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(57) Sang ché dé cap dén vi sinh vat Labyrinthulea va phuong phéap san xuét sterol. Sterol
dugc tao ra bang cach nudi cdy vi sinh vat Labyrinthulea c6 kha ning san sinh sterol, da
dugc cai bién dé hoat tinh cua 24-dehydrocholesterol reductaza (DHCR24), 7-
dehydrocholesterol reductaza (DHCR?7), hoac sterol 24-C-metyltransferaza (SMT1) duogc
giam xudng, va thu hoi sterol tir canh nudi cdy.
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Linh vwe ki thuat dwoc dé cap
[0001]

Séang ché dé cép dén phuong phép san xuét sterol bing cach str dung vi sinh vét

Labyrinthulea.
Tinh trang k¥ thuat ctia sang ché
[0002]

Céc sterol 12 cac din xuét steroit dugc phat hién & nhiéu sinh vat khac nhau nhu
dong vat, thuc vat, va ndm. Céc sterol dugc san xuét b::ing cach, vi du, chiét tach tr cac
nguc‘A)n sinh hoc nhu vAy chira céc sterol. Ngoai ra, mot s6 vi sinh vat Labyrinthulea, 12
cac vi sinh vét di dudng, dugc biét 12 san sinh céc sterol nhu cholesterol (tai liéu phi
sang ché 1). Ngoai ra, di c6 béo céo vé cac phuong phép san xuét céc sterol bang cach

sir dung céc vi sinh vat Labyrinthulea.
[0003]

Vi du, d3 c6 béo céo vé& phuong phap san xuit 7-dehydrocholesterol bang cach
str dung cac vi sinh vat Labyrinthulea nhu Aurantiochytrium limacinum c6 hoat tinh 7-

dehydrocholesterol reductaza (con duge goi la “DHCR7”) giam (tai liéu sang ché 1).
[0004]

Ngoai ra, vi dy, da c6 bao céb vé phuong phap san xuét 7-dehydrocholesterol
bang cach sir dung c4c vi sinh vat Labyrinthulea nhur Aurantiochytrium limacinum ¢6
hoat tinh sterol 24-C-metyltransferaza (con dugc goi 1a “SMT1”) giam (tai li€u sang
ché 2). Theo tai lidu sang ché 2, da chi ra ring su tich lity 7-dehydrocholesterol dugc
gia ting bang cach lam giam hoat tinh cia SMTI, nhung ngugc lai sy tich Iy

cholesterol bi giam xudng.
[0005]

SMT1 13 enzym dua vao nhém metyl & vi trf C24 cia céc sterol (EC 2.1.1.41).
SMT1 12 mdt trong s céc enzym lién quan dén qué trinh sinh tdng hop céc sterol, va
cu thé, n6 lién quan dén qua trinh sinh tdng hop cac sterol thuc vat va cac sterol nam.

Chua c6 phuong phép nao dugc biét dén d8 san xuét cholesterol bang cich sir dung
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cac vi sinh vat Labyrinthulea c¢6 hoat tinh SMT1 giam.
[0006]

DHCR?7 la enzym khir lién két @61 & vi tri C7 cua céac sterol (EC 1.3.1.21).
DHCR7 13 mot trong sb céc enzym lién quan dén qua trinh sinh téng hop cua céc
sterol, va cu thé, n6 lién quan dén qué trinh sinh tbng hop céc sterol dong vat nhu

cholesterol va 7-dehydrocholesterol.
[0007]

24-dehydrocholesterol reductaza (con duge goi 13 “DHCR24”) la enzym khu
lien két d61 & vi tri C24 cta cac sterol (EC 1.3.1.72). DHCR24 1a mét trong sb céc
enzym lién quan dén qua trinh sinh tdng hop ctia cac sterol, va cu thé, n6 lién quan dén
qué trinh sinh tong hop céc sterol dong vat nhu cholesterol va 7-dehydrocholesterol.
Chua c6 phuong phép nao dugc biét dén dé san xudt cac sterol thuc vat hodc cac sterol

ném bang cach sir dung cac vi sinh vat Labyrinthulea c6 hoat tinh DHCR24 giam.
Tai liéu tham khao

Tai lidu sang ché

[0008]

Tai liéu sang ché 1: W02015/108058

Tai liéu sang ché 2: W02016/056610

Tai lidu phi séng ché

[0009]

Tai lidu phi sang ché 1: Weete JD, et al., Lipids and ultrastructure of Thraustochytrium
sp. ATCC 26185., Lipids. 1997 Aug;32(8):839-45.

Ban chét k§ thuit ciia sing ché
Muc dich can dat duoc béi sang ché
[0010]
Muc dich ctia sang ché 13 dé xuét phuong phap san xuét sterol.
Phuong tién dé dat dugc muc dich nay

[0011]
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Pé dat dugc muc dich d& néu & trén, cac tac gia sang ché da tién hanh nhiéu
nghién ctru khac nhau. Két qua 13, ho nhan phat hién ra ring kha ning san sinh sterol
cua vi sinh vat Labyrinthulea dugc cai thién bs‘?mg cach cai bién vi sinh vét nay dé hoat

tinh cia DHCR24, DHCR7, hodic SMT1 dugc gidm xudng, va hoan thanh sang ché.
[0012]

Do do, sang ché ¢6 thé duoc thé hién, vi du, nhur sau.
[1] Vi sinh vat Labyrinthulea, trong d6 vi sinh vét nay:

c6 kha nang san sinh sterol,

la Aurantiochytrium sp.1,

da duogc cai bién dé hoat tinh cua 24-dehydrocholesterol reductaza dugc giam

so v6i chiing khéng dugc cai bién, va

trong d6 sterol 1a it nhit mot sterol duoc chon tir cdc sterol thuyc vat va céc

sterol nam.

[2] Vi sinh vat néu & trén, trong d6 hoat tinh cia 24-dehydrocholesterol reductaza
dugc giam xubng bing cich lam giam su biéu hién cta gen ma hoa 24-

dehydrocholesterol reductaza hogc lam x4o trdn gen nay.

[3] Vi sinh vat néu & trén, trong d6 hoat tinh cua 24-dehydrocholesterol reductaza
duoc giam xubng bang cach loai bd mot phﬁn hodc toan bd trinh ty axit amin cta 24-

dehydrocholesterol reductaza.
[4]  Visinh vt néu & trén, trong do sterol la stigmasterol va/hodc brassicasterol.
[5]  Visinh vat Labyrinthulea, trong d6 vi sinh vét nay:

c6 kha nang san sinh sterol,

1a Aurantiochytrium sp.1,

da duoc cai bién dé hoat tinh cia 7-dehydrocholesterol reductaza dugc giam so

véi ching khong dugc cai bién, va
trong d6 sterol 1a 7-dehydrocholesterol va/hodc ergosterol.

[6] Vi sinh vat néu & trén, trong d6 hoat tinh cua 7-dehydrocholesterol reductaza

duoc giam xudng bing cach lam gidm sy biéu hién cua gen ma hdéa 7-
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dehydrocholesterol reductaza hodc lam x4o trén gen nay.

[7]  Visinh vét néu & trén, trong d6 hoat tinh ctia 7-dehydrocholesterol reductaza
dugc giam xudng bang cach loai bd mot phén hodc toan bd trinh tu axit amin cua 7-

dehydrocholesterol reductaza.

[8] Vi sinh vat néu & trén, con dugc cai bién d& hoat tinh cia sterol 24-C-

metyltransferaza dugce gidm so véi ching khong dugc cai bién.
[9]  Visinh vat Labyrinthulea, trong dé vi sinh vét nay:

¢6 kha nang san sinh sterol,

la Aurantiochytrium sp.1,

da duogc cai bién dé hoat tinh cua sterol 24-C-metyltransferaza duge giam so

v6i ching khong duge cai bién, va
trong d6 sterol 1a it nhat mot sterol dugc chon tlr cac sterol dong vat.

[10] Vi sinh v4t néu & trén, trong do sterol 24-C-metyltransferaza la protein dugc

x4c dinh trong phan (a), (b), hoic (c) néu dudi déy:
(a) protein chira trinh ty axit amin néu trong SEQ ID NO: 38 hodc 56;

(b) protein chira trinh ty axit amin néu trong SEQ ID NO: 38 hodc 56, nhung bao gébm
sy thay thé, loai bo, cai, va/hoic bd sung tur 1 dén 10 géc axit amin, va c6 hoat tinh

sterol 24-C-metyltransferaza;

(c) protein chira trinh ty axit amin thé hién do ddng nhit cao hon hoic bang 90% véi
trinh ty axit amin néu trong SEQ ID NO: 38 hodc 56, va co hoat tinh sterol 24-C-

metyltransferaza.

[11] Vi sinh vét néu & trén, trong d6 hoat tinh cta 24-dehydrocholesterol reductaza
duoc giam xudng bang cach lam gidm su biéu hién coa gen ma héa 24-
dehydrocholesterol reductaza hodc lam x4o trn gen nay.

[12] Vi sinh vat néu & trén, trong d6 hoat tinh cta 24-dehydrocholesterol reductaza
duoc giam xubng bang cach loai bé mot phﬁn ho#c toan bd trinh ty axit amin cua 24-
dehydrocholesterol reductaza.

[13] Vi sinh vit néu & trén, trong do sterol 1a cholesterol va/hodc 7-

dehydrocholesterol.
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[14] Visinh vat néu & trén, trong d6 sterol 1a cholesterol.

[15] Vi sinh vat néu ¢ trén, con cO it nhét mot dic tinh dugc chon tir phan (A), (B),
va (C) néu dudi day:

(A) vi sinh vat nay d& dugc cai bién dé hoat tinh ciia sterol C-22 desaturaza dugc giam
so véi ching khong dugce cai bién;

(B) vi sinh vat d& dugc cai bién dé hoat tinh ctia 24-dehydrocholesterol reductaza dugc
ting so voi chung khong dugc cai bién;

(C) vi sinh vat d& dugc cai bién dé hoat tinh ctia 7-dehydrocholesterol reductaza dugc
ting so véi chiing khong dugc cai bién.

[16] Vi sinh vét néu & trén, trong d6 sterol C-22 desaturaza la protein dugc xac dinh
trong phan (a), (b), hoic (c) néu dudi déy:

(a) protein chira trinh ty axit amin néu trong SEQ ID NO: 42;

(b) protein chira trinh ty axit amin néu trong SEQ ID NO: 42, nhung bao gbm su thay
thé, loai bo, cai, va/hoic bd sung tur 1 dén 10 géc axit amin, va c¢o hoat tinh sterol C-22
desaturaza;

(¢) protein chura trinh ty axit amin thé hién do dong nhit cao hon hodc bang 90% véi
trinh tu axit amin néu trong SEQ ID NO: 42, va c6 hoat tinh sterol C-22 desaturaza.
[17] Vi sinh vat néu & trén, 15, va 16, trong d6 24-dehydrocholesterol reductaza la
protein dugc xac dinh trong phén (a), (b), hoic (c) néu dudi déy:

(a) protein chira trinh ty axit amin néu trong SEQ ID NO: 40;

(b) protein chira trinh ty axit amin néu trong SEQ ID NO: 40, nhung bao gbm su thay
thé, loai bo, cai, va/hoic bd sung tir 1 dén 10 géc axit amin, va c6 hoat tinh 24-
dehydrocholesterol reductaza;

(c) protein chura trinh tyr axit amin thé hién do ddng nhét cao hon hoic bang 90% véi
trinh ty axit amin néu trong SEQ ID NO: 40, va c6 hoat tinh 24-dehydrocholesterol
reductaza.

[18] Vi sinh vét néu & trén va 15 dén 17, trong d6 7-dehydrocholesterol reductaza la

protein dugc x4c dinh trong phan (a), (b), hodc (c) néu dudi déy:

(a) protein chira trinh ty axit amin néu trong SEQ ID NO: 39;

-6-
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(b) protein chira trinh tu axit amin néu trong SEQ ID NO: 39, nhung bao gbm su thay
thé, loai bd, cai, va/hodc bd sung tir 1 dén 10 gbc axit amin, va ¢ hoat tinh 7-

dehydrocholesterol reductaza,;

(c) protein chira trinh ty axit amin thé hién d6 ddng nhat cao hon hogc bing 90% véi
trinh ty axit amin néu trong SEQ ID NO: 39, va c6 hoat tinh 7-dehydrocholesterol

reductaza.

[19] Vi sinh vat néu & trén, trong d6 trinh tw nucleotit cia ADN ribosom 18S (18S
Ribosomal DNA, 18S rDNA) ctia vi sinh vét c6 d6 ddng nhét cao hon hogc bing 97%
v6i trinh tu nucleotit néu trong SEQ ID NO: 3.

[20] Vi sinh vt néu & trén, la chung cai bién dugc din xuft tr ching
Aurantiochytrium sp.1 AJ7869 (FERM BP-22342), AJ7868 (FERM BP-22290), hodc
AJ7879 (FERM BP-22367).

[21] Phuong phép san xuét sterol, phurong phép nay bao gbm cac budc:
nudi cdy vi sinh vat néu & trén trong méi truong nudi chy; va
thu hdi sterol tir céc té bao dugc tao ra bang budc nudi cly nay.

[22] Phuong phép néu & trén, trong d6 sterol la sterol tu do, sterol este, steryl

glucosit, axyl steryl glucosit, hodc hdn hop ctia ching.
MG ta chi tiét sang ché
Phuong thie thuc hién sang ché
[0013]
Sau day, sang ché s& dugc giai thich mot cach chi tiét.
[0014]
<1> Vi sinh vét theo sang ché

Vi sinh vét theo sang ché 1a vi sinh vét Labyrinthulea cé kha nang san sinh
sterol, d4 dugc cai bién @ hoat tinh cia DHCR24, DHCR7, hodc SMT1 dugc giam
xudng.

[0015]

<1-1> Vi sinh vat Labyrinthulea
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Vi sinh vat Labyrinthulea dugc st dung trong sang ché 12 Aurantiochytrium
sp.1. Cum tir “Aurantiochytrium sp.1” dung d8 chi mot loai cu thé coa gidng
Aurantiochytrium, va cu thé ding dé chi loai ma chiing Aurantiochytrium sp.1 AJ7869
(FERM BP-22342) thudc v&. Néi cach khac, cum tir “Aurantiochytrium sp.1” cu thé
ding d& chi nhém cuia céc vi sinh vét bao gbm chiing Aurantiochytrium sp.1 AJ7869
va cac chung thudc vé cling mdt loai nhu ching nay. Cac vi du v& céc chung thude vé
cing mot lodi nhu chiing Aurantiochytrium sp.1 AJ7869 bao gdm cac ching c6 18S
rDNA trong d6 trinh tu nucleotit ctia nd c6 do dong nhét cao hon hodc bang 97% véi
trinh tu nucleotit cia 188 rDNA cta chung Aurantiochytrium sp.1 AJ7869 (SEQ ID
NO: 3). Cac vi du cu thé v& Aurantiochytrium sp.l bao gbm cac ching AJ7867
(FERM BP-22304), AJ7868 (FERM BP-22290), AJ7879 (FERM BP-22367),
BURABG162, SKE217, va SKE218, cling nhu ching AJ7869. Ngoai ra, cac chung
din xuét, nhu cac ching cai bién, dugc din xudt tr cac chung thude vé

Aurantiochytrium sp.1 da 14y vi du & trén duge bao gbm trong Aurantiochytrium sp.1.
[0016]

Chung AJ7869 dugc luu gifr du tién & co quan hanh chinh ddc l4p, Vién cong
nghé va dénh gia qudc gia, Co quan luu gift sinh vét cla bing doc quyén sing ché
qubc t& (National Institute of Technology and Evaluation, International Patent
Organism Depositary, #120, 2-5-8 Kazusakamatari, Kisarazu-shi, Chiba-ken, 292-
0818, Japan) vao thang 8, 2017 véi s dang ky FERM P-22342, va sau d6 dugc
chuyén sang luu gitt qubc té theo cac diéu khoan ctia Hiép udc Budapest ngay 8 thang

7 ndm 2018, va dugc gan ma s6 truy cap FERM BP-22342.
[0017]

Chung AJ7868 dugc luu gitt dau tién & co quan hanh chinh doc 1ap, Co quan
luu git sinh vat cua bing doc quyén sing ché qubc té (National Institute of
Technology and Evaluation, International Patent Organism Depositary, #120, 2-5-8
Kazusakamatari, Kisarazu-shi, Chiba-ken, 292-0818, Japan) vao ngay 5 thang 8 nam
2015 v6i sb diang ky FERM P-22290, va sau d6 dugc chuyén sang luu giit qubc té theo
céc diu khoan ciia Hiép udc Budapest vao ngdy 31 thang 8 nam 2016, va dugc gan

ma sb truy cap FERM BP-22290.

[0018]
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Chung AJ7879 dugc luu gitt ddu tién & co quan hanh chinh doc 14p, Co quan
luu gitt sinh vat cua bing doc quyén sing ché quéc t& (National Institute of
Technology and Evaluation, International Patent Organism Depositary, #120, 2-5-8
Kazusakamatari, Kisarazu-shi, Chiba-ken, 292-0818, Japan) vao ngay 27 thang 8 nam
2018 1a lvu gitr qubc t& theo cac diéu khoan ctia Hiép uéc Budapest, va duoc gan ma

s truy cap FERM BP-22367.

[0019]

Céc ching nay c6 thé c6 duge ti, vi dy, Trung tdm luu gitr gibng nudi cdy Hoa
Ky (American Type Culture Collection, dia chi: 12301 Parklawn Drive, Rockville,
Maryland 20852, P.O. Box 1549, Manassas, VA 20108, Hiép chung quéc Hoa Ky).
Nghia 13, c4c s6 dang ky dugc dua ra cho céc ching twong Ung, va cac chung nay c6
thd duoc dat bang cach sit dung céc s6 dang ky nay (tham khao http://www.atcc.org/).
Céc sb dang ky cia cac ching dugce liét ké trong danh muc cta Trung tam lvu gilt
gibng nudi cdy Hoa Ky. Céc ching ndy co thé cling nhan dugc ti, vi du, cac kho tai d6

cac chung nay dugc luu gitr.
[0020]

Vi sinh vat theo sang ché c6 thé thu dugc bing cach cai bién thich hop vi sinh
vat Labyrinthulea nhu vi sinh vat d& 14y vi du & trén. Nghia 13, vi sinh vét theo sang
ché ¢6 thé 1a chiing cai bién dugc din xult tir vi sinh vat Labyrinthulea nhu vi sinh vat
d3 14y vi du & trén. Cu thé, vi sinh vat theo sang ché c6 thé 1a ching cai bién duoc din
xuéit tir ching Aurantiochytrium sp.1 AJ7869, AJ7868, hodc AJ7879. Cu thé hon, vi
sinh vat theo sang ché co thd 1a chung cai bién dugc din xudt to ching

Aurantiochytrium sp.1 AJ7869.
[0021]
<]-2> Kha nang san sinh sterol

Vi sinh vat theo sang ché c6 kha ning san sinh sterol. Cum tir “vi sinh vat co
kha ning san sinh sterol” dung dé chi vi sinh vét co kha nang tao ra sterol muc tiéu va
tich 1iiy n6 trong céc t€ bao ctia vi sinh vat nay ¢ mic do ma sterol c6 thé duge thu hoi,

khi vi sinh vAt nay dugc nuéi cdy trong moi trudng nudi cdy.

[0022]
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Vi sinh vét theo séng ché c6 thé 13 vi sinh vét vén d4 c6 kha ndng san sinh sterol
hodic ¢6 thé 1a vi sinh vat dugc cai bién dé c6 kha ning san sinh sterol. Vi dy, vi sinh
vét Labyrinthulea nhu vi sinh vat d& 14y vi du & trén c6 thé dugc sir dung lam vi sinh
vat c¢6 kha ning san sinh sterol, nhu dang tdn tai, hodc sau khi truyén hogc ting cudng
kha ning san sinh sterol. Cac phuong phéap dé truyén ho#c ting cudng kha ning san
sinh sterol khong bi gidi han cu thé. Vi dy, nhu dugec mo ta dudi déy, kha ndng san
sinh sterol c6 thé duoc truyén hodc ting cudng bing cach cai bién vi sinh vt
Labyrinthulea dé hoat tinh cia DHCR24, DHCR7, hodc SMT1 dugc giam xuéng.
Ngoai ra, vi du, kha ning san sinh cholesterol c6 thé duoc truyén hoac duogc ting
cudng bang cich cai bién vi sinh véat Labyrinthulea dé su biu hién enzym lién quan
dén qua trinh sinh tbng hop cholesterol dugc ting cudng hodc twong tu
(W02016/056610).

[0023]

Céc vi dy v& sterol muc tiéu khi vi sinh vt theo sang ché duoc cai bién dé hoat
tinh ctia DHCR24 duoc giam xudng bao gbm céc sterol thuc vét va cac sterol ném.
Céc vi du cu thé v& sterol muc tiéu khi vi sinh vét theo sdng ché dugc cai bién dé hoat
tinh ctia DHCR24 duogc giam xudng bao gbm céc sterol thuc vét. Tbng luong san sinh
cda sterol thuc vat va sterol nim so voi téng lugng séan sinh cua sterol ¢ thé 1a, vi du,
16n hon hodc bang 90% (trong lugng), 16n hon hodc bang 95% (trong lugng), 16n hon
hodc bang 97% (trong lugng), hodc 1én hon hodc bang 99% (trong lugng). Cac cum tir
“sterol thuc vat” va “sterol ndm”, tuong Ung, dung dé chi sterol dugc phat hién & thuc
vat va sterol dugc phat hién & ndm. Céac vi du v& céc sterol thuc vat bao gém 7-
dehydropolyferosterol, —stigmasterol, 4-metyl-7,22-stigmasteradienol, B-sitosterol,
brassicasterol, campesterol, diosgenin, axit oleanolic, axit betulinic, axit ursolic,
hecogenin, sarsasapogenin, isofucosterol, avenasterol, ~A7-stigmastenol, A7-
campestenol, fucosterol, va salgasterol. Cac vi du cu thé vé céc sterol thuc vat bao
gbm céc sterol ¢6 nhém nhém metyl hodc nhém etyl & vi tri C24. Cac vi du cu thé hon
v& céc sterol thuc vat bao gdm stigmasterol va brassicasterol. Cac vi du vé cac sterol
nAm bao gdm ergosterol va 7-dihydroergosterol. Céc vi du cu thé vé cac sterol ném

bao gbm ergosterol.

[0024]

-10-
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Céc vi du v& sterol muc tidu khi vi sinh vAt theo sang ché duoc cai bién dé hoat
tinh cia DHCR7 duoc giam xudng bao gdm c4c tién vitamin D. Cac vi du vé cac tién
vitamin D bao gdm 7-dehydrocholesterol (tin vitamin D3) va ergosterol (tin vitamin
D2). Cac vi du cu thé v céc tién vitamin D bao gdm 7-dehydrocholesterol. Lugng san
sinh ctia tién vitamin D so véi tdng lugng sén sinh ciia sterol ¢6 thé 14, vi du, 16n hon
hodc bing 50% (trong lugng), 16n hon hodc bang 70% (trong lugng), 16n hon hodc
bang 80% (trong lugng), hodc 16n hon hodc bing 85% (trong lugng).

[0025]

Céc vi du vé sterol muc tidu khi vi sinh vét theo sang ché duogc cai bién dé hoat
tinh ctia SMT1 duge giam xudng bao gbm céc sterol dong vét. Luong san sinh cua
sterol dong vat so véi téng luong san sinh cua sterol c6 thé 13, vi du, 16n hon hoic
bang 90% (trong lugng), 16n hon ho#c bang 95% (trong lugng), 16n hon hogc bang
97% (trong luong), hodc 16n hon hodc bang 99% (trong lugng). Cum tlr “sterol dong
vat” dung dé chi sterol duoc phat hién & dong vat. Cac vi du vé céc sterol dong vat bao
gém cholesterol, 7-dehydrocholesterol, axit glycocholic, axit taurocholic, axit cholic,
estradiol, estron, ethinylestradiol, estriol, dehydroepiandrosteron, metylandrostendiol,
5B-pregnan-3a, 200-diol, pregnenolon, axit chenodeoxycholic, axit dehydrocholic,
dihydroxycholesterol, digitoxygenin, desmosterol, va lathosterol. Cac vi du cu thé vé
c4c sterol ddng vat bao gbm cholesterol va 7-dehydrocholesterol. Cac vi du cu thé hon

v& céc sterol dong vat bao gdm cholesterol.
[0026]

Khi vi sinh vét theo sang ché c6 hai hodc nhiéu su cai bién, sterol muc tiéu ¢
thé dugc chon thich hop theo céc diéu kién khac nhau nhu sy phéi hop cua cac cai
bién. Ching han, cac vi du vé sterol muc tidu khi vi sinh vét theo sang ché duoc cai
bién d& hoat tinh cuia DHCR7 va SMT1 dugc giam xubng bao gbm 7-
dehydrocholesterol (tién vitamin D3). Ngoai ra, chéng han, céc vi du vé sterol muc
tiéu khi vi sinh vat theo sang ché duoc cai bién dé hoat tinh ctia SMT1 va sterol C-22
desaturaza dugc giam xubng bao gbm céc sterol dong vat nhu cholesterol. Ngoai ra,
chéng han, cac vi du vé sterol muc tiéu khi vi sinh vat theo sang ché dugc cai bién dé
hoat tinh ciia SMT1 dugc giam xubng va hoat tinh cia DHCR24 dugc gia tang bao

g(‘A)m mot phén cha cac sterol dong vat nhu cholesterol, lathosterol, va 7-
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dehydrocholesterol. Ngoai ra, chéng han, cac vi du vé sterol muc tiéu khi vi sinh vat
theo sang ché duoc cai bién dé hoat tinh ctia SMT1 dugc giam xubng va hoat tinh ctia

DHCR7 dugc gia tang bao gbm cholesterol.
[0027]

Vi sinh vat theo sang ché cé thé c6 kha nang san sinh mot loai sterol, hodc hai

hodc nhiéu loai sterol.
[0028]

Céc sterol ¢c6 thé c6 mat khong chi & dang ty do, ma con & dang cac dan xut
khac nhau. Do do6, cum tir “sterol” co thé goi chung 1a sterol tu do va cac dan xuét cla
n6, trix khi ¢6 quy dinh khéc. Nghia 13, cum tir “sterol” ¢6 thé ding dé chi sterol ty do,
dn xuét ctia no, hodc hdn hop ciia ching. Céc vi du vé& cic dan xudt clia céc sterol bao
gdm céc sterol este, cac steryl glucosit, va cic axyl steryl glucosit. Nghia 13, cum tur
“sterol” c6 thé ding dé chi, cu thé, sterol tu do, sterol este, steryl glucosit, axyl steryl

glucosit, hodc hdn hop ciia chung.
[0029]

Cum tir “sterol este” dung dé chi axyl este cua sterol tu do, nghia 12 hop chét c6
chu trac trong d6 sterol ty do va axit béo dugc lién két véi nhau qua lién két este. Noi
cach khac, sterol este c6 gbe tuong tmg véi sterol tur do va gbc twong tng véi axit béo,
trong do cac gbc nay lién két v6i nhau qua lién két este. Gbc tuong ting v6i sterol tu
do con dugc goi la “gbc sterol”. Gbc twong Gmg v6i axit béo con duge goi la “axit béo
gbc” hoic “gbc axyl”. Lién két este c6 thé dugce tao ra, vi duy, gitra nhoém hydroxyl & vi
tr{ C3 cia sterol va nhém carboxyl ctia axit béo. Do d6, khi sterol c6 mét ¢ dang ester,
c6 thé chip nhan ring nhém hydroxyl ¢ vi tri C3 cua sterol khong tdn tai. Loai cta
nhém axyl khong bi gi6i han cu thé. Nghia 13, chiéu dai mach va miic d6 khong no ctia
nhom axyl ¢6 thé thay ddi. Chidu dai mach cta nhém axyl c6 thé 13, vi dy, C14-C26
(nghia 12 C14, C16, C18, C20, C22, C24, hodc C26). Nhom axyl co thé no hodc khong
no. Nhém axyl c6 thé c6 mdt hodc nhidu (nghia 12 mdt, hai, ba, bon, ndm, hodc séu)
lién két d6i khong no. Cac vi du cu thé vé cc axit béo tuong tmg v6i nhém axyl bao
gbm, vi du, axit myristic (14:0), axit palmitic (16:0), axit stearic (18:0), axit arachidic
(20:0), axit behenic (22:0), axit lignoxeric (24:0), axit xerotic (26:0), axit myristoleic
(14:1), axit palmitoleic (16:1), axit oleic (18:1), axit linoleic (18 :2), axit linolenic
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(18:3), axit arachidonic (20:4), axit eicosapentaenoic (EPA, 20:5), axit
docosapentaenoic (DPA, 22:5), axit docosahexaenoic (DHA, 22:6). Cac vi du cu thé vé
cac axit béo tuong tmg v&i nhom axyl bao gbm axit docosahexaenoic (DHA, 22:6),

axit docosapentaenoic (DPA, 22:5), va axit palmitic (16:0).
[0030]

Cum tir “steryl glucosit” dung d& chi glucosit cia sterol ty do. Cum tir “axyl

steryl glucosit” diing dé chi glucosit cua sterol este.
[0031]
<1-3> Giam hoat tinh ctia DHCR24, DHCR7, hodc SMT1

Vi sinh vat theo sang ché da dwoc cai bién dé hoat tinh cia DHCR24, DHCR7,
hosic SMT1 dugc giam xubng. Vi sinh vat theo sang ché duge cai bién, cy thé, dé hoat
tinh cia DHCR24, DHCR7, hodc SMT1 dugc gidm so véi chung khdng dugce cai bién.
Bing cach cai bién vi sinh v4t Labyrinthulea dé hoat tinh ciia DHCR24, DHCR?7, hodc
SMT1 dugc giam xuéng, kha ning san sinh sterol cua vi sinh vat co thé dugc cai thién,
va nghia 1, sy san sinh sterol boi vi sinh vat co thé dugc gia ting. Cac vi du vé su gia
ting san sinh sterol bao gdm gia ting lugng san sinh sterol, gia ting tbc do san sinh
sterol, va gia tang hiéu suét sterol. Cac vi du vé su gia ting lugng san sinh sterol bao
gbm sy gia ting lugng san sinh sterol trén mdi trong lugng cla cac t& bao va su gia
ting luong san sinh sterol trén mdi lugng ctia canh nudi cly. Cac vi du vé su gia ting
san sinh sterol cling bao gdm sur gia ting ty 1& ctia lugng san sinh ctia sterol myc tiéu
so v6i tdng luong san sinh cta (c4c) sterol. Ty 1€ clia lugng séan sinh cua sterol muc
tiéu véi téng lugng san sinh cua (cac) sterol cd thé 13, vi du, 16n hon hoic bing 50%
(trong lugng), 16n hon hodc bang 70% (trong lugng), 16n hon hogc bang 80% (trong
lugng), 16n hon hozc bing 85% (trong lugng), 16n hon hodc bang 90% (trong lugng),
16n hon hodc bang 95% (trong lugng), 16n hon hodc bang 97% (trong lugng), hodc 16n
hon hoic bing 99% (trong lugng). Cu thé, viéc giam hoat tinh ciia DHCR24 ¢6 thé tao
ra sy gia tdng san sinh sterol thyc vat va/hodc sterol ndm. Ngoai ra, cu thé, viéc giam
hoat tinh ctia DHCR7 ¢6 thé tao ra su gia ting san sinh tién vitamin D. Ngoai ra, cu thé,

viéc gidm hoat tinh cia SMTT ¢6 thé tao ra sy gia tdng san sinh sterol dong vét.
[0032]

Hoat tinh cia DHCR7 va SMTI ¢6 thé dugc giam theo céch phdi hop. Néi céch
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khéc, khi hoat tinh cia DHCR7 duge giam xubng, hoat tinh ciia SMT1 ¢6 thé dugc
giam thém nita. Ngoai ra, khi hoat tinh ctia SMT1 dugc giam xubng, hoat tinh cta
DHCR7 ¢6 thé duge giam thém nita. Vi dy, viéc giam hoat tinh cia DHCR7 va SMT1

6 thé tao ra sy gia ting san sinh 7-dehydrocholesterol (tién vitamin D3).

[0033]

Vi sinh vét theo sang ché c6 thé thu dugc bing cich cai bién vi sinh vét
Labyrinthulea c6 kha ning san sinh sterol dé hoat tinh cia DHCR24, DHCR?7, hodc
SMT1 duoc giam xudng. Vi sinh vt theo sang ché c6 thé ciing thu dugc bang céach cai
bién vi sinh vat Labyrinthulea d8 hoat tinh ctia DHCR24, DHCR?7, hodc SMT1 dugc
giam xudng, va sau dé truyén hoic ting cudng kha ning san sinh sterol. Vi sinh vét
theo sang ché c6 thé ciing 12 vi sinh vét ¢6 dugc kha ning san sinh sterol bang cach
duoc cai bién dé& hoat tinh cia DHCR24, DHCR7, hojc SMT1 duge giam xubng.
Chiing truée khi duge cai bién dé hoat tinh cia DHCR24, DHCR7, hodc SMT1 duge
giam xubng c6 thé c6 kha nang san sinh sterol khic ngoai sterol muc tiéu. Nghia 13, vi
du, vi sinh vét Labyrinthulea c6 kha nang san sinh sterol dong vat co thé duoc cai bién
8 hoat tinh ctia DHCR24 dugc giam xubng. Ngoai ra, vi du, vi sinh vét Labyrinthulea
¢6 kha ning san sinh cholesterol ¢ thé duogc cai bién dé hoat tinh cia DHCR7 dugc
giam xubng. Ngoai ra, vi dy, vi sinh vét Labyrinthulea ¢6 kha nang san sinh sterol thuc
vat va/hodc sterol nam c6 thé dugc cai bién dé hoat tinh cia SMT1 dugc giam xubng.
Céc su cai bién d& cAu tao nén vi sinh vat theo sang ché c6 thé dugc thuc hién theo thir
tu bat ky.

[0034]

Sau day, DHCR24, DHCR7, va SMT1, va cac gen md hoa chung dugc mo ta.
Bt ngd 13, céc phéin md ta dugc cung chp dudi day co thé dugc ap dung khong chi cho
DHCR24, DHCR7, va SMT1 trong d6 hoat tinh cua ching dugc gidm ¢ vi sinh vat
theo sang ché, ma con duge 4p dung cho DHCR24 va DHCR? trong do6 hoat tinh cla
chung dugc gia ting nhd cac cai bién khac duge mo ta dudi day. DHCR24, DHCRY,
va SMT1 trong d6 hoat tinh cta ching dugc giam & vi sinh vét theo sang ché 1a cac
enzym dugc s¢ hitu boi vi sinh vét Labyrinthulea can dugc cai bién.

[0035]

Cum tir “24-dehydrocholesterol reductaza (DHCR24)” ding dé chi protein

-14-



41582

(enzym) c6 hoat tinh xtic tac phan tmg khir lién két d6i & vi tri C24 (lién két doi C24-
C25) cna sterol (EC 1.3.1.72). Hoat tinh nay con dugc goi 1a “hoat tinh 24-
dehydrocholesterol reductaza (hoat tinh DHCR24)”. Gen mé hoa DHCR24 con dugce
goi 13 “gen 24-dehydrocholesterol reductaza (gen DHCR24)” hodc “gen dhcr24”. Cum
tir “vi tri C24” dwoc dé cap & day dung dé chi cacbon twong g v6i vi tri C24 cla

zymosterol.
[0036]

Hoat tinh DHCR24 c6 thé dugc do bf‘?mg cach, vi dy, u enzym véi co chét
(sterol c6 lién két dbi & vi tri C24) v6i sw c6 mit ctia chét cho dién tir, va do sy tao ra
san pham (sterol trong d6 lién két d6i & vi tri C24 bi khtr) phu thudc enzym va co chét.
Céc vi du vé chét cho dién tir bao gém, vi du, NADPH. Céc vi du v& co chét va san

phim bao gbm, vi du, zymosterol va 5a-cholest-8-en-3b-ol, twong tng.
[0037]

Cum tir “7-dehydrocholesterol reductaza (DHCR7)” dung dé chi protein
(enzym) c¢6 hoat tinh xtc tac phan tmg khir lién két doi & vi tri C7 (lién két do6i C7-C8)
ctia sterol (EC 1.3.1.21). Hoat tinh ndy con dugc goi la “hoat tinh 7-
dehydrocholesterol reductaza (hoat tinh DHCR7)”. Gen ma héa DHCR7 con dugce goi
1a “gen 7-dehydrocholesterol reductaza (gen DHCR7)” hodc “gen dher7”. Cum tir “vi
tr{ C7” dugc d& cap & day ding dé chi cacbon twong tng voi vi tri C7 cua 7-

dehydrocholesterol.
[0038]

Hoat tinh DHCR7 c6 thé duge do bing cach, vi du, & enzym véi co chit (sterol
c6 lién két doi o vi tri C7) véi sy ¢d mat cia chit cho dién tir, va do su tao ra san phém
(sterol trong d6 lién két d6i & vi tri C7 duge khir) phu thudc enzym va co chét. Cac vi
du v& chét cho dién tir bao gdm, vi du, NADPH. Céc vi du v& co chét va san pham bao

gbm, vi dy, 7-dehydrocholesterol va cholesterol, tuong ung.
[0039]

Cum tir “sterol 24-C-metyltransferaza (SMT1)” ding dé chi protein (enzym) c6
hoat tinh xuc tac phan Gng dua vao nhom metyl & vi tri C24 cua sterol (EC 2.1.1.41).
Hoat tinh nay con dugc goi 12 “hoat tinh sterol 24-C-metyltransferaza (hoat tinh
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SMT1)”. Gen ma hoa SMT1 con dugc goi 12 “gen sterol 24-C-metyltransferaza (gen
SMT1)” hodc “gen smtl”. Céc vi du vé céc sterol can duge st dung 1am co chét ctia
SMT1 bao gdm cac sterol c6 lién két doi & vi tri C24 (lién két doi C24-C25). Vige dua
nhém metyl vao c6 thé duge thuc hién bing cach khi lién két doi & vi tri C24. Ngoai
ra, nhom metyl dua vao co thé cling con lai sau khi chuyén hoa thanh nh6m metylen.
N6i céch khac, san phdm ctia SMT1 c6 thé ciing 12 sterol trong d6 lién két doi & vi tri
C24 dugce khir va duge dua vao cing v6i nhém metylen & vi tri C24. Cum tir “vi tri

C24” dugc @ cap & diy dung dé chi cacbon twong tmg v6i vi tri C24 clia zymosterol.
[0040]

Hoat tinh SMT1 c6 thé duoc do br?mg cach, vi du, i enzym véi co chét (sterol)
voi su ¢6 mét cua chit cho nhém metyl, va do su tao ra san phém (sterol dugc dua vao
nhoém metyl hodc nhém metylen & vi tri C24) phu thudc enzym va co chét. Céac vi du
v& chét cho nhém metyl bao gdm, vi dy, S-adenosyl-L-methionin. Céc vi du vé co chét

va san phém bao gém, vi du, zymosterol va fecosterol, twong ing.
[0041]

Viéc gidm hoat tinh cia DHCR24, DHCR?7, hoac SMT1 c6 thé dugc x4c nhan
bing cach do hoat tinh cia chiing hodc tuong tw nhu duge mo ta dudi day. Viéc giam
hoat tinh cia DHCR24, DHCR?7, hodc SMT1 ¢6 thé ciing duoc x4c nhan dua trén sy
gia ting san sinh sterol muc tiéu dudi dang chi bao. Viéc gidm hoat tinh cia DHCR24,
DHCR7, hodc SMT1 c6 thé cling dugc x4c nhin dya trén viéc gidm sy san sinh cua

sterol khac ngoai sterol myc tiéu dudi dang chi bao.
[0042]

Cac vi du v& DHCR24, DHCR7, va SMT1, va céc gen ma hoa ching bao gdm
cac gen cua nhiéu sinh vat khac nhau nhu céc vi sinh vat Labyrinthulea. Céc trinh tu
nucleotit cia cac gen DHCR24, DHCR7, va SMT1 dugc so hitu bdi nhiéu sinh vat
khéc nhau nhu cac vi sinh vat Labyrinthulea va céc trinh tur axit amin cua DHCR24,
DHCR7, va SMT1 dugc mé hoa bang cich d6 c6 thé nhén dugc tir, vi du, céc co s¢ dit
liéu cong cong nhu Trung tdm thong tin cong nghé sinh hoc qudc gia (National Center
for Biotechnology Information, NCBI). Trinh ty nucleotit ctia gen DHCR24 cia ching
Aurantiochytrium sp.1 AJ7869 va trinh ty axit amin cua DHCR24 dugc mi hda boi
gen nay duoc thé hién trong SEQ ID NOS: 29 va 40, tuong ung. Nghia 13, gen
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DHCR24 ¢6 thé 13, vi du, gen c6 trinh tw nucleotit duge thé hién nhir SEQ ID NO: 29.
Ngodi ra, DHCR24 ¢6 thé 13, vi dy, protein c6 trinh ty axit amin dugc thé hién nhu
SEQ ID NO: 40. Trinh tu nucleotit ciia gen DHCR7 cta ching Aurantiochytrium sp.1
AJ7869 va trinh tu axit amin cia DHCR7 dugc ma héa boi gen dugc thé hién trong
SEQ ID NOS: 18 va 39, tuong tng. Nghia 1, gen DHCR7 ¢6 thé 13, vi du, gen c6 trinh
tr nucleotit dugc thé hién nhu SEQ ID NO: 18. Ngoai ra, DHCR7 c¢6 thé la, vi du,
protein c6 trinh tur axit amin dugc thé hién nhu SEQ ID NO: 39. Trinh ti nucleotit cta
gen SMT1 ctia chiing Aurantiochytrium sp.1 AJ7869 va trinh tu axit amin cua SMT1
duoc ma hoa boi gen duge thé hién trong SEQ ID NOS: 7 va 38, twong ung. Trinh tu
nucleotit coa gen SMT1 ctia cdc chung Aurantiochytrium sp.1s AJ7868 va AJ7879 va
trinh tu axit amin cia SMT1 duge ma hoa boi gen duge thé hién trong SEQ ID NOS:
55 va 56, tuong tmg. Cac ching Aurantiochytrium sp.1s AJ7868 ¢ hai ban sao cua
gen SMT1. Nghia 14, gen SMT1 ¢6 thé 13, vi du, gen c6 trinh ty nucleotit duge thé hién
nhu SEQ ID NO: 7 hodc 55. Ngoai ra, SMT1 ¢o thé 13, vi du, protein c6 trinh tyr axit
amin duogc thé hién nhu SEQ ID NO: 38 hodc 56. Cum tix “co nucleotit hodc trinh ty
axit amin” ding dé chi c4c trudng hop chira trinh ty nucleotit hodc axit amin, trir khi
c6 quy dinh khac, va cling bao gbm cac trudng hop bao gbm trinh ty nucleotit hogc

axit amin.
[0043]

Gen DHCR24 ¢6 thé 14 bién thé cila gen bt k¥ trong sb cac gen DHCR24 da
l4y vi du & trén (nhu gen c6 trinh tu nucleotit dugc thé hién nhu SEQ ID NO: 29),
mién 12 chitc ndng ban dau ctia né dugce gift nguyén. Tuong ty, DHCR24 ¢6 thé 14 bién
thé ciia DHCR24 bt k¥ trong s6 cac DHCR24 d4 14y vi du & trén (nhu protein ¢6 trinh
tur axit amin dugc thé hién nhu SEQ ID NO: 40), mién 14 chic nang ban dau cia no
duoc gift nguyén. Gen DHCR7 ¢6 thé 1a bién thé cia gen b4t ky trong s6 cac gen
DHCR7 da léy vi du & trén (nhu gen c6 trinh tu nucleotit dugc thé hién nhu SEQ ID
NO: 18), mién 13 chirc ning ban dau cua nd duge gitt nguyén. Tuong tu, DHCR7 ¢o6
thé 12 bién thé cua DHCR7 bt k¥ trong s6 cac DHCR7 d4 14y vi du ¢ trén (nhu protein
¢ trinh ty axit amin dugc thé hién nhu SEQ ID NO: 39), mién 1 chirc ndng ban dau
cia n6 duoc gitt nguyén. Gen SMT1 c6 thé 12 bién thé ctia gen bét ky trong sb cac gen
SMT1 da 1éy vi du & trén (nhu gen c6 trinh tu nucleotit duoc thé hién nhu SEQ ID

NO: 7 hoéc 55), mién 14 chtc ning ban dAu cta n6 dugce gitt nguyén. Tuong tu, SMT1
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¢6 thé 12 bin thé ctia SMT1 bt ky trong s6 cac SMT1 da 18y vi dy & trén (nhu protein
¢6 trinh tu axit amin dugc thé hién nhu SEQ ID NO: 38 hoic 56), mién 1a chirc ning
ban dau ciia n duge giit nguyén. Bién thé nhu vay con duge goi la “bién thé bao toan”.
Céac cum tir “gen DHCR24”, “gen DHCR7”, va “gen SMT1” bao gbm khong chi céc
gen DHCR24, cac gen DHCR?7, va cac gen SMT1 da 1éy vi du & trén, ma con bao gém
céc bién thé bao toan cua chung, twong tmg. Twong ty, cac cum tir “DHCR24”,
“DHCR7”, va “SMT1” bao gdm khong chi cac DHCR24, cac DHCR7s, va cac SMT1
da 14y vi du & trén, ma con bao gbm cac bién thé bao toan ciia chiing, tuong tmg. Cac
vi du v& céc bién thé bao toan bao gdm, vi du, cac bién thé cai bién dong déng va nhén
tao cla cac gen DHCR24, cac gen DHCR7, va cac gen SMT1 va cac DHCR24, cac
DHCR7, va cac SMT1 di ldy vi du & trén.

[0044]

Sy didn dat “chirc nang ban ddu dugc gift nguyén” ¢ nghia la bién thé ctia gen
hodc protein c6 chic nang (nhu hoat tinh hogc tinh chét) twong g véi chitc nang
(nhu hoat tinh hodc tinh chét) cia gen hoic protein ban dAu. Sy dién dat “chirc nang
ban ddu duoc gitt nguyén” duge sir dung cho gen ¢ nghia la bién thé cia gen ma hoa
protein ma duy tri chirc néng ban dau. Nghia 13, su dién dat “chirc ning ban dau duoc
gilt nguyén” dugc stt dung cho gen DHCR24 c¢6 nghia 1a bién thé cta gen mi hoa
protein ¢6 hoat tinh DHCR24. Ngoai ra, su dién dat “chirc ning ban dau duoc giit
nguyén” dugc stt dung cho DHCR24 c6 nghia 1a bién thé cia protein c6 hoat tinh
DHCR24. Ngoai ra, sy dién dat “chiic ning ban dau dugc gilt nguyén” dugc st dung
cho gen DHCR7 c6 nghia la bién thé ctia gen ma hoa protein c6 hoat tinh DHCR7.
Ngoai ra, sy dién dat “chirc ning ban diu duoc gitt nguyén” dugc st dung cho
DHCR7 c6 nghfa 13 bién thé ctia protein c6 hoat tinh DHCR7. Ngoai ra, sy dién dat
“chitc ning ban dau dugc gift nguyén” duoc sir dung cho gen SMT1 c6 nghia 13 bién
thé ctia gen mi hoa protein c6 hoat tinh SMTT. Ngoai ra, sy dién dat “chirc ning ban
ddu dugc gift nguyén” dugc st dung cho SMT1 c6 nghia 1a bién thé cia protein co
hoat tinh SMT1.

[0045]
Sau day, cac vi dy vé c4c bién thé bao toan s& duoc giai thich.

[0046]
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Céc chét ddng ding ciia gen DHCR24, DHCR7, hosic SMT1 va céc chét dong
ding ciia DHCR24, DHCR7, hodc SMT1 ¢6 thé dé dang thu dugc tir cic co s¢ dit liéu
cong cOng bang, vi du, tim kiém BLAST hodc tim kiém FASTA bang cach sir dung
trinh ty bét k¥ trong sd cac trinh tu nucleotit ciia cac gen DHCR24, cac gen DHCR7,
va céc gen SMT1 d4 14y vi du & trén hodc trinh tur bat ki trong sd cac trinh tw axit
amin cua cdc DHCR24, cac DHCR7s, va cac SMT1 da léy vi du ¢ trén lam trinh tu
truy van. Ngoai ra, cic chét déng dﬁng ctia gen DHCR24, DHCR7, hodc SMT1 c6 thé
thu dugc bang, vi dy, phan tng chudi polymeraza (Polymerase Chain Reaction, PCR)
bf?mg cach st dung nhiém sic thé cia cac sinh vat nhu cc vi sinh vét Labyrinthulea
dung lam khuon, va cac oligonucleotit dugc didu ché dua trén trinh tu bét ky trong sb
cac trinh tu nucleotit cia cac gen DHCR24, DHCR7, hodc SMT1 da biét nay duéi

dang mdi.
[0047]

Gen DHCR24, DHCR7, hoic SMT1 ¢6 thé 13 gen m héa protein ¢4 trinh tyr bt
ky trong 36 cac trinh tu axit amin d& 14y vi du & trén (nhu trinh tu axit amin dugc thé
hién nhu SEQ ID NO: 40 déi véi DHCR24, trinh ty axit amin dugc thé hién nhu SEQ
ID NO: 39 d6i véi DHCR?7, va trinh ty axit amin dugc thé hién nhu SEQ ID NO: 38
hodc 56 dbi véi SMT1), nhung bao gém su thay thé, loai bo, cai, va/hoic bb sung mot
hodc mdt vai géc axit amin & mot hodc mat vai vi tri, mién 13 chitc ning ban déu cia
no6 duoc gitt nguyén. Vi du, diu N va/hodc du C cta protein dugc ma hoa co thé dugc
kéo dai hodc rut ngén. Mic du sb luong c6 nghia bai thuft nglt “mdt hodc mot vai”
néu & trén c6 thé khac nhau phu thudc vao céc vi tri ciia cac gbc axit amin trong chu
tric ba chiéu cua protein hodc céc loai géc axit amin, cu thé, d6 13, vi du, tr 1 dén 50,
(r 1 dén 40, tir 1 dén 30, t5t hon 1a tir 1 dén 20, t8t hon nita 1a tir 1 dén 10, con t6t hon
nita 13 tir 1 dén 5, dc biét t5t hon la tir 1 dén 3.

[0048]

Viéc thay thé, loai bo, cai, vi/hodc bd sung di néu & trén ctia mdt hodc mot vai
gbc axit amin 1a dot bién bao toan duy tri chiic ning binh thudng cta protein. Cac vi
du thong thudng vé su dot bién bao toan 1a cac su thay thé bao toan. Su thay thé bao
toan la su d6t bién trong d6 su thay thé x4y ra qua lai gitra Phe, Trp, va Tyr, néu vi tr

thay thé 13 axit amin thom; gifta Leu, e, va Val, néu né 12 axit amin ky nuée; gitta Gln
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va Asn, néu né 13 axit amin phan cyc; gifta Lys, Arg, va His, néu no 14 axit amin bazo;
gifta Asp va Glu, néu n6 13 axit amin axit; va gifta Ser va Thr, néu no 1a axit amin c6
nhom hydroxyl. Cac vi du v& su thay thé dugc cho 13 sy thay thé bao toan bao gém, cu
thé, thay thé Ser ho#c Thr cho Ala, thay thé Gln, His, hodc Lys cho Arg, thay thé Glu,
Gln, Lys, His, hodc Asp cho Asn, thay thé Asn, Glu, hodc Gln cho Asp, thay thé Ser
hodc Ala cho Cys, thay thé Asn, Glu, Lys, His, Asp, hodc Arg cho Gln, thay thé Gly,
Asn, Gln, Lys, hodc Asp cho Glu, thay thé Pro cho Gly, thay thé Asn, Lys, Gln, Arg,
hodc Tyr cho His, thay thé Leu, Met, Val, hodc Phe cho Ile, thay thé Tle, Met, Val, hoic
Phe cho Leu, thay thé Asn, Glu, Gln, His, hoic Arg cho Lys, thay thé 1le, Leu, Val,
hodc Phe cho Met, thay thé Trp, Tyr, Met, Ile, hodc Leu cho Phe, thay thé Thr hodc Ala
cho Ser, thay thé Ser hoac Ala cho Thr, thay thé Phe hodc Tyr cho Trp, thay thé His,
Phe, hodc Trp cho Tyr, va thay thé Met, Ile, hodc Leu cho Val. Ngoai ra, cac su thay
thé, loai bo, cai ho#c bb sung cua géc axit amin nhu néu & trén bao g(‘“)m su dot bién
x4y ra tu nhién do sy khac biét riéng, hodc su khéc biét cia loai sinh vat ma tir d6 gen

duoc tao dAn xuét (thé dot bién hodc bién the).
[0049]

Gen DHCR24, DHCR?7, hodc SMTT ¢6 thé cling 1a gen ma hoa protein c6 trinh
tu axit amin thé hién do tuong déng, vi du, 16n hon hodc bﬁ'mg 50%, 16n hon hodc béng
65%, 16n hon hoiic bing 80%, t5t hon 12 16n hon hoic bing 90%, tot hon nita 1a lén
hon hofic bing 95%, con tt hon nita 1a 16n hon hodic bing 97%, dic biét t6t hon 12 16n
hon hoac béng 99%, voi toan bd trinh ty axit amin cua trinh tu bét ky trong s6 cac
trinh ty axit amin d& néu & trén, mién 13 chtc ning ban dAu cta nd duoc gilt nguyén.

Trong phan md ta nay, “dd tuong ddng” c6 nghia 12 “dd dbng nhat”.
[0050]

Gen DHCR24, DHCR7, hodac SMT1 ¢o thé ciing 14 ADN c6 kha nang lai hoa
trong cac diéu kién nghiém ngat v4i doan do ma co thé dugc diéu ché tir trinh tu bt ky
trong sb cac trinh tir nucleotit d& 14y vi du & trén (nhu trinh tu nucleotit dugc thé hién
nhu SEQ ID NO: 29 d6i v6i gen DHCR24, trinh tu nucleotit dugc thé hién nhu SEQ
ID NO: 18 déi v6i gen DHCR?, va trinh tw nucleotit dugc thé hién nhu SEQ ID NO: 7
hoac 55 dbi v6i gen SMT1), nhu trinh tu bd sung ctia mot phén hodc toan bd trinh ty

bét ky trong sb cac trinh tu nucleotit d& néu & trén, mién ]a chirc nang ban dau cua no
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dugce gitt nguyén. Thuat nglr “cac didu kién nghiém ngit” ding @& chi cac diéu kién
trong d6 cai dugc goi 12 sy lai hoa déc hiéu dugc tao ra, va sy lai h6a khong déc hiéu
khong dugc tao ra. Cac vi du vé céc didu kién nghiém ngit bao gém cac didu kién
trong d6 cac ADN c6 do tuong ddng cao lai héa véi nhau, vi dy, cdc ADN c6 d6 tuong
ddng khong nhd hon 50%, 65%, hodc 80%, tét hon 12 d9 tuong ddng khong nho hon
90%, t6t hon nita 13 d6 twong déng khong nhé hon 95%, con t5t hon nira 13 do tuong
ddng khong nhé hon 97%, dic biét tt hon 13 d6 twong dong khong nhd hon 99%, lai
hoa véi nhau, va cac ADN c6 do twong ddng nhé hon & trén khong lai héa véi nhau,
ho#ic céc didu kién rira clia qué trinh lai hoa Southern thong thudng, nghia la, cac diéu
kién rira mot 13n, t5t hon 12 2 hodc 3 14n, & ndng d6 va nhiét d6 mubi tuong tng voi 1
x SSC, 0,1% SDS & 60°C, tét hon 13 0,1 x SSC, 0,1% SDS & 60°C, t5t hon nita 12 0,1
x SSC, 0,1% SDS & 68°C.

[0051]

Nhu dugc md ta ¢ trén, doan do can dugc st dung cho qua trinh lai hoa c6 thé
13 mot phan cta trinh ty bd sung cta gen. Poan do nhu vay c6 thé duoc didu ché bang
PCR bing cach sir dung céac oligonucleotit dugc didu ché dua trén cac trinh tu
nucleotit ctia cac gen da biét 1am cac doan mdi v manh ADN chira gen dé néu & trén
ding 1am khuén. D& 1am doan do, vi dy, manh ADN c6 chiéu dai khoang 300bp ¢4 thé
duoc str dung. Trong trudng hop st dung manh ADN c6 chiéu dai khoang 300bp 1am
doan do, cic didu kién rita ciia qua trinh lai héa c6 thé 13, vi dy, 50°C, 2 x SSC va

0,1% SDS.
[0052]

Ngoai ra, gen DHCR24, DHCR7, hogc SMTI c6 thé 13 gen trong do (céc)
codon bit k¥ duoc thay bang (cac) codon twong duong tuong ung. Nghia 1a, gen
DHCR24, DHCR7, hodc SMT1 ¢o thé 12 bién thé cua gen bt ky trong sd cac gen
DHCR24, DHCR7, hodc SMT1 da léy vi du & trén do su thodi hoa ciia ma di truyén.

[0053]

Ty 16 phin tram ctia 4 ddng nhét trinh tw gifta hai trinh tu c6 thé dugc x4c dinh,
vi du, bing cach sit dung thuat toan. Cc vi du khong gi6i han vé thudt todn nhu vay
bao gdm thut toan néu trong Myers and Miller (198 8) CABIOS 4:11-17, thuét todn do
tuong ddng cuc bd néu trong Smith et al (1981) Adv. Appl. Math. 2:482, thuat toan sip
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thing hang d6 twong ddng néu trong Needleman and Wunsch (1970) J. Mol. Biol.
48:443-453, phuong phap tim kiém d6 twong ddng néu trong Pearson and Lipman
(1988) Proc. Natl. Acad. Sci. 85:2444-2448, va phién ban cai bién ctia thuit toan néu
trong Karlin and Altschul (1990) Proc. Natl. Acad. Sci. USA 87:2264, nhu phién ban
duge md ta trong Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-5877.

[0054]

Bing cach sir dung chuong trinh dya trén thuét todn nhu vay, viéc so sanh trinh
tu (nghia 1a x4p thang hang) dé xac dinh d6 ddng nhét trinh tu c6 thé dugc thyc hién.
Chuong trinh niy c6 thé dugc thyc hién thich hop bing may tinh. Cac vi du vé chuong
trinh nhu vay bao gbm, nhung khong bi gi¢i han ¢, CLUSTAL cua chuong trinh
PC/Gene (co s&n tir Intelligenetics, Mountain View, Calif.), chuong trinh ALIGN
(Phién béan 2.0), vd GAP, BESTFIT, BLAST, FASTA, va TFASTA cua Goi phan mém
di truyén Wisconsin, Phién ban 8 (c6 sén tr Genetics Computer Group (GCG), 575
Science Drive, Madison, Wis., USA). Viéc xép thing hang bang cach st dung cic
chuong trinh nay co thé dugc thuc hién béng cach str dung, vi du, céc thong s6 ban dau.
Chuong trinh CLUSTAL dugc md ta rd trong Higgins et al. (1988) Gene 73:237-244,
Higgins et al. (1989) CABIOS 5:151-153, Corpet et al. (1983) Nucleic Acides Res.
16:10881-90, Huang et al. (1992) CABIOS 8:155-65, va Pearson et al. (1994) Meth.
Mol. Biol. 24:307-331.

[0055]

Pé thu dugc su tuong déng trinh tu nucleotit v&i trinh tu nucleotit dich, cu thé
3, vi du, viéc tim kidm nucleotit BLAST c6 thé dugc thyc hién bang cach sir dung
chuong trinh BLASTN véi didm s6 100 va chidu dai tir 12. P& thu duoc trinh ty axit
amin tuong ddng vé&i protein muc tiéu, cu thé 14, vi dy, viéc tim kiém protein BLAST
¢6 thé duoc thuc hién bing cach st dung chuong trinh BLASTX véi diém s6 bang 50
va chidu dai tir bing3. Xem http://www.ncbi.nlm.nih.gov d6i vé6i tim kiém nucleotit
BLAST v tim kiém protein BLAST. Ngoai ra, Gapped BLAST (BLAST 2.0) co thé
duoc st dung dé thu dugc su x&p théng hang bao gbm (cac) khoang trng cho muc
dich so sanh. Ngoai ra, PSI-BLAST (BLAST 2.0) c6 thd dugc st dung dé thuc hién
tim kiém lap lai dé phat hién cac mbi quan hé xa gifta céc trinh tir. Xem Altschul et al.

(1997) Nucleic Acids Res. 25:3389 d6i v6i Gapped BLAST va PSI-BLAST. Khi su
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dung BLAST, Gapped BLAST, hoic PSI-BLAST, céc thong sb ban dau ciia mdi
chuong trinh (nghia 13 BLASTN déi véi céc trinh tu nucleotit, va BLASTX dbi véi
c4c trinh tu axit amin) ¢6 thé dugc st dung. Viée x&p thang hang c6 thé ciing duoc

thuc hién bang tay.
[0056]

Do dong nhét trinh tu gitta hai trinh ty dugc tinh duéi dang ty 1€ cua cac géc SO
khdp trong hai trinh tir nay khi x&p thing hang hai trinh tu nay @& phi hop tdi da véi
nhau. Thuét ngit “do ddng nhét” gifta cac trinh ty axit amin c6 thé c6 nghia 12 d6 dong
nhit duoc tinh bing blastp v6i cac thong s6 cho diém midc dinh (nghia 12 Matrix,
BLOSUMS62; Gap Costs, Existence = 11, Extension = 1; Compositional Adjustments,
Conditional compositional score matrix adjustment), trir khi c6 quy dinh khac. Thuat
ngit “do ddng nhat” gitta c4c trinh tu nucleotit c6 thé c6 nghia 13 do ddng nhét dugc
tinh bang blastn v6i cac thong s6 cho diém mac dinh (nghia 12 Match/Mismatch Scores
=1, -2; Gap Costs = Linear), trir khi ¢6 quy dinh khéc.

[0057]

Céc phin mod ta dd néu & trén lién quan dén céc bien thé cia cac gen va cac
protein c6 thé ciing dugc 4p dung v6i nhiing stra doi thich hop vé chi tiét cho cac

protein bét ky va cdc gen ma hoa chung.
[0058]
<1-4> Céc su cai bién khéc

Vi sinh vét theo sang ché c6 thé c6 su cai bién khac, mién 12 kha ning san sinh
sterol khong bi anh hung. Céc vi du v& qué trinh cai bién khéc bao gom cai bién dé
c4i thién kha ndng san sinh sterol. Céc vi du cu thé vé& qua trinh cai bién khic bao gbm
giam hoat tinh ciia sterol C-22 desaturaza, gia tang hoat tinh cia DHCR24, va gia tang
hoat tinh cia DHCR7. Kha nang san sinh sterol co thé dugc ting cudng boi cac qua
trinh cai bién nay. C4c qua trinh cai bién nay c6 thé dugc chon thich hop theo cac didu
kién khac nhau nhu loai sterol cAn dugc san xuat. Cac qua trinh céi bién nay co thé
duogc sir dung doc 1ap, hodc co thé dugc st dung phéi hop thich hop. Nghia 13, vi sinh
véat theo sang ché c6 thé c6 mot hodc nhiéu sy cai bién dugc chon tir cac qué trinh cai

bién nay.
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[0059]

Céc qua trinh cai bién nay, mdi qua trinh c6 thé dugc st dung, vi du, phdi hop
v6i vie giam hoat tinh cia SMT1. Ngha 13, vi dy, vi sinh vat theo sang ché c6 thé
dugc cai bién dé hoat tinh cia SMT1 dugc giam xudng, va ¢6 thé con ¢6 modt hodc
nhidu su cai bién dugc chon tir cac qué trinh cai bién nay. Tuy nhién, khi vi sinh vét
theo sang ché duogc cai bién dé hoat tinh ctia SMT1 va DHCR7 dugc giam xuéng, su
gia ting hoat tinh cia DHCR?7 s& khong dugc chon la qua trinh cai bién khéc.

[0060]

Do d6, vi sinh vat theo sang ché c6 thé dugc cai bién dé hoat tinh cua sterol C-
22 desaturaza dugc giam xuéng. Vi sinh vét theo sang ché c6 thé duoc cai bién, cu thé,
dé hoat tinh cua sterol C-22 desaturaza dugc giam so v6i ching khong dugc cai bién.
Viéc giam hoat tinh cta sterol C-22 desaturaza cd thé, vi dy, ting san sinh sterol dong
vat nhu cholesterol. Viéc giam hoat tinh cia sterol C-22 desaturaza co thé tao ra, cu
thé, vi du, su giam san sinh san phém phu cta sterol khong no C22 (sterol co lién két

d6i & vi tri C22), d8 bing cach d6 ting san sinh sterol dong vat.
[0061]

Ngoai ra, vi sinh vét theo sang ché c6 thé duge cai bién dé hoat tinh cla
DHCR24 dugc gia tang. Vi sinh vét theo sang ché ¢o thé duoc cai bién, cu thé, dé hoat
tinh cia DHCR24 duoc ting so v6i chung khong dugc cai bién. Su gia ting hoat tinh
ctia DHCR24 ¢6 thé tao ra, vi du, su gia ting san sinh mot phﬁn cac sterol dong vat
nhu cholesterol, lathosterol, va 7-dehydrocholesterol.

[0062]

Ngoai ra, vi sinh vét theo sang ché co thé duge cai bién dé hoat tinh cua
DHCR?7 duoc gia tang. Vi sinh vét theo sang ché co thé dugc cai bién, cu thé, dé hoat
tinh ciia DHCR7 dugc ting so voi ching khong duoc cai bién. Su gia ting hoat tinh
ctia DHCR7 ¢6 thé tao ra, vi dy, su gia tdng san sinh cholesterol.

[0063]

Cum tir “sterol C-22 desaturaza” dung dé chi protein (enzym) c6 hoat tinh xtc
tac phan tmg dua vao lién két dbi & vi tri C22 (lién két d6i C22-C23) cua sterol (EC
1.14.19.41). Hoat tinh nay con dugc goi 1a “hoat tinh sterol C-22 desaturaza”. Gen ma
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hoa sterol C-22 desaturaza con duoc goi 1a “gen sterol C-22 desaturaza”. Cym tir “vi
tri C22” duge d& cdp & day ding dé chi cacbon tuong tng véi vi tri C22 cua

zymosterol.
[0064]

Hoat tinh sterol C-22 desaturaza c6 thé dugc do béng cach, vi du, i enzym véi
co chét (sterol khong ¢6 lién két d6i & vi trf C22) véi sw ¢ mit ctia chat cho dién tir va
oxy, va do su tao ra san phém phu thudc enzym va co chét (sterol dugc dua vao vdi
lin két doi & vi tri C22). Céc vi du vé& chét cho dién tir bao gdm, vi dy, NADPH. Céc
vi du v& co chit va san phém bao gém, vi dy, ergosta-5,7,24(28)-trien-3-beta-ol va
ergosta-5,7,22,24(28)-tetraen-3-beta-ol, tuong tmg. Hoat tinh sterol C-22 desaturaza c6
thé dugc do, cu thé, vi du, theo phuong phap ctia bdo céo trudc diy (Morikawa T et al.
Cytochrome P450 CYP710A endodes the sterol C-22 desaturase in Arabidopsis and
tomato. Plant Cell. 2006 Apr;18(4):1008-22.).

[0065]

Céc trinh ty nucleotit va céc trinh ty axit amin cua sterol C-22 desaturaza cac
gen va sterol C-22 desaturaza dugc s¢ hitu boi cac vi sinh vét Labyrinthulea co6 thé
nhén duge ti, vi du, cic co s¢ dif liéu cong cong nhu NCBL Trinh tu nucleotit cuia gen
sterol C-22 desaturaza (gen cyp710a) cia chung Aurantiochytrium sp.1 AJ7869 va
trinh tu axit amin cia sterol C-22 desaturaza (CYP710A) dugc mé hoa bdi gen dugc
thd hién trong SEQ ID NOS: 41 va 42, tuong Ung. Nghia la, gen sterol C-22
desaturaza c6 thé 13, vi du, gen c6 trinh ty nucleotit dugc thé hién nhu SEQ ID NO: 41.
Ngoai ra, sterol C-22 desaturaza c6 thé 13, vi dy, protein c6 trinh tir axit amin dugc thé

hién nhu SEQ ID NO: 42.
[0066]

Gen sterol C-22 desaturaza va sterol C-22 desaturaza co thé ciing 14 c4c bién thé
bao toan clia cac gen sterol C-22 desaturaza va cac sterol C-22 desaturaza da 14y vi du
O trén (nhu cac bién thé bao toan cia gen c6 trinh ty nucleotit dugc thé hién nhu SEQ
ID NO: 41 va protein c6 trinh ty axit amin dugc thé hién nhu SEQ ID NO: 42), tuong
tng. Cac phan mo ta lién quan dén cac bién thé bao toan ctia gen SMT1 va SMTT v.v.
c6 thé duge 4p dung vé6i nhing stra ddi thich dang vé chi tiét cho cac bién thé bao toan

clia gen sterol C-22 desaturaza va sterol C-22 desaturaza. Su dién dat “chirc nang ban
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dAu duge gift nguyén” duge sit dung cho sterol C-22 desaturaza c6 nghia 13 bién thé
clia protein c¢é hoat tinh sterol C-22 desaturaza. Gen sterol C-22 desaturaza c6 thé 1,
vi du, gen mi héa protein ¢6 trinh tu bét ky trong sb cac trinh tw axit amin d4 14y vi du
& trén, nhung bao gdm viéc thay thé, loai bo, cai, vi/hodc bd sung mt hode mot vai
géc axit amin & mot hodc mot vai cac vi tri, mién 13 chirc ning ban dau cua né duogc
gift nguyén. Gen sterol C-22 desaturaza co thé cling 13, vi dyu, gen ma hoa protein c6
trinh t axit amin thé hién d6 twong ddng, vi dy, 16n hon hogc bing 50%, 16n hon hogc
bing 65%, 16n hon hodic bing 80%, tét hon 13 16n hon hogic bing 90%, t6t hon nita la
16n hon hodc bé‘mg 95%, con tdt hon nita 14 16n hon hodc b%mg 97%, dac biét t6t hon 12
16n hon holic bing 99%, véi toan bé trinh tr axit amin ctia trinh tw bat ky trong sb cac
trinh ty axit amin da 1§y vi du & trén, mién 13 chic ning ban dau cua nd duoc giit

nguyeén.
[0067]

DHCR24 va DHCR7 13 nhu dugc md ta & trén. DHCR24, DHCR7, va SMT1
trong d6 hoat tinh cua chung dugc gia ting khong bi gidi han & DHCR24, DHCR7, va
SMT1 duge s& hitu boi vi sinh vat Labyrinthulea cdn dugc cai bién, va DHCR24,
DHCR7, va SMT1 bét k¥ c6 thé duge st dung.

[0068]
<1-5> Phuong phap lam giam hoat tinh ctia protein

Sau day, cac phuong phap lam giam hoat tinh cua protein nhu DHCR24,
DHCR7, SMT1, va sterol C-22 desaturaza s& dugc giai thich.

[0069]

Su dién dat “hoat tinh cia protein dugc giam xubng” c6 nghia 12 hoat tinh clia
protein dugc gidm so vé6i ching khong duoc cai bién. Cu thé, su dién dat “hoat tinh
cua protein dugc giam xudng” c6 nghia 12 hoat tinh cta protein trén mdi té bao duge
giam so véi hoat tinh ctia ching khong dugc cai bién. Thuat ngit “chung khéng duoc
cai bién” dugc st dung & day ding dé chi ching déi chimg ma khéng dugc cai bién dé
hoat tinh cua protein muc tiéu dugc giam xubng. Céc vi du vé ching khéng duoc cai
bién bao gdm ching kiéu dai va ching me. Céac vi du cu thé v& chiing khong duoc cai
bién bao gdm cac chung da 14y vi du & trén lién quan dén phan mo ta cta cac vi sinh

vat Labyrinthulea. Nghia 1a, theo m¢t phuong an, hoat tinh cua protein co thé duoc
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giam so véi chiing Aurantiochytrium sp.1 AJ7869. Theo mét phuong an khac, hoat
tinh ciia protein c6 thé ciing dugc gidm so v6i chung Aurantiochytrium sp.1 AJ7868.
Theo mot phuong 4n khéc, hoat tinh cua protein ¢o thé cling duoc gidm so voi ching
Aurantiochytrium sp.1 AJ7879. Trang théi trong d6 “hoat tinh ctia protein dugc giam
xudng” ciing bao gdm trang thai trong d6 hoat tinh ctia protein da bién méat hoan toan.
Cu thé hon 13, su didn dat “hoat tinh ctia protein dugc gizm xudng” c6 thé ¢ nghia 1a
s6 lugng ctia cac phén tir cua protein trén mdi t& bao duge giam xubng, va/hodc chirc
ning cia mdi phan tir ciia protein dugce gidm so v6i chitc ning cuia ching khong dugc
cai bién. Nghia 13, thudt ngit “hoat tinh” trong dién dat “hoat tinh cua protein dugc
giam xubng” khong bi gi6i han & hoat tinh xtc tdc cua protein, nhung co thé cfing c6
nghia 13 luong phién mi cla gen (nghfa 13 luong ARN thong tin (messenger RNA,
mRNA) mé héa protein hogic lugng dich ma ciia gen (nghia 12 lugng protein). Trang
thai trong d6 “sd luong ctia cac phan tir cia protein trén mdi t& bao duoc giam xubng”
cling bao gdm trang thai trong d6 protein khong tdn tai chut ndo. Trang thai trong do
“chtrc ning ctia mdi phan tir ciia protein dugc giam xubng” ciing bao gdm trang thai
trong d6 chirc nang ctia mdi phén tir protein d4 hoan toan bién méat. Mtrc do giam hoat
tinh ctia protein khong bi gidi han cu thé, mién 12 hoat tinh dugc gidm so véi hoat tinh
cta ching khong dugce cai bién. Hoat tinh cta protein ¢6 thé dugc giam dén, vi du, nho
hon hodc bé‘mg 50%, nh6é hon hodc bé'mg 20%, nho hon hodc b??mg 10%, nho hon hoac
béng 5%, hodc 0% hoat tinh ctia chung khong dugc cai bién.

[0070]

Qua trinh cai bién dé 1am giam hoat tinh cta protein c6 thé dat dugc bang cach,
vi dy, lam giam su biéu hién ctia gen ma hoa protein nay. Su din dat “sy biéu hién cta
gen dugc giam xubng” c6 nghia 1a sy biéu hién cta gen dugc gidm so vdi ching khong
duoc cai bién. Cu thé, su dién dat “su biéu hién cia gen duge giam xubng” ¢6 nghia la
su biéu hién ctia gen trén mbi té bao dugc giam so v6i su bidu hién ctia gen trén moi té
bao cua chung khéng dugc cdi bién. Cu thé hon 13, su dién dat “su biéu hién cta gen
duge giam xubng” c6 thé c6 nghia 1 lugng phién ma cla gen (nghia 1a lugng mRNA)
dugc giam xudng, va/hodc lugng dich ma cla gen (nghia 1a luong protein dugc biéu
hién tir gen) dugc giam xubng. Trang théi trong do “su biéu hién ctia gen dugc giam
xubng” ciing bao gbm trang thai trong d6 gen khong dugc biéu hién chut ndo. Trang

thai trong d6 “su biéu hién ctia gen dugc giam xudng” con dugc goi la “sy bieu hién
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cda gen bi suy giam”. Sy biéu hién cia gen co thé duoc giam dén, vi du, nhé hon hoiic
bing 50%, nhd hon hoc bing 20%, nhd hon hogc bing 10%, nho hon hoge bang 5%,

ho#ic 0% su biéu hién ctia gen ctia ching khong duoc cai bién.
[0071]

Vidc giam sy biu hién gen c6 thé 12 do, vi dy, sy giam hiéu qua phién ma, su
giam hiéu qua dich m4, hodc sy phéi hop ctia ching. Sy biéu hién ciia gen ¢d thé duoc
giam bang cach, vi du, cai bién trinh tu kidm soét biéu hién ctia gen nay. Thuét nglt
“trinh ty kidm soét bidu hién”, néi chung, ding & chi c4c vi tri ma anh huong dén su
bidu hién ctia gen, nhu doan khéi diu. Céc trinh ty kiém soét biéu hién c6 thé dugc xac
dinh béng cach, vi dy, st dung vecto tim kiém doan khoi dau hoic phén mém phéan
tich gen nhu GENETYX. Khi trinh tu kiém soét biu hién dugc cai bién, t6t hon 1
mot hodc nhidu nucleotit, t&t hon nita 13 hai hodc nhiéu nucleotit, dic biét tot hon 12 ba
hosic nhidu nucleotit, ctia trinh ty kiém soat biéu hién dugce cai bién. Hiéu qua phién
ma cua gen co thé duogc giam bing cach, vi dy, thay doan khoi dau cia gen trén nhiém
séc thé bang doan khoi d4u yéu hon. Thuat ngit “doan khéi d4u yéu hon” c6 nghia la
doan khoi dau tao ra su phién ma suy yéu ciia gen so sanh véi vdi doan khéi dau kiéu
dai vbn da ton tai chia gen nay. Céc vi du vé cé4c doan khai dau yéu hon bao gém, vi du,
doan khoi ddu cam tng. Nghia 13, doan khai dAu cam tmg co thé c6 chirc ndng dudi
dang doan khoi d4u yéu hon trong didu kién khong giy cam Ung, nhu khi khong c6
mit tac nhan cadm g tuong tmg. Ngoai ra, mot phan hosc toan bd ving cua trinh tu
kim soat biéu hién c6 thé dugc loai bo. Su biéu hién cua gen co6 thé ciing dugc giam
biing cach, vi du, didu khién yéu td chiu trach nhiém kiém soét bidu hién. Cac vi du vé
yéu t§ chiu trach nhiém kidm soat bidu hién bao gdm cac phan tir thdp chiu trach
nhidm kiém soat phién ma hodc dich ma (c4c tac nhan cam Ung, cac chét trc ché, v.v.),
cé4c protein chiu trach nhi€ém kiém soat phién ma hodc dich mi (céc yéu td phién ma
v.v.), c4c axis nucleic chiu trach nhiém kiém soat phién ma hodc dich ma (ARN can
thiép nhé (small interfering RNA, siRNA) v.v.), va v.v.. Ngoai ra, sy biu hién cia gen
c6 thé ciing dugc gidm bang cach, vi dy, dua sy dot bién 1am gidm su biéu hién cta
gen vio trong ving mé hoa ctia gen nay. Vi du, su bidu hién ctia gen c6 thé dugc gidm
bang cach thay codon trong ving mé hoa cta gen bang codon déng nghia dugc sir
dung it thudng xuyén hon trong vét chu. Ngoai ra, vi du, su biéu hién gen c6 thé duogc

giam nho viée lam xdo tron gen nhu dugce mo ta sau day.
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[0072]

Su cai bién d& 1am giam hoat tinh ctia protein ¢6 thé cing dat dugc béng cach,
vi dy, lam x40 trdn gen ma hoa protein. Su dién dat “gen bi 1am x40 trdn” c nghia I
gen dugc cai bién dé protein c6 thé c6 chirc ning binh thudng khong duge tao ra.
Trang thai trong d6 “protein thuc hién chirc ning binh thuong khong dugce tao ra” bao
gbm trang thai trong d6 protein khong dugc tao ra chit ndo tr gen, va trang thai ma
protein trong dé chirc nang (hoat tinh hodc tinh chét) trén mdi phan ti dugc gidm

xubng hoic loai bo dugc tao ra tir gen nay.
[0073]

Viéc lam x40 tron gen cd thé dat duoc béng cach, vi du, loai bo gen trén nhiém
séc thé. Thuat ngit “loai b gen” ding d# chi viéc loai bé mét phan hodc toan bo ving
clia ving ma hoa cta gen nay. Ngoai ra, toan b gen bao gbm cAc trinh ty ngugc chidu
va xudi chiu tir ving ma hoa clia gen trén nhidm sic thé ¢ thé duoc loai bd. Céc trinh
tu ngugce chidu va xu6i chidu tir vung ma hda cua gen ¢o thé chtra, vi du, trinh tu kiém
soét biu hién clia gen nay. Ving can dugc loai bo c6 thé 12 ving bat ky nhu ving dau
N (ving ma héa vung dau N cuia protein), ving bén trong, hodc ving dau C (ving ma
héa vung déu C cta protein), mién 12 hoat tinh ctia protein c6 thé duoc giam. Viéc loai
bé mdt vung dai hon co thé thudng chic chan lam bét hoat gen nay. Ving can dugc
loai bo c6 thé 13, vi du, ving c6 chidu dai 16n hon hogc bing 10%, 16n hon hogc bing
20%, 16n hon hoiic bing 30%, 16n hon hoc bing 40%, 16n hon hodc bang 50%, lon
hon hodc bing 60%, 16n hon hodc bing 70%, 16n hon hogc bing 80%, 16n hon hodc
bing 90%, ho#c 16n hon hodc bing 95% tong chiéu dai ctia ving ma hda cla gen nay.
Ngoai ra, duge uu tién 1a cac khung doc cua céc trinh ty nguge chidu va xudi chidu tir
ving can duge loai bd 1a khong gidng nhau. Tinh khong nhét quan ctia cac khung doc
6 thé gay ra su dich khung xudi chiéu cta ving can dugc loai bo.

[0074]

Viéc lam x40 tron gen co thé cling dat dugc bé‘mg cach, vi du, dua vao sy thay
thé axit amin (d6t bién sai nghia), codon két thuc (dot bién vo nghia), bd sung hodc
loai bd mdt hodc hai gbe nucleotit (4ot bién dich khung), hodc twong tu vao trong vung
ma héa cia gen trén nhiém sic thé (Journal of Biological Chemistry, 272:8611-8617
(1997); Proceedings of the National Academy of Sciences, USA, 95 5511-5515
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(1998); Journal of Biological Chemistry, 26 116, 20833-20839 (1991)).

[0075]

Viéc lam x40 trdn gen co thé ciing dat dugc bing cach, vi dy, cai mdt trinh tu
nucleotit khac vao trong ving ma hda cua gen trén nhidm séc thé. Vi tri cai c6 thé &
trong ving bat k¥ ctia gen, va viéc cai trinh tu nucleotit dai hon c6 thé thuong 1am bat
hoat gen nay mot cach chic chin hon. Pugc uu tién 13 cac khung doc cla céc trinh tu
nguoc chidu va xudi chidu tir vi tri cai 12 khong gidng nhau. Tinh khong nhét quan ctia
cac khung doc co thé gay ra su dich khung xudi chiéu ctia vi tri cai. Trinh tu nucleotit
khac khong bi giéi han cu thé mién 13 trinh tir 1am giam hodc loai trir hoat tinh cia
protein duge ma hda duge lua chon, va cdc vi du cia ching bao gém, vi du, gen danh
d4u nhu cac gen khang khang sinh, va gen ¢ th dugc sir dung dé san sinh chét muc
tiéu.

[0076]

Cu thé, viéc lam x4o tron gen c6 thé duoc thuc hién dé trinh tu axit amin cta
protein ma héa dugc loai bo. N6i cach khac, vige cai bién dé lam giam hoat tinh cla
protein co thé dat duoc bang céach, vi dy, loai bo trinh tu axit amin cla protein, cu thé,
c&i bién gen dé ma hoa protein trong d6 trinh ty axit amin dugc loai bd. Thuat ngir
“loai bo trinh ty axit amin cua protein” dung dé chi viéc loai bo mot phé‘m hodc toan bo
ving cta trinh ty axit amin ctia protein. Ngoai ra, thut ngft “loai b6 trinh tur axit amin
ctia protein” c6 nghia 1 trinh tu axit amin ban dau bién mét trong protein, va cling bao
gém cac truong hop trong d6 trinh ty axit amin ban dau duoc thay ddi thanh mét trinh
tu axit amin khac. Nghia 13, vi du, ving dugc thay ddi thanh mot trinh tu axit amin
khac bdi su dich khung cé thé dugc coi 1a ving bi loai bo. Khi trinh ty axit amin cua
protein dugc loai bo, tbng chiéu dai cta protein thudng bi rit ngan lai, nhung c6 thé
cling c6 céc trudng hop trong do téng chiu dai cta protein khong bi thay dbi hodc
dugc kéo dai. Vi dy, b%mg cach loai bé mot phz‘?m ho#c toan bd ving clia ving ma hda
cta gen, ving dugc mé hoa béi ving bi loai bo co thé duoc loai bo trong protein ma
hoa. Ngoai ra, vi dy, bang cach dua codon két thuc vao trong ving ma hoa ciia gen,
vung dugec ma hoa bang ving xudi chiéu cta vi tri dua vao c6 thé duoc loai bo trong
protein ma hoa. Ngoai ra, vi dy, bing sy dich khung trong ving ma hoéa cta gen, vung

duoc ma hoa bang ving dich khung ving c6 thé dugc loai bd trong protein ma hoda.
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Céc phan mo ta d4 néu & trén lién quan dén vi tri va chiéu dai cua vung can dugc loai
b6 trong qué trinh loai bo gen 6 thé duge p dung véi nhiing stra doi thich dang vé chi
tiét cho vi tri va chidu dai ctia viing can dugc loai bo trong qué trinh loai bé trinh tu

axit amin cta protein.
[0077]

Su cai bién nhu vay ciia gen trén nhiém séc thé nhu duoc mo ta & trén co thé
dat duoc bing cach, vi dy, didu ché gen kidu lam x4o trdn dugoe cai bién dé khong thé
tao ra protein c6 cac chirc nang binh thudng, va bién dbi vat chu bing ADN tai td hop
chira gen kidu 1am x40 trén nay d8 tao ra su tai tb hop tuong ddng gifra gen kiéu lam
x40 trén va gen kiéu dai trén nhiém sic thé va bang cach d6 thay thé gen kiéu 1am x4o
tron cho gen kidu dai trén nhiém sic thé. Trong phuong phap nay, néu gen d4nh ddu
dugc chon theo cc dic tinh cta vat chil nhu hién tuong dinh dudng thu dong dugc
bao gbém trong ADN tai td hop, thao tac nay trd nén d& dang hon. Céc vi du veé gen
kidu 1am x40 trén bao gdm gen trong d6 mot phan hosc toan bd ving ctia ving mé hoa
dugc loai bo, gen bao g@)m dot bién sai nghia, gen bao gém dot bién v6 nghia, gen bao
gém dot bién dich khung, va gen dugc dua vao véi trinh ty cai nhu transposon hodc
gen danh dAu. Protein dugc ma hoa bang gen kidu 1am x40 tron c6 cdu dang khéc véi
cAu dang cua protein kiéu dai, ngay ca khi n6 dugc tao ra, va do do6 chirc nang cua
ching dugc giam xubng hoic loai bo. CAu tric cia ADN téi t6 hop s& dugc st dung
cho sy tai t6 hop tuong ddng khong bi gi6i han cu thé mi2n 1 no tao ra su tai t6 hop
tuong dﬁ“)ng theo cach mong mudn. Vi du, vat chi c6 thé duogc bién d6i bﬁng ADN
mach thang chira gen kiéu 1am x40 tron va con chira cac trinh tu nguge chidu va xudi
chidu ctia gen kiéu dai trén nhiém sic thé & cac dAu twong mg, dé su tai to hop tuong
ddng xay ra & mdi trong sb cac phia ngugc chidu va xudi chidu cia gen kiéu dai, dé
béng cach d6 thay gen kiéu dai bing gen kidu 1am x4o trdn. Cac phuong phap nhu vy
d8 cai bién nhidm sic thé bang cich st dung sy tai t6 hop twong dong c6 thé dugc st
dung cho su cai bién bt ky trén nhidm séc thé, nhu sy cai bién trinh ty kidm soat bidu

hién, cling nhu dé 1am x40 tron gen muyc tiéu.
[0078]

Khi vat chii ¢6 hai hodc nhiéu ban sao clia gen ma hda protein muc tiéu, tat ca

hai hodc nhidu ban sao ny cua gen c6 thé dugc cai bien (nghia la duoc lam x4o tron),
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hodic chi mot phan ctia hai hojc nhiéu ban sao nay ciia gen c6 the dugc cai bién (nghia
13 dugc lam x4o tron), mién 1 hoat tinh cta protein duge gidm xudng dén mirc mong

muén.
[0079]

Viéc cai bién d& lam giam hoat tinh clia protein c6 thé ciing dat dugc bang céch,
vi du, xit Iy gy dot bién. Cac vi du v& xit Iy gay dot bién bao gdm chiéu birc xa tia X
hodc cuc tim va xi Iy bing tic nhén gy dot bién nhu N-metyl-N’-nitro-N-

nitrosoguanidin (MNNG), etyl metansulfonat (EMS), va metyl metansulfonat (MMS).

[0080]

Céac phuong phap nhu vy 1am giam hoat tinh ctia protein nhu néu & trén c6 thé

dugc sir dung doc 1ap hoic theo cach phéi hop thich hop bat ky.
[0081]

Viée lam giam hoat tinh ciia protein ¢6 thé dugc xac nhén bang céch do hoat

tinh clia protein.
[0082]

Viéc 1am giam hoat tinh cua protein c6 thé cling dugc xac nhén bang cach xac
nhén viéc giam su bicu hién ctia gen méa hda protein. Viéc giam sy biéu hién ciua gen
¢6 thé dugc x4c nhan bing cach xac nhén viéc gidm luong phién ma cta gen hodc viéc

giam lugng protein dugc biéu hién tir gen nay.
[0083]

Viéc lam giam lugng phién ma cta gen ¢ thé dugc xac nhén bang cach so sanh
luong ARN thong tin (mesenger RNA, mRNA) dugc sao chép tir gen véi luong
mRNA cua ching khong duogc cai bién. Céc vi du vé phuong phap dé danh gia lugng
mRNA bao gdm phuong phép lai héa Northern, PCR thoi gian thuc (real time-PCR,
RT-PCR), vi mang, xac dinh trinh ty ARN (RNA sequencing, RNA-seq), va v.v.
(Molecular Cloning (Cold Spring Harbor Laboratory Press, Cold Spring Harbor (USA),
2001)). Lugng mRNA (nhu s6 luong ciia cac phéan tir cia mRNA trén mdi & bao) cb
thé dugc giam dén, vi du, nho hon hodc béng 50%, nh6 hon hodc béng 20%, nho hon
hoéc béng 10%, nho hon hodc béng 5%, hodc 0% luong mRNA cia ching khong dugc

cai bién.
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[0084]

Viéc giam luong protein co thé dugc xac nhan bz‘?mg cach thuc hién phuong
phap dién di trén gel polyacrylamit-natri dodexyl-sulfat (Sodium dodecyl-sulfate
polyacrylamide gel electrophoresis, SDS-PAGE) va xac nhin cudong do cia cac dai
protein tach dugc. Viéc giam luong protein co thé ciing dugc x4c nhén bang phuong
phép thAm tich Western bing céch sit dung cac khang thé (Molecular Cloning (Cold
Spring Harbor Laboratory Press, Cold Spring Harbor (USA), 2001)). Luong protein
(nhu s lugng ctia cac phan tir cta protein trén mai t& bao) c6 thé dugc gidm dén, vi du,
nhé hon hodc bing 50%, nhé hon hofic bing 20%, nho hon hogc bing 10%, nho hon

hodc bing 5%, hodc 0% lugng protein ciia chiing khong dugc cai bién.
[0085]

Viéc lam x4o tron gen c6 thé dugc xac nhédn béng cach xac dinh trinh tu
nucleotit cia mot phan hodc toan bd gen, ban d6 enzym giéi han, chiéu dai day du,

hodc turong tur ciia gen phu thudc vao bién phap duge sur dung dé lam x4o tron.
[0086]

Viée bién dbi c6 thd dugc thyc hién bing, vi du, phuong phép thudong dugc sir
dung dé 1am bién ddi cac vi sinh vat Labyrinthulea. Céac vi du vé phuong phép nhu vay

bao gbm phuong phép dién di.
[0087]

Céc phuong phép da néu ¢ trén lam gidm hoat tinh ctia protein nhu néu ¢ trén
c6 thé duoc ap dung dé lam gidm céac hoat tinh clia cac protein bat ky va giam su biéu

hién clia cac gen bat ky.
[0088]
<1-6> Céc phuong phép gia tang hoat tinh ctia protein

Sau day, cdc phuong phép gia ting hoat tinh cta protein nhu DHCR24 va
DHCR?7 s& dugc giai thich.

[0089]

Sy dién dat “hoat tinh cta protein dugc gia tang” ¢ nghia 13 hoat tinh cua

protein dugc ting so v6i ching khong dugc céi bién. Cu thé, su dién dat “hoat tinh clia
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protein dugc gia ting” c6 nghia 12 hoat tinh cua protein trén mbi té bao duge ting so
v6i hoat tinh cta protein trén mdi t& bao cta ching khéng dugc cai bién. Thuat ngit
“chiing khong duge cai bién” dugc sir dung & ddy ding dé chi ching ddi ching ma
khong dugc céi bién dé hoat tinh cta protein muc tiéu dugc gia ting. Cac vi du vé
chiing khong dugc cai bién bao gdm chiing kidu dai va chiing me. Cac vi du cu thé vé
chiing khong dugc cai bién bao gbm céac ching da 14y vi du & trén lién quan dén phin
mo ta clia cac vi sinh vét Labyrinthulea. Nghia 13, theo mdt phuong 4n, hoat tinh cua
protein ¢6 thé dugc ting so v6i ching Aurantiochytrium sp.1 AJ7869. Theo mot
phuong an khéc, hoat tinh cua protein co thé ciing duoc ting so véi ching
Aurantiochytrium sp.1 AJ7868. Theo mdt phuong 4n khéc, hoat tinh cta protein ¢6 thé
cling dugc ting so v&i ching Aurantiochytrium sp.1 AJ7879. Trang thai trong d6 “hoat
tinh cua protein dugc gia tdng” co thé ciing duoc dién dat dudi dang “hoat tinh ctia
protein dugc tang cudng”. Cu thé hon 13, su dién dat “hoat tinh cta protein dugc gia
ting” c6 thé c6 nghia 12 s6 lwong ciia cic phan tir cua protein trén mdi té bao duge gia
ting, va/hodc chirc néng cua mdi phan tir cua protein dugc ting so véi chirc néng cua
mdi phan tir ctia protein cta ching khong dugce cai bién. Nghia 13, thuét ngir “hoat tinh”
trong su didn dat “hoat tinh ctia protein dugc gia tang” khong bi gi6i han ¢ hoat tinh
xuc tac cua protein, nhung co thé ciing c6 nghia lugng phién ma cua gen (nghia 1a
lugng mRNA) ma hoa protein, hodc lugng dich mé cua gen (nghia 1a lugng protein).
Ngoai ra, trang thai trong d6 “hoat tinh ciia protein dugc gia tang” bao gb6m khoéng chi
trang thai trong d6 hoat tinh cua protein muyc tiéu dugc gia tang ¢ chung vbn da co
hoat tinh cta protein myc tiéu, ma con trang théi trong d6 hoat tinh cia protein muc
tiéu duge truyén cho ching vbn d3 khong c6 hoat tinh cia protein muc tiéu. Ngoai ra,
mian 13 hoat tinh cta protein cudi cung dugc gia ting, hoat tinh cta protein muc tiéu
vbn d3 dugc chira trong vat chi ¢ thé bi suy giam va/hodc loai bo, va sau d6 loai thich

hop ciia protein muc tiéu co thé dugc truyén cho vt chu.
[0090]

Mtic d6 gia ting hoat tinh ciia protein khong bi gidi han cu thé, mién 1a hoat
tinh cua protein dugc ting so voi ching khong duge cai bién. Hoat tinh ctia protein ¢
thé duogc gia ting dén, vi duy, 16n hon hoidc bang 1,5 14n, 16n hon hoic bang 2 14n, hoic
1én hon hodc bang 3 1an hoat tinh cta protein ctia ching khong dugc cai bién. Ngoai ra,

khi chung khéng dugc cai bién khong c6 hoat tinh ciia protein muc tiéu, du dé protein
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duogc tao ra do viéc dua vao gen ma hoa protein, va vi du, protein c6 thé duoc san sinh

dén mirc d6 ma hoat tinh ctia né c6 thé duoc do.
[0091]

Viéc cai bién dé gia ting hoat tinh ciia protein ¢6 thé dat dugc bang céch, vi dy,
gia ting biéu hién gen ma héa protein. Sy din dat “su biéu hién ciia gen dugc gia ting”
c6 nghia 13 su biéu hién cia gen dugc ting so véi ching khong duge cai bién nhur
ching kiéu dai va ching me. Cy thé, su dién dat “su biéu hién cta gen duoc gia ting”
c6 nghia 1a lwgng biéu hién cta gen trén mbi té bao duoc ting so v&i lugng biéu hién
cua gen trén mdi té bao ctia chung khong dugc cai bién. Cu thé hon 13, su dién dat “su
biéu hién cia gen dugc gia ting” ¢ thé c6 nghia 12 lugng phién ma cia gen (nghia la
lugng mRNA) dugc gia ting, va/hodc lugng dich mé cia gen (nghia 1a luong protein
dugc biéu hién tlr gen) duge gia ting. Trang thai trong do “su biéu hién cia gen dugc
gia tang” co thé cling duogc goi 12 “su biéu hién cta gen dugc ting cuong”. Su biéu
hién cua gen co thé duogc gia tdng dén, vi du, 16n hon hodc b.%mg 1,5 14n, 16n hon ho#ic
béng 14n 2, hodc 1én hon hoic bang 3 13n sy biéu hién ctia gen ctia ching khong dugc
cai bién. Ngoai ra, trang thai trong d6 “su biéu hién cta gen dugc gia ting” bao gdm
khong chi trang thai trong d6 lugng biéu hién ctia gen muc tiéu dugc gia ting & ching
vén d3 biéu hién gen dich, ma con trang thai trong d6 gen dugc dua vao trong chung
vbn da khong biéu hién gen muyc tiéu, va dugc biéu hién trong d6. Nghia 13, cum tir “sur
biéu hién cia gen dugce gia ting” ¢6 thé cling c6 nghia, vi du, ring gen muc tiéu dugc

dua vao trong chiing khong cé gen nay, va dugc biéu hién trong do.
[0092]

Sy biéu hién cuia gen ¢6 thé dugc gia ting bang cach, vi du, gia ting s6 lugng

ban sao cua gen nay.
[0093]

Sé lwong ban sao cta gen ¢ thé dugc gia ting bang cach dua gen vao trong
nhiém séc thé cta vat chi. Gen ¢6 thé dugc dua vao trong nhidm séc thé bang cach, vi
du, st dung su tai t6 hgp tuong ddng. Cu thé, gen dich c6 thé duogc dua vao trong
nhidm séc thé cta vat chi bing cach bién di vat chii bing ADN t4i t0 hop chira gen
dé bang cach d6 gy ra sy tai t6 hop tuong ddng gitta ADN tai td hop va ving dich cua

nhidm sic thé cta vat chii. Cau tric coa ADN téi to hop dé duge su dung cho su tai to
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hop tuong dong khong bi giéi han cu thé mién 13 n6 gay ra su tai t5 hop tuong déng
theo cach mong mudn. Vi du, vat chi cé thé duoc bién dbi béng ADN mach thf'mg
chira gen dich va con chira trinh tir nucleotit tuong ddng véi cac trinh tu ngugc chidu
va xubi chidu ctia ving dich trén nhidm séc thé & cac diu twong tmg, dé sy tai t6 hop
turong ddng xay ra & mdi trong sd cac phia ngugc chidu va xubi chiéu ciia viing dich,
d bling cch d6 thay ving dich bing gen dich. ADN tai t6 hop can dugc sir dung cho
s téi t hop twong ddng c6 thé chita gen danh diu dé lya chon cac chét lam bién doi.
Céc vi du vé gen danh diu bao gdbm cac gen khang khang sinh nhu gen khéang
hygromyxin (hygromycin resistance gene, HygR), gen khang neomyxin (neomycin
resistance gene, NeoR), va gen khang blastixidin (blasticidin resistance gene, BlaR).
Chi mot ban sao, hodc hai hodc nhiu ban sao cta gen co thé dugc dua vao. Vi duy,
béng cach thuc hién sy tai t6 hop tuong dong béng cach str dung trinh tu nucleotit c6
mét trong nhidu ban sao trén nhidm sic thé 1am dich, nhidu ban sao cta gen co thé
duoc dua vao trong nhiém sic thé. Cac phuong phép nhu vay d8 bién dbi nhifm sic
thé bang cach sir dung su tai t6 hop tuong ddng c6 thé dugc st dung cho qua trinh céi
bién bt ky trén nhidm sdc thé, nhu cai bién trinh ty kiém soat biéu hién, cling nhu dé

dua vao gen dich.
[0094]

Viéc dua gen dich vao trong nhidm séc thé c6 thé dugc xac nhan bang phuong
phép lai héa Southern bang céach sir dung doan do ¢6 trinh tu bd sung véi toan bd gen
hodc mot phan cia n6, phuong phap PCR bang cach st dung céc doan mdi duge diéu

ché dya trén trinh tu ca gen, hodc tuong tu.
[0095]

Ngoai ra, sb lwgng ban sao cia gen co thé ciing dugc gia ting bang cach dua
vecto chira gen vao trong vat chu. Vi dy, sb luong ban sao cua gen muc tiéu co thé
duoc gia tdng bang cach budc manh ADN chira gen muyc tiéu véi vecto ¢ chuc nang
trong vat chu dé xay dung su vecto biéu hién cua gen, va bién dbi vat chu bing vecto
biéu hién nay. Manh ADN chira gen muc ti€u co thé thu duoc béng, vi dy, phuong
phap PCR c6 st dung ADN hé gen cua vi sinh vat c6 gen muyc tiéu dung lam khuon.
D& 1am vecto, vecto c6 thé tu sao chép trong t& bao cta vat chu co thé duoc sir dung.

Vecto nay c6 thé 1a vecto c6 mot ban sao hodc vecto ¢ nhiéu ban sao. Vecto co6 thé
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chira gen danh dAu dé lua chon cac chét 1am bién dbi.
[0096]

Khi gen duge dua vio, phit hop 14 gen dugc chira theo cach c6 thé biéu hién
duoc boi vat chit. Cu thé, phit hop 1a gen dugc chita boi vat chit dé né duge biéu hién
duéi s kidm soat boi doan khéi dAu c6 chirc nang trong vat chi. Poan khéi dau
khong bi giéi han cu thé mién 12 nd co chitc ning trong vat chd. Thudt ngit “doan khoi
dhu c6 chiic ning trong vat chi” ding dé chi doan khéi dAu thé hién hoat tinh doan
khéi du trong vat chi. Doan khoi ddu c6 thé 12 doan khéi dhu duoc dan xudt tir vt
chu, hodc doan khoi dau di thé. Poan khoi dAu c6 thé 1a doan khéi dAu tu nhién cta
gen can dugc dua vao, hoic doan khoi dau mot gen khac. Cac vi du cu thé v& doan
khoi diu bao gbébm doan khoi dau gen actin, doan khoi dau gen glyxeraldehyt-3-
phosphat dehydroaza, doan khoi d4u gen pyruvat kinaza, doan khdi dAu gen yéu t6 kéo
dai lo (elongation factor la, EFla), doan khoi dau ubiquitin (ubiquitin promoter,
UbiP), doan khoi dAu virut Simian 40 (Simian Virus 40 promoter, SV40P), doan khoi
ddu gen tubulin, va doan khai dau gen sém ngay tuc thi ca virut (virus immediate-
early gene promoter, SmplP) (Don yéu chu clp bing doc quyén sang ché Nhat Ban
(Kokai) s6 2018-064551, Pon yéu cu cép bing doc quyén sang ché Nhat Ban (Kokai)
s6 2006-304686, W02016/056610, va W002/083869). Pé lam doan khoi dau, vi du,

doan khoi diu manh hon nhu duge néu dudi day co thé cling dugc sur dung.
[0097]

Doan két thuc dé két thic cua sy phién ma gen co thé dugc dat xudi chiéu cua
gen. Doan két thic khong bi gi6i han cu thé mién 1a nd c6 chitc ning trong vat chu.
Poan két thic ¢6 thé 1a doan két thic duoc dan xudt tir vét chi, hodc doan két thuc di
thé. Poan két thic co6 thé 13 doan két thic tw nhién cta gen cin dugc dua vao, hodc
doan két thic ctia mot gen khac. Céac vi du cu thé v& doan két thiic bao gbm doan két
thac gen actin, doan két thuc gen glyxeraldehyt-3-phosphat dehydroaza, doan két thic
gen pyruvat kinaza, doan két thuc gen kéo dai yéu t6 la (EFla), doan két thuc
ubiquitin (ubiquitin terminator, UbiT), va doan két thuc virut Simian 40 (Simian Virus
40 terminator, SV40T) (Pon yéu cAu cAp bang doc quyén sang ché Nhat Ban (Kokai)
s6 2018-064551, Pon yéu cAu cAp bing doc quyén sang ché Nhat Ban (Kokai) sd
2006-304686, va W02016/056610).
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[0098]

Céc vecto, cac doan khoi dau, va cac doan két thic s3n co trong nhiéu vi sinh
vat khac nhau dugc boc 19 chi tiét trong “Fundamental Microbiology Vol. 8, Genetic

Engineering, KYORITSU SHUPPAN CO., LTD, 19877, va ching co thé dugc sir dung.
[0099]

Ngoai ra, khi hai hodc nhidu trong s cac gen duge dua vao, phu hop la mbi gen
trong s cac gen ndy dugc chira theo cach c6 thé biéu hién dugc béi vat chi. Vi du, tht
ca cac gen cO thé dugc mang boi mot vecto biéu hién hoic nhiém sic thé duy nhét.
Ngoai ra, cac gen co thé dugc mang riéng ré boi hai hodc nhiéu vecto biéu hién, hoic
dugc mang riéng r€ bdi mot hodc hai hodc nhidu vecto biéu hién va nhiém sic thé.

Operon dugc tao nén boi hai hodc nhiéu gen co thé ciing dugc dua vao.
[0100]

Gen cén dugc dua vao khong bi gidi han cu thé mién 1a n6 ma hda protein c6
chirc nang trong vat chu. Gen can duoc dua vao ¢ thé 1a gen dugc dan xuét tir vat chu,
hodc ¢6 thé 1a gen di thé. Gen can dugc dua vao ¢ thé thu dugc béng, vi dy, phuong
phéap PCR bang cach sir dung cac doan mdi dugc thiét ké dua trén trinh tu nucleotit
cua gen, va bang cach st dung ADN hé gen ctia sinh vét ¢6 gen, plasmit mang gen,
hodc twong tuy dung lam khuoén. Gen can dugc dua vao co thé cling duogc tbng hop
hoan toan, vi du, dua trén trinh tu nucleotit cua gen (Gene, 60(1), 115-127 (1987)).
Gen thu dugc c6 thé duge st dyng nhu dang tdn tai, hodc sau khi dugc cai bién néu
can. Nghia 13, gen ¢ thé duoc cai bién d& thu dugc bién thé cia né. Gen c6 thé duoc
cai bién bang k¥ thuat da biét. Vi dy, dot bién muc tiéu co thé dugc dua vao trong vi tri
muc tiéu cia ADN bang phuong phéap dot bién dac hiéu vi tri. Nghia 13, ving ma hoa
cua gen cO thé duoc cai bién bang phuong phéap dot bién dic hiéu vi tri dé vi tri cu thé
cua protein dugc ma hoa bao gém su thay thé, loai bo, cai, vahodc bd sung cac géc
axit amin. Cac vi du v& phuong phéap dot bién dic hiéu vi tri bao gbm phuong phép sir
dung PCR (Higuchi, R., 61, in PCR Technology, Erlich, H.A. Eds., Stockton Press
(1989); Carter, P., Meth. in Enzymol., 154, 382 (1987)), va phuong phap st dung thé
thuc khuén (Kramer, W. and Frits, H.J., Meth. in Enzymol., 154, 350 (1987); Kunkel,
T.A. et al., Meth. in Enzymol., 154, 367 (1987)). Theo cach khéc, bién thé ctia gen co
thé dugc tbng hop hoan toan.
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[0101]

Negoai ra, su bidu hién ciia gen c6 thé dugc gia ting bang cach cai thién hiéu
qua phién ma cua gen. Ngoai ra, su bidu hién cta gen c6 thé ciing dugc gia ting béing
cach cai thién hiéu qua dich mi clia gen. Hiéu qua phién ma ctia gen va hiéu qua dich
ma ciia gen c6 thé duogc céi thign bing céch, vi du, cai bin trinh ty kiém soat biéu hién
cua gen. Thuat nglt “trinh tu kiém soat bidu hién”, néi chung, ding dé chi cac vi tr
anh huoéng dén sy biéu hién cua gen, nhu doan khéi dau. Céc trinh tu kiém soat biéu
hién c6 thé duoc xc dinh bing cach sir dung vecto tim kiém doan khéi dAu hodc phan

mém phan tich gen nhu GENETYX.

[0102]

Hiéu qua phién ma cua gen co thé dugc cai thién bang cach, vi du, thay doan
khoi ddu cta gen trén nhiém sic thé béng doan khai dau manh hon. Thuét ngit “doan
khéi ddu manh hon” ding dé chi doan khéi ddu tao ra sy phién méa gen dugc cai thign
so v&i doan khéi dAu kidu dai vbn da tdn tai ctia gen nay. Pé lam doan khéi dau manh
hon, vi du, doan khéi dAu biéu hién & muc cao ty nhién cd thé dugc sir dung. Ngoai ra,
dé 1am doan khai dAu manh hon, vi du, loai hoat ddng & mirc cao ctia doan khoi dAu
dang tdn tai c6 thé cling thu dugc va st dung. Loai hoat dgng & miic cao ctia doan khoi
diu dang tdn tai c6 thé thu dugc bing cach, vi du, st dung cac gen thong bao khac
nhau.

[0103]

Higu qua dich mé cia gen c6 thé ciing duge ci thién bang cach, vi du, cai bién
cac codon. Vi du, hiéu qua dich ma cua gen co thé dugc cai thién bang céach thay
codon hiém c6 mat trong gen bang codon dbng nghia dugc st dung thudng xuyén hon.
Nghia 1a, gen can dugc dua vao cé thé duoc cai bién, vi du, dé chira cac codon tdi wu
theo cac tAn sudt xuét hién cua cic codon quan sat dugc trong vét chu can duoc st
dung. Céac codon co thé duoc thay bang, vi du, phuong phap dot bién ddc hiéu vi tri.
Theo cach khac, manh gen trong d6 cac codon muc tiéu dugc thay co thé duoc tong
hop hoan toan. Cac tAn suét xuét hién cua cac codon trong nhiéu sinh vat khac nhau
duoc bdc 160 trong “Codon Usage Database” (http://www.kazusa.or.jp/codon;

Nakamura, Y. et al, Nucl. Axits Res., 28, 292 (2000)).

[0104]
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Ngoai ra, s biéu hién gen c6 thé cling duge gia tdng bang cach khuéch dai
ving diéu hoa 1am ting su bicu hién gen, hodc loai bé hodc gidm ving diéu hoa lam
giam su bicu hién gen.

[0105]

Céac phuong phép gia tang su biéu hién gen nhu viy nhu néu & trén co6 thé dugc

str dung doc 14p hodc theo cach phdi hop thich hop bét ky.
[0106]

Ngoai ra, viéc cai bién 13m gia ting hoat tinh cta protein c6 thé cling dat dugc
bang céach, vi du, ting cudng hoat tinh ddc higu cua protein. Protein thé hién hoat tinh
dic hiéu gia ting co thé thu duogc béng cach, vi du, khao sat nhiéu sinh vat khac nhau.
Ngoai ra, loai hoat ddng & mic cao cta protein cO s&n c6 thé cling thu duge bang cach
dua dot bién vao trong protein co s&n. Dot bién can dugc dua vao ¢ thé 14, vi du, thay
thé, loai bo, cai, hodc bd sung mdt hodc mdt vai gbc axit amin ¢ mdt hodc mot vai vi
tri cua protein. Dot bién co6 thé duogc dua vao bang, vi dy, phuong phap dot bién dic
hiéu vi tri nhu ndu & trén. Dot bién ¢6 thé ciing duge dua vao bing cach, vi du, xir ly
gy dot bién. Cac vi du v& xit Iy gy dot bién bao gom chiéu birc xa tia X, chiéu birc xa
tia cuc tim, va xir Iy bing tdc nhén gy dot bién nhu N-metyl-N’-nitro-N-
nitrosoguanidin (MNNG), etyl metansulfonat (EMS), va metyl metansulfonat (MMS).
Ngoai ra, dot bién nghu nhién c6 thé dugc gay ra bang cach xu ly truc tiép ADN in
vitro bang hydroxylamin. Viéc ting cudng hoat tinh dac hiéu c6 thé dugc sir dung mot
cach doc lap, hodc co thé duogc sir dung theo cach phdi hop thich hop bét ky v6i cac

phuong phép nhu vay dé tang cudng su biéu hién gen nhur néu & trén.
[0107]

Viéc bién dbi c6 thé dugc thuc hién béng, vi du, phuong phép thuong dugc su
dung dé& 1am bién ddi céc vi sinh vat Labyrinthulea. Céc vi du vé phuong phép nhu vay

bao gdm phwong phép dién di.
[0108]

Su gia ting hoat tinh ctia protein cd thé dugc x4c nhan bﬁ?mg cach do hoat tinh

cta protein.

[0109]
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Su gia ting hoat tinh ctia protein c6 thé cling duge xac nhan bang cach xac nhan
su gia tang biéu hién gen mi hoa protein. Su gia ting biu hién gen co thé dugc x4ac
nhan bing cach x4c nhén sy gia ting lugng phién mi cua gen, hodc bang cach xac

nhén su gia tAng lugng protein dugc biéu hién tir gen nay.
[0110]

Viéc gia tang lugng phién ma cua gen c6 thd duge x4c nhan bang cach so sanh
lugng mRNA duge sao chép tir gen v6i lugng mRNA dugc sao chép tir gen ctia chung
khong dugc cai bién nhu chung kiéu dai hoic ching me. Céc vi du vé phuong phap
danh gid luong mRNA bao gdbm phuong phép lai hoéa Northern, RT-PCR, vi mang,
RNA-seq, va v.v. (Sambrook, J., et al., Molecular Cloning A Laboratory Manual/Third
Edition, Cold Spring Harbor Laboratory Press, Cold Spring Harbor (USA), 2001).
Luong mRNA (nhu s6 luong ctia cdc phan tir cia mRNA trén mdi t€ bao) cb thé duogc
tang dén, vi du, 16n hon hoic bﬁng 1,5 14n, 16n hon ho#ic b.%ng 2 14n, hodc 1én hon hodc
bing 3 14n lrgng mRNA cua ching khong duge cai bién.

[0111]

Sy gia tang luong protein co thé dugc x4c nhan bang phuong phap thdm tach
Western bang cach st dung cac khang thé (Molecular Cloning (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor (USA), 2001)). Lugng protein (nhu sb luogng
cuia cac phén tir cia protein trén mdi té bao) cb thé duoc tang dén, vi du, 16n hon hodc
bang 1,5 14n, 16n hon hodc bang 2 14n, hodc 16n hon hodc bang 3 14n luong protein clia
chung khong duogc cai bién.

[0112]

Céc phuong phap dd néu 6 trén dé gia ting hoat tinh cta protein c6 thé dugc sir
dung dé ting cudng cac hoat tinh ciia cac protein bét ky va ting cudng su biéu hién
cla cac gen bét ky.

[0113]

<2> Phuong phép san xuét sterol

Phuong phap theo sing ché 13 phuong phép san xuét sterol bao gdm budc nudi
cAy vi sinh vat theo sang ché trong moi trudng nudi cly, va thu hdi sterol tir cac t& bao

duge tao ra biang cach nudi cay. Theo sang ché, mot loai sterol ¢c6 thé duge san sinh,
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hodc hai hosic nhiéu loai sterol ¢6 thé dugc san sinh. Céac vi du vé su cai bién dugc s&

hiru béi vi sinh vat theo sang ché va sterol cAn duge san sinh 12 nhur duge mo ta & trén.
[0114]

MO6i trudng nudi cdy cin duge sir dung khong bi giéi han cu thé, mién 1a vi sinh
véat theo sang ché c6 thé ting sinh trong d6, va sterol c6 thé dugc san sinh. Pé 1am moi
truong nuodi cdy, vi du, méi trudng nudi chy thong thudng duge s dung d8 nudi cly
cac vi sinh vat dji dudng nhu cac vi sinh vat Labyrinthulea c6 thé dugc st dung. Moi
truong nudi cly c6 thé chira ngudn cacbon, ngudn nito, ngudn phospho, va ngudn
hugmh, ciing nhu cac thanh phan duge chon tir nhidu thanh phan hiru co va thanh phan
v6 co khac nhau néu can. Cac vi du cu thé vé méi trudng nudi chy bao gébm mdi

truong GY duge didu ché bing tir 0 dén 1 x nuéc bién nhan tao.
[0115]

Cac vi du cu thé vé nguén cacbon bao gém, vi du, cac sacarit nhu glucoza,
fructoza, sucroza, lactoza, galactoza, xyloza, arabinoza, ri dudng dang nhii tuong hoa
den, c4c san pham thily phan cua tinh bdt, va cac san pham thity phan cua sinh khéi,
cc axit hitu co nhu axit axetic va axit xitric, cdc rugu nhu etanol, glyxerol, va
glyxerol thd, va cac axit béo. D4 lam ngudn cacbon, mdt loai ngudn cacbon ¢6 thé

duoc sir dung, hodc hai hodc nhiéu loai ngu(‘Sn cacbon c6 thé dugc sir dung phéi hop.
[0116]

Céc vi du cu thé vé nguén nito bao gém, vi du, céc mudi amoni nhu amoni
sulfat, amoni clorua, va amoni phosphat, cac ngudn nito hitu co nhu pepton, phan chiét
nédm men, phn chiét thit, va cac san phdm phan huy protein du nanh, amoniac, va ure.
Khi amoniac hoic dung dich nudc amoniac dugc sur dung dé diéu chinh d pH c6 thé
cling dugc sur dung lam ngudn nito. Pé lam ngudn nito, mot loai ngudn nito ¢6 thé
dugc str dung, hodc hai hodc nhidu loai ngudn nito ¢6 thé duoc st dung phéi hop.
[0117]

Céc vi du cu thé vé ngudn phosphat bao gbm, vi dy, mubi cta axit phosphoric
nhu kali dihydrophosphat va dikali hydrophosphat, va cac polyme ctia axit phosphoric
nhu axit pyrophosphoric. Pé 1am ngudn phosphat, mot loai ngudn phosphat c6 thé

dugc st dung, hodc hai hodc nhiéu loai nguén phosphat ¢ thé duoc stir dung phéi hop.
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[0118]

Céc vi du cu thé v& ngudn luu huynh bao gbm, vi du, c4c hgp chét luu huynh vo
co nhu cac sulfat, cac thiosulfat, va cAc sulfit, va cc axit amin chia luu huynh nhu
xystein, xystin, va glutathion. Pé 1am ngudn luu huynh, mot loai ngudn Ivu huynh c6
thé dugc st dung, hodc hai hoic nhiéu loai nguén lvu huynhs c6 thé duoc st dung

phdi hop.
[0119]

Céc vi du cu thé v& cac thanh phin hitu co va thanh phén vo co khac nhau bao
gém, vi du, cac mudi v6 co nhu natri clorua va kali clorua; cac kim loai vét nhu sét,
mangan, magie, va canxi; cac vitamin nhu vitamin B1, vitamin B2, vitamin B6, axit
nicotinic, nicotinamit, va vitamin B12; c4c axit amin; cac axit nucleic; va cac thanh
phan hitu co chira céc chét nhu pepton, axit casamin, phan chiét ndm men, va san
phdm phan hity protein dau nanh. Pé 1am céc thanh phan hitu co va thanh phan v6 co
khac nhau, mot loai thanh phan c6 thé dugc si dung, hoc hai hodc nhiu loai cac

thanh phén c6 thé dugc st dung phdi hop.
[0120]

Cac didu kién nudi cdy khong bi gidi han cu thé mién la vi sinh vét theo séng
ché c6 thé ting sinh, va sterol c6 thé dugc san sinh. Viéc nudi cay cé the dugce thuc
hién, vi du, trong cac diéu kién thuong duge st dung dé nudi cdy cac vi sinh vét di

dudng nhu cac vi sinh vét Labyrinthulea.
[0121]

Qué trinh nudi cdy co thé duge thuc hién bing cach s dung moi truong long. 0]
thoi didm nudi cdy, vi sinh vat theo sang ché dugc nudi cdy trén méi trudng ran nhu
moi truong thach co thé dugc cdy truc tiép vao trong moi trudong léng, hodc vi sinh vat
theo sang ché dugc nudi cly trong moi trudng long dudi dang nudi cy hat c6 thé dugc
cdy vao trong mdi trudong long d& nudi cly chinh. Nghia 13, qua trinh nu6i chy co thé
duoc thuc hién riéng r& dudi dang nudi chy hat va nudi cdy chinh. Trong truong hop
nhu vay, cac didu kién nudi cly clia qué trinh nudi cdy hat va nu6i cdy chinh c6 thé
gidng hodc c6 thé khong giéng nhau. Lugng vi sinh vét theo sang ché dugc chira trong
moi truong nudi cdy & thdi didm bit ddu qua trinh nudi cay khong bi gidi han cu thé.

Quié trinh nudi cAy chinh c6 thé duge thuc hién bang cach, vi du, cay canh nudi cay hat
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va0 mdi trudng nudi ciy d& nudi cAy chinh & lugng tir 1 dén 50% (thé tich).
[0122]

Qua trinh nudi cly c6 thé duge thuc hién dudi dang nudi cAy theo mé, nuoi chy
theo mé c6 cung cip dinh dudng, nudi cly lién tuc, hodc phdi hop ctia ching. Mbi
trudng nudi cdy dugce sit dung & thoi diém bit dau qua trinh nuodi cly con duge goi 12
“mdi trudmg ban dau”. Mbi trudng nudi chy duoc cung cip cho hé nudi ciy (binh Ién
men) trong hé nudi cdy theo mé c6 cung cép dinh dudng hodc nudi chy lién tuc con
duge goi 1a “mdi truong dinh dudng”. Ngoai ra, dé cung cip moéi trudng dinh dudng
cho hé nuéi ciy trong nudi cdy theo mé ¢ cung cép dinh dudng hodc nudi cy lién tuc
con duge goi 1 “chét dinh dudng”. Ngoai ra, khi qué trinh nu6i ciy duoc thuc hién
riéng r& dudi dang nuodi cAy hat va nudi cdy chinh, vi dy, c& hai qué trinh nudi cAy hat
va qua trinh nudi céy chinh c6 thé dugc thuc hién dudi dang nudi cAy theo mé. Theo
cach khéc, vi dy, qua trinh nudi cly hat c6 thé duoc thuc hién dudi dang nudi céy theo
mé, va qué trinh nudi céy chinh ¢6 thé dugc thuc hién dudi dang nuoi cAy theo mé c6

cung cép dinh dudng hodc nudi cay lién tyc.
[0123]

Qua trinh nuoi céy ¢ thé duge thuc hién, vi dy, trong diéu kién wa khi. Thuét
ngtt “diéu kién ua khi” ding dé chi didu kién trong d6 ndng d6 oxy hoa tan trong moi
truong 1ong khong thip hon 0,33ppm, 12 gi6i han phét hién d6i v6i su phét hién bing
dién cuc mang oxy, hodc co thé tdt hon 13 didu kién trong dé ndng do oxy hoa tan
trong moi truong long khong thip hon 1,5ppm. Nong do oxy c6 thé duoc khdng ché
dén, vi du, tix 5 dén 50%, t6t hon 1a khoang 10%, ndng do oxy bdo hoa. Cu thé, qua
trinh nudi ciy trong diéu kién wa khi c6 thé duoc thuc hién bang cach nudi cly thong
gi6, nudi cy lic, nuoi cly khudy trén, hoic phdi hop cia chung. D pH ciia moi
truong nuoi céy 6 thé, vi du, nam trong khoang tir 3 dén 10, t5t hon 13 tir 4,0 dén 9,5.
Trong qua trinh nudi chy, 6 pH ctia méi trudong nudi chy ¢6 thd dugc didu chinh néu
can. o pH ctia méi trudng nudi chy c6 thé duge didu chinh bang cach st dung céac
chét c6 tinh kidm va axit khac nhau nhu khi amoniac, dung dich nuéc amoniac, natri
cacbonat, natri bicacbonat, kali cacbonat, kali bicacbonat, magie cacbonat, natri
hydroxit, canxi hydroxit, magie hydroxit, axit clohydric, va axit sulfuric. Nhiét d6 nu6i

chy c6 thé, vi du, nim trong khoang tir 20 dén 35°C, t6t hon 12 tir 25 dén 35°C. Thoi
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gian nuodi cy c6 thé, vi du, nim trong khoang tlr 10 dén 120 gid. Qua trinh nudi chy co
thé duoc tiép tuc, vi dy, cho dén khi ngudn cacbon dugc chira trong mdi trudng nudi
céy dugc tiéu thu hét, hodc cho t6i khi vi sinh vat theo sang ché mét hoat tinh. Béng
cach nudi cdy vi sinh vat theo sang ché trong cac didu kién nhu duge mo ta & trén, cac

té bao chira sterol dugc tao ra.

[0124]

Sterol c6 thé dugc thu hdi tir cac té bao néu cin. Nghia 13, sterol c6 thé duoc
chidt ra khoi cac té bao va duogc thu hdi. Cac té bao c6 thd duge chiét sterol trong ltic
dang c6 mat trong canh nuoi cdy, ho#c sau khi dugce thu hdi ra khoi canh nudi cdy. Cac
té bao, nhu canh nuoi céy chira céc té bao va céac té bao dugc thu hdi tir canh nudi céy,
c6 thé cling duogc chiét sterol sau khi dugc xtr Iy nhu 1am lodng, c6, 1am dong kho, lam
tan bang, va 1am kho, néu cAn. Cac qué trinh xt ly ndy c6 thé dugc thue hién mot cach
doc 1ap, hodc c6 thé duge thuc hién theo cach phdi hop thich hop. Cac qua trinh xir Iy
nay co thé duogc chon thich hop theo céc diéu kién khéac nhau nhu loai ctia cac phuong

phép chiét sterol.
[0125]

Céc phuong phap thu hdi cac t& bao tir canh nudi cdy khong bi giéi han cu thé,
va cac phuong phap da biét c6 thé dugc st dung (Grima, E. M. et al. 2003. Biotechnol.
Advances 20: 491-515). Cu thé, vi du, céc té bao c6 thé dugc thu hdi tir canh nudi chy
bﬁng cach nhu sa léng tu nhién, ly tAm, va loc. Ngoai ra, ¢ thoi diém nay, chét keo tu
c6 thé dugc sir dung. Cac té bao thu hdi duge c6 thé duoc rira bang cach st dung moi
truong thich hop néu cin. Cac té bao thu hdi duoc co thé cling dugc tai tao huyén phu
bang cach sir dung mdi truong thich hop néu can. Céc vi du v& cac moi trudng cd thé
duoc sir dung dé rira hoic tai tao huyén pht bao gbm, vi du, mdi truong trong nudc
(cac dung mdi trong nudc) nhu nude va chit dém trong nudc, mdi trudng hitu co (cac
dung mdi hiru co) nhu metanol, va cac hdn hop cua chung. Mdi trudng co thé dugc

chon thich hop theo cac didu kién khac nhau nhu loai ciia cac phuong phap chiét sterol.
[0126]

Cac phuong phéap chiét sterol khong bi gidi han cu thé, va cac phuong phap da
biét ¢6 thé dugce sir dung. Cac vi du vé céc phuong phap nhu vdy bao gdm, vi dy, cac

phuong phap chiét cac chét béo ra khoi céc té bao ciia cac vi sinh vat nhu tao thong
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thuong. Céc vi du cu thé vé c4c phuong phéap nhu vy bao gbm, vi dy, xtt Ly bang dung
méi hitu co, X1 1y sidu am, xir Iy bing cach nghidn hat, xir Iy bing axit, x& 1y bing
kidm, xtr Iy bing enzym, xir 1y thity nhiét, xit Iy siéu t6i han, xt 1y vi song, xi ly bang
truong dién tr, va xu 1y nén. Cac qua trinh xr ly nay co thé dugc sir dung mdt cach

dbc 1ap, hodc c6 thé duge sir dung theo cach phéi hop thich hop.
[0127]

Dung mo6i hitu co can dugc st dung cho qua trinh xtr 1y bang dung moi hiru co
khong bi gi6i han cu thé, mién 1a sterol ¢6 thé duge chiét ra khoi céc 1€ bao bang cach
str dung dung moéi hitu co d6. Cac vi du vé dung mdi hitu co bao gbm, vi dy, c4c rugu
nhu metanol, etanol, 2-propanol, butanol, pentanol, hexanol, heptanol, va octanol; céac
keton nhur axeton; cac ete nhu dimetyl ete va dietyl ete; cac este nhu metyl axetat va
etyl axetat; cac alkan nhu n-hexan; va clorofom. Cac vi du vé cac phuong phéap chiét
céc chit béo bang cach st dung dung moéi hitu co bao gbdm phuong phap Bligh-Dyer
va phuong phap Folch. Pé 1am dung mai hitu co, mot loai dung moi hitu co co thé
duoc stir dung, hoéc hai hodc nhiéu loai cac dung mdi hitu co cb thé dugc str dung phéi

hop.
[0128]

Do pH cua qua trinh xir ly bing kiém khong bi gidi han cu thé, mién 12 sterol c6
thé dugc chibt ra khéi cac té bao & do pH do. Thong thuong, do pH cta qua trinh xir ly
bang kiém c6 thé 1a pH=8,5 hodc cao hon, t6t hon 13 pH=10,5 hodc cao hon, t6t hon
nita 12 pH=11,5 hodc cao hon, va c6 thé 1a pH=14 hoac thép hon. Thoéng thudng, nhiét
do cua qua trinh x ly bing kiém c6 thé cao hon hodc bang 30°C, tét hon 1a cao hon
hodc bang 50°C, t6t hon nita 13 cao hon hodc bang 70°C. Tét hon 13, nhiét do cua qua
trinh xi Iy bing kidm c6 thé thip hon hodc bing 120°C. Thong thudng, thoi gian cla
qué trinh xtr ly bang kidm c6 thé dai hon hodc bang 10 phut, tdt hon 12 dai hon hodc
bang 30 phut, t6t hon nita 13 dai hon ho3c bang 50 phut. Tét hon 13, thoi gian cua qua
trinh xr Iy bang kiém c6 thé 12 ngén hon hoic bang 150 phut. Dé xir Iy bang kiém, cac

chat kidm nhu NaOH va KOH c6 thé duge st dung.
[0129]

Sterol chiét duoc co thé dugce thu hdi bing cic phuong phap da biét dugc st

dung dé tach va tinh ché cac hop chét. Cac vi du v& cac phurong phap nhu vay bao gbm,
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vi du, phuong phép nhua trao dbi ion va phuwong phap tich mang. Cac phuong phap
nay co thé dugc str dung mot cach doc 18p, hodc co thé dugc str dung theo cach phéi

hop thich hgp.
[0130]

Sterol thu hdi duoc ¢6 thé chira cac thanh phin nhu cac té bao, cac thanh phan
ctia mdi trudng nudi cdy, 4m, cac thanh phén duge sir dung cho qua trinh chiét, va cac
chat chuyén hoa san pham phu cua vi sinh vét theo sang ché, ngoai sterol. Sterol thu
hdi dugc c6 thé be dugc tinh phé dén mutrc d6 mong mudn. Do tinh khiét clia sterol c6
thé, vi du, cao hon hoic bf?mg 1% (trong lugng), cao hon hodc b.:?mg 2% (trong lugng),
cao hon hodc bang 5% (trong lugng), cao hon hoic bang 10% (trong lugng), cao hon
hodc bang 30% (trong lugng), cao hon hodc bing 50% (trong lugng), cao hon hodc
b::ing 70% (trong lugng), cao hon hodc b%\ng 90% (trong lugng), hodc cao hon hodc

bang 95% (trong lugng).
[0131]

Loai va lugng cua sterol c6 thé duge xac dinh bang cic phuong phéap da biét
duoc st dung dé phat hién hodc dinh luong céc hop chit. Cac vi du vé cac phuong
phép nhu vy bao gbm, vi du, sic ky long tinh nang cao (High Performance Liquid
Chromatography, HPLC), sic ky long/phd khéi (Liquid chromatography/mass
spectrometry, LC/MS), sic ky khi/phd khéi (Gas chromatography/mass spectrometry,
GC/MS), va phd cong hudng tir hat nhan (Nuclear magnetic resonance, NMR). Cac
phuong phép nay co thé dugc str dung mot cach ddc lap, hodc co thé duoc st dung

theo cach phéi hop thich hop.
[0132]

Sterol thu hdi dugc co thé 14, vi du, sterol tu do, dAn xuét ctia n6 (nhu sterol este,
steryl glucosit, va axyl steryl glucosit), hodc hdn hop cta chung. Khi sterol c6 mét &
dang dén xuét, sterol tu do c6 thé ciing thu dugc bang cach thity phan. Qua trinh thuy
phan c6 thé duge thuc hién theo cach thong thudng. Vi du, qua trinh thiy phan c6 thé
dugc thuc hién nho enzym bang cach st dung esteraza dbi véi céc sterol este hodc

glycosidaza ddi véi cac steryl glucosit va cac axyl steryl glucosit.

[0133]
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Sterol ¢6 thé duge st dung cho cac myc dich sir dung khac nhau. Myc dich st
dung cua sterol khong bi gidi han cu thé. Sterol c¢6 thé dugc sit dung mot minh nhu
dang tdn tai, sau khi duoc tréon v&i mot thanh phén khéac, hodc dudi dang nguyén liéu
thd ctia mot thanh phﬁ“m khéc. Cac vi du v& muc dich sir dung cia sterol bao gém cac
chit phy gia thure phim, cac chét phu gia thitc #n chin nubi, cac thirc &n c6 loi cho st
khoe, cac dugc phém, cac hoa chét, cac thanh phﬁn m¥ phém, va cac nguyén liéu tho
coa chung. Cac vi du vé thiic &n chin nudi bao gbm céac thirc &n cho gia stic va cac

thirc dn thuy sinh.
Vi du thye hién sang ché
[0134]

Sau day, sang ché s& dugc gidi thich cu thé hon dua vao cic vi du khong lam

giGi han pham vi cta sang ché.

[0135]

Vidul

Thu nhén chung tich 1fiy sterol ctia Labyrinthulea

MAu nuéc song chra 14 muyc rita & Okinawa duge thu hoi. Mau ndy duge bd
sung lugng thich hop cua phén hoa thong (dugc thu hdi & quan Miyazaki), va déyén &
nhiét d6 trong phong trong 8 ngay. Phan phén wéc 100pl cua mAu sau khi dé yén dugc
gieo trén cac dia chita mdi trudng nudi cdy, trong d6 moi trudng nuodi chy 12 0,1 x moi
trudng bao quan Reichmani (Nissui) dugc didu ché bang 0,5 x nudc bién nhan tao,
trong d6 mdi chit penixilin G canxi va streptomyxin sulfat dugc bd sung vao dén ndng
d6 cudi cing bang 50mg/l, va trong d6 vitamin B1 (Nacalai), vitamin B2 (Nacalai), va
vitamin B12 (Nacalai) dugc thém vao dén ndng d6 cubi cuing bang 2mg/l, 0,01mg/l, va
0,01mg/l, tuong Ung. MBbi dia trong s6 cac dia nay dugc nudi chy & 28°C trong 4 ngay,
va céac khuén lac thu dugc duge tao dudng soc trén cung mot moi trudng dé tinh ché
cac khuén lac nay. Mot trong sé céc chung thu dugc theo cach nhu vy duge dat tén la
ching AJ7869 (FERM BP-22342). Ngoai ra, chung AJ7868 (FERM BP-22290) thu
dugc bang phuong phap gibng nhu vay (W02017/065293). Ngoai ra, ching AJ7879
(FERM BP-22367) thu dugc theo phuong phap gidng nhu vay. Céc ché phém gdm 1 x

mbi trudng bao quan Reichmani (Nissui) va 1 x nudc bién nhan tao 1a nhu dudi day.
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[0136]

<Ché pham 1 x méi trudng bao quan Reichmani (Nissui)>
Phén chiét ndm men 8,5g

Pepton 8,5g

Glucoza 11g

Kali dihydro phosphat 2,0g

B6t nudce ép ca chua 3,7g
Polysorbat 80 1,0g

Thach 15g

Nudc sidu tinh khiét 1000ml
[0137]

Ché phim 1 x nudc bién nhan tao
NaCl 30g

KCl10,7g

MgCl, * 6H,0 10,8¢g

MgSO, - TH,0 5,4¢g

CaCl, - 2H,0 1g

Nuéc siéu tinh khiét 1000ml
[0138]

Vidu2

Phén tich 18S rDNA ctia cac chung tich lfly sterol

Dua vao ching AJ7869 di dugc phan 13p nhu dugc mo tad & trén, trinh tu
nucleotit ciia ving 18S rDNA duogc x4c dinh bang cach st dung céc doan moi phé bién
dé khuéch dai ving 18S rDNA (cac SEQ ID NO: 1 va 2) cia Labyrinthulea. Ngoai ra,
trinh tu nucleotit ctia ving 18S rDNA dugc xac dinh dbi vé&i cac ching AJ7868 va
AJ7879 dua trén viéc phan tich bing Miseq dugc san xuét boi Illumina. Trinh tu
nucleotit ctia ving 18S rDNA clia ching AJ7869 dugc thé hién trong SEQ ID NO: 3.
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Trinh tu nucleotit ctia ving 18S rDNA cuia chiing AJ7868 dugc thé hién trong SEQ ID
NO: 43. Trinh tu nucleotit ciia ving 18S rDNA ctia ching AJ7879 dugc thé hién trong
SEQ ID NO: 44. 18S rDNA cua cac ching AJ7869, AJ7868, va AJ7879 thé hién do
ddng nhat cao 99%, 98%, va 99% véi trinh ty nucleotit ctia 188 rDNA cua
Aurantiochytrium sp. BURABG162 (SEQ ID NO: 4), Aurantiochytrium sp. SKE217
(SEQ ID NO: 5), va Aurantiochytrium sp. SKE218 (SEQ ID NO: 6), tuong ung. Ba
chiing nay dugc bao céo la thudc v& Aurantiochytrium sp.1 trong béo céo cua Ueda et
al. (Mayumi Ueda, et al, Seasonal dynamics of culturable thraustochytrids
(Labyrinthulomycetes, Stramenopile) in estuarine and coastal waters., Aquatic
Microbial Ecology. 2015; 74:187-204). Két qua 13, do cac chung AJ7869, AJ7868, va
AJ7879 dugc phat hién 1a c6 lién quan dén Aurantiochytrium sp.1, cac ching nay dugc

dat tén tuong tmg 14 cac ching AJ7869, AJ7868, va AJ7879 cia Aurantiochytrium sp. 1.
[0139]

Vidu3

Xay dung chung thiéu hut gen smtl va dénh gid gibng nudi cay (1)

Chung thidu hut gen smt1 (SEQ ID NO: 7) duoc xdy dung tir ching AJ 7869 1a
ching me bang phuong phép dudi déy.

[0140]

PCR duoc thuc hién bang cach str dung ADN hé gen cuia chung AJ7869 dung
1am khudn va cac doan mdi cé cac trinh ty néu trong SEQ ID NO: 8 va 9, dé khuéch
dai manh ADN chira vung nguoc chiéu cua gen smtl. PCR dugc thuc hién b??tng cach
sir dung ADN hé gen cta ching AJ7869 dung lam khudn va cac doan mdi c6 cac trinh
fir néu trong SEQ ID NO: 10 va 11, d khuéch dai manh ADN chira ving xudi chiéu
cta gen smtl. PCR dugc thuc hién bang cach st dyng caset biéu hién dbi véi gen
khang blastixidin S (Keishi Sakaguchi, et al., Versatile Transformation system that is
Applicable to both multiple transgene expression and gene targeting for
thraustochytrids., Applied and Environmental Microbiology. 2012 ;78(9):3193-3202.)
va céc doan mdi co céc trinh ty néu trong SEQ ID NO: 12 va 13, dé khuéch dai manh
ADN chira gen khang blastixidin S. PCR dugc thuc hién bang céach st dung plasmit
pUC19 lam khuén va céac doan mdi ¢6 céc trinh tu néu trong SEQ ID NO: 14 va 15, dé
khuéch dai manh ADN mach thing cha pUC19. Cac manh ADN nay dugc budc 13n
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nhau bing cach sir dung In-fusion (Takara), va plasmit tao ra dugc goi 1a pUCI9smt1-
bla. PCR duoc thuc hién bing cach st dung pUC19smtl-bla lam khudn va cac doan
mdi ¢é cac trinh ty néu trong SEQ ID NO: 16 va 17, dé thu dugc manh ADN chira cac
ving ngugc chiéu va xudi chiéu ctia gen smtl va gen khang blastixidin S & gifta. Manh
ADN ndy dugc dua vao trong ching AJ7869 bang phuong phép dién di (Keishi
Sakaguchi, et al., Versatile Transformation system that is Applicable to both multiple
transgene expression and gene targeting for thraustochytrids., Applied and
Environmental Microbiology. 2012 ;78(9):3193-3202), dé thu dugc chung khang
blastixidin S. Ching thu duge duge goi 1a chung AJ7870. Ching nay 1a ching thidu
hut gen smtl trong d6 gen smtl d4 dugc thay bang gen khang blastixidin S.

[0141]

M3i chiing trong s6 cdc ching AJ7869 va AJ7870 dugc cay vao dia chita moi
truomg nudi cdy, trong d6 méi trudong nudi cdy 1a 0,2 x mdi trudng bdo quan
Reichmani (Nissui) dugc didu ché v6i 0,5 x nude bién nhan tao, trong d6 vitamin Bl
(Nacalai), vitamin B2 (Nacalai), va vitamin B12 (Nacalai) dugc thém vao dén ndng do
cubi cing bing 2mg/l, 0,01mg/l, va 0,01mg/l, tuong tmg, va dugc nudi cly & 28,5°C
trong 60 gid. Nam vong platin chira cac t€ bao clia méi truong trén dia duge cao ra va
cdy vao trong binh Erlenmeyer dung tich 500ml véi tAm chén chira 50ml moi trudng
GY duoc didu ché v6i 0,25 x nudce bién nhan tao ¢6 thanh phan dudi day, va duge nudi
cdy & nhiét d§ nudi cy bang 28,5°C két hop khudy tron & 120 vong/phut (round per
minute, rpm) (quay) trong 24 gio. Phén phan uéc 1,5ml cta canh nudi cdy thu duoc
dugc cy vao trong binh Erlenmeyer dung tich 500ml véi tAm chén chira 48,5ml moi
truomg GTY duoc didu ché vi 0,25 x nudce bién nhan tao, va dugc nudi cAy & nhiét do

nuéi ciy bing 28,5°C két hop khudy tron ¢ 120rpm (quay) trong 48 gio.
[0142]
Thanh phan ctia méi trudng GY
Nhom A
Glucoza 30g/1
Nhém B

PhAn chiét nAm men 10g/1
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Nhém C

Vitamin B1 2mg/1
Vitamin B2 0,01mg/1
Vitamin B12 0,01mg/1
Nhoém D

PIPES 13,6g/1

Nhém B duoc didu chinh dén do pH=6,5 bing cach st dung HCI va dugc hip &
120°C trong 10 phit, va nhom A duge hdp & 120°C trong 10 phit ma khong cén didu
chinh d6 pH. Nhém D dugc didu chinh dén d6 pH=6,5 bing cach s dung NaOH va
loc béng bd loc, va nhom C duge loc béng bd loc ma khong can diéu chinh d6 pH. Sau

khi lam ngudi cac nhém A va B dén nhiét dd trong phong, bdn nhém nay dugc tron.
[0143]

Thanh phan cia m6i trudng GTY
Nhém A

Glucoza 50g/1
Nhom B

Tripton 10g/1

Phén chiét ndm men Sg/1

Nhom C

Vitamin B1 2mg/1

Vitamin B2 0,01mg/1

Vitamin B12 0,01mg/1

Nhom D

PIPES 13,6g/1

Nhém B duoc didu chinh dén db pH=6,5 bing céch st dung HCl va dugc hép &
120°C trong 10 phut, va nhém A duge hép & 120°C trong 10 phut ma khong cin diéu
chinh d6 pH. Nhom D duogc didu chinh dén do pH=6,5 bang céach sir dung NaOH va
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loc bing bo loc, va nhém C dugc loc béng bo loc ma khong cin diéu chinh d pH. Sau

khi 1am ngudi cac nhém A va B dén nhiét do trong phong, bdn nhém nay dugce tron.
[0144]

Sau khi hoan thanh qué trinh nudi cy, 0,5ml dung dich nudi cdy dugc ly tam,
va cac chét béo duge chiét biang phuong phap Bligh-Dyer ra khoi chét két tha thu dugc,
d thu duoc phin chiét chét béo. Dé thily phén céc sterol este trong phén chiét chat béo,
bd kit metyl héa axit béo (Nacalai) c6 kha ning thity phén cac sterol este trong luc
metyl hoa céc axit béo dugc sir dung. Lop hexan thu duge dugc chay sic ky khi, dé
dinh luong mdi sterol. Trong lugng t& bao kho (dry cell weight, DCW) duoc tinh bing
cach ly tAm 0,5ml dung dich nudi céy, 1am kho chat két toa thu duge & 50°C trong 3
ngay, va trir trong lugng cua 6ng Eppendorf tir trong lugng do duge. Cac két qua duoc
thé hién trong bang 1. G chiing AJ7870, luong tich Iy stigmasterol bién mét, va lugng
tich Iy cholesterol dugc tang gép khoang 2,1 14n lugng tich 1y cholesterol ctia ching
AJ7869. Do d6, diu nay cho thiy rang su thidu hut gen smtl c6 tac dung tich Ity

cholesterol.
[0145]

Bang 1: Cac két qua nudi cdy cta chung Aurantiochytrium sp.1 AJ7869 va chung cai

bién cua nod

Ching AJ7869 Chung AJ7870
(Ching kiéu dai) (Asmtl)
DCW (g/1) 14,9 14,6
Cholesterol/DCW (%) 1,3 2,7
Stigmasterol/DCW (%) 1,2 0
[0146]
Vidu4

Xay dung céc chung thiéu hut gen dher7 va danh gia gidng nuodi cdy

Céc chung thidu hut gen dher7 (SEQ ID NO: 18) dugc xay dung tir cac chung

AJ7869 va AT7870 14 cac chung me bang phuong phap dudi day.

[0147]
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PCR dugc thuc hién bing cach sit dung ADN hé gen ctia chiing AJ7869 lam
khuén va cac doan mdi c6 cac trinh tw néu trong SEQ ID NO: 19 va 20, dé khuéch dai
manh ADN chira ving ngugc chiéu cta gen dher7. PCR dugc thyc hién bang cach sir
dung ADN hé gen ctia ching AJ7869 1am khuon va cdc doan mdi ¢6 céc trinh tu néu
trong SEQ ID NO: 21 va 22, d khuéch dai manh ADN chira viing xu6i chiéu cua gen
dher7. PCR. duge thuc hién bing cach sir dung caset bidu hién dbi véi gen khang
zeoxin (Keishi Sakaguchi, et al., Versatile Transformation system that is Applicable to
both multiple transgene expression and gene targeting for thraustochytrids., Applied
and Environmental Microbiology. 2012 ;78(9):3193-3202.) va cac doan mdi c6 cac
trinh ty néu trong SEQ ID NO: 23 va 24, d khuéch dai manh ADN chita gen khéng
zeoxin. PCR duoc thuc hién bang cach sir dung plasmit pUC19 lam khudn va céc doan
mdi ¢6 cac trinh tu néu trong SEQ ID NO: 25 va 26, dé khuéch dai manh ADN mach
thing cia pUC19. Cac manh ADN nay dugc budc 14n nhau bing cach st dung In-
fusion (Takara), va plasmit tao ra dugc goi la pUC19dher7-zeo. PCR duogc thuc hién
bang cach sir dung pUC19dhcr7-zeo lam khudn va cac doan mdi co céc trinh ty néu
trong SEQ ID NO: 27 va 28, dé thu dwgc manh ADN chira cic ving ngugc chidu va
xudi chiéu cua gen dher7 va gen khang zeoxin & gilta. Manh ADN nay dugc dua vao
trong cac chung AJ7869 va AJ7870 bang phuong phép dién di (Keishi Sakaguchi, et
al., Versatile Transformation system that is Applicable to bothK multiple transgene
expression and gene targeting for thraustochytrids., Applied and Environmental
Microbiology. 2012 ;78(9):3193-3202), dé thu duoc cac chung khang zeoxin. Cac
ching thu duge duge dit tén 1a cac chung AJ7872 va AJ 7871, tuong tmg. Mdi ching
trong sb cac chiing nay 1a ching thidu hut gen dher7 trong d6 gen dher7 da duge thay

bang gen khang zeoxin.
[0148]

M&i ching trong sb cac ching AJ7869, AT7870, AJ7872, va AJ7871 dugc chy
vao dia chira méi trudmg nudi cdy, trong d6 moi trudng nudi cdy 12 0,2 x mdi trudng
bao quan Reichmani (Nissui) dugc didu ché véi 0,5 x nude bién nhan tao, trong do
vitamin B1 (Nacalai), vitamin B2 (Nacalai), va vitamin B12 (N acalai) dugc thém vao
dén ndng d6 cubi cung bing 2mg/l, 0,01mg/l, va 0,01lmg/l, twong Ung, va dugc nuoi
chy & 28,5°C trong 60 gid. Nam vong platin chta cac t& bao ctia moi trudng trén dia

dugce cao ra va chy vao trong binh Erlenmeyer dung tich 500ml v6i tAm chin chta
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50ml moi trudng GY dugc didu ché véi 0,25 x nuée bidn nhan tao c6 thanh phin dudi
day, va dugc nudi cdy & nhiét d6 nudi cly bing 28,5°C két hop khudy tron & 120rpm
(quay) trong 24 gio. Phan phan uéc 1,5ml cua canh nudi chy thu duge dugc cly vao
trong binh Erlenmeyer dung tich 500ml véi tAm chén chira 48,5ml moi trudng GTY
dugc didu ché véi 0,25 x nudce bién nhan tao, va dugc nudi céy & nhiét do nudi céy

bing 28,5°C két hop khudy tron & 120rpm (quay) trong 48 gio.
[0149]

Sau khi hoan thanh qué trinh nu6i cdy, 0,5ml dung dich nudi cdy dugc ly tam,
va céc chét béo duge chiét bing phuwong phap Bligh-Dyer ra khoi chét két tia thu dugc,
dé thu dugc phan chiét chit béo. Dé thiy phan cac sterol este trong phan chiét chét béo,
bo kit metyl héa axit béo (Nacalai) c6 kha nang thily phan céc sterol este trong lic
metyl héa cac axit béo duge st dung. Lép hexan thu dugc dugc chay sic ky khi, dé
dinh lugng modi sterol. Trong luong t€ bao kho (DCW) dugc tinh bang céach ly tim
0,5ml dung dich nuéi cy, lam kho chét két tia thu duge & 50°C trong 3 ngay, va trir
trong lugng cua 6ng Eppendorf tr trong luong do duge. Cac két qua duogc thé hién
trong Bang 2. O cac chung AJ7870, AJ7872, va AT7871, dd quan sat duoc su tich 10y
7-dehydrocholesterol (tidn vitamin D3), ma khéng dugc quan st théy & ching AJ7869.
Ngoai ra, & chung AJ7871, lugng tich Iy cua 7-dehydrocholesterol dugc ting so voi
cac ching AJ7870 va AJ7872. Do do, didu nay cho thay ring su thidu hut gen smtl va
su thiéu hut gen dher7 déu c6 hiéu qua dbi véi su tich lity 7-dehydrocholesterol. Ngoai
ra, su tich 1y ergosterol (tién vitamin D2) duge quan sat & ching AJ7872, trong lic n6
khong dugc quan sat & ching AJ7869. Ngoai ra, & chung AJ7872, lugng tich liy tién
vitamin D6 dugc ting gép 1,4 1an lugng tich lfiy tién vitamin D6 cta ching AJ7869
(khong dugce thé hién trong bang). Do do, didu nay cho thdy ring su thiéu hut gen

dher7 ¢6 hidu qua doi véi su tich 1y cac tién vitamin D.
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Bang 2: Céc két qua nudi cAy ctia ching Aurantiochytrium sp.1 AJ7869 va cac chung

cai bién clia ching

Ching Chiing Ching
Chiing AJ7869
. AJ7870 AJ7872 AJ7871
(Chiing kiéu dai)
(Asmtl) (Adhcer7) (Asmt1Adhcr7)
DCW (g/l) 16,2 15,8 15,8 16,2
7-dehydro
0 0,07 0,20 0,25
cholesterol (g/1)
Cholesterol (g/1) 0,18 0,38 0 0
Ergosterol (g/1) 0 0 0,13 0
[0151]
Vidubs

Xay dung chung thidu hut gen dhcr24 va danh gia gidng nuoi chy

Chung thiéu hut cta gen dher24 (SEQ ID NO: 29) dugc xdy dung tr chung
AJ7869 duéi dang ching me bang phuong phép dudi day.

[0152]

PCR dugc thuc hién biang cach sit dung ADN hé gen clia chung AJ7869 dung
lam khuén va cac doan mdi c6 cac trinh ty néu trong SEQ ID NO: 30 va 31, dé khuéch
dai manh ADN chira vung ngugc chidu cia gen dher24. PCR duoc thuc hién bing
c4ch stt dung ADN hé gen cta ching AJ7869 lam khudn va cac doan mdi c6 cac trinh
tw néu trong SEQ ID NO: 32 va 33, dé khuéch dai manh ADN chta ving xudi chidu
ctia gen dher24. PCR dugc thuc hién béng céch sir dung caset biéu hién d6i v4i gen
khang zeoxin (Keishi Sakaguchi, et al., Versatile Transformation system that is
Applicable to both multiple transgene expression and gene targeting for
thraustochytrids., Applied and Environmental Microbiology. 2012 ;78(9):3193-3202.)
va cdc doan mdi ¢6 chc trinh tw néu trong SEQ ID NO: 34 va 35, dé khuéch dai manh
ADN chura gen khang zeoxin. PCR dugc thyc hién bang céach sir dung plasmit pUC19
lam khudn va cac doan mdi ¢6 cac trinh ty néu trong SEQ ID NO: 36 va 37, dé khuéch

dai manh ADN mach thing ctia pUC19. Cac manh ADN nay dugc tach dong bing
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cach sir dung In-fusion (Takara), va plasmit tao ra dugc goi la pUC19dher24-zeo. PCR
duoc thuc hién bing cach sit dung pUC19dher24-zeo 1am khudn va céc doan moi c6
cé4c trinh tw néu trong SEQ ID NO: 30 va 33, dé thu dugc manh ADN chira cac ving
nguoc chidu va xubi chidu cta gen dhcr24 va gen khang zeoxin & gifta. Manh ADN
ndy dugc dua vao trong ching AJ7869 bang phwong phap dién di (Keishi Sakaguchi,
et al., Versatile Transformation system that is Applicable to both multiple transgene
expression and gene targeting for thraustochytrids., Applied and Environmental
Microbiology. 2012 ;78(9):3193-3202), dé thu dugce chiing khang zeoxin. Chiing thu
duoc dugce goi 1a chung AJ7873. Ching nay la ching thiéu hut gen dhcr24 trong d6
gen dher24 da duge thay bang gen khang zeoxin.

[0153]

M3i ching trong sb cac ching AJ7869 va AJ7873 dugc cdy vao dia chita moi
truong nudi cly, trong d6 mdi truong nudi cdy 13 0,2 x méi trudng bao quan
Reichmani (Nissui) dugc didu ché v6i 0,5 x nudce bién nhan tao, trong d6 vitamin Bl
(Nacalai), vitamin B2 (Nacalai), va vitamin B12 (N acalai) dugc thém vao dén ndng do
cudi cung bang 2mg/l, 0,01mg/l, va 0,01mg/l, trong tng, va dugc nudi chy & 28,5°C
trong 60 gid. Nam vong platin chira cac t€ bao cia moi trudong trén dia dugc cao ra va
chy vao trong binh Erlenmeyer dung tich 500ml véi tAm chan chtra 50ml mdi trudng
GY duogc didu ché v6i 0,25 x nuée bién nhan tao ¢é thanh phﬁn dudi day, va dugc nuoi
chy & nhiét d6 nuodi cAy bang 28,5°C két hop khudy tron & 120rpm (quay) trong 24 gid.
Phéan phén uéc 1,5ml ctia canh nudi cdy thu duoc dugce cAy vao trong binh Erlenmeyer
dung tich 500ml v6i tim chan chira 48,5ml moi truong GTY duoc diéu ché vai 0,25 x
nude bién nhan tao, va duge nudi céy & nhiét do nuoi céy bang 28,5°C két hop khudy

tron ¢ 120rpm (quay) trong 48 gio.
[0154]

Sau khi hoan thanh qué trinh nuéi cdy, 0,5ml dung dich nudi cdy dugc ly tam,
va céc chét béo duoc chiét bing phuong phép Bligh-Dyer ra khoi chét két tia thu duoc,
d8 thu dugc phan chiét chét béo. Dé thuy phan cic sterol este trong phan chiét chét béo,
b6 kit metyl héa axit béo (Nacalai) c6 kha nang thily phan cac sterol este trong luc
metyl héa céc axit béo duge sit dung. Lép hexan thu dugce duoc ap dung cho sac ky

khi, d& dinh lugng mbi sterol. Trong lugng t& bao kho (DCW) dugc tinh bing céach ly
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tam 0,5ml dung dich nuéi cdy, 1am kho chét két tha thu dugc & 50°C trong 3 ngay, va
trit trong lwong ctia ng Eppendorf tir trong luong do duge. Cac két qua duoc thé hién
trong bang 3. O chiing AJ7873, lugng tich lily cholesterol bién mét, va céc lugng tich
lfly ctia stigmasterol va brassicasterol dugc ting ghp 1,4 1an va 2,2 14n luong tich Iity
cla stigmasterol va brassicasterol ciia chiing AJ7869, tuong tmg. Do d6, didu nay cho
thdy ring su thiéu hut gen dher24 c6 higu qua dbi véi su tich 1y cac sterol c6 metyl

hodc etyl o vi tri C24.
[0155]

Bang 3: Cac két qua nudi cly cta chung Aurantiochytrium sp.1 AJ7869 va chung cai

bién cta chung

Chung AJ7869 Chung AJ7873
(Chung kiéu dai) (Adhcr24)
DCW (g/1) 15,4 14
Cholesterol (g/1) 0,19 0
Stigmasterol (g/1) 0,17 0,24
Brassicasterol (g/1) 0.05 0,11
[0156]
Vidu6

X&y dung cac chung thiéu hut gen smtl va danh gia gidng nuoi cay (2)

Cac chung thiéu hut gen smtl (SEQ ID NO: 55) dugc xay dung tir cac chung
AJ7879 va AJ7868 dudi dang cac ching me bang phuong phap dudi day.
[0157]

Ménh ADN chira céc ving ngugc chidu va xudi chiéu ciia gen smtl va gen
khang blastixidin S & gitta thu dugc theo quy trinh duoc mo ta trong vi du 3.
[0158]

PCR dugc thuc hién bang cach sit dung ADN hé gen cta ching AJ 7869 dung
lam khuon va cac doan moi c¢é cac trinh ty néu trong SEQ ID NO: 8 va 9, d& khuéch
dai manh ADN chira vung ngugc chiéu cua gen smtl. PCR dugc thuc hién bang cach

sir dung ADN hé gen cia ching AJ7869 lam khuon va cac doan mdi co cac trinh tu
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néu trong SEQ ID NO: 10 va 11, dé khuéch dai manh ADN chira viing xudi chiéu cua
gen smtl. PCR duogc thuc hién bing cach sit dung caset biéu hién dbi voi gen khing
neomyxin (Keishi Sakaguchi, et al., Versatile Transformation system that is Applicable
to both multiple transgene expression and gene targeting for thraustochytrids., Applied
and Environmental Microbiology. 2012 ;78(9):3193-3202.) va cac doan mdi cb cac
trinh ty néu trong SEQ ID NO: 12 va 13, dé khuéch dai manh ADN chtta gen khéng
neomyxin. PCR dugc thuc hién béng cach st dung plasmit pUC19 lam khudn va céac
doan mdi ¢6 céc trinh ty néu trong SEQ ID NO: 14 va 15, dé khuéch dai manh ADN
mach thing ciia pUC19. Cac manh ADN nay duge budc 1an nhau bang céch sit dung
In-fusion (Takara), va plasmit tao ra dugc goi 1a pUC19smtl-neo. PCR dugc thuc hién
bang cach sir dung pUC19smtl-neo lam khudn va cac doan mdi cb céc trinh tu néu
trong SEQ ID NO: 16 va 17, dé thu dugc manh ADN chira cic ving nguoc chiu va

xudi chidu ctia gen smtl va gen khang neomyxin ¢ giita.
[0159]

Ménh ADN chira céc ving nguge chidu va xudi chidu ctia gen SMT1 va gen
khéng blastixidin S & gifta dugc dua vao trong chung AJ7879 bang phuong phap dién
di (Keishi Sakaguchi, et al., Versatile Transformation system that is Applicable to both
multiple transgene expression and gene targeting for thraustochytrids., Applied and
Environmental Microbiology. 2012 ;78(9):3193-3202), dé thu dugc chung khang
blastixidin S. Chung thu dugc duge goi la chung AJ7880. Chung nay la ching thiéu
hut gen smtl trong d6 gen smtl da dugc thay bang gen khang blastixidin S.

[0160]

Ménh ADN chira cc ving ngugc chidu va xudi chidu ciia gen smtl va gen
khang blastixidin S & gifra dugc dua vao trong ching AJ7868 bang phuong phap dién
di (Keishi Sakaguchi, et al., Versatile Transformation system that is Applicable to both
multiple transgene expression and gene targeting for thraustochytrids., Applied and
Environmental Microbiology. 2012 ;78(9):3193-3202), dé thu dugc chung khang
blastixidin S. Ching thu dugc dugc goi l1a chung AJ7868 khang blastixidin S. Chung
nay la ching thiéu hut gen smt1 trong d6 mot trong 36 hai gen smtl c6 mat trén nhiém
sic thé da duoc thay bing gen khang blastixidin S. Ching nay con dugc dua vao cung

v6i manh ADN chtra céc ving nguoc chidu va xudi chiu ciia gen smtl va gen khang
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neomyxin & giita bang phuong phép dién di, dé thu duogc ching khang neomyxin.
Chung thu dugc duge goi 12 ching AJ7878. Chung nay la ching thiéu hut gen smtl
trong d6 hai gen smtl cé mit trén nhidm sic thé da dugc thay twong Ung bing gen

khang blastixidin S va gen khang neomyxin.
[0161]

MB&i ching trong sd cac chiing AJ7879, AJ7880, AJ7868, va AJ7878 dugc cy
vao dia chira moi trudng nudi cdy, trong d6 mdi trudng nudi cdy 12 0,2 x mbi trudng
bao quan Reichmani (Nissui) dugc didu ché véi 0,5 x nuéde bién nhan tao, trong dé
vitamin B1 (Nacalai), vitamin B2 (Nacalai), va vitamin B12 (Nacalai) dugc thém vao
dén ndng d6 cudi cling bing 2mg/l, 0,01mg/l, va 0,01mg/l, twong tng, va dugce nudi
chy & 28,5°C trong 60 git. Nam vong platin chira cac t& bao cia méi trudng trén dia
duoc cao ra va cdy vao trong binh Erlenmeyer dung tich 500ml voi tAm chén chira
50ml méi truong GY duge didu ché véi 0,25 x nude bién nhan tao ¢6 thanh phan dudi
day, va dugc nuoi cdy & nhiét d6 nudi cly bang 28,5°C két hop khudy tron ¢ 120rpm
(quay) trong 24 gio. Phén phan udc 1,5ml cia canh nudi chy thu dugc dugc cly vao
trong binh Erlenmeyer dung tich 500ml v&i tAm chin chira 48,5ml moi truong GTY
dwoc didu ché véi 0,25 x nude bién nhan tao, va duoc nudi cdy o nhiét do nudi chy

bing 28,5°C két hop khudy tron & 120rpm (quay) trong 48 gio.
[0162]

Sau khi hoan thanh qua trinh nu6i cdy, 0,5ml dung dich nu6i chy dugc ly tam,
va cac chét béo dugc chiét bang phuong phép Bligh-Dyer ra khoi chét két tua thu duoc,
d8 thu duoc phan chiét chét béo. P& thuy phan céc sterol este trong phan chiét chét béo,
bd kit metyl h6a axit béo (Nacalai) c6 kha nang thity phén céc sterol este trong luc
metyl héa céc axit béo dugc sir dung. Lép hexan thu dugc duoc chay sic ky khi, dé
dinh luong mdi sterol. Trong lugng t& bao khd (DCW) duge tinh bang cach ly tim
0,5ml dung dich nu6i cdy, 1am kho chét két taa thu dugc & 50°C trong 3 ngay, va tru
trong luong cia 6ng Eppendorf tir trong lugng do duge. Cac két qua dugc thé hién
trong bang 4. O ching AJ7880, lugng tich lily stigmasterol bién mét, va luong tich iy
cholesterol dugc tang gap khoang 1,9 14n luong tich 1ty cholesterol cuia chiing AJ7879.
Ngoai ra, & ching AJ7878, lugng tich liy stigmasterol bién mét, va luong tich ldy

cholesterol dugc tang gip khoang 2,2 14n lugng tich lity cholesterol cuia chiing AJ7868.
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Do d6, didu d6 cho thiy ring, cfing ddi v&i cac chung Aurantiochytrium sp.1 khac, su

thiéu hut gen smt1 c6 tac dung tich iy cholesterol.
[0163]

Bang 4: Cac két qua nudi cdy cta cac ching Aurantiochytrium sp.1 kiéu dai va céac

chiing cai bién cta chiing

Chiing Chung
Chung AJ7879 Chung AJ7868
, AJ7880 ) AJ7878
(Chung kiéu dai) (Chuing kiéu dai)
(Asmtl) (Asmtl)
DCW (g/) 17,5 17,3 16,0 16,5
Cholesterol /DCW (%) 1,2 2,3 1,3 2,8
Stigmasterol /DCW (%) 1,1 0 1,3 0
[0164]
Vidu7

XAy dyng chung ting cudng biéu hién kép cia cac gen dher24 va dher7 va déanh gia
giéng nudi ciy

Ching tdng cudng biéu hién kép cta gen dher24 (SEQ ID NO: 29) va gen
dher7 (SEQ ID NO: 18) dugce xdy dung tir ching AJ7870 dudi dang chiing me bang
phuong phap dudi day.

[0165]

PCR dugc thuc hién céc doan mdi ¢6 cac trinh tu néu trong SEQ ID NO: 47 va
48, phdi hop véi plasmit chira caset biéu hién ddi véi gen khang neomyxin-gen dher?
(SEQ ID NO: 45), d& khuéch dai manh ADN chira caset biéu hién dbi v6i gen khang
neomyxin-gen dher7, va phdi hop véi plasmit chira caset biéu hién ddi véi gen khéng
zeoxin-gen dher24 (SEQ ID NO: 46), dé khuéch dai manh ADN chira caset biéu hién
ddi v6i gen khang neomyxin-gen dhcr24. Cic manh ADN nay dugc dua vao trong
chung AJ7870 bing phuong phip dién di (Keishi Sakaguchi, et al., Versatile
Transformation system that is Applicable to both multiple transgene expression and
gene targeting for thraustochytrids., Applied and Environmental Microbiology.
2012 ;78(9):3193-3202), dé thu dugc ching khang ca hai neomyxin va zeoxin. Chung

thu duge duge goi 12 chiing AJ7882. Chung nay la chung tdng cuong biéu hién kép cta
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cac gen dher24 va dher7 trong d6 cac gen dher24 va dher7 ngau nhién dugce dua vao

trong nhiém séc thé.

[0166]

Vidu8

X4y dung chung thiéu hut gen cyp710a va danh gia gibng nudi cly

Ching thidu hut gen cyp710a (SEQ ID NO: 41) ma héa sterol C-22 desaturaza
duoc x4y dung tir chung AJ7882 (chung ting cudng biéu hién kép cta cac gen dher24
va dher7) dudi dang chung me béng phuong phap dudi day.

[0167]

PCR dugc thuc hién bé'mg cach sir dung ADN hé gen cta chung AJ7869 lam
khuén va cac doan mdi ¢ cac trinh tu néu trong SEQ ID NO: 49 va 50, dé khuéch dai
manh ADN chra vung nguoc chidu cia gen cyp710a. PCR dugc thuc hién bang cach
stt dung caset biéu hién dbi v6i gen khang hygromyxin (pUC19 pUBI-HygR-SV40;
Keishi Sakaguchi, et al., Versatile Transformation system that is Applicable to both
multiple transgene expression and gene targeting for thraustochytrids., Applied and
Environmental Microbiology. 2012 ;78(9):3193-3202.) va cac doan mdi cb céc trinh ty
néu trong SEQ ID NO: 51 va 52, dé khuéch dai manh ADN chira gen khang blastixidin
S. PCR duogc thuc hién bang cach str dyng ADN hé gen cua chung AJ 7869 dung lam
khuon va céc doan mdi ¢b cac trinh ty néu trong SEQ ID NO: 53 va 54, dé khuéch dai
méanh ADN chira ving xudi chiéu ctia gen cyp710a. PCR trao ddi chéo duge thyc hién
bang cach sir dung cdc manh ADN nay lam khuon va cac doan mdi c6 cic trinh ty néu
trong SEQ ID NO: 49 va 54, dé thu dugc manh ADN chira cic ving nguoc chidu va
xudi chidu cta gen cyp710a va gen khang hygromyxin ¢ gifta. Manh ADN nay dugc
dua vao trong chung AJ7882 bing phuong phép dién di (Keishi Sakaguchi, et al.,
Versatile Transformation system that is Applicable to both multiple transgene
expression and gene targeting for thraustochytrids., Applied and Environmental
Microbiology. 2012;78(9):3193-3202), dé thu duoc chung khang hygromyxin. Chung
thu dugc duoc goi 1a ching AJ7881. Chiing nay la ching thiéu hut gen cyp710a trong
d6 gen cyp710a da dugc thay bang gen khéng hygromyxin.

[0168]
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MBi chiing trong sé cac chiing AJ7870, AJ7881, va AJ7882 dugc cdy vao dia
chira moi truong nudi cy, trong d6 méi truedng nudi chy 13 0,2 x mdi trudng bao quan
Reichmani (Nissui) dugc didu ché vé6i 0,5 x nude bién nhan tao, trong d6 vitamin Bl
(Nacalai), vitamin B2 (Nacalai), va vitamin B12 (Nacalai) dugc thém vao dén ndng do
cubi cing bing 2mg/l, 0,01mg/l, va 0,01mg/l, tuong tmg, va duoc nudi chy & 28,5°C
trong 60 gid. Nam vong platin chira cac t& bao ctia méi trudng trén dia dugc cao ra va
chy vao trong binh Erlenmeyer dung tich 500ml véi tAm chin chira 50ml mdi trudng
GY duogc didu ché vé&i 0,25 x nudce bién nhan tao cé thanh phﬁn dudi day, va dugc nudi
chy & nhiét d6 nudi cly bing 28,5°C két hop khudy tron ¢ 120rpm (quay) trong 24 gid.
Phan phan wéc 1,5ml ctia canh nubi chy thu dugc duge cAy vao trong binh Erlenmeyer
dung tich 500ml v6i tAm chén chira 48,5ml moi trudng GTY duoc diéu ché véi 0,25 x
nuée bin nhan tao, va duge nudi cdy & nhiét d6 nuoi cdy bing 28,5°C két hop khudy

trén & 120rpm (quay) trong 48 gio.
[0169]

Sau khi hoan thanh qua trinh nuéi cdy, 0,5ml dung dich nudi cly duge ly tam,
va céc chit béo duoc chiét bing phuong phép Bligh-Dyer ra khoi chét két tha thu dugc,
8 thu dugc phén chiét chét béo. D& thiy phan cic sterol este trong phan chiét chét béo,
bo kit metyl hoa axit béo (Nacalai) c6 kha néng thuy phan cac sterol este trong luc
metyl héa cac axit béo dugc sir dung. Lép hexan thu dugc duoc chay sic ky khi, dé
dinh luong mdi sterol. Trong luong té bao kho (DCW) duge tinh bang cach ly tim
0,5ml dung dich nudi cay, 1am kho chét két taa thu duoc & 50°C trong 3 ngay, va trur
trong lugng cua 6ng Eppendorf tr trong luong do duge. Cac két qua dugc thé hién
trong bang 5. O ching AJ7882 (chung ting cudng biéu hién kép Asmtl/dhcr24+dher7),
luong tich iy cholesterol dugc ting gép khoang 1,3 14n lugng tich Iy cholesterol ctia
chung AJ 7870 (Asmtl). Ngoai ra, & ching AJ7881 (ching tang cudng biéu hién kép
Asmt1Acyp710a/dher24+dher7), luong tich ldy cholesterol dugc ting gip khoang 1,2
1An luong tich lily cholesterol ciia ching AJ7882 (ching ting cudng biéu hién kép
Asmt1/dhcr24+dher7). Do d6, didu d6 da cho thdy rang viéc gia tang con dudng sinh
tdng hop cholesterol nhu dher7 va dher24 va ngén chan sy san sinh san pham phu cua
céc sterol khong no C22 cac bing cach 1am x4o tron gen cyp710a co tac dung dbi véi

su tich lity cholesterol & ching thiéu hut gen smt1.
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[0170]

Bang 5: Céc két qua nudi cdy cua céc ching cai bién ctia chiing Aurantiochytrium sp.1

AJ7869

Chiing AJ7882 Ching AJ7881
Chung , .
(ching tang cudng bi€u (chiing tang cuong biéu hién
AJ7870
hién kép kép AsmtlAcyp710a
(Asmtl)
Asmt1/dhcr24+dher7) /dher24+dher7)
DCW (g/) 16,6 15,7 15
Cholesterol (g/1) 0,34 0,41 0,46
Cholesterol /DCW (%) 2,0 2,6 3,1

Kh4 ning ap dung trong cong nghiép
[0171]

Theo séng ché, kha ning san sinh sterol cia vi sinh vét Labyrinthulea co thé

duogc cai thién, va sterol co thé duoc san sinh mot cach ¢6 hiéu qua.

[0172]

Giai thich danh muc trinh tu

Céc trinh ty SEQ ID NO:

1-2: Cac doan mdi

3: Trinh tu nucleotit ciia viing 18S rDNA cua ching Aurantiochytrium sp.1 AJ7869

4: Trinh ty nucleotit cta viung 18S rDNA cua chung Aurantiochytrium sp.1
BURABG162

5: Trinh tu nucleotit ciia ving 18S rDNA cua ching Aurantiochytrium sp.1 SKE217
6: Trinh tu nucleotit ciia ving 18S rDNA cta ching Aurantiochytrium sp.1 SKE218
7: Trinh tu nucleotit cia gen SMT1 cua ching Aurantiochytrium sp.1 AJ7869

8-17: Céc doan mdi

18: Trinh ty nucleotit ciia gen DHCR7 ctia chung Aurantiochytrium sp.1 AJ7869

19-28: Céc doan mdi
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29: Trinh tu nucleotit ctia gen DHCR24 ctia ching Aurantiochytrium sp.1 AJ7869
30-37: Cac doan mdi

38: Trinh ty axit amin ciia SMT1 cta ching Aurantiochytrium sp.1 AJ7869

39: Trinh tu axit amin cia DHCR7 ctia chiing Aurantiochytrium sp.1 AJ7869

40: Trinh tu axit amin cia DHCR24 ctia ching Aurantiochytrium sp.1 AJ7869

41: Trinh tu nucleotit ciia gen cyp710a cta chiing Aurantiochytrium sp.1 AJ7869
42: Trinh ty axit amin cia CYP710A cta ching Aurantiochytrium sp.1 AJ7869

43: Trinh tu nucleotit ctia ving 18S rDNA ctia chiing Aurantiochytrium sp.1 AJ7868
44: Trinh tu nucleotit cia ving 18S rDNA cta ching Aurantiochytrium sp.1 AJ7879
45: Trinh tu nucleotit ctia caset biéu hién d6i véi gen khang neomyxin-gen dher7
46: Trinh tu nucleotit ctia caset biéu hién dbi v6i gen khang zeoxin-gen dhcr24
47-54: Céac doan mdi

55: Trinh tu nucleotit ctia gen SMT1 cla cac ching Aurantiochytrium sp.1 AJ7868 va
AJ7879

56: Trinh tu axit amin ciia SMT1 clia cac ching Aurantiochytrium sp.1 AJ7868 va
AJ7879
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YEU CAU BAO HQ
1. Vi sinh vat Labyrinthulea, trong d6 vi sinh vat nay:
¢6 kha nang san sinh sterol,
l1a Aurantiochytrium sp.1,

da dugc cai bién dé hoat tinh cua 24-dehydrocholesterol reductaza duge
giam so v&i chung khong dugc cai bién bang cach lam giam su biéu hién cua gen
ma hoa 24-dehydrocholesterol reductaza hodc lam x4o trdn gen nay, va

trong do sterol 1a stigmasterol va/hoéc brassicasterol.

2. Vi sinh vat theo diém 1, trong do hoat tinh cua 24-dehydrocholesterol reductaza
dugc giam Xuéng bﬁmg cach loai bé mot phén hodc toan bo trinh tu axit amin cia

24-dehydrocholesterol reductaza.

3. Vi sinh vat theo diém 1 hoic 2, trong d6 24-dehydrocholesterol reductaza 1a
protein dugc x4c dinh trong phan (a), (b), hoic (c) néu dudi day:
(a) protein chtra trinh ty axit amin néu trong SEQ ID NO: 40;

(b) protein chia trinh ty axit amin néu trong SEQ ID NO: 40, nhung bao
gém su thay thé, loai b, cai, va/hoic ) sung tur 1 dén 10 géc axit amin, va c6 hoat

tinh 24-dehydrocholesterol reductaza;

(c) protein chira trinh ty axit amin thé hién do dong nhét cao hon hoic bing
90% véi trinh tu axit amin néu trong SEQ ID NO: 40, va c6 hoat tinh 24-

dehydrocholesterol reductaza.

4. Vi sinh vat theo diém bét ky trong sé cac diém tir 1 dén 3, trong d6 trinh tu
nucleotit ctia 18S rDNA cua vi sinh vat nay c6 d6 dong nhat cao hon hoic bang 97%
véi trinh tu nucleotit néu trong SEQ ID NO: 3.

5. Vi sinh vt theo diém bét ky trong s cic diém tir 1 dén 4, 12 chung cai bién dugc
din xudt tir chung Aurantiochytrium sp.1 AJ7869 (FERM BP-22342), AJ7868
(FERM BP-22290), hodc AJ7879 (FERM BP-22367).

6. Phuong phap san xuét sterol, phwong phéap nay bao gdm cac budc:

nudi cay vi sinh vat theo diém bat ky trong s6 cac diém tir 1 dén 5 trong moi

trudng nudi cdy; va

thu hoi sterol tir cac t€ bao dugce tao ra bang budc nudi cay nay, trong do
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sterol 1a stigmasterol va/hodc brassicasterol.

7. Phuong phéap theo diém 6, trong d6 sterol 1a sterol tu do, sterol este, steryl

glucosit, axyl steryl glucosit, hodc hdn hgp ctia ching.
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211> 21

<212> ADN
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<213>

220>

<223>

<400> 2

doan moi

Trinh ty nhan tao

tgatccttct gcaggttcac ¢

<210> 3
<211>
<212> ADN

<213>

<400> 3

cagtagccct
actgtgaaac
cggatacctg
gccgcactta
ttttcggagc
gcctacggtg
agagacggct
acgaggtagt
gcaatgtaaa
taattccagc
ttctggtgtg
tgccatcctc
agcaggeegt
ttgttggttt

gagctagagg

1761

acgctcgtct
tgcgaacggc
cagtaattct
ttaggtctaa
gatgaatcgt
actataacgg
accacatcca
gacgagaaat
accctcatcg
tccagaagcg
ggagcccagy

gtttttettt

agggccggta

Aurantiochytrium sp.1

caaagactaa
tcattatatc
ggaattaata
gccaacgttc
ttgagtttct
gtgacgggga
aggaaggcag
atcaatgcgg
aggatcaact
tatgctaaag
cctcggtgceg
tgaagaacgt

tgtttattat

41582

gccatgcatg
agttataatc
cgtgcetgtac
ttggtgagtc
gccccatcag
gttagggctc
caggcgcegta
ggcgcttcege
ggagggcaag
ttgttgcagt
aatgcgectt
cattcactgt

gggatgatca

gcacatctga gtaatgatta ataggaacag

tgaaattctt ggatttccga aagacgaact
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tgtaagtata
ccttcggtag
gggcccgact
atgataattg
ttgtcgacgg
gactccggag
aattacccaa
gtcttgctat
tctggtgcca
taaaaagctc
gtattgecctt
aatcaaagca

gataggactc

tcgggggtat
acagcgaagg

agcgaattat
ttcctttaga
ttcggegags
agcagatcgc
tagggtattg
agggagcectg
tgtggactcc
tggaatgaga
gcagecgegg
gtagttgaat
gcggetectt
gagtgttcca
gggtgctatt
ccgtatttag

catttaccaa

21
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480
540
600
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720
780
840

900



gcatgttttc
agtctagacc
gcagcacatg
cttaaaggaa
acacgggaaa
tgattctatg
ttccgttaac
ttgtggcttc
tctgtgatgc
ctttgttgtg
ccatcgtgcet
cgcaagtcat
ctaccgattg
gaggtgggaa
cgtaggtgaa

<210> 4
<211>
<212> ADN

<213>

<400> 4

tcgctegtcet
tgcgaacggc
cagtaattct
ttaggtctaa

gatgaatcgt

1731

attaatcaag
gtaaacgatg
agaaatcaaa
ttgacggaag
acttaccagg
ggtgeteetg
gaacgagacc
ttagagggac
ccttagatgt
tttactcaca
ggggctagat
cagcttgceat
aacggtccga
ctcgggtgaa
cctgcggaag

caaagactaa
tcattatatc
ggaattaata
gccaacgttc

ttgagtttct

aacgaaagtc
ccgacttgeg
gtectttgggt
ggcaccacca
tccagacata
catggcecegtt
tcggectact
atgttcggtt
tctgggecegce
gegttgettt
ttttgcaatt
tgaatacgtc
tgaaaccatg

tcttattgtt

g

Aurantiochytrium sp.1

gccatgcatg
agttataatc
cgtgetgtac
ttggtgagtc

gccccatcag

actataacgg gtgacgggga gttagggctc

accacatcca aggaaggcag caggcgegta

41582

tggggatcga
attgcgggtg
Tccgeeessa
ggagtggagc
ggtaggattg
cttagttggt
aaatagccgg
tacgagcagg
acgcgegcta
gtcggaaggc
attaatctcc
cctgeecttt

ggactacctt

tagaggaagg

tgtaagtata
cctteggtag
gggcecgact
atgataattg
ttgtcgacgg
gactccggag

aattacccaa
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agatgattag
gcttgtattg
gtatggtcgc
ctgecggctta
acagattgag
ggagtgattt
gegtatggeg
aagttcgagg
cactgatggsg
atggctaatc
aacgaggaat
gtacacaccg
ttgagcgttt

tgaagtcgta

agcgaattat
ttcctttaga
ttcgggsags
agcagatcgc
tagggtattg
agggagcctg
tgtggactcc

ataccatcgt
ggcctccgcea
aaggctgaaa
atttgactca
agctctttct
gtctggttaa
acatatgtgt
caataacagg
ttcagecgggt
ctttgaacgc
tcctagtaaa
cccgtcegcac
gttcgcgatg

acaaggtttc

actgtgaaac
cggatacctg
gccgcactta
ttttcggagc
gcctacggtg
agagacggct
acgaggtagt

960
1020
1080
1140
1200
1260
1320
1380
1440
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1560
1620
1680
1740

1761

60
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180
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420



gacgagaaat
accctcatcg
tccagaagceg
ggagcccagg
gtttttcttt
agggcceggta
gcacatctga
tgaaattctt
attaatcaag
gtaaacgatg
agaaatcaaa
ttgacggaag
acttaccagg
ggtegteets
gaacgagacc
ttagagggac
ccttagatgt
tttttcactg
ggggctagat
cagcttgcat
aacggtccga

ctcgggtgaa

<210> 5
<211> 1764
<212> ADN

<213>

atcaatgcgg
aggatcaact
tatgctaaag
ccteggtgeg
tgaaggacgt
tgtttattat
gtaatgatta
ggatttccga
aacgaaagtc
ccgacttgceg
gtctttgggt
ggcaccacca
tccagacata
catggccgtt
tcggectact
atgttcggtt
tctgggecgc
aagttgettt
ttttgcaatt
tgaatacgtc
tgaaaccatg

tcttattgtt

ggcgettegce
ggagggcaag
ttgttgcagt
aatgcgcectt
cattcactgt
gggatgatca
ataggaacag
aagacgaact
tggggatcga
attgcgggtg
tccggeesea
ggagtggagc
ggtaggattg
cttagttggt
aaatagccgg
tacgagcagg
acgcgcgcta
gtcggaaggc
attaatctcc
cctgeecttt

ggactacctt

tagaggaagg

Aurantiochytrium sp.1

41582

gtcttgctat
tctggtgceca
taaaaagctc
gtcttgectt
aatcaaagca

gataggactc

tcgggggtat
acagcgaagg
agatgattag
gcttgtattg
gtatggtcgc
ctgcggetta
acagattgag
ggagtgattt
gcgtatggeg
aagttcgagg
cactgatggg
atggctaatc
aacgaggaat
gtacacaccg
ttgagcgttt

tgaagtcgta
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tggaatgaga
geageegegg
gtagttgaat
gecggetectt
gagtgttcca
gggtgectatt
ccgtatttag
catttaccaa
ataccatcgt
ggecctccgcea
aaggctgaaa
atttgactca
agctctttct
gtctggttaa
acatatgtgt
caataacagg
ttcagcgggt
ctttgaacgc
tcctagtaaa
cccgtcegeac
gttcgcgatg

acaaggtttc

gcaatgtaaa
taattccagc
ttctggtgtg
tgccatcctc
agcaggccgt
ttgttggttt
gagctagagg
gcatgttttc
agtctagacc
gcagcacatg
cttaaaggaa
acacgggaaa
tgattctatg
ttccgttaac
ttgtggcttc
tctgtgatgce
gatttatggg
ccatcgtgct
cgcaagtcat
ctaccgattg
gaggtgggaa

C

480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680

1731



<220>
<221>
<222>

<223>

<220>
221>
<222>

<223>

220>
<221>
<222>

<223>

220>
221>
222>

<223>

<220>
<221>
222>

<223>

<220>
<221>
222>

<223>

misc_feature
(532)..(532)

n la a, ¢, g, hoac

misc_feature
(535)..(535)

n la a, ¢, g, hoac

misc_feature
(630)..(630)

n la a, ¢, g, hoac

misc_feature
(687)..(687)

n la a, ¢, g, hoac

misc_feature
(1000) .. (1001)

n la a, ¢, g, hoac

misc_feature
(1397)..(1397)

n la a, ¢, g, hoac

41582
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220>
221>
222>

<223>

<220>
<221>
222>

<223>

220>
<221>
222>

<223>

<220>
<221>
222>

<223>

<400> 5

ccagtagccc
tactgtgaaa
acggatacct
ggccgeactt
cttttcggag
ggcctacggt
gagagacggc
cacgaggtag
agcaatgtaa

misc_feature

(1722)..(1722)

misc_feature

(1751)..(1751)

misc_feature

(1755) . .(1755)

misc_feature

(1762) . .(1762)

tacgctcegtc
ctgcgaacgg
gcagtaattc
attaggtcta
cgatgaatcg
gactataacg
taccacatcc
tgacgagaaa

aaccctcatc

nlaa, c, g, hoac t

nlaa, ¢, g, hoac t

nlaa, c, g, hoac t

nlaa, c, g, hoac t

tcaaagacta
ctcattatat
tggaattaat
agccaacgtt
tttgagtttc
ggtgacgges

aaggaaggca
tatcaatgcg

gaggatcaac

41582

agccatgcat
cagttataat
acgtgctgta
cttggtgagt
tgccccatca
agttagggct
gcaggegegt
gggegcetteg
tggagggcaa
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gtgtaagtat
ccctteggta
cgggecccgac
catgataatt
gttgtcgacg
cgactccgga
aaattaccca
cgtcttgcta

gtctggtgcc

aagcgaatta
gttcctttac
tttcgggeag
gagcagatcg
gtagggtatt
gagggagcct
atgtggactc
ttggaatgag

ancanccgcg

60

120

180

240

300

360

420

480

540



gtaattccag
tttctggtgt
ttgccatcect
aagcaggccg
tttgttggtt
ggagctagag
agcatgtttt
tagtctagac
agcagcacat
acttaaagga
aacacgggaa
ttgattctat
attccgttaa
tttgtggett
gtctgtgatg
tetttgttgt
cccategtgce
acgcaagtca
cctaccgatt

ggaggeeeea
ccgtaggtga

<210> 6
<211>
<212> ADN

<213>

220>

1711

ctccagaagc

gggagcccag
cgtttttctt

tagggeeggt
tgcacatctg
gtgaaattct
cattaatcaa
cgtaaacgat
gagaaatcaa
attgacggaa
aacttaccag
gggtggtest
cgaacgagac
cttagaggga
cccttanatg
gtttactcac
tggggctaaa
tcagcttgcea
gaacggtccg
actcgggtga

ncctngecgga

gtatgctaaa
gcecteggtgn
ttgaagnacg
atgtttatta
agtaatgatt
tggatttccg
gaacgaaagt
gccgacttgce
agtctttggg
gggcaccacc
gtccagacat
gcatggcecegt
ctcggectac
catgttcggt
ttctgggecg
agcgttgett
tttttgcaat
ttgaatacgt
atgaaaccat

atcttattgt

angsg

Aurantiochytrium sp.1

41582

gttgttgcag
gaatgcgect
tcattcactg
tgggatgatc
aataggaaca
aaagacgaac
ctggggatcg
gattgcgggn
Ttccggesss
aggagtggag
aggtaggatt
tcttagttgg
taaatagccg
ttacgagcag
cacgcgegct
tgtcggaagg
tattaatctc
ccctgeectt
gggactacct

ttaaaggaag
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ttaaaaagct
tgtattgect
taatcaaagc
agataggact
gtcggegsgta
tacagcgaag
aagatgatta
ngcttgtatt
agtatggtcg
cctgeggett
gacagattga
tggagtgatt
ggcgtatggc
gaagttcgag
acactgatgg
catggctaat
caacgaggaa
tgtacacacc
tttgagcgtt

gngaagtcgt

cgtagttgaa
tgecggetccc
agagtgttcc
cgggtgctat
tccgtattta
gcatttacca
gataccatcg
gggcttccgce
caaggctgaa
aatttgactc
gagctctttc
tgtctggtta
gacatatgtg
gcaataacag
gttcageggs
cctttgaacg
ttcctagtaa
gcecegtcegcea
tgttcccaat

aacaaggttt

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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221>
<222>

<223>

<40@> 6

ctgccagtag
ttatactgtg
tacacggata
gagggccgea
tegettttceg
attggcctac
cctgagagac
ctccacgagg
gagagcaatg
gcggtaattc
gaatttctgg
cctttgcecat
tccaagcagg
tattttgttg
ttaggagcta
ccaagcatgt
tcgtagtcta
cgcagcagca
gaaacttaaa
ctcaacacgg
cttgattcta
aattccgtta
gtttgtggcet
ggtctgtgat
gtctttgttg

misc_feature

(1451)..(1451)

ccctacgcetc
aaactgcgaa
cctgcagtaa
cttattaggt
gagcgatgaa
ggtgactata
ggctaccaca
tagtgacgag
taaaaccctc
cagctccaga
tgtgggagcc
cctegttttt
ccgtagggcc
gtttgcacat
gaggtgaaat
tttcattaat
gaccgtaaac
catgagaaat
ggaattgacg
gaaaacttac
tgggtegtes
acgaacgaga
tcttagaggg
gcccttaaat

ngtttactca

nla a, ¢, g, hoac t

gtctcaaaga
cggctcatta
ttctggaatt
ctaagccaac
tcgtttgagt
acgggtgacg
tccaaggaag
aaatatcaat
atcgaggatc
agcgtatgct
caggcctcgg
cttttgaaga
ggtatgttta
ctgagtaatg
tcttggattt
caagaacgaa
gatgccgact
caaagtcttt
gaagggcacc
caggtccaga
tgcatggeeg
cctcggecta
acatgttcgg
gttctgggcc
cagegttgcet

41582

ctaagccatg
tatcagttat
aatacgtgct
gttcttggtg

ttctgcccca

gggagttagg
gcagcaggcesg
gcggggegct
aactggaggg
aaagttgttg
tgcgaatgeg
acgtcattca
ttatgggatg
attaatagga
ccgaaagacg
agtctgggga
tgcgattgeg
gggttccggg
accaggagtg
cataggtagg
ttcttagttg
ctaaatagcc
tttacgagca
gcacgegegce
ttgtcggaag
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catgtgtaag
aatcccttceg
gtacgggccc
agtcatgata
tcagttgtcg
gctcgactcc
cgtaaattac
tcgegtettg
caagtctggt
cagttaaaaa
ccttgtattg
ctgtaatcaa
atcagatagg
acagtcgggg
aactacagcg
tcgaagatga
ggtggettgt
gggagtatgg
gagcctgegg
atgacagatg
gtggagtgat
gggcgtatgg
ggaagttcga
tacactgatg

gcatggctaa

tataagcgaa
gtagttcctt
gactttcggg
attgagcaga
acggtagggt
ggagaggeas
ccaatgtgga
ctattggaat
gccagcagcc
gctcgtagtt
ccttgeggcet
agcagagtgt
actcgggtgc
gtatccgtat
aaggcattta
ttagatacca
attgggcttc
tcgcaaggcet
cttaatttga
agagctcttt
ttgtctggtt
cgacatatgt
ggcaataaca

ggttcagcgg
tcctttgaac

60
120
180
240
300
360
420
480
540
600
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720
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960

1020
1080
1140
1200
1260
1320
1380
1440

1500



gcccatcgtg ctggggetag atttttgeaa

aacgcaagtc atcagcttgec attgaatacg

acctaccgat tgaacggtcc gatgaaacca

tggaggtggg aactcgggtg aatcttattg

210> 7
<211> 1011
<212> ADN
<213>

<400> 7

atggtcgttc
aaccatgcca
gtcaagagct
ttccacttcg
cactggctcg
ggtgtctgcg
accatctccg
aaccgctgca
gactgcggct
gaggtcgagc
cccaagcaca
aacgccattg
ggtctcgagc
gagcccctca
ctcaccgcga
aacgcctccc

atctacaccc

tctgggagaa
tgaagaacac
tctacgectc
cccecgegeaa
ccgcccaget
gceceectegt
acttccagat
aggccgtcga
acgactgcga
gcgtcctcecg
acccggagga
ccgtcctcca
tcgtcgaggce
agcctggett
acctcgecccg
aggtcctcga

ccatctacta

Aurantiochytrium sp.1

gggcgagaac
cgtggacaac
ggtcgccacc
Caagggcegasg
cggcatccgc
caacatcgcc
cgceegeggce
gggtgacttc
ggccaccgec
cccecggeggt
ccccgaggag
cagctttgac
ctacgacgcc
ctctatcgac
cgtcaccgag
ggttgetgcec

ctacaaggtc

41582

ttattaatct ccaacgagga attcctagta

tccctgecct ttgtacacac cgecegtege

tgggactacc ttttgagcgt ttgttcgcga

t

cactcgtcgg
gaggacaagsg
agcctctacg
ggcttcaagg
cccggecagg
aagttctccc
aacgcctgga
cacgagctcc
cactccacca
gtcttcgecg
gtcaagattc
gactacgtca
aacaagctcg
ggcatcctca
gccatcggcec

cgctcectceg

cgcaaggtcg

-76-

accagttcgt
acaagaacta
agtacggctg
agtccctect
atgtctgtga
gcgccaacat
tcgcccagaa
ccttcgagga
agctcaacac
gcttcgectg
tcgaggacct
acgccatcaa
gcgacgacat
tgtcctgggc
ttgcccccaa
tcgacgecegg

ccaagaacta

tggcgecatc
cgcacccgtg
gggcaagtcc
ccgccaggag
cctcggetgce
caccggegtg
cggcctctcec
caactccttc
cttcttcgec
ggtcaccctc
tgecetttgge
ggccaacccc
ggagtggcac
tggccgccag
gggcacctac
cgaccgeggt

a

1560
1620
1680

1711

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1011



<210>
211>
<212>

<213>

220>

<223>

<400>

41582

8
40
ADN

Trinh ty nhan tao

doan moi

8

ttgggtaacg ccaggggagg ctgcctgege tggaatgega

<210>
<211>
212>

<213>

<220>

223>

<400>

9
43
ADN

Trinh ty nhan tao

doan moi

9

cgtgactggg aaaacttgtc ctcgttgtcc acggtgttct tca

<210>
<211>
212>

<213>

10
41
ADN

Trinh ty nhan tao

-77-

40

43



41582

<220>

<223> doan mbi

<400> 10

catagctgtt tcctgacaag aactacgcac ccgtggtcaa g

<210> 11
<211> 41
<212> ADN

<213> Trinh ty nhan tao

220>

<223> doan mdi

<400> 11

gataacaatt tcacattagt tcttggcgac cttgeggacc t

<210> 12
<211> 17
<212> ADN

<213> Trinh ty nhan tao

220>

<223> doan mdi

<400> 12

gttttcccag tcacgac

-78-



<210> 13
<211> 17
<212> ADN

<213> Trinh ty nhan tao

220>

<223> doan mdi

<400> 13

caggaaacag ctatgac

<210> 14
<211> 25
<212> ADN

<213> Trinh ty nhan tao

220>

<223> doan moi

<400> 14

cctggegtta cccaacttaa tecgec

<210> 15
<211> 28
<212> ADN

<213> Trinh ty nhan tao

41582

-79-

17

25



220>

<223>

<400>

tgtgaaattg ttatccgctc acaattcc

<210>
211>
<212>

<213>

220>

223>

<400>

doan moi

15

16
25
ADN

Trinh ty nhan tao

doan moi

16

ggaggctgec tgecgetggaa tgcega

<210>
<211>
<212>

<213>

220>

223>

<400>

17
26
ADN

Trinh ty nhan tao

doan moi

17

ttagttcttg gecgaccttge ggacct

41582

-80-

28

25

26



<210> 18

<211> 1671
<212> ADN
<213>
<400> 18

ttgtacgagg
ccgegtgege
ccgcaacgag
acggagagac
aggatggegsg
gccgeageag
gtgggcatcg
acgccgctca
ttcctcgaaa
tacacccgeg
cagctcctgc
ggcaaccgcc
tacgggctcg
gaattcattg
ggegeegtgg
tactggggca
tgccgctatg
gagcgetttg
ctggccaagt
cgegeegget
cccacggect

ttegtetttt

tttcgcgeca

cgegtgececg
atcgtgegtg
gccageccecg
agccagagaa
ccggaaagcea
ccgccaagaa
gccecgaggce
ccagcatcat
atgcatggga
acgccttcaa
tcatgcgatt
ccatctacaa
gcgtgtactc
cctccatgaa
ctccctccag
ccgagctgta
gcatgactgg
gcgaggtcag
tccacatttg
actacatttg
ttctegtgcet

gcectgetcetc

aggacggcaa

Aurantiochytrium sp.1

gggcagaagg
cgagcgtgge
agcagcgageg
acagacgaga
gggaggcrecc
gaagtcggaa
cctgegegec
cctgagccga
cgtcatcgag
ccccttegtg
catgcccgga
ggacaactgc
tggecctcttc
catcttcgcec
ctccgactcg
cccgegeatce
ctgggccectg
caactcaatc
ggagcegtgec
ctggggetgce
ccacccgtac
catcttcctc

gatgaagatc

41582

cgcaagcagg
cgcgagagac
gcagcagcga
aagcagacgc
aaggccaagg
atgtggagcg
acgctcatgc
agtgtcgtca
gagatcctcg
tggaagatga
cccacgtacg
tttgectget
aacggtggca
ctcatctttg
ggectctegg
ctcggetggg
ctctgeacct
ctcattgccg
tacatgttca
ctcgtctggg
aactttccca

aactacgacg

tggggcaage

-81-

caggcaaacg
ctcctcgecg
gggaggeags
ggaaggcacg
gcectcgegcec
gagcgtccac
cggttctgcet
ccaccaagca
aaaagggcat
tcggcaccta
agggcccgea
acgtggcctc
tcgectttga
tggctatcct
gtaacatcgc
acgtcaaggt
cgttcgecta
ccgctctcca
ccattgacat
tccccagect
cttgggecegce
tcgaccgtca

acgccgagta

cgatctccga
ggcggcaaat
agcagegecg
cgcgegaagce
cgcgggeage
ctccgagagc
cgtactttcc
cgactcctcg
cgtctacacg
catggtcgtc
aagccccatg
ctttgccctc
ctactttcag
ctacgtcaag
ctttgactac
ctttaccaac
cgcgcagtac
ggtcatctac
catgcacgac
ctacgccgca
cgcggegeag
gcgccaggaa

cctegtcegcec

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320

1380



41582

gagtacacga cgagcgacgg caagaagcac tcctccatgc

ggtcaggctc gcaagatcaa ctactttttc gagetttgeg

attgttgccc acccctttca ccttetggea tgggtctact

ctcatcgacc gtgectggeg tgacgacgeg cgetgtgeat

gacgagtaca aggtcaaggt cccctacctg atcatcccgg

<210>
<211>
<212>

<213>

220>

<223>

<400>

19
38
ADN

Trinh ty nhan tao

doan méi

19

ttgggtaacg ccaggggtge geegggeege tgttcttc

210>

<211>

<212>

<213>

<220>

<223>

<400>

20
39
ADN

Trinh tu nhan tao

doan moi

20

cgtgactggg aaaacgaagg cgtcgegggt gtacgtgta

-82-

ttttgcactc
ctgecttttc
ttgecctttcet
ccaagtatgg

gtgtctacta

gggetggteg
ctggtctgtc

ctttattctc
cgaaaagtgg

a

1440
1500
1560
1620

1671

38

39



<210>
<211>
<212>

<213>

220>

<223>

<400>

catagctgtt tcctggtatt gtgtctagaa ttttcactcg gt

<210>
<211>
212>

<213>

220>

223>

<400>

41582

21
42
ADN

Trinh ty nhan tao

doan moi

21

22
39
ADN

Trinh ty nhan tao

doan moi

22

gataacaatt tcacaggcgc aaagatgcgg tcatcatgt

<210>
<211>
<212>

<213>

23
17
ADN

Trinh ty nhan tao

-83-

42

39



220>

<223> doan moi

<400> 23

gttttcccag tcacgac

<210> 24
<211> 17
<212> ADN

<213> Trinh ty nhan tao

220>

<223> doan moi

<400> 24

caggaaacag ctatgac

<210> 25
<211> 25
<212> ADN

<213> Trinh ty nhan tao

<220>

<223> doan moi

<400> 25

cctggegtta cccaacttaa tcgec

41582

17

17

25



<210>

<211>

212>

<213>

220>

<223>

<400>

41582

26
28
ADN

Trinh ty nhan tao

doan moi

26

tgtgaaattg ttatccgectc acaattcc

210>
<211>
<212>

<213>

220>

223>

<400>

27
23
ADN

Trinh ty nhan tao

doan moi

27

ggtgegeegg geegetgtte ttce

<210>

211>

<212>

<213>

28
24
ADN

Trinh ty nhan tao

-85-

28

23



220>
<223> doan moi
<400> 28

ggcgcaaaga tgeggtcatc atgt

<210> 29
<211>
<212> ADN
<213>

<400> 29

atgacggagc
gacatcatgt
cacaaacagc
cccggeacca
ccgtacaaaa
gaaaccgaaa
ctcatccctc
ggtctcttca
ttcgtcatcg
cagaaccgceg
tcctgcaaga
cacaacaaaa
gactttgtcg
gtcgacgaag
tggtacttca
gagtacatcc

gagcagatca

1572

agcggggeat
tcgcactgceg
gtgtgcagga
agctgtgcac
aggtggccac
gctatgtcca
gcggctacac
tgggcaccgg
aggccgaggt
acctcttcga
tcaaggtcat
agcagggcct
agtgcatcgc
atgccgtcga
agcacgtcga
ccatccgcca

tccecctttgg

Aurantiochytrium sp.1

cttcgtgaca
ctcgtggctc
agcctceget
cgegegeges
caacatctcc
tgtcgagccc
catcccggtg
catcgaggcc
catcctcgcec
cgegctcccc
cccttgcaag
cgagcttttc
ctactcatcc
aaaggacaag
gaagatgctc
gttcttccac

caaccatccg

41582

gtcttcctga
atcatggcgc
caggtccgtg
gggtggcetct
attaacatgt
atggtcaaca
ctccccgaaa
agctcgcaca
tccggegagg
tggtcgtacg
ccctttatcc
accaaggcct
gagacaatgg
atcaacaaga
gagatctcct
cgctggacct

ctctaccgceg

-86-

tgcccgtgag
tgtactccgce
acgccacgac
ccatctcgcet
acgacatcct
tgggccagct
tggacgacct
aatttggtct
tcgtcacttg
gcacgctegg
gcatcgagta
cctgcatgga
tagttatgac
tcggeegetg
cgcccgaaaa
cggececatctt

ctctecctegg

cgtggtctgg
gccagagcetg
caacgccccg
cagtctgegg
cgagcttaac
tagccactac
caccgtcgga
ctttgacgag
cagcaagacc
cttcctegtc
ccgeggetgce
catcccgccc
ctccgatatg
gtacaaaccc
gccccacgtc
ctgggagctc

atggttcaca

24

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020



cctteggtcg
cagcacattg
tttgacacgc
agcgacgceca
ggctacgaga
aagccttttg
ggtagccaga
aaccatgcac
gtctacgaga

aagcttgact

<210> 30

<211> 34
<212> ADN

<213>

ccctgcttaa
tccaggacat
actaccaaat
ccacggagca
tgtatgtcga
atgttatcaa
tgctctacgce
actacgacaa

aggtctgcaa

ga

<220>
<223> doan moi
<400> 30

actcacgcag
gctegtgect
ttaccccctc
ccgccacttt
tctcggegcec
gtcctctege
caccagctac
gatgaagcaa

gggcgecatg

Trinh ty nhan tao

41582

acggaggcca

atctcaaaga
tggatctgcc
cttcgcaagc
tacggtgtcc
gctgtcgaaa
ctcagccgcg
aaggttgacc

aacttttggc

ttgggtaacg ccaggggact gctgcagectg caag

<210> 31
<211> 35
<212> ADN
<213>

220>

Trinh tu nhan tao

-87-

ttcgcaagac
cctccgaggc
cctaccgcca
ccaacaagcc
cgecgeeectg
agtatgtcac
atgagttcag
ccaacgactt

aggcaaaagc

ctacgaggag
gctcgatgtc
gtacgactac
caacaaggag
cctcgagaag
cgaagccaat
ggagatgttc
ctttcctcag

tggtgacaag

1080
1140
1200
1260
1320
1380
1440
1500
1560

1572

34



41582

<223> doan moi

<400> 31

cgtgactggg aaaacatgaa gttcaccgecc atgtc

<210> 32
<211> 34
<212> ADN

<213> Trinh tu nhan tao

<220>

<223> doan moi

<400> 32

catagctgtt tcctgtgecat cgcctactca tecg

<210> 33
<211> 39
<212> ADN

<213> Trinh ty nhan tao

220>

<223> doan mdi

<400> 33

gataacaatt tcacagaaca aattgagacg agttacgag

-88-

35

34

39



210>
<211>
212>

<213>

<220>

223>

<400>

41582

34
17
ADN

Trinh tu nhan tao

doan moi

34

gttttcccag tcacgac

<210>
<211>
<212>

<213>

220>

223>

<400>

35
17
ADN

Trinh ty nhan tao

doan moi

35

caggaaacag ctatgac

210>
<211>
212>

<213>

<220>

36
25
ADN

Trinh ty nhan tao

-890-

17

17



<223>

<400>

doan moi

36

cctggecgtta cccaacttaa tcgcec

<210>
<211>
212>

<213>

220>

<223>

<400>

37
28
ADN

Trinh tu nhan tao

doan moi

37

tgtgaaattg ttatccgctc acaattcc

<210>
<211>
<212>

<213>

<400>

38
336
PRT

Aurantiochytrium sp.1

38

41582

Met Val Val Leu Trp Glu Lys Gly Glu Asn His Ser Ser Asp Gln Phe

1

5

10 15

val Gly Ala Ile Asn His Ala Met Lys Asn Thr Val Asp Asn Glu Asp

20

30

Lys Asp Lys Asn Tyr Ala Pro Val Val Lys Ser Phe Tyr Ala Ser Val

35 40

45

-90-

25

28



41582

Ala Thr Ser Leu Tyr Glu Tyr Gly Trp Gly Lys Ser Phe His Phe Ala
50 55 60
Pro Arg Asn Lys Gly Glu Gly Phe Lys Glu Ser Leu Leu Arg Gln Glu
65 70 75 80
His Trp Leu Ala Ala Gln Leu Gly Ile Arg Pro Gly Gln Asp Val Cys
85 90 95
Asp Leu Gly Cys Gly Val Cys Gly Pro Leu Val Asn Ile Ala Lys Phe
100 105 110
Ser Arg Ala Asn Ile Thr Gly Val Thr Ile Ser Asp Phe Gln Ile Ala
115 120 125
Arg Gly Asn Ala Trp Ile Ala Gln Asn Gly Leu Ser Asn Arg Cys Lys
130 135 140
Ala Val Glu Gly Asp Phe His Glu Leu Pro Phe Glu Asp Asn Ser Phe
145 150 155 160
Asp Cys Gly Tyr Asp Cys Glu Ala Thr Ala His Ser Thr Lys Leu Asn
165 170 175
Thr Phe Phe Ala Glu Val Glu Arg Val Leu Arg Pro Gly Gly Val Phe
180 185 190
Ala Gly Phe Ala Trp Val Thr Leu Pro Lys His Asn Pro Glu Asp Pro
195 200 205
Glu Glu Val Lys Ile Leu Glu Asp Leu Ala Phe Gly Asn Ala Ile Ala
210 215 220
Vval Leu His Ser Phe Asp Asp Tyr Val Asn Ala Ile Lys Ala Asn Pro
225 230 235 240
Gly Leu Glu Leu Val Glu Ala Tyr Asp Ala Asn Lys Leu Gly Asp Asp
245 250 255
Met Glu Trp His Glu Pro Leu Lys Pro Gly Phe Ser Ile Asp Gly Ile
260 265 270
Leu Met Ser Trp Ala Gly Arg Gln Leu Thr Ala Asn Leu Ala Arg Val

275 280 285

-01-



41582

Thr Glu Ala Ile Gly Leu Ala Pro Lys Gly Thr Tyr Asn Ala Ser Gln
290 295 300

Val Leu Glu Val Ala Ala Arg Ser Leu Val Asp Ala Gly Asp Arg Gly

305 310 315 320

Ile Tyr Thr Pro Ile Tyr Tyr Tyr Lys Val Arg Lys Val Ala Lys Asn

325 330 335

<210> 39
<211> 556
<212> PRT

<213> Aurantiochytrium sp.1

<400> 39

Leu Tyr Glu Ala Arg Ala Arg Gly Arg Arg Arg Lys Gln Ala Gly Lys

1 5 10 15

Arg Asp Leu Arg Pro Arg Ala His Arg Ala Cys Glu Arg Gly Arg Glu
20 25 30

Arg Pro Pro Arg Arg Ala Ala Asn Pro Gln Arg Gly Gln Pro Arg Ala

35 40 45
Ala Arg Ala Ala Ala Arg Glu Gly Gly Ala Ala Ala Thr Glu Arg Gln
50 55 60

Pro Glu Lys Gln Thr Arg Lys Gln Thr Arg Lys Ala Arg Ala Arg Ser

65 70 75 80

Arg Met Ala Ala Gly Lys Gln Gly Gly Ala Lys Ala Lys Gly Leu Ala

85 90 95

Pro Ala Gly Ser Ala Ala Ala Ala Ala Lys Lys Lys Ser Glu Met Trp
100 105 110

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

115 120 125

-02-



41582

Arg Ala Thr Leu Met Pro Val Leu Leu Val Leu Ser Thr Pro Leu Thr
130 135 140
Ser Ile Ile Leu Ser Arg Ser Val Val Thr Thr Lys His Asp Ser Ser
145 150 155 160
Phe Leu Glu Asn Ala Trp Asp Val Ile Glu Glu Ile Leu Glu Lys Gly
165 170 175
Ile Val Tyr Thr Tyr Thr Arg Asp Ala Phe Asn Pro Phe Val Trp Lys
180 185 190
Met Ile Gly Thr Tyr Met Val Val Gln Leu Leu Leu Met Arg Phe Met
195 200 205
Pro Gly Pro Thr Tyr Glu Gly Pro Gln Ser Pro Met Gly Asn Arg Pro
210 215 220
Ile Tyr Lys Asp Asn Cys Phe Ala Cys Tyr Val Ala Ser Phe Ala Leu
225 230 235 240
Tyr Gly Leu Gly Val Tyr Ser Gly Leu Phe Asn Gly Gly Ile Ala Phe
245 250 255
Asp Tyr Phe Gln Glu Phe Ile Ala Ser Met Asn Ile Phe Ala Leu Ile
260 265 270
Phe Val Ala Ile Leu Tyr Val Lys Gly Ala Val Ala Pro Ser Ser Ser
275 280 285
Asp Ser Gly Leu Ser Gly Asn Ile Ala Phe Asp Tyr Tyr Trp Gly Thr
290 295 300
Glu Leu Tyr Pro Arg Ile Leu Gly Trp Asp Val Lys Val Phe Thr Asn
305 310 315 320
Cys Arg Tyr Gly Met Thr Gly Trp Ala Leu Leu Cys Thr Ser Phe Ala
325 330 335
Tyr Ala Gln Tyr Glu Arg Phe Gly Glu Val Ser Asn Ser Ile Leu Ile
340 345 350
Ala Ala Ala Leu Gln Val Ile Tyr Leu Ala Lys Phe His Ile Trp Glu

355 360 365

-03-



41582

Arg Gly Tyr Met Phe Thr Ile Asp Ile Met His Asp Arg Ala Gly Tyr
370 375 380

Tyr Ile Cys Trp Gly Cys Leu Val Trp Val Pro Ser Leu Tyr Ala Ala

385 390 395 400

Pro Thr Ala Phe Leu Val Leu His Pro Tyr Asn Phe Pro Thr Trp Ala

405 410 415
Ala Ala Ala Gln Phe Val Phe Cys Leu Leu Ser Ile Phe Leu Asn Tyr
420 425 430
Asp Val Asp Arg Gln Arg Gln Glu Phe Arg Ala Lys Asp Gly Lys Met
435 440 445

Lys Ile Trp Gly Lys Asp Ala Glu Tyr Leu Val Ala Glu Tyr Thr Thr
450 455 460

Ser Asp Gly Lys Lys His Ser Ser Met Leu Leu His Ser Gly Trp Trp

465 470 475 480

Gly Gln Ala Arg Lys Ile Asn Tyr Phe Phe Glu Leu Cys Ala Ala Phe

485 490 495
Ser Trp Ser Val Ile Val Ala His Pro Phe His Leu Leu Ala Trp Val
500 505 510
Tyr Phe Ala Phe Leu Phe Ile Leu Leu Ile Asp Arg Ala Trp Arg Asp
515 520 525

Asp Ala Arg Cys Ala Ser Lys Tyr Gly Glu Lys Trp Asp Glu Tyr Lys
530 535 540

val Lys Val Pro Tyr Leu Ile Ile Pro Gly Val Tyr

545 550 555

<210> 40
<211> 523
<212> PRT

<213> Aurantiochytrium sp.1

-94-



41582

<400> 40
Met Thr Glu Gln Arg Gly Ile Phe Val Thr Val Phe Leu Met Pro Val
1 5 10 15
Ser Val Val Trp Asp Ile Met Phe Ala Leu Arg Ser Trp Leu Ile Met
20 25 30
Ala Leu Tyr Ser Ala Pro Glu Leu His Lys Gln Arg Val Gln Glu Ala
35 40 45
Ser Ala Gln Val Arg Asp Ala Thr Thr Asn Ala Pro Pro Gly Thr Lys
50 55 60
Leu Cys Thr Ala Arg Gly Gly Trp Leu Ser Ile Ser Leu Ser Leu Arg
65 70 75 80
Pro Tyr Lys Lys Val Ala Thr Asn Ile Ser Ile Asn Met Tyr Asp Ile
85 90 95
Leu Glu Leu Asn Glu Thr Glu Ser Tyr Val His Val Glu Pro Met Vval
100 105 110
Asn Met Gly Gln Leu Ser His Tyr Leu Ile Pro Arg Gly Tyr Thr Ile
115 120 125
Pro Val Leu Pro Glu Met Asp Asp Leu Thr Val Gly Gly Leu Phe Met
130 135 140
Gly Thr Gly Ile Glu Ala Ser Ser His Lys Phe Gly Leu Phe Asp Glu
145 150 155 160
Phe Val Ile Glu Ala Glu Val Ile Leu Ala Ser Gly Glu Val val Thr
165 170 175
Cys Ser Lys Thr Gln Asn Arg Asp Leu Phe Asp Ala Leu Pro Trp Ser
180 185 190
Tyr Gly Thr Leu Gly Phe Leu Val Ser Cys Lys Ile Lys Val Ile Pro
195 200 205
Cys Lys Pro Phe Ile Arg Ile Glu Tyr Arg Gly Cys His Asn Lys Lys

210 215 220

-05-



41582

Gln Gly Leu Glu Leu Phe Thr Lys Ala Ser Cys Met Asp Ile Pro Pro
225 230 235 240
Asp Phe Val Glu Cys Ile Ala Tyr Ser Ser Glu Thr Met Val Val Met
245 250 255
Thr Ser Asp Met Val Asp Glu Asp Ala Val Glu Lys Asp Lys Ile Asn
260 265 270
Lys Ile Gly Arg Trp Tyr Lys Pro Trp Tyr Phe Lys His Val Glu Lys
275 280 285
Met Leu Glu Ile Ser Ser Pro Glu Lys Pro His Vval Glu Tyr Ile Pro
290 295 300
Ile Arg Gln Phe Phe His Arg Trp Thr Ser Ala Ile Phe Trp Glu Leu
305 310 315 320
Glu Gln Ile Ile Pro Phe Gly Asn His Pro Leu Tyr Arg Ala Leu Leu
325 330 335
Gly Trp Phe Thr Pro Ser Val Ala Leu Leu Lys Leu Thr Gln Thr Glu
340 345 350
Ala Ile Arg Lys Thr Tyr Glu Glu Gln His Ile Val Gln Asp Met Leu
355 360 365
Val Pro Ile Ser Lys Thr Ser Glu Ala Leu Asp Val Phe Asp Thr His
370 375 380
Tyr Gln Ile Tyr Pro Leu Trp Ile Cys Pro Tyr Arg Gln Tyr Asp Tyr
385 390 395 400
Ser Asp Ala Thr Thr Glu His Arg His Phe Leu Arg Lys Pro Asn Lys
405 410 415
Pro Asn Lys Glu Gly Tyr Glu Met Tyr Val Asp Leu Gly Ala Tyr Gly
420 425 430
Val Pro Arg Pro Cys Leu Glu Lys Lys Pro Phe Asp Val Ile Lys Ser
435 440 445
Ser Arg Ala Val Glu Lys Tyr Val Thr Glu Ala Asn Gly Ser Gln Met

450 455 460

-06-



Leu

465

Asn

Phe

Trp

210>

<211>

Tyr Ala

His Ala

Phe Pro

Gln Ala

41582

Thr Ser Tyr Leu Ser Arg Asp Glu

470 475
His Tyr Asp Lys Met Lys Gln Lys
485 490
Gln val Tyr Glu Lys Val Cys Lys
500 505
Lys Ala Gly Asp Lys Lys Leu Asp

515 520

41

1479

<212> ADN

<213>

<400> 41

atggccgecg
gcegtegtga
aagatgaagg
gtggccgacc
gcctttaaga
atttttgacg
ggcgaagaca
gtgcccaacc
tgctcgaaca
gttcgctacg
tacttgcaaa
ttcatcgegg

cagcgcatca

aacgaggagc

catccaccgc
tcgtecttct
cacgggcaag
ccaccaaatt
tcctcacgca
accaggaaaa
acctcgtgta
tcaaaaaggc
tgcttcgcaa
acatccgect
agggcgagsc
cccccgttga
tgaaggtgct

ctctctgegt

Aurantiochytrium sp.1

cgeegecegtc
gatggccctc
gtggttctcg
ctgggataac
ggctgcecatc
ctttactctt
catgtctcgc
cgaagtcctg
gatcgeccegcet
catgaacgcc
agagtggatc
ccttececttc
tcaccgcatc

tcttgaccgc

acaccggcgce
gacatgatcc
ctccecttcc
ctgatcgccc
ttcgtgacga
tttgtgcacc
gaggacctcg
catgccgcecg
cgctegeccg
cacctgtcac
gctgacgacc
actgacctcg
tcggacgagt

atcacggact

-97-

Phe Arg Glu

Val Asp Pro

Gly Ala Met

510

gctcgatctt
gctaccactt
tcggagactt
ttgccccgaa
accccaagtt
cgaactcgcc
ttcgectggeg
cctacactgc
ctgagcaggc
tcaaggtctt
tcatcgttgt
gcaagggcaa
gcttccgecg

cgtgcataaa

Met Phe

480
Asn Asp
495

Asn Phe

tcgcaaggtc
taagcgcatg
tcctaccatc
cggtatctcg
cgccaagcag
caagctgctc
ccgegecatg
cgtcaatagc
cgaaaacgac
cctcggaggc
cactaacggc
ggctgctagc
catgaagaac

ggcaggaatc

60

120

180

240

300

360

420

480

540

600

660

720

780

840



aagggttacg
gcccaggatg
gaggtcgcceg
accgaggctc
attaaccagc
actgagcttg
tccaaggcca
cctgecttca
tacgccagca
cgcatccgea

tcgetttacg

<210> 42

<211> 492
<212> PRT

<213>

<400> 42

Met Ala Ala
1

Phe Arg Lys

Ile Arg Tyr

35

Phe Ser Leu

50
Thr Lys Phe
65
Phe

Ala Lys

gcecgeacccc
ccaccacctc
acaagattcg
ttcceegtgce
tgcagtaccg
gcgaccacaa
acattgaggg
agaaggttct
acactgttgc
agcctggegg
tcatgaagtc

Aurantiochytrium

Ala Ser Th

Val Ala Va

20

His Phe Ly

Pro Phe Le

Trp Asp As

70
Ile

Leu Th

ggcagatatt
cgecectttge
cgaggagctt
ctacaacgcc
cccacccgtg
gattgaaaag
cgctgaccgt
ctgetttggce
tctgttcatg

cgaggacatc

tcgegecegag

sp.1

r Ala Ala

1 val Ile

s Arg Met
40
u Gly Asp
55
n Leu Ile

r Gln Ala

41582

gcccacgcetg
tggtgcatcc
gaccgegtcc
aacaagcttc
cccatggtcc
ggcaccattg
ttcgagectg
ggcggececac
gccacgcttg
atctacctgc

gccgcatga

Ala Val Thr

10

Val Leu Leu

25

Lys Met Lys

Phe Pro Thr

Ala Leu Ala

75
Ala

Ile Phe

-08-

gcctegactt
actcgatgga
ttgacaagga
cctaccttcg
cgcatattgc
ctttcgectc
atccggataa
acatgtgccc
tccacggcta

ccacactcta

Pro Ala Arg

Met Ala Leu

30

Ala Arg Ala

45

Ile Val Ala

60

Pro Asn Gly

val Thr Asn

ttgectttgeg
gaagcaccca
cgtcgacttc
cgecegeegec
gcgccatgac
tgtcatgggc
catgcttgac
gggtcgettt
cgacgttgac

cccgegtgat

Ser Ile
15
Asp Met

Arg Trp

Asp Pro

Ile Ser
30

Pro Lys

900

960
1020
1080
1140
1200
1260
1320
1380
1440

1479



41582

85 90 95
Phe Ala Lys Gln Ile Phe Asp Asp Gln Glu Asn Phe Thr Leu Phe Val
100 105 110
His Pro Asn Ser Pro Lys Leu Leu Gly Glu Asp Asn Leu Val Tyr Met
115 120 125
Ser Arg Glu Asp Leu Val Arg Trp Arg Arg Ala Met Val Pro Asn Leu
130 135 140
Lys Lys Ala Glu Val Leu His Ala Ala Ala Tyr Thr Ala Val Asn Ser
145 150 155 160
Cys Ser Asn Met Leu Arg Lys Ile Ala Ala Arg Ser Pro Ala Glu Gln
165 170 175
Ala Glu Asn Asp Val Arg Tyr Asp Ile Arg Leu Met Asn Ala His Leu
180 185 190
Ser Leu Lys Val Phe Leu Gly Gly Tyr Leu Gln Lys Gly Glu Ala Glu
195 200 205
Trp Ile Ala Asp Asp Leu Ile Val Val Thr Asn Gly Phe Ile Ala Ala
210 215 220
Pro Val Asp Leu Pro Phe Thr Asp Leu Gly Lys Gly Lys Ala Ala Ser
225 230 235 240
Gln Arg Ile Met Lys Val Leu His Arg Ile Ser Asp Glu Cys Phe Arg
245 250 255
Arg Met Lys Asn Asn Glu Glu Pro Leu Cys Val Leu Asp Arg Ile Thr
260 265 270
Asp Ser Cys Ile Lys Ala Gly Ile Lys Gly Tyr Gly Arg Thr Pro Ala
275 280 285
Asp Ile Ala His Ala Gly Leu Asp Phe Cys Phe Ala Ala Gln Asp Ala
290 295 300
Thr Thr Ser Ala Leu Cys Trp Cys Ile His Ser Met Glu Lys His Pro
305 310 315 320

Glu Val Ala Asp Lys Ile Arg Glu Glu Leu Asp Arg Val Leu Asp Lys

-90-



41582

325 330 335
Asp Val Asp Phe Thr Glu Ala Leu Pro Arg Ala Tyr Asn Ala Asn Lys
340 345 350
Leu Pro Tyr Leu Arg Ala Ala Ala Ile Asn Gln Leu Gln Tyr Arg Pro
355 360 365
Pro Val Pro Met Val Pro His Ile Ala Arg His Asp Thr Glu Leu Gly
370 375 380
Asp His Lys Ile Glu Lys Gly Thr Ile Ala Phe Ala Ser Val Met Gly
385 390 395 400
Ser Lys Ala Asn Ile Glu Gly Ala Asp Arg Phe Glu Pro Asp Pro Asp
405 410 415
Asn Met Leu Asp Pro Ala Phe Lys Lys Val Leu Cys Phe Gly Gly Gly
420 425 430
Pro His Met Cys Pro Gly Arg Phe Tyr Ala Ser Asn Thr Val Ala Leu
435 440 445
Phe Met Ala Thr Leu Val His Gly Tyr Asp Val Asp Arg Ile Arg Lys
450 455 460
Pro Gly Gly Glu Asp Ile Ile Tyr Leu Pro Thr Leu Tyr Pro Arg Asp
465 470 475 480
Ser Leu Tyr Val Met Lys Ser Arg Ala Glu Ala Ala

485 490

<210> 43
<211> 1782
<212> ADN

<213> Aurantiochytrium sp.1

<400> 43

aacctggttg atcctgccag tagccctacg ctcgtctcaa agactaagcc atgcatgtgt 60

-100-



aagtataagc
tcggtagttc
cccgactttc
ataattgagc
tcgacggtag
Tccggagagg
tacccaatgt
ttgctattgg
ggtgccagca
aaagctcgta
ttgecttgeg
caaagcagag
aggactcggg
ggggtatccg
gcgaaggeat
tgattagata
tgtattgggc
tggtcgcaag
cggcttaatt
gattgagagc
gtgatttgtc
tatggcgaca
ttcgaggtaa
tgatgggttc
gctaatcctt
gaggaattcc
cacaccgccc
agegtttgtt

agtcgtaaca

gaattatact
ctttagacgg
gggeagescc
agatcgecttt
ggtattggcc
gagcctgaga
ggactccacg
aatgagagca
gcegeggtaa
gttgaatttc
gcteetttgce
tgttccaagc
tgctattttg
tatttaggag
ttaccaagca
ccatcgtagt
ttccgcagcea
gctgaaactt
tgactcaaca
tctttcttga
tggttaattc
tatgtgtttg
taacaggtct
agcgggtcett
tgaacgccca
tagtaaacgc
gtcgcaccta
cgcgatggag
aggtttccgt

gtgaaactgc
atacctgcag
gcacttatta
tcggagegat
tacggtgact
gacggctacc
aggtagtgac
atgtaaaacc
ttccagctcc
tggtgtggga
catcctcgtt
aggccgtagg
ttggtttgca
ctagaggtga
tgttttcatt
ctagaccgta
gcacatgaga
aaaggaattg
cgggaaaact
ttctatgggt
cgttaacgaa
tggcttctta
gtgatgccct
tgttgtgttt
tcgtgetgeg
aagtcatcag
ccgattgaac
gtgggaactc

aggtgaacct

41582

gaacggctca
taattctgga
ggtctaagcc
gaatcgtttg
ataacgggtg
acatccaagg
gagaaatatc
ctcatcgagg
agaagcgtat
gcccaggect
tttctttaga
gcecggtatgt
catctgagta
aattcttgga
aatcaagaac
aacgatgcecg
aatcaaagtc
acggaagggc
taccaggtcc
ggtggtgcat
cgagacctcg
gagggacatg
tagatgttct
actcacagcg
gctagatttt
cttgcattga
ggtccgatga
gggtgaatct
gcagaaggat

-101-

ttatatcagt
attaatacgt
aacgttcttg
agtttctgcc
acggggagtt
aaggcagcag
aatgcggggc
atcaactgga
gctaaagttg
cggtgcgaat
aggacgtcat
ttattatggg
atgattaata
tttccgagag
gaaagtctgg
acttgcgatt
tttgggttcc
accaccagga
agacataggt
ggcegttett
gcctactaaa
ttcggtttac
ggeccegeacg
ttgetttgtc
tgcaattatt
atacgtccct
aaccatggga
tattgtttag

ca

tataatccct
gctgtacggg
gtgagtcatg
ccatcagttg
agggctcgac
gcgegtaaat
gcttecgegtc
gggcaagtct
ttgcagttaa
gcgecttgta
tcactgtaat
atgatcagat
ggaacagtcg
acgaactaca
ggatcgaaga
gcgggeagcet
ggggggagta
gtggagectg
aggattgaca
agttggtgga
tagccgggeg
gagcaggaag
cgecgctacac
ggaaggcatg
aatctccaac
gcecectttgta

ctaccttttg

aggaaggtga

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740

1782



<210> 44
<211> 1761
<212> ADN
<213>

<400> 44
ccttccgeag
attcacccga
atcggaccgt
aatgcaagct
aatctagccc
ctgtgagtaa
aacatctaag
tgtccctcta
aggtctcgtt
gcaccaccac
acctggtaag
ccttccgtca
ctttgatttc
gcatcgttta
tcttgattaa
caagaatttc
ctcagatgtg
ataccggccc
aaaagaaaaa
gcetgggcetce
acgcttectgg
tcgatgagge
tatttctcgt

gttcacctac
gttcccacct
tcaatcggta
gatgacttgc
cagcacgatg
acacaacaaa
ggcatcacag
agaagccaca
cgttaacgga
ccatagaatc
ttttcccgtg
attcctttaa
tcatgtgcetg
cggtctagac
tgaaaacatg
acctctagct
caaaccaaca
tacggcctgce
cgaggatggc
ccacaccaga
agctggaatt
ttttacattg

cactacctcg

Aurantiochytrium sp.1

ggaaaccttg
ccatcgcgaa
ggtgcgacge
gtttactagg
ggcgttcaaa
gacccgctga
acctgttatt
aacacatatg
attaaccaga
aagaaagagc
ttgagtcaaa
gtttcagect
ctgcggagsc
tacgatggta
cttggtaaat
cctaaatacg
aaatagcacc
ttggaacact
aaaggagccg
aattcaacta
accgeggetg
ctctcattcc

tggagtccac

41582

ttacgacttc
caaacgctca
geggtgtgta
aattcctegt
ggattagcca
acccatcagt
gcctcgaact
tcgccatacg
caaatcactc
tctcaatctg
ttaagccgca
tgcgaccata
ccaatacaag
tctaatcatc
gccttegetg
gatacccccg
cgagtcctat
ctgctttgat
caaggcaata
cgagecttttt
ctggcaccag
aatagcaaga

attgggtaat

-102-

accttecctct
aaaggtagtc
caaagggcag
tggagattaa
tgecttccga
gtagcgegeg
tcectgetegt
cccggectatt
caccaactaa
tcaatcctac
ggctccactc
ctcccceccgg
ccacccgcaa
ttcgatcccc
tagttcgtct
actgttccta
ctgatcatcc
tacagtgaat
caaggcgcat
aactgcaaca
acttgccctc
cgcgaagegce
ttacgcgect

aaacaataag
ccatggtttc
ggacgtattc
taattgcaaa
caaagcaacg
tgcggeccag
aaaccgaaca
tagtaggccg
gaacggccat
ctatgtctgg
ctggtggtgc
aacccaaaga
tcgcaagtcg
agactttcgt
ttcggaaatc
ttaatcatta
cataataaac
gacgttcttc
tcgcaccgag
actttagcat
cagttgatcc
cccgcattga

gctgecttcc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320

1380



ttggatgteg
cccgttatag
aacgattcat
cttagaccta
cagaattact
agccgttegc

gagacgagceg

<210> 45
<211>
<212> ADN
<213>

<400> 45

gacgaaaggsg
cttagacgtc
tctaaataca
aatattgaaa
ttgecggeatt
ctgaagatca
tccttgagag
tatgtggcegc
actattctca
gcatgacagt
acttacttct
gggatcatgt
acgagcgtga
gcgaactact

ttgcaggacc

8109

tagccgtctc
tcaccgtagg
cgctccgaaa
ataagtgcgg
gcaggtatcc
agtttcacag

tagggctact

cctcgtgata
aggtggcact
ttcaaatatg
aaggaagagt
ttgcecttect
gttgggtgca
ttttcgcccc
ggtattatcc
gaatgacttg
aagagaatta
gacaacgatc
aactcgectt
caccacgatg
tactctagct

acttctgcegc

tcaggctccc
ccaataccct
agcgatctgc
cccteccccga
gtctaaagga

tataattcgc

8

Aurantiochytrium sp.1

cgcctatttt
tttcggggaa
tatccgctca
atgagtattc
gtttttgctc
cgagtgggtt
gaagaacgtt
cgtattgacg
gttgagtact
tgcagtgctg
ggaggaccga
gatcgttggg
cctgtagcaa
tcccggcaac

tcggececttc

41582

tctececggagt
accgtcgaca
tcaattatca
aagtcgggcc
actaccgaag

ttatacttac

tataggttaa
atgtgcgcgg
tgagacaata
aacatttccg
acccagaaac
acatcgaact
ttccaatgat
ccgggcaaga
caccagtcac
ccataaccat
aggagctaac
aaccggagct
tggcaacaac

aattaataga

cggctggctg

-103-

cgagccctaa
actgatgggs
tgactcacca
cgtacagcac
ggattataac

acatgcatgg

tgtcatgata
aacccctatt
accctgataa
tgtcgeectt
gctggtgaaa
ggatctcaac
gagcactttt
gcaactcggt
agaaaagcat
gagtgataac
cgecttttttg
gaatgaagcc
gttgcgcaaa
ctggatggag
gtttattgct

ctccccgtca
cagaaactca
agaacgttgg
gtattaattc
tgatataatg

cttagtcttt

ataatggttt
tgtttatttt
atgcttcaat
attccctttt
gtaaaagatg
agcggtaaga
aaagttctgc
cgeegeatac
cttacggatg
actgcggcca
cacaacatgg
ataccaaacg
ctattaactg
gcggataaag

gataaatctg

1440
1500
1560
1620
1680
1740

1761

60
120
180
240
300
360
420
480
540
600
660
720
780
840

900



gagccggtga
cccgtatcegt
agatcgctga
catatatact
tcctttttga
cagaccccgt
gctgettgcea
taccaactct
ttctagtgta
tcgectetget
ggttggactc
cgtgcacaca
agctatgaga
gcagggtegg
atagtcctgt
gggescesag
gctggecttt
ttaccgectt
cagtgagcga
cgattcatta
acgcaattaa
cggctcgtat
accatgatta
cgttactcac
cctegggtcc
cggegeccecg
ggctccaggce
cctagcgcegc
gcggececagce
gecggttaggt

gegtgggtct
agttatctac
gataggtgcc
ttagattgat
taatctcatg
agaaaagatc
aacaaaaaaa
ttttccgaag
gcecgtagtta
aatcctgtta
aagacgatag
gcccagettg
aagcgccacg
aacaggagag
cgggtttcgce
cctatggaaa
tgctcacatg
tgagtgagct
ggaagcggaa
atgcagctgg
tgtgagttag
gttgtgtgga
cgccaagcett
atcaggccgc
cctgtgtcgg
cgtcacgges
tgttcggces
gactaccagg
agcgeggegc
tgggttaggt

cgcggtatca
acgacgggga
tcactgatta
ttaaaacttc
accaaaatcc
aaaggatctt
ccaccgctac
gtaactggct
ggccaccact
ccagtggctg
ttaccggata
gagcgaacga
cttcccgaag
cgcacgaggs
cacctctgac
aacgccagca
ttctttecctg
gataccgctc
gagcgcccaa
cacgacaggt
ctcactcatt
attgtgagcg
gcatgectgc
cactcatccg
gacggaaagt
ggcctggegg
ggtcgeggsc
atagcccccg
88Ceeecses
cgegeeeess

41582

ttgcagcact
gtcaggcaac
agcattggta
atttttaatt
cttaacgtga
cttgagatcc
cagcggtggt
tcagcagagc
tcaagaactc
ctgccagtgg
aggegeageg
cctacaccga
ggagaaagsc
agcttccagg
ttgagcgtcg
acgcggectt
cgttatcccc
gccgeagecg
tacgcaaacc
ttcccgactg
aggcacccca
gataacaatt
aggtcgactc
ggcgaaagct
gcgacgagac
cagtcctcct
gaggtggaag
cgagcgegea
tgcggetgceg
ctgtgttctg

-104-

ggggccagat
tatggatgaa

actgtcagac
taaaaggatc
gttttcgttc
tttttttetg
ttgtttgecg
gcagatacca
tgtagcaccg
cgataagtcg
gtcgggctga
actgagatac
ggacaggtat
gggaaacgcc
atttttgtga
tttacggttc
tgattctgtg
aacgaccgag
gcctctcccc
gaaageggec
ggctttacac
tcacacagga
tagaggatcc
tcgegeattc
gcggeegeag
taagccaaac
cacgggscecsg
gggeggtcty
taaggtggcg
ggaatccgcc

ggtaagccct
cgaaatagac
caagtttact
taggtgaaga
cactgagcegt
cgcgtaatct
gatcaagagc
aatactgttc
cctacatacc
tgtcttaccg
acgggggstt
ctacagcgtg
ccggtaagceg
tggtatcttt
tgctcgtcag
ctggeectttt
gataaccgta
cgcagcgagt
gecgegttggce
agtgagcgca
tttatgcttc
aacagctatg
caaaaaaagc
gtcctcgtca
cagagagccc
cgagggttag
cctagcacct
cgggecgags
gCeBECECEs
ttacggcggc

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640

2700



gcaatggttg
gggcggataa
cacgaagtaa
acgaggcgceg
gtgcgcatcg
aacgaggcca
agagacagcc
tggcgecege
cagcagccgce
gcatcggccc
cgctcaccag
tcgaaaatgc
cccgegacge
tcctgcteat
accgccccat
ggcteggegt
tcattgcctc
ccgtggcetcc
ggggcaccga
gctatggcat
gctttggega
ccaagttcca
ccggctacta
cggectttet
tettttgect
gcgecaagga
acacgacgag
aggctcgcaa
ttgcccaccc

tcgaccgtgce

gctgggagsc
atccgtggag
caagcaggag
tgceceggesc
tgcgtgegag
gccccgagea
agagaaacag
aaagcaggga
caagaagaag
cgaggccctg
catcatcctg
atgggacgtc
cttcaacccc
gcgattcatg
ctacaaggac
gtactctggc
catgaacatc
ctccagctcc
gctgtacccg
gactggctgg
ggtcagcaac
catttgggag
catttgectgg
cgtgctccac
gctcteccatc
cggcaagatg
cgacggcaag
gatcaactac
ctttcacctt

ctggcgtgac

ggtttgcgee
gcgetegtgg
tagcaggagt
agaaggcgca
cgtgggceecg
gcgagggeag
acgagaaagc
ggcgecaagg
tcggaaatgt
cgecgecacgce
agccgaagtg
atcgaggaga
ttcgtgtgga
cccggaccca
aactgctttg
ctcttcaacg
ttcgccctca
gactcgggcc
cgcatcctceg
gceectgetcet
tcaatcctca
cgtggctaca
ggctgectceg
ccgtacaact
ttcctcaact
aagatctggg
aagcactcct
tttttcgagc

ctggcatggg
gacgcgegcet

41582

gttagatagg
acggecgeggce
agcaagcagc
agcaggcagsg
agagacctcc
cagcgaggga
agacgcggaa
ccaagggcct
ggageggage
tcatgeccggt
tcgtcaccac
tcctcgaaaa
agatgatcgg
cgtacgaggg
cctgctacgt
gtggcatcgc
tetttgtggce
tctcgggtaa
gctgggacgt
gcacctcgtt
ttgccgecgce
tgttcaccat
tctgggtcecc
ttcccacttg
acgacgtcga
gcaaggacgc
ccatgectttt
tttgegetgce
tctactttgc

gtgcatccaa

-105-

cggccaaggt
agagacggaa
ggcaaaggaa
caaacgcgat
tcgeeggecg
gggaggagcea
ggcacgegeg
cgegeeegeg
gtccacctcc
tctgctcegta
caagcacgac
gggcatcgtc
cacctacatg
cccgcaaagce
ggcctecttt
ctttgactac
tatcctctac
catcgeccttt
caaggtcttt
cgcctacgceg
tctccaggtc
tgacatcatg
cagcctctac
ggeccgeegeg
ccgtcagegce
cgagtacctc
gcactcgggc
cttttcctgg
ctttctettt

gtatggcgaa

gagccgegtt
cgcggagcaa
ggctagttgt
ctccgaccgc
gcaaatccgc
gcgecegacsgg
cgaagcagga
ggcagegecg
gagagcgteg
ctttccacgc
tcctegttcc
tacacgtaca
gtcgtccagc
cccatgggca
gccctctacg
tttcaggaat
gtcaagggcg
gactactact
accaactgcc
cagtacgagc
atctacctgg
cacgaccgceg
gccgeaccca
gcgecagttcg
caggaatttc
gtcgccgagt
tggtgggstc
tctgtcattg

attctcctca

aagtgggacg

2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440

4500



agtacaaggt
tatgcgceccg
aacaagatgg
ggcgactctg
gagtacccgc
gtcatcaagt
aagcgcccta
cgatgtcgtg
tctcagtcaa
tgetggttcc
gcctgggaaa
gtggaagege
tcgttctcag
ttcgagccca
gcttccgatt
gatgccggceg
gcgectgaget
tctggagtgt
gegttggect
gacttggcgc
ttgatttgceg
cgctgeaggt
tatagggaga
gagccgegga
gggtcctgca
cagcgectgg
cggagcggat
actttccacg
ggctggtagc
ccgagggaat

caaggtcccc
tgctcgaccg
accgecgctce
ccatggtcaa
cgcteggeceg
ccgtcaccaa
aagttgaccc
cagcgceccecgt
gagtgggaag
tcgttgeatg
atgcgctcag
tcacatcctc
ccgcagecegce
gegegetgec
cttctgctgce
cagtggccgc
cgggeggctc
cggggcagcc
ttgettttgce
ggccgcagaa
aggtcccggt
cgactctaga
gtcgactgag
gcaaggegea
ctgacgcatc
tgcacccgcc
gcataggaaa
cccgctctcet

aactggcagg

ccagccagca

tacctgatca
ccacactgcc
gggcaagatt
gatgatcccc
ctttgcegtg
gggcgacaaa
cttgcagcga
cgcgtcccat
ttccettgcet
tagcacagcc
cggattcgca
ggcgeecteg
aggcaggeeg
gtccacctcg
cgcaaccgeg
gccectetget
ttccgagtga
gctctectgce
cttggetttc
tagcgcctca
ggcatgagct
ggatccccgg
cacaactctg
tggatcgctc
tgttctgatc
gggegttgtt
tcgggecacg
ctcecggecegg

gacaactcgc

gggegetteg

41582

tccegggtgt
cacattgcct
ctcgaggaga
tccaagcgca
cgcgacatgce
taaattctac
cgactgtgtg
gctegegegce
ttatcccact
tcgtccatceg
ctggcactcc
gccacgecag
acgtcgttta
atcatacctt
acgtcggccc
cgaaccggct
tccggecccg
cggtctttgg
gcecttggtegg
aagtcctgct
ccgetgecect
gtacccgtta
ctgcgagcga
atgcggtcegt
agacacacga
gtgtgectctt
cgggagggcc
caggcagcgc
gegegggtec

cctcatcegec

-106-

ctactaagat
gcaagttcgce
cccccaagtt
tgtgecgtcga
gcgtcaccgt
gaaagatttt
tgccgttatg
gactccgtct
ttttagaggt
cagcctgcac
tctcctcgga
catctgcgca
cctcggaatc
ctccatcgec
ccgtctectc
cgtgttcagc
cgaggcaagg
ctggectgtct
cggegtttgc
cgaggegecc
cgtccttacg
gaacgcgtaa
gcctcgagag
gcggecectceg
acgaacaaac
cttgectccg
atgcgttcgc
ataactctcc
cggtegttcg

cacctgctat

ccgegeeggce
tgagctccag
catcaagtcg
gtccttcacc
cgectgteggc
tttcctcaag
agtcgagttg
ctgcttttga
cgctcacggc
caccctgctc
caggtgcgat
atcgctctcc
caccgagcat
gtccgetgeg
cgttctttcc
gtcagggcct
aatcggceggc
gtcctgectc
ctgectgeggce
cagctctgac
gcecegtettt
tacgactcac
cgtttgettc
gtcacccggt
cgaggagccg
agagagagag
cccacacgcc
gacgctggca
atgtgccaac

ggtgcagega

4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240

6300



accaactccc
attccggagg
ggggagtgag
cgctgggetg
caccagcagc
cacgctggcet
acgatcggct
tttgtcaaga
agctggettg
ggccgegact
gcgeeegetg
ccecgecacct
atggaggctg
gcggaactgt
cacggcgacg
gactgcgggc
atcgccgagg
gceceggaca
cgaaatgacc
cttctatgaa
gcgeggggat
tggttacaaa
ttctagttgt
ctctagctag
actgggaaