cich chén polynucleotit vao trong nhiém
sic thé bang cach tai t6 hop tuong ddng, tuy nhién sang ché khong bi gidi han & day.
Vecto dugce st dung & day co thé con bao gdm chi déu chon loc @ xac nhan chén vao

nhiém sic thé. Chi dau chon loc nhu duge mo ta bén trén.

Phuong phap 6 dé dua polynucleotit ngoai lai biéu hién hoat tinh cta polypeptit co
thé dat duoc bang cach dwa vao trong té bao chi polynucleotit ngoai lai ma hoa
polypeptit dé bidu hién hoat tinh gidng/twong tu vo&i hoat tinh cia polypeptit.
Polynucleotit ngoai lai ¢6 thé dugc st dung ma khong gidi han bét ké ngudn gdc hodc
trinh tu cia né mién 1a né biéu hién hoat tinh giéng/tuong tu v41 hoat tinh cua polypeptit.
Viéc dua vio c thé dugc thyc hién béi nhimg ngudi ¢6 hiéu biét trung binh trong cung
linh vuce k¥ thuat bang cach lya chon phi hop phuong phéap bién nap da biét dén trong
cung linh vuc k¥ thuat, va biéu hién ctia polynucleotit dugc dua vao trong té bao chu

cho phép san sinh polypeptit, nhd d6 ting hoat tinh cua noé.
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Phuong phap 7 d8 ti rru hoa codon cia polynucleotit ma hoa polypeptit cd thé dat
duoc bing cach tdi wu hoa codon ciia polynucleotit ndi sinh dé ting phién ma hoic dich
ma trong té bao chii, hodc bang cach t8i wru hoa cac codon ctia n6 sao cho phién ma va

dich ma duoc tdi wu héa cua polynucleotit ngoai lai o thé dat duoc trong té bao chi.

Phuong phép 8 dé phan tich cAu tric bic ba ciia polypeptit va nhd d6 lua chon va
viéc bién d6i vi tri tiép xuc, hoac bién ddi hoa hoc polypeptit co thé dat dugc, vi du,
bing cach so sanh théng tin trinh tir cia polypeptit cAn phan tich v6i co s di ligu trong
d théng tin trinh iy clia cac protein di biét dugc luu trir, dé xac dinh céc img vién
protein mau theo mitc dd tuwong tu trinh ty, va do d6 x4c nhan cAu tric dua trén thong
tin, nhd d6 lva chon va bién nap hoic viéc bién d6i vi tri tiép xtic can stra ddi hodc bién

doi hoa hoc.

Su ting cudng nhur vay cta hoat tinh polypeptit ¢6 nghia rang hoat tinh hodc ndng
do cua polypeptit twong tmg dugc ting 1én so vdi hoat tinh hodc ndng do cia polypeptit
duoc bidu hién trong vi sinh vt truée khi bién ddi hogc kiéu dai, hode luong sin phim

duge san xuét tir polypeptit dugc ting 1én, tuy nhién sang ché khong bi gi6i han & day.

Bién d6i mot phﬁn hodc toan bd ctia polynucleotit trong vi sinh vét cua sang ché
¢6 thé dat duoc bing cach (a) tAi té hop twong ddng sit dung vecto cho chén nhiém sic
thé trong vi sinh vt hodc stra dbi gen str dung thao tac di truyén (vi dy, CRISPR-Cas9)
va/hoic (b) c6 thé gay ra boi anh sang, chang han nhu tia cuc tim va hdng ngoai, v.v.,
va/hoidc cac xur 1y hoa hoc, tuy nhién sang ché khong bi gi6i han & day. Phuong phap
bién ddi mot phan hoic toan bd gen co thé bao gdm phuong phép bang cong nghé tai tb
hop ADN. Vi du, mét phﬁn hoic toan bd cua gen cod thé xda b%.ng cach tiém trinh tu
nucleotit hodc vecto chira trinh tr nucleotit twong ddng véi gen dich vao trong vi sinh
vét dé gay ra tai t6 hop tuong dbng. Trinh tu nucleotit dugc tiém hodc vecto ¢o thé bao
gf‘)m chi d4u chon loc trdir, tuy nhién sang ché khong bi gidi han & day.

~

Nhu duoc st dung & dy, thuat nglr “suy yéu” ctia polypeptit 1a khdi ni¢m toan
dién bao gdm ca giam xudng hoic khong c6 hoat tinh so v6i hoat tinh ndi sinh cua no.
Su suy yéu c6 thé dugc sir dung thay thé cho cac thuat ngir chang han nhu bét hoat, thiéu

hut, diéu chinh xudong, gidm, giam xudng, suy giam, v.v..

Su suy yéu ciing c6 thé bao gdm trudng hop trong d6 hoat tinh polypeptit bi giam

hodc bi loai bd so v6i hoat tinh cia polypeptit dugc s& hitu ban diu bai vi sinh vat do
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dot bién cia polynucleotit ma hoa polypeptit; truong hop trong d6 mtrc d6 tdng thé cta
hoat tinh polypeptit ndi bao va/hodc ndng d6 (mirc do biéu hién) bi giam so voi ching
tu nhién do uc ché biéu hién cta gen cua polynucleotit ma hoa polypeptit, hodc su rc
ché ciia dich m3 vao trong polypeptit, v.v.; truong hop trong d6 polynucleotit hoan toan
khéng dugce biéu hién; va/hodc trrdng hop trong d6 khdng cd hoat tinh polypeptit dugc
quan sit ngay ca khi polynucleotit duoc bidu hién. Nhu dugc sir dung & day, thult nglr
“hoat tinh néi sinh” dé cap dén hoat tinh cua polypeptit cu thé duoc s¢ hiru ban dAu bai
ching bd me trude khi bién nap, vi sinh vét khong stra d4i hodc kiéu dai, khi tinh trang
bi bién ddi thong qua bién d6i gen gy ra bdi cac yéu t6 tr nhién hodc nhén tao, va c6
thé duge sit dung thay thé cho “hoat tinh trudc khi bién ddi”. Biéu hién hoat tinh
polypeptit 1a “bi bét hoat, thiéu hut, bi giam, bi diéu chinh xuéng, giam xuéng hodc bi
suy giam” so v6i hoat tinh ndi sinh cua né co nghia rang hoat tinh polypeptit bi gidm so
v6i hoat tinh cua polypeptit cu thé duoc s& hitu ban dau boi ching b6 me before bién

nap hodc vi sinh vat khong sira doi.

Su suy yéu ctia hoat tinh polypeptit co thé duoc thuc hién bing bt ky phuong
phap da biét dén trong cing linh vuc k¥ thut, nhung phuong phap khong bi giéi han &
day, va co thé dat dugc bang cich dp dung cac phuong phap khac nhau d biét dén trong
cung linh vuc k¥ thuat (vi du, Nakashima N. ez al., Bacterial cellular engineering by
genome editing and gene silencing. Int J Mol Sci. 2014;15(2):2773-2793, Sambrook et
al. Molecular Nhdn dong 2012, v.v..).

Cu thé 13 su suy yéu cia hoat tinh polypeptit cia sing ché c6 thé dat duoc bang
cach:
1) x6a mot phan hoic toan bd cua gen ma hda polypeptit;

2) bién dbi ving diéu hoa biéu hién (trinh ty dieu hoa bidu hién) sao cho biéu hién
ctia gen mi hoa polypeptit bi giam;

3) bién ddi trinh ty axit amin cAu thanh polypeptit sao cho hoat tinh polypeptit bi
loai bo hodc bi suy yéu (vi du, x6a/thay thé/bd sung ctia mot hodc nhiéu axit amin trén
trinh tu axit amin);

4) bién dbi trinh tu gen ma hoa polypeptit sao cho hoat tinh polypeptit bi loai bd
hodc bi suy yéu (vi dy, x6a/thay thé/bd sung cua mot hodc nhiéu céc nucleotit trén trinh

tu nucleotit ctia gen polypeptit dé m3 hoa polypeptit da sira dbi dé loai bo hoic suy yéu

20



51162 e

hoat tinh cta polypeptit);

5) bién dbi trinh ty nucleotit ma hoa codon khéi dau hogc 5'-UTR ciia ban phién

ma gen ma hoa polypeptit;

6) dua antisense oligonucleotit (vi du, antisense ARN), lién két bd sung véi ban

phién ma gen ma héa polypeptit;

7) thém trinh tu bd sung vao trinh tyr Shine—Dalgarno (SD) & du trude cia trinh
tu SD cua gen mi hda polypeptit dé tao thanh céu triic bac hai, nhd d6 e ché gin két

ribosom;

8) k¥ thuit phién ma ngugc (RTE), bd sung cac ving khai dong, duge phién ma
ngugc, trén dAu thn cing dAu tan cing 3’ ciia khung doc mé (ORF) cua trinh tir gen ma

héa polypeptit; or

9) két hop cia hai hodc nhiéu hon duoc lya chon tir cac phuong phap 1 dén 8 bén
trén, nhung sang ché khong bi gidi han cu thé & day.

Vi duy,

Phuong phép 1 dé x6a mot phan hozc toan b ctua gen mi héa polypeptit c6 thé
dat duoc bang cach x6a toan bd polynucleotit ma hoa polypeptit dich ndi sinh trong
nhiém sic thé, hoic bang cach thay thé polynucleotit bang polynucleotit ¢6 nucleotit x6a
mot phﬁn, hodc ¢o6 gen chi déu.

Phuong phép 2 dé bién déi vimg diéu hoa biéu hién (trinh ty diéu hoa biéu hién)
¢6 thé dat dugc bing cach gy ra bién déi trén ving didu hoa biéu hién (trinh tu diéu
hoa biéu hién) thong qua xda, chen, thay thé bao toan hodc khong thay thé bao toan,
hodc két hop cia chung; hodc bing thay thé trinh tur bang trinh tir c6 hoat tinh yéu. Ving
didu hoa bidu hién co6 thé bao gdm céc ving khoi dong, trinh tu van hanh, trinh tu ma
héa vi tri lién két ribosom, va trinh tu dé diéu hoa két thic phién ma va dich ma, tuy
nhién sang ché khong bi gidi han & day.

Phuong phép 5 dé bién ddi trinh tr nucleotit ma héa codon khai du hoic 5'-UTR
ctia ban phién ma gen ma hoéa polypeptit co thé dat duoc, vi du, bang cach thay thé thay
thé trinh t nucleotit with trinh fir nucleotit ma hoa codon khéi dau khac ¢6 toc df biéu
hién polypeptit thip hon codon khéi d4u ndi sinh, tuy nhién sang ché khong bi gi6i han
¢ day.
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Céic phuong phap 3 va 4 dé bién @bi trinh tu axit amin hodc trinh tu polynucleotit
c6 thé dat dugc bang cich gy ra bién di trén trinh tir thong qua xda, chén, thay thé bao
toin hodc khong bao toan cua trinh ty axit amin ciia polypeptit hodc trinh ty
polynucleotit ma héa polypeptit, hodc két hop cia chiing dé 1am suy yéu hoat tinh ctia
polypeptit, hodc bing thay thé trinh t bang trinh tyr axit amin hogc trinh tir polynucleotit
stra ddi dé co hoat tinh yéu, hodc trinh tir axit amin hodc trinh ty polynucleotit sira dbi
d& c6 khong c6 hoat tinh, nhung séang ché khong bi gi¢i han & d6. Vi dy, biéu hién cia
gen cb thé bi tc ché hodc bi suy yéu bang cich dua dot bién vao trong trinh tu

polynucleotit dé tao thanh codon két thiic, tuy nhién sing ché khéng bi gi6i han & day.

Phuong phap 6 dé dua antisense oligonucleotit (vi du, antisense ARN), lién két bd
sung v&i ban phién méi gen ma hoa polypeptit ¢o thé tim thiy trong tai liéu (Weintraub,
H. et al., Antisense-RNA as a molecular tool for genetic analysis, Reviews - T rends in

Genetics, Vol. 1(1) 1986).

Phuong phép 7 d& thém trinh tu bd sung vao trinh tir Shine-Dalgamo (SD) ot dau
trude cua trinh tu SD cia gen ma hda polypeptit dé tao thanh cAu tric bac hai, nho d6
trc ché gén Kkét ribosom c6 thé dat dugc bf“mg cach ttc ché mARN dich ma hodc giam tde
do cta no.

Phuong phap 8 12 k§ thuét phién ma nguoc (RTE), bd sung cac vung khéi dong,
dugc phién ma ngugc, trén déu tan cung 3’ of khung doc m& (ORF) cua trinh tir gen ma
héa polypeptit co thé dat dugc bang cach tao thanh antisense nucleotit bd sung vao ban

phién ma gen ma hoa polypeptit dé 1am suy yéu hoat tinh.

Theo mot phuong 4n bat ky trong cac phuong dn dd dugc moé ta & trén, vi sinh vat
cta sang ché co thé bao gdm dot bién trong ving didu hoa biéu hién cla glutamat—
xystein ligaza (GSH1) dé ting kha ning san xuit glutathion. Dt bién c6 thé bt ky mot
hodc nhidu cac dot bién duge lya chon tr —250(C—T), —252(G—A), —398(A—T),
-399(A—C), —407(T—C), va —409(T—C) phia truéc cia GSHI ORF.

Theo mot phuong 4n bat ky trong céc phuong dn dd dugc mé ta & trén, vi sinh vt
6 thé bao gdbm d6t bién ma trong d6 axit amin thir 86 va/hodc axit amin thir 653 cua
glutamat—xystein ligaza (GSH1) dugc thay thé bang cac axit amin khac. Cu thé 1a vi
sinh vat c6 thé bao gdm dot bién ma trong d6 axit amin thir 86 dugc thay thé bang arginin

v axit amin thir 653 acid dugc thay thé bing methionin, nhung ddt bién khong bi gidi
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han & d6.

Theo mt phurong an bét ky trong cic phuong 4n di dugc mé ta & trén, vi sinh vat
c6 thé bao gdm d6t bién ma trong d6 hoat tinh cia glutamat—xystein ligaza (GSH1) dugc
ting cudng, tuy nhién sang ché khong bi gi6i han ¢ day.

Vi sinh vét bao gdm bt ky mot hodc nhidu bién thé peroxit dismutaza 1 theo sang
ché va polynucleotit ma hoa bién thé 6 thé “vi sinh vt biéu hién peroxit dismutaza 1
trong d6 axit amin tuong Gmg v&i vi tri thir 37 trong trinh tu axit amin ¢6 SEQ ID NO: 1
duoc thay thé bang axit amin khac”, tuy nhién sang ché khong bi giéi han & day.

Peroxit dismutaza 1 va cac bién thé ctia nd nhu duge md ta bén trén.

Nhu duge st dung & day, thuat ngir “cAn biéu hién/biéu hién” dbi véi protein dé
cép dén trang thai trong d6 protein dich dugc dwa vao vao trong vi sinh vat hodc protein

dich dugc stra d6i can biéu hién in vi sinh vat.

Vi sinh vét bidu hién bién thé protein theo sang ché co6 thé vi sinh vat dé sira doi
dé biéu hién bién thé protein theo sang ché, va theo do, khia canh khéc nira cua sang ché

dé xuét phuong phap @8 san xudt vi sinh vat biéu hién bién thé protein theo sang ché.

Nhu duoc sir dung & ddy, thudt ngit “ching trude khi bién doi” hogc “vi sinh vét
truée khi bién dbi” khong loai trir ching chira d6t bién c6 thé xdy ra tw nhién trong vi
sinh vit, va co thé dé cap dén ching dai hoic ban than chung tu nhién, hodc ching trudce
khi tinh trang duoc thay dbi do bién d6i gen giy ra boi cac yéu t6 tr nhién hodc nhin
tao. “Ching truéc khi bién déi” hogc “vi sinh vat trude khi bién d6i” ¢6 thé duoc sir
dung thay thé cho “chung khong dot bién”, “chiing khong sta dbi”, “vi sinh vat khong
dot bién”, “vi sinh vat khong sira d6i”, hoic “vi sinh vat tham chiéu”.

Theo sang ché, vi sinh vat bao gdm bién thé peroxit dismutaza 1 theo sang ché,
polynucleotit ma héa bién thé, hodc vecto bao gbm polynucleotit c6 thé vi sinh vt ti

t6 hop, va tai t6 hop ¢6 th& dat duoc bang cach bién ddi gen ching han nhu bién nap.

Vi du, vi sinh vét c6 thé vi sinh vat tai td hop duge didu ché bang cach bién nap
v6i vecto bao gdbm polynucleotit, tuy nhién sang ché khéng bi gii han & ddy. Vi sinh
vat tai td hop ¢o thé ndm men, vi du, vi sinh vat thudc chi Saccharomyces, cu thé

Saccharomyces cerevisiae, tuy nhién sing ché khong bi gi6i han 6 day.

Khia canh khac nita cia sang ché @& xuit va phuong phap san xuét glutathion hodc
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cac dan xuit cia ching, bao gom: nudi cay vi sinh vat. Vi sinh vat, glutathion, hodc cac

din xuit ciia chung nhu dugc md ta bén trén.

Moi truong va cac didu kién nudi ciy khac dugc sir dung dé nudi cdy ching cua
sang ché co thé bat ky moi trudng dugce st dung cho nudi ciy thong thudng cua céc vi
sinh vat thudc chi Saccharomyces ma khong c6 bit ky giéi han cu thé. Cu thé 1a ching
cia sang ché c6 thé dugc nudi chy trong diéu kién hiéu khi hodc ky khi trong méi trudng
thong thuong chira ngudn cacbon, ngudn nito, ngudn phospho, hop ch4tvé co, axit amin,

va/hodc vitamin, trong khi diéu chinh nhiét 6, do pH, v.v..

Theo séng ché, ngudn cacbon ¢6 th8 bao gdm cac cacbohydrat, chang han nhu
glucoza, fructoza, sucroza, maltoza, v.v.; cac ruou duong, chﬁng han nhu mannitol,
sorbitol, v.v..; cac axit hiru co, chﬁng han nhu axit pyruvic, axit lactic, axit xitric, v.v.;
cac axit amin, chﬁng han nhu glutamat, methionin, lysin, v.v., tuy nhién sang ché khong
bi gidi han ¢ day. Ngoai ra, ngudn cacbon cd thé bao gdm cic chét dinh dudng hitu co
tur nhién chéng han nhu tinh bot thity phén, mit dudng, mat mia, cam gao, s&n, mat mia
va dich chiét ngd, v.v., va cac cacbohydrat ching han nhu glucoza va mét duong da
dugc xtr Iy trude di khi tring (tic 13, mat dudng). chuyén thanh dudng khir) cb thé
duoc st dung. Ngoai ra, nhiu ngudn cacbon khéc véi s6 luong thich hop c6 thé duoc
str dung khong gidi han. Nhimng ngudn cacbon ndy c6 thé dugc sir dung riéng 1é hoac

Iét hop tir hai loai tré 1én, nhung séng ché khong bi gi6i han & d6.

Ngudn nito ¢b thé bao gdm c4c ngudng nito v ca, ching han nhu amoniac, amoni
sulfat, amoni clorua, amoni axetat, amoni phosphat, amoni cacbonat, amoni nitrat, v.v..;
va cac ngudn nito hiru co ching han nhu céc axit amin, peptone, NZ-amin, chiét xuat
thit, chiét xuit men, chiét xuét mach nha, dich chiét ngam ngo, dich thiy phan casein,
c4 hodc san phim phan hity cla ching, banh dau nanh da khu chit béo hoic san phdm
phan hiy cta ching, v.v.. Nhitng ngudn nito nay cd thé dugc sit dung riéng 1é hoac két

hop tir hai loai tr& 1én, nhung sang ché khong bi gi6i han & do.

Ngudn phospho ¢6 thé bao gdm monokali phosphat, dikali phosphat, hodc cac
mudn chira natri twong umg, v.v.. Cac vi du cua hop chét vo co c6 thé bao gém natri
clorua, canxi clorua, iron clorua, magie sulfat, sit sulfat, mangan sulfat, canxi cacbonat,

V.V..

Ngoai ra, cac axit amin, vitamins, va/hoic cac tién chat thich hop c6 the bao gdbmd
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trong moi truong. Cu th& 14 cac L axit amin, v.v., c6 thé thém vao mdi truong nudi chy
cua ching. Cu thé 1a glyxin, glutamat, va/hoac xystein co thé thém, va Cac L axit amin,

ching han nhu lysin, c6 thé con thém khi cin, nhung sang ché khong bi gi6i han & do.

Mbi trudng hodc tién chat cé thé thém vao san phdm nudi cay theo mé hodc lién

tuc, tuy nhién sang ché khong bi gidi han & day.

Theo séng ché, @ pH cla san pham nuéi chy c6 thé duge diéu chinh trong qua
trinh nudi cdy ching bang cach thém hop chét chang han nhu amoni hydroxit, kali
hydroxit, amoniac, axit phosphoric, axit sulfuric, v.v. vao san phim nuédi chy theo cach
thich hop. Ngoai ra, trong qué trinh nu6i chy, chat chdng tao bot chéng han nhu nhu este
polyglycol axit béo dé ngin chdn su tao bot. Ngoai ra, oxy hodc khi chira oxy co thé
duoc bom vao san phiam nudi chy dé duy tri trang thai hiéu khi cta san phim nuoi cay;
hoiic ¢6 thé bom khi nito, hydro hodc cacbon dioxit hodc khong thé bom khi dé duy tri
trang thai ky khi hodc vi hiéu khi ctia mdi trueong.

Nhiét d6 ctia san phém nuoi cfiy c6 thé trong pham vi tir 25°C dén 40°C, va cu thé
I3 tir 28°C dén 37°C, tuy nhién sang ché khong bi gidi han & day. Viéc nudi cay co thé
c6 thé duoc tiép tuc cho dén khi thu duogc luong vét liéu hitu ich mong mudn, cu thé 12

tir 1 dén 100 gid, tuy nhién sang ché khong bi gidi han & day.

Phuong phép san xuét c6 thé con bao gdm quy trinh bd sung sau budc nudi cay.
Quy trinh bd sung c6 thé duoc lwa chon thich hop ty thudc vao viée st dung glutathion

hodc cac dan xuat cda nd.

Cu thé 1a phuong phép sén xuét glutathion hodc cac dAn xuét ctia chung c6 thé bao
gbm buéc thu hdi glutathion hodc cac din xuit cua chung tich Ity trong céc té bao bang
budc nudi cdy, vi du, phuong phap co thé bao gdm budc thu hdi glutathion hoic cc dan
xuit ctia ching tir it nhit mét vét liéu dugc Iwa chon tir cac ching, san phém kho cta no,
dich chiét cta nd, san phim nudi cdy ctia n6, va dich ly giai cia n after budc nubi céy.
Trong vi du khéc, phuong phéap san xut cac din xuit glutathion co thé bao gdm budc
chuyén hoa glutathion thanh dan xuét.

Phuong phap c6 thé con bao gom bude ly giai ching trude bude thu hdi hodc dbng
thoi. Ly giai cia chung co thé duge thuc hién bang phuong phép thuong dugc st dung
trong linh vuc k¥ thuét cuia sang ché, vi du, bing dung dich dém ly gii, mdy si€u am,

xtr 1y nhiét va may ép kiéu Phép, v.v.. Ngoai ra, budc ly gidi co thé bao gdm, nhung
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khong giéi han 6, cac phan ing enzym nhu cic enzym ly gidi thanh té bao, cac enzym

ly giai axit nucleic, cic enzym chuyén axit nucleic, va cac proteaza, v.v..

N4im men khd, chiét xuit ndm men, bot hdn hop chiét xuit nAm men, glutathion
nguyén chét hoic cic din xuét ciia chiing chira ham luong glutathion cao hodc céac din
xudt ctia ching c6 thé dugc diéu ché thong qua phurong phép sén xuét theo sang ché, tuy
nhién sang ché khong gi6i han & d6, va c6 thé duoc didu ché thich hop theo san pham

mong mudn.

Theo séng ché, nAm men khé co thé duoc str dung thay thé cho thuét ngit chang
han nhu “san phdm siy khé ctia ching”. N4m men khé c6 thé duoc didu ché bang cach
siy kho céc té bao nim men trong d6 glutathion dugc tich liy, va co thé cu thé bao gdm
ché pham dung cho thirc in chin nudi, ché pham dung cho thuc pham, v.v., tuy nhién

sang ché khong bi giéi han & day.

Nhur duge st dung & day, chiét xuit nAm men c6 thé dugc sir dung thay thé cho
term ching han nhur “chiét xuit ching”. Dén xuét ciia ching cé nghia 1a vat liéu con lai
sau khi tach thanh t& bio ra khéi céc té bao ciia chiing. Cu thé, n6 ¢6 thé ¢6 nghia 1a cac
thanh phan con lai khong bao gdm thanh té bao khoi cic thanh phan thu dugc tir qua
trinh ly giai t& bao. Dan xudt ctia ching bao gdm bao gdm glutathion hodc cac dan xuét
clia n6, va cac thanh phan khac c6 thé bao gdm mot hozic nhiéu thanh phan protein,
cacbohydrat, axit nucleic va chit xo, nhung sang ché khong bi giéi han & dé.

Trong budc thu hoi, nguyén liéu dich, tirc 1 glutathion hodc din xuét cta né, cd
thé dugc thu hdi bang phuong phap thich hop da biét trong cung linh vuc k¥ thuat.

Buéc thu hdi c6 thé bao gdm quy trinh tinh ché. Quy trinh tinh ché ¢6 thé c6 thé
1a tinh ché thuln tiy bang cach chi tach glutathion hodc céc dAn xuit cia n6 khéi ching.
Glutathion tinh khiét c6 thé duoc diéu ché tir quy trinh tinh ché.

Néu can, phuong phap san xudt glutathion cé thé con bao gdbm budc tron vat liéu
duogce lua chon tir trong sb cac ching thu dugc sau bude nudi chy, san pham kho cta nd,
dich chiét ciia nd, san phém nuoi céy cua nd, dich ly giai cia nd, va glutathion duoc thu
hdi tir d6 véi ta duge. Qua bude tron, bét tron chiét xut ndm men c6 thé duge didu ché.

Quy trinh tuong tr co thé dugc 4p dung cho cic dan xuét cta glutathion.

T4 duoc co thé duge lua chon va sit dung thich hgp theo muc dich st dung hodc
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dang thre, vi du, n6 co6 thé duoc chon tir tinh bot, glucoza, xenlulo, lactoza, glycogen,
D-mannitol, sorbitol, lactitol, maltodextrin, canxi cacbonat, nhom silicat téng hop, canxi
phosphat dibazo, canxi sunfat, natri clorua, natri hydro cacbonat, lanolin tinh khiét,
dextrin, natri alginat, metyl xenluloza, keo silica gel, tinh bdt hydroxypropyl,
hydroxypropyl metylxenluloza, propylen glycol, casein, canxi lactat, Primojel® va keo
cao su A Rap, cu thé mot hoic nhiéu thanh phﬁn dugc chon tir tinh bot, glucoza,
xenluloza, lactoza, dextrin, glycogen, D-mannitol, va maltodextrin, tuy nhién séng ché
khong bi gidi han & day.

T4 dugc c6 thé bao gbm, vi du, chét bao quan, chét 1am u6t, chat phan tan, chét
tao hon dich, chét dém, chit 6n dinh, hoic chét dang truong, tuy nhién sang ché khong
bi gidi han & day.

Cic vi du ciia sang ché

Sang ché s& dugc md ta chi tiét bing cac Vi du va Vi du thir nghiém. Tuy nhién,
cac Vi du va Vi du thir nghiém nay chi dugc cung cép nhim muc dich minh hoa va pham
vi bao hd cua sang ché khong nhdm muc dich gi6i han trong hodc béi cac Vi du va Vi

du thir nghiém nay.
Vi du 1: Cai thién ching san xuét glutathion

Dé cai thién thém kha ning san xuét glutathion cta chung CJ-5 (patent Han qudc
s6 KR 10-2222210 B1), 1a ching séan xuat glutathion dugc ky giri véi s6 truy
cap KCCM12568P, cac dot bién dugc gy ra theo phuong phép sau.

Chung CJ-5 dugc nudi ciy trén mai trudng rén va sau @6 duoc ciy chuyén vao
trong canh truong dé thu duoc dung dich nubi cdy, va UV duge chiéu vao céc té bao sir
dung dén UV. Sau d6, chi cac chung dot bién tao thanh cac khuén lac bang cach trai
dung dich nuoi chy d3 chiéu UV trén moi truong dia thu duoc bang cach phén 1p, va
ching 6 su cai thién 16n nhét vé kha ning san xuat glutathion dugc phan 18p.

Két qua x4c nhan bo gen cia chung dugc phan 1ap, cac dot bién & —250(C—T),
~252(G—A), —398(A—T), —399(A—C), —407(T—C), va —409(T—C) xay ra & phia
trudc cia GSH1 ORF, va diéu nay xac nhan rang xystein, axit amin & vi tri thir 86 cua
protein GSH1 ma hoa béi gen gshl, dugc thay thé bang arginin, va axit amin & vi tri thir

653 (glyxin) dugc thay thé bang methionin.
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Ching néu trén duge dat tén CC02-281 6 va dugc ky giri tai va duoc ndp luu chung
& Trung tAm nudi cAy vi sinh vat Han Quéc (Korean Culture Center of Microorganisms:
KCCM), 1a co quan huu chung qudc té theo Hiép wéc Budapest vao ngay 08 thang 12
nam 2020, va duge cip sé luu ching KCCM12891P.

Vi du 2: Thir nghiém cai thién b6 sung cia ching

Dé cai thién thém kha nang sin xuét glutathion ciia chung CC02-2816 cua vi dul,

dot bién duoc gy ra theo cach sau.

Ching CC02-2816 dugc nudi cAy trén mdi truong rén va sau d6 dugc ciy chuyén
vao trong canh truong dé thu duoc dung dich nudi céy, va cac té bao duoc chiéu xa véi
danh sang UV bang cach st dung dén UV. Sau do, chi cac chiing d6t bién tao thanh cac
khuén lac bang chch trai dung dich nudi chy da chiéu UV trén méi trudng dia thu duge

bing cach phén 14p, va céc trinh tir nucleotit dugc phan tich.

Céc két qua thir nghiém, xac nhn rang axit amin tai vi trf thir 37 (glyxin) c6 SODI
(SEQ ID NO: 1), 14 protein mi héa bdi sod] ma hoéa peroxit dismutaza 1 clia chung c6

ham lugng glutathion duoc cdi thién bé'tng 26%, duoc thay thé bfmg arginin.
Vi du 3: Thir nghiém dot bién du vi tri thit 37 cua protein SOD1

Tur céc két qua cua vi du 2, xac nhén réng vi tri thir 37 caa protein SODI sé& rat
quan trong d6i v6i viée san xuit glutathion, va ching S. cerevisiae CEN.PK2-1D huong
dai va CC02-2816 ctia vi du 1 dugc didu ché dé biéu hién protein dot bién trong d6 axit
amin thir 37 ctia protein SOD1 dugc thay thé bang axit amin khéc, nhd d6 xac dinh xem

san xuit glutathion duoc ting 1én hay khong.

Pé diéu ché ching ma trong d6 axit amin thir 37 clia protein SOD1 tr nim men
S. cerevisiae dugc thay thé bang arginin, cac plasmit pWAL100 va pWBR100 dugc st
dung c6 tham chiéu d@n cac nodi dung duoc bdc 16 trong tai liéu Lee T. H. et al. (J.

Microbiol. Biotechnol. (2006), 16(6), 979-982).

Cu thé 13 PCR dugc thuc hién nhu sau sir dung ADN bd gen cua chung CJ-5 lam
mach khudn. PCR dugc thuc hién bang cach sir dung cap mdi ¢6 SEQ ID NO: 4 va SEQ
ID NO: 6 d& thu dugc mot phan trinh tw cia dau thn cing N SOD1 bao gdm chudi bén
BamHI & dAu tin cing N, codon khéi dau cia SOD1 ORF, va trinh tir md hoa dot bién
G37R, va dé thu duoc mét phin trinh tw cia dau tan cing C SOD1 bao gdm chudi bén
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Xhol & diu tan cing C, codon két thic SOD1 ORF va trinh tw ma héa dot bién G37R
bing cach sir dung cip mdi 6 SEQ ID NO: 5 va SEQ ID NO: 7. Sau d6, céc san phim
thu duoc duoc thuc hién PCR chdng 14p st dung SEQ ID NO: 4 va SEQ ID NO: 7 sit
dung hai trinh ty ndy 1am mach khuén, cdc phén doan SODI ORF bao gbém trinh tr ma
héa protein dot bién SODI trong d6 axit amin thir 37 dugc thay thé bang arginin, dau
tan cung N BamHI, va c4c enzym gi6i han Xhol & du tan cung C. Cc phan doan ORF
duge tach dong vio trong vecto pWAL100 dugc xir ly vdi cung enzym sau khi xtr Iy
v6i BamHI va Xhol, va vecto pWAL100-SOD1(G37R)) dugc diéu ché.

Ngoai ra, PCR dugc thuc hién sit dung SEQ ID NO: 8 va SEQ ID NO: 9 dua trén
ADN bd gen cua ching CJ-5 1am mach khudn dé thu duoc phan doan 500 bp phia sau
ctia codon két thiic SOD1 ORF bao gdm dau tan cing N Spel va céc trinh tur enzym gidi
han Ncol tai dAu tin cung C, va phan doan dugc xir 1y véi Spel va cac enzym gidi han
Ncol. Sau khi nhan dong phan doan trong pWBR100 duge xir 1y v6i cung enzym gidi
han, vecto pWBR100-SOD1 dugc diéu ché.

Pé diéu ché phan doan ADN cudi cing duge dua vao vao trong ndm men, san
phim PCR chira trinh tr md héa dot bién arginin va mot phan ciia KIURA3 thu dugc
dua trén vecto pWAL100-SOD1 (G37R) duogc didu ché true d6 1am mach khuon bang
céch sir dung cip mdi ¢6 SEQ ID NO: 4 va SEQ ID NO: 10, va san pham PCR chira
mdt phin KIURA3 va phan doan 500 bp phia sau cua codon két thuc SOD1 thu dugc
dua trén vecto pWBR100-SOD1 1am mach khudn bang cach st dung cap mdi ¢6 SEQ
ID NO: 11 va SEQ ID NO: 9. Mdi san pham PCR dugc bién nap vao trong S. cerevisiae
CEN.PK2-1D va S. cerevisiae CC02-2816 & cung ty 1& mol. PCR duoc thyuc hién dudi
céc didu kién bién tinh & 95°C trong 5 phut, a dé gén mdi ¢ 53°C trong 1 pht, va tring
hop & 72°C trong 1 phut trén 1 kb. Dé bién nap nAm men, phuong phap lithi axetat sira
ddi tir tai liéu Geitzs (Nucleic Acid Research, 20(6), 1425) duoc st dung. Cu thé 1a sau
Khi rira cac t& bio ndm men véi O.D. tir 0,7 dn 1,2 1an véi dung dich dém lithi axetat/TE,
cac san phém PCR va AND soi don (Sigma D-7656) dugc tron véi nhau va duge nudi
chy cb dinh trong dung dich dém lithi axetat/TE/40% PEG & 30°C trong 30 phit va &
42°C trong 15 phut. Sau do, cac té bio dugc nudi cdy trén dia thach SC (2% glucoza)
khong chira uracil cho dén khi cac khuin lac dugc quan sat thy dé thu dugc chung trong
d6 trinh tur ma héa d6t bién SOD1 G37R va gen KIURA3 dugc dua vao. Tiép theo, dé
loai bo KIURA3, mdi ching dugc nubi ciy qua dém trong 2 mL of YPD, pha loéng theo
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ty 1€ 1/100, va céy trai trén dia thach SC (2% glucoza) chira 0,1% 5-FOA dé tao ra ching
dot bién S. cerevisiae CEN.PK2-1D SOD1 G37R va ching dot bién S. cerevisiae CC02-
2816 SOD G37R cb chi ddu di dugce loai bé khoi do. Cac chung c6 kha néng biéu hién
protein dot bién SOD1 thay thé bing axit amin khéc arginin ciing duge diéu ché theo
cach tuong tu ngoai trr cap mdi trong d6 trinh tu ma hoa arginin thir 37 trén céc trinh tir
doan mdi c6 SEQ ID NO: 5 va SEQ ID NO: 6 duge thay thé bang trinh ty ma héa axit

amin khac, dugc st dung.

Béang 1
Cac doan mdi Trinh tu 5" -> 3’

F BamHI _SODI1 GGTAGGATCC ATGGTTCAAGCAGTCGCAGTGTTAA
(SEQ ID NO: 4)
F SOD1_G37R TTACGAGATCGCTCGCAACAGTCCT
(SEQ ID NO: 5)
R SOD1_G37R AGGACTGTTGCGAGCGATCTCGTAA
(SEQ ID NO: 6)
R Xhol SODI ATGACTCGAG TTAGTTGGTTAGACCAATGACACCA
(SEQ ID NO: 7)
F Spel SOD1_DW TAGAACTAGT TGTTAATGATAATATACTTGAATA

(SEQ ID NO: 8)

R Ncol SODI DW  |GCTGCCATGG ACACTACTAGCTCCTGAAGACCAAG
(SEQ ID NO: 9)

R_AL killer GAGCAATGAACCCAATAACGAAATCTT
(SEQ ID NO: 10)
F_BR killer CTTGACGTTCGTTCGACTGATGAG

(SEQ ID NO: 11)

Céc két qua do ndng d6 va ham lugng glutathion (GSH) dugce san xuit bang cach
nudi ciy timg ching dugc diéu ché bén trén trong 26 gir duge thé hién trong c4c bang

2 vi 3, va Fig.1 va Fig.2 bén dudi.

Bang 2

S. cerevisiae CC02-2816

Ham hrong (ghp) |Nong dd (gp)
WT (kiéu dai) 1,00 1,00
SODI G37A 1,25 1,16
SODI G37C 1,26 1,14
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SOD1 G37D 1,25 1,11
SOD1 G37E 1,24 1,14
SOD1 G37F 1,18 0,90
SOD1 G37H 1,23 1,12
SOD1 G371 1,31 1,16
SOD1 G37K 1,06 1,14
SOD1 G37L 1,28 1,17
SOD1 G37"M 1,18 0,95
SOD1 G37N 1,28 1,14
SOD1 G37P 1,13 0,73
SOD1 G37Q 1,24 1,18
SOD1 G37R 1,26 1,18
SOD1 G378 1,25 1,24
SOD1 G37T 1,22 1,22
SOD1 G37V 1,21 1,24
SOD1 G37W 1,16 0,69
SOD1 G37Y 1,21 1,21
Bang 3
S. cerevisiae CEN.PK2-1D
Nong df (gp) Ham lugng (¢4p)

CEN.PK 1,00 1,00
SOD1 G37A 1,06 1,10
SOD1 G37C 1,05 1,08
SOD1 G37D 1,08 1,11
SOD1 G37E 1,07 1,12
SOD1 G37F 1,34 1,26
SOD1 G37H 1,24 1,11
SOD1 G371 1,32 1,19
SOD1 G37K 1,19 1,13
SOD1 G37L 1,31 1,25
SOD1 G37M 1,18 1,07
SOD1 G37N 1,27 1,17
SOD1 G37P 1,12 1,12
SOD1 G37Q 1,26 1,17
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SOD1 G37R 1,10 1,06
SOD1 G378 1,26 1,21
SOD1 G37T 1,22 1,18
SOD1 G37V 1,18 1,12
SOD1 G37TW 1,26 1,23
SOD1 G37Y 1,23 1,14

32/52

Dua trén cac két qua, xac nhan ring kha nang san xuat glutathion c6 thé tang 1én

bing cach thay thé thay thé axit amin tai vi tri thir 37 bang cac axit amin khac, va theo

d6, it c6 thé hidu ring bién thé protein SOD1 duoc d& xuét theo sang ché c6 thé dugc s

dung hiéu qua dé san xuit cac peptit gamma-glutamyl.

Tir phdn mo ta bén trén, ngudi co hiéu biét trung binh trong ctng linh vuc k¥ thuat

cla sang ché s& hiéu rang sang ché co thé dugc the hién dudi cac hinh thirc cy thé khac

ma khong cén sira dbi cac nguyén ly k§ thuat hodc cac dac diém co ban cua sang ché.

Cac phuong 4n vi du duge bdc 16 & day chi nham muc dich minh hoa va khdng dugc

hiéu 13 gi6i han pham vi cua sang ché. Do do, pham vi bao hd cia sang ché dugc xac

dinh bing cac yéu ciu bao ho kém theo thay vi mé ta & trén. T4t ca nhitng thay d6i vé y

nghia va pham vi tuong duong ciia yéu cau bdo h s€ nam trong pham vi bao hd cua

sang ché.
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YEU CAU BAO HQ
1. Bién thé peroxit dismutaza 1 (SOD1), trong d6 axit amin twong ng v6i vi tri thir 37
tir d4u tin cung N cta trinh ty axit amin ¢6 SEQ ID NO: 1 dugc thay thé bang axit amin
khac.
2. Bién thé theo diém 1, trong @6 axit amin khac dugc chon tir alanin, valin, leuxin,
isoleuxin, methionin, phenylalanin, tryptophan, prolin, serin, threonin, xystein, tyrosin,
asparagin, glutamin, axit aspartic, axit glutamic, lysin, arginin, va histidin.
3. Bién thé theo diém 1, trong d6 bién thé bao gdm bat ky mdt trinh ty trong sd cac trinh
tu 6 SEQ ID NO: 12 dén SEQ ID NO: 30.
4. Polynucleotit ma hoa bién thé peroxit dismutaza theo diém bét ky tir 1 dén 3.
5. Vi sinh vét bao gém bét ky mot hoac nhiéu bién thé peroxit dismutaza theo diém bit
k¥ tir 1 dén 3; va polynucleotit ma hoa bién thé.
6. Vi sinh vat theo diém 3, trong d6 vi sinh vat san xuét glutathion hodc cac din xuit
cua chung.
7. Vi sinh vat theo diém 5, trong d6 vi sinh vat thudc chi Saccharomyces.
8. Vi sinh vat theo diém 7, trong d6 vi sinh vt 12 Saccharomyces cerevisiae.
9. Phuong phép san xuét glutathion hodc céc dan xudt ctia chung bao gdm: nudi ciy vi
sinh vit bao gdm bét ki mot hodc nhidu bién thé peroxit dismutaza theo diém bat ky tir
1 dén 3; va polynucleotit ma hoa bién thé trong méi trudng.
10. Phuwong phép theo diém 9, trong d6 phuong phéap con bao gbm thu hdi glutathion
hoic cac dan xuét cla ching tir it nhét mdt chit duoc lwa chon tir vi sinh vat nudi céy,
san pham kho cta né, dich chiét cia né, san phim nudi cdy cta no, va dich ly giai cia

no.
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BIEN THE PEROXIT DISMUTAZA, POLYNUCLEOTIT, VI SINH VAT VA PHUONG
PHAP SAN XUAT GLUTATHION HOAC CAC DAN XUAT CUA CHUNG BANG CACH SU DUNG
BIEN THE NAY

<130> OPA22037
<150> KR 10-2021-0075689
<151> 2021-06-10
<160> 30
<170> KoPatentIn 3.0
<210> 1
<211> 154
<212> PRT
<213> Saccharomyces cerevisiae
<400> 1
Met Val Gln Ala Val Ala Val Leu Lys Gly Asp Ala
1 5 10
Val Val Lys Phe Glu Gln Ala Ser Glu Ser Glu Pro
20 25 30
Tyr Glu Ile Ala Gly Asn Ser Pro Asn Ala Glu Arg
35 40 45
His Glu Phe Gly Asp Ala Thr Asn Gly Cys Val Ser
50 55 60
Phe Asn Pro Phe Lys Lys Thr His Gly Ala Pro Thr
65 70 75
His Val Gly Asp Met Gly Asn Val Lys Thr Asp Glu
85 90
Lys Gly Ser Phe Lys Asp Ser Leu Ile Lys Leu Ile
100 105 110
Val Val Gly Arg Ser Val Val Ile His Ala Gly Gln
115 120 125

Lys Gly Asp Thr Glu Glu Ser Leu

130

Pro Ala
145

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

<400>

atggttcaag cagtcgcagt gttaaagggt gatgccggtg tctctggtgt tgtcaagttc

135

Cys Gly Val Ile Gly Leu Thr

150

2

465

ADN

Saccharomyces cerevisiae

2

Lys

Thr Gly Asn
140

Asn

34

Gly

15

Thr

Gly

Ala

ASp

Asn

95

Gly

Asp

Ala

Val

Thr

Phe

Gly

Glu

80

Gly

Pro

Asp

Gly

Ser

Val

His

Pro

Val

val

Thr

Leu

Pro

Gly

Ser

Ile

His

Arg

Ala

Ser

Gly

Arg



gaacaggctt
aacgcagaac
gctggtcctc
catgtcggtg
aaggactctt
cacgccggcec
gccggtccaa
<210> 3
<211>
<212>
<213>
<220>
<223>
<400> 3
atggttcaag
gaacaggctt
aacgcagaac
gctggtcctc
catgtcggtg
aaggactctt
cacgccggcce
gccggtccaa
<210> 4
<211>
<212>
<213>
<220>

<223>

<400> 4
ggtaggatcc

<210> 5
<211>
<212>
<213>

35
ADN
Trinh tu nhén

25
ADN
Trinh tu nhén

ccgaatccga
gtgggttcca
acttcaatcc
acatgggtaa
tgatcaagct
aagatgactt

gaccagcctg

465
ADN
Chua biét

Saccharomyces

cagtcgcagt
ccgaatccga
gtgggttcca
acttcaatcc
acatgggtaa
tgatcaagct
aagatgactt

gaccagcctg

F_BamHI_SOD1

atggttcaag

51162

gccaaccact
cattcatgag
tttcaagaag
cgtaaagacg
tatcggtcct

aggtaagggt

tggtgtcatt

gtctcttacg
tttggagatg
acacatggtg
gacgaaaatg
acctccgttg
gacactgaag

ggtctaacca

agatcgctgg
ccaccaatgg
ctccaactga
gtgtggccaa
taggcagaag
aatctttgaa

actaa

cerevisiae CC02-2816_sodl

gttaaagggt
gccaaccact
tattcatgag
tttcaagaag
cgtaaagacg
tatcggtcct

aggtaagggt

tggtgtcatt

tao

cagtcgcagt

tao

gatgccggtg
gtctcttacg
tttggagatg
acacacggtg
gacgaaaatg
acctcecgttg
gacactgaag

ggtctaacca

gttaa

35

tctctggtgt
agatcgctgg
ccaccaatgg
ctccaactga
gtgtggccaa
taggcagaag
aatctttgaa

actaa

taacagtcct
ttgtgtctct
cgaagtcaga
gggctccttc
cgtcgttatc

gactggtaat

120

180

240

300

360

420

465

tgtcaagttc
taacagtcct
ttgtgtctct
cgaagtcaga
gggctccttc
cgtcgttatc

gactggtaat

60

120

180

240

300

360

420

465

35
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<220>
<223> F_SOD1 G37R

<400> 5
ttacgagatc gctcgcaaca gtcct

<210> 6

<211> 25

<212> ADN

<213> Trinh ty nhédn tao

<220>
<223> R_SODl_G37R

<400> 6
aggactgttg cgagcgatct cgtaa

<210> 7

<211> 35

<212> ADN

<213> Trinh ty nhé&n tao

<220>
<223> R _XhoI SOD1

<400> 7
atgactcgag ttagttggtt agaccaatga cacca

<210> 8

<211> 34

<212> ADN

<213> Trinh ty nhédn tao

<220>
<223>  F_SpeI_SODl_DW

<400> 8
tagaactagt tgttaatgat aatatacttg aata

<210> 9

<211> 35

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> R NcoI_SOD1_DW

<400> 9
gctgccatgg acactactag ctcctgaaga ccaag

<210> 10

36
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51162

<211> 27

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> R AL killer

<400> 10

gagcaatgaa cccaataacg aaatctt

<210> 11

<211> 24

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> F BR killer

<400> 11

cttgacgttc gttcgactga tgag

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

12
154
PRT

<220>

<223> SOD1 G37A

<400> 12
Met Val Gln Ala Val Ala
1 5
Val Val Lys Phe Glu Gln
20

Glu Ile Ala Ala Asn
35

Tyr

Glu
50

His Phe Gly Asp Ala

55

Phe
65

Asn Pro Phe Lys Lys

70
Val

His Gly Asp Met Gly

85
Lys

Gly Ser Phe Lys Asp

100
Val Val Gly Arg Ser Val
115

Lys Gly Asp Thr Glu Glu
130 135

Trinh ty nhdn tao

Val Leu Lys Gly Asp Ala

10
Ala Ser Glu Ser Glu Pro
25 30

Ser
40

Pro Asn Ala Glu Arg
45
Thr Asn Gly Cys Val Ser
60
Thr His Gly Ala Pro Thr
75
Asn Val Lys Thr Asp Glu
90

Ser Leu Ile Lys Leu Ile
105 110

Val Ile His Ala Gly Gln
120 125

Ser Leu Lys Thr Gly Asn
140

37

Gly

15

Thr

Gly

Ala

Asp

Asn

95

Gly

Asp

Ala

Val

Thr

Phe

Gly

Glu

80

Gly

Pro

Asp

Gly

Ser

Vval

His

Pro

Val

Val

Thr

Leu

Pro

Ser

Ile

His

Arg

Ala

Ser

Gly

Arg

27

24
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Pro Ala
145

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

<400>
Met Val

Val val

Tyr Glu

His Glu

50

Phe Asn
65

His Val
Lys Gly
Val Vval
Lys Gly

130
Pro Ala

145

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

<220>
<223>

<400>

51162

Cys Gly Val Ile Gly Leu Thr Asn
150

13
154
PRT
Trinh tu nhdn tao

SOD1 G37C

13

Gln Ala Val Ala Val Leu Lys Gly Asp Ala

5 10

Lys Phe Glu Gln Ala Ser Glu Ser Glu Pro

20 25

30

Ile Ala Cys Asn Ser Pro Asn Ala Glu Arg

35 40

45

Phe Gly Asp Ala Thr Asn Gly Cys Val Ser

55 60

Pro Phe Lys Lys Thr His Gly Ala Pro Thr

70 75

Gly Asp Met Gly Asn Val Lys Thr Asp Glu

85 90

Ser Phe Lys Asp Ser Leu Ile Lys Leu Ile

100 105

110

Gly Arg Ser Val Val Ile His Ala Gly Gln
115 120

125

Asp Thr Glu Glu Ser Leu Lys Thr Gly Asn

135 140

Cys Gly Val Ile Gly Leu Thr Asn
150

14
154
PRT
Trinh ty nh&n tao

SOD1 G37D

14

Gly

15

Thr

Gly

Ala

Asp

Asn

95

Gly

Asp

Ala

Val

Thr

Phe

Gly

Glu

80

Gly

Pro

Asp

Gly

Ser

Val

His

Pro

vVal

Val

Thr

Leu

Pro

Gly

Ser

Ile

His

Arg

Ala

Ser

Gly

Arg

Met Val Gln Ala Val Ala Val Leu Lys Gly Asp Ala Gly Val Ser Gly

1

5 10

15

val Val Lys Phe Glu Gln Ala Ser Glu Ser Glu Pro Thr Thr Val Ser

20 25

38

30
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Tyr Glu Ile Ala Asp Asn

35
His Glu Phe Gly Asp Ala
50 55

Phe Asn Pro Phe Lys Lys
65 70
His Val Gly Asp Met Gly
85
Lys Gly Ser Phe Lys Asp
100
Val Val Gly Arg Ser Val
115

Lys Gly Asp Thr Glu Glu
130

Pro Ala Cys Gly Val Ile
145 150

<210> 15
<211> 154
<212> PRT
<213>

<220>

<223> SOD1 G37E

<400> 15
Met Val Gln Ala Val Ala
1 5
Val Val Lys Phe Glu Gln
20

Glu Ile Ala Glu Asn
35

Tyr

His Glu Phe Gly Asp Ala

50 55

Phe Asn Pro Phe Lys Lys
65 70
His Val Gly Asp Met Gly
85
Lys Gly Ser Phe Lys Asp
100
Val Val Gly Arg Ser Val
115

Lys Gly Asp Thr Glu Glu

135

51162

Ser Pro Asn
40

Thr Asn Gly

Thr His Gly

Ala Glu Arg
45

Cys Val Ser
60

Ala Pro Thr

75

Asn Val Lys
90

Ser Leu Ile
105

Val Ile His
120

Ser Leu Lys

Gly Leu Thr

Trinh tu nhédn tao

Val Leu Lys

10
Ala Ser Glu
25
Ser Pro Asn
40

Thr Asn Gly

Thr His Gly

Thr Asp Glu
Lys Leu Ile
110

Ala Gly Gln
125

Thr Gly Asn
140

Asn

Gly Asp Ala
Ser Glu Pro
30

Ala Glu Arg
45

Cys Val Ser
60

Ala Pro Thr

75

Asn Val Lys

90

Ser Leu Ile
105

Val Ile His
120

Ser Leu Lys

Thr Asp Glu

Leu Ile
110

Lys

Ala Gly Gln

125

Thr Gly Asn

39

Gly

Ala

Asp

Asn

95

Gly

Asp

Ala

Gly

a
1

Thr

Gly

Ala

Asp

Asn

95

Gly

Asp

Ala

Phe

Gly

Glu

80

Gly

Pro

Asp

Gly

vVal

Thr

Phe

Gly

Glu

80

Gly

Pro

Asp

Gly

His

Pro

vVal

val

Thr

Leu

Pro

Ser

Val

His

Pro

Val

val

Thr

Leu

Pro

Ile

His

Arg

Ala

Ser

Gly

Arg

Gly

Ser

Ile

His

Arg

Ala

Ser

Gly

Arg
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130 135

140

Pro Ala Cys Gly Val Ile Gly Leu Thr Asn

145

150

<210> 16
<211> 154
<212> PRT
<213> Trinh tuy nhdn tao

<220>
<223> SOD1 G37F

<400> 16
vVal Gln Ala Val Ala Val Leu Lys Gly Asp Ala

Met

1

Val

Tyr

His

Phe

65

His

Lys

Val

Lys

Pro
145

5

10

Val Lys Phe Glu Gln Ala Ser Glu Ser Glu Pro

20 25

30

Glu Ile Ala Phe Asn Ser Pro Asn Ala Glu Arg

35 40

45

Glu Phe Gly Asp Ala Thr Asn Gly Cys Val Ser

50 55

60

Asn Pro Phe Lys Lys Thr His Gly Ala Pro Thr
75

70

Val Gly Asp Met Gly Asn Val Lys Thr Asp Glu

85

Gly Ser Phe Lys Asp Ser Leu
100 105

Val Gly Arg Ser Val Val Ile
115 120

Gly Asp Thr Glu Glu Ser Leu

130 135

Ala Cys Gly Val Ile Gly Leu
150

<210> 17

<211> 154

<212> PRT

<213> Trinh ty nh&n tao

<220>
<223> SOD1 G37H

<400> 17

Met Val Gln Ala Val Ala Val Leu Lys Gly Asp Ala Gly Val Ser Gly
10

1

5

90

Ile

His

Lys

Thr

Lys Leu Ile
110

Ala Gly Gln
125

Thr Gly Asn
140

Asn

Gly

15

Thr

Gly

Ala

Asp

Asn

95

Gly

Asp

Ala

15

Val

Thr

Phe

Gly

Glu

80

Gly

Pro

Asp

Gly

Ser

Val

His

Pro

Val

val

Thr

Leu

Pro

Gly

Ser

Ile

His

Arg

Ala

Ser

Gly

Arg

Val Val Lys Phe Glu Gln Ala Ser Glu Ser Glu Pro Thr Thr Val Ser

40
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20

Glu Ile Ala His Asn
35

Tyr

His Glu Phe Gly Asp Ala

50 55

Phe Asn Pro Phe Lys Lys
65 70
His Val Gly Asp Met Gly
85
Lys Gly Ser Phe Lys Asp
100
Val Val Gly Arg Ser Val
115

Lys Gly Asp Thr Glu Glu
130

Pro Ala Cys Gly Val Ile
145 150

<210> 18

<211> 154
<212> PRT
<213>

<220>

<223> SOD1 G371

<400> 18
Met Val Gln Ala Val Ala
1 5
Val Val Lys Phe Glu Gln
20

Glu Ile Ala Ile Asn
35

Tyr

His Glu Phe Gly Asp Ala

50 55

Phe Asn Pro Phe Lys Lys
65 70
Val

His Gly Asp Met Gly

85
Lys

Gly Ser Phe Lys Asp

100
Val Val Gly Arg Ser Val
115

135

51162

25 30

Ser Pro Asn Ala Glu Arg
40 45

Thr Asn Gly Cys Val Ser
60

Thr His Gly Ala Pro Thr
75

Asn Val Lys Thr Asp Glu
90

Ser Leu Ile
105

Lys Leu Ile
110

val
120

Ile His Ala Gly Gln

125

Ser Leu Lys Thr Gly Asn

140
Leu Thr

Gly Asn

Trinh tu nhdn tao

Val Leu Lys

10

Gly Asp Ala

Ala Ser Glu Ser Glu Pro

25 30

Ser Pro Asn Ala Glu Arg
40 45
Thr

Asn Gly Cys Val Ser

60
Thr His Gly Ala
75

Pro Thr

Asn Val Lys Thr

90

Asp Glu

Leu Ile
110

Ser Leu Ile Lys
105

Val Ile His Ala
120

Gly Gln
125

41

Gly

Ala

Asp

Asn

95

Gly

Asp

Ala

Gly

15

Thr

Gly

Ala

Asp

Asn

95

Gly

Asp

Phe

Gly

Glu

80

Gly

Pro

Asp

Gly

Val

Thr

Phe

Gly

Glu

80

Gly

Pro

Asp

His

Pro

Val

Val

Thr

Leu

Pro

Ser

Val

His

Pro

Val

val

Thr

Leu

Ile

His

Arg

Ala

Ser

Gly

Arg

Gly

Ser

Ile

His

Arg

Ala

Ser

Gly
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Lys Gly Asp Thr Glu Glu Ser Leu Lys Thr Gly Asn Ala Gly Pro Arg
130 135 140

Pro Ala Cys Gly Val Ile Gly Leu Thr Asn
145 150

<210> 19
<211> 154
<212> PRT
<213> Trinh ty nhén tao

<220>
<223> SOD1 G37K

<400> 19
Met Val Gln Ala Val Ala Val Leu Lys Gly Asp Ala Gly Val Ser Gly
1 5 10 15

Val Val Lys Phe Glu Gln Ala Ser Glu Ser Glu Pro Thr Thr Val Ser
20 25 30

Tyr Glu Ile Ala Lys Asn Ser Pro Asn Ala Glu Arg Gly Phe His Ile
35 40 45

His Glu Phe Gly Asp Ala Thr Asn Gly Cys Val Ser Ala Gly Pro His
50 55 60

Phe Asn Pro Phe Lys Lys Thr His Gly Ala Pro Thr Asp Glu Val Arg
65 70 75 80

His Val Gly Asp Met Gly Asn Val Lys Thr Asp Glu Asn Gly Val Ala
85 90 95

Lys Gly Ser Phe Lys Asp Ser Leu Ile Lys Leu Ile Gly Pro Thr Ser
100 105 110

vVal Val Gly Arg Ser Val Val Ile His Ala Gly Gln Asp Asp Leu Gly
115 120 125

Lys Gly Asp Thr Glu Glu Ser Leu Lys Thr Gly Asn Ala Gly Pro Arg
130 135 140

Pro Ala Cys Gly Val Ile Gly Leu Thr Asn
145 150

<210> 20

<211> 154

<212> PRT

<213> Trinh ty nhdn tao

<220>
<223> SOD1 G37L

<400> 20
Met Val Gln Ala Val Ala Val Leu Lys Gly Asp Ala Gly Val Ser Gly
1 5 . 10 15

42



vVal
Tyr
35

His
50

Phe
65

His

Lys

Val
115

Val Lys Phe Glu Gln

20

Glu Ile Ala Leu Asn

Glu Phe Gly Asp Ala

55

Asn Pro Phe Lys Lys

70

Val Gly Asp Met Gly

85

Gly Ser Phe Lys Asp

100

Val Gly Arg Ser Val

51162

Ala Ser Glu

25

Ser Pro Asn

40

Thr Asn Gly

Thr His Gly

Ser Glu Pro
30

Ala Glu Arg
45

Cys Val Ser
60

Ala Pro Thr

75

Asn Val Lys

90

Ser Leu Ile
105

Val Ile His
120

Lys Gly Asp Thr Glu Glu Ser Leu Lys

130

135

Pro Ala Cys Gly Val Ile Gly Leu Thr

Thr Asp Glu
Lys Leu Ile
110

Ala Gly Gln
125

Thr Gly Asn
140

Asn

Gly Asp Ala
Ser Glu Pro
30

Ala Glu Arg
45

Cys Val Ser
60

Ala Pro Thr

75

145 150
<210> 21
<211> 154
<212> PRT
<213> Trinh ty nhé&n tao
<220>
<223> SOD1 G37M
<400> 21
Met Val Gln Ala Val Ala Val Leu Lys
1 5 10
Val Val Lys Phe Glu Gln Ala Ser Glu
20 25
Tyr Glu Ile Ala Met Asn Ser Pro Asn
35 40
His Glu Phe Gly Asp Ala Thr Asn Gly
50 55
Phe Asn Pro Phe Lys Lys Thr His Gly
65 70
His Val Gly Asp Met Gly Asn Val Lys
85 90
Lys Gly Ser Phe Lys Asp Ser Leu Ile
100 105
Val Val Gly Arg Ser Val Val Ile His

115

120

Thr Asp Glu
Lys Leu Ile
110

Ala Gly Gln
125

43

Thr

Gly

Ala

Asp

Asn

95

Gly

Asp

Ala

Gly

15

Thr

Gly

Ala

Asp

Asn

95

Gly

Asp

Thr

Phe

Gly

Glu

80

Gly

Pro

Asp

Gly

val

Thr

Phe

Gly

Glu

80

Gly

Pro

Asp

Val

His

Pro

vVal

vVal-

Thr

Leu

Pro

Ser

val

His

Pro

vVal

Val

Thr

Leu

Ser

Ile

His

Arg

Ala

Ser

Gly

Arg

Gly

Ser

Ile

His

Arg

Ala

Ser

Gly



51162

Lys Gly Asp Thr Glu Glu Ser Leu Lys Thr Gly Asn Ala Gly Pro Arg

130

135

140

Pro Ala Cys Gly Val Ile Gly Leu Thr Asn

145

150

<210> 22
<211> 154
<212> PRT

<213>

<220>
<223> SOD1 G37N

<400> 22

Met

1

Val

Tyr

His

Phe

65

His

Lys

Val

Val Gln Ala Val Ala
5

Val Lys Phe Glu Gln
20

Glu Ile Ala Asn Asn
35

Glu Phe Gly Asp Ala
50 55

Asn Pro Phe Lys Lys
70

Val Gly Asp Met Gly
85

Gly Ser Phe Lys Asp
100

Val Gly Arg Ser Val
115

Trinh ty nhdn tao

Val Leu Lys Gly Asp Ala
10

Ala Ser Glu Ser Glu Pro
25 30

Ser Pro Asn Ala Glu Arg
40 45

Thr Asn Gly Cys Val Ser
60

Thr His Gly Ala Pro Thr
75

Asn Val Lys Thr Asp Glu
90

Ser Leu Ile Lys Leu Ile
105 110

Val Ile His Ala Gly Gln
120 125

Lys Gly Asp Thr Glu Glu Ser Leu Lys Thr Gly Asn

130

135

140

Pro Ala Cys Gly Val Ile Gly Leu Thr Asn

145

150

<210> 23
<211> 154
<212> PRT

<213>

<220>
<223> SOD1 G37P

<400> 23
Met Val Gln Ala Val Ala Val Leu Lys Gly Asp Ala Gly Val Ser Gly

1

5

Trinh tu nhédn tao

10

44

Gly

15

Thr

Gly

Ala

Asp

Asn

95

Gly

Asp

Ala

15

Val

Thr

Phe

Gly

Glu

80

Pro

Asp

Gly

Ser

Val

His

Pro

Val

Val

Thr

Leu

Pro

Gly

Ser

Ile

His

Arg

Ala

Ser

Gly

Arg
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Val Val Lys Phe Glu Gln

20

Tyr Glu Ile Ala Pro Asn

35

His Glu Phe Gly Asp Ala

50

55

Phe Asn Pro Phe Lys Lys

65

70

His Val Gly Asp Met Gly

85

Lys Gly Ser Phe Lys Asp

100

Val Val Gly Arg Ser Val

115

51162

Ala Ser Glu Ser Glu Pro
25 30

Ser Pro Asn Ala Glu Arg
40 45

Thr Asn Gly Cys Val Ser
60

Thr His Gly Ala Pro Thr
75

Asn Val Lys Thr Asp Glu
90

Ser Leu Ile Lys Leu Tle
105 110

Val Ile His Ala Gly Gln
120 125

Lys Gly Asp Thr Glu Glu Ser Leu Lys Thr Gly Asn

130

135

140

Pro Ala Cys Gly Val Ile Gly Leu Thr Asn

145

<210> 24

<211> 154
<212> PRT
<213> Trinh tyu nhé&n tao

<220>

<223> SOD1 G379Q

<400> 24
Met Val Gln Ala Val Ala

1

5

150

Val vVal Lys Phe Glu Gln

20

Tyr Glu Ile Ala Gln Asn

35

His Glu Phe Gly Asp Ala

50

55

Phe Asn Pro Phe Lys Lys

65

70

His Val Gly Asp Met Gly

85

Lys Gly Ser Phe Lys Asp

100

Val Val Gly Arg Ser Val

Val Leu Lys Gly Asp Ala
10

Ala Ser Glu Ser Glu Pro
25 30

Ser Pro Asn Ala Glu Arg
40 45

Thr Asn Gly Cys Val Ser
60

Thr His Gly Ala Pro Thr
75

Asn Val Lys Thr Asp Glu
90

Ser Leu Ile Lys Leu Ile
105 110

Val Ile His Ala Gly Gln

45

Thr

Gly

Ala

Asp

Asn

95

Gly

Asp

Ala

Gly

15

Thr

Gly

Ala

Asp

Asn

95

Gly

Asp

Thr

Phe

Gly

Glu

80

Gly

Pro

Asp

Gly

Val

Thr

Phe

Gly

Glu

80

Gly

Pro

Asp

val

His

Pro

Val

Val

Thr

Leu

Pro

Ser

Val

His

Pro

Val

val

Thr

Leu

Ser

Ile

His

Arg

Ala

Ser

Gly

Arg

Gly

Ser

Ile

His

Arg

Ala

Ser

Gly
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115

51162

120

125

Lys Gly Asp Thr Glu Glu Ser Leu Lys Thr Gly Asn Ala Gly Pro Arg

130

135

140

Pro Ala Cys Gly Val Ile Gly Leu Thr Asn

145

150

<210> 25
<211> 154
<212> PRT

<213>

<220>
<223> SOD1 G37R

<400> 25

Met

1

vVal

Tyr

His

Phe

65

His

val

Val Gln Ala Val Ala
5

Val Lys Phe Glu Gln
20

Glu Ile Ala Arg Asn
35

Glu Phe Gly Asp Ala
50 55

Asn Pro Phe Lys Lys
70

Val Gly Asp Met Gly
85

Gly Ser Phe Lys Asp
100

Val Gly Arg Ser Val
115

Trinh tyu nhdn tao

Val Leu Lys Gly Asp Ala

10

Ala Ser Glu Ser Glu Pro

25

30

Ser Pro Asn Ala Glu Arg

40

45

Thr Asn Gly Cys Val Ser

60

Thr His Gly Ala Pro Thr
75
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Fig.2
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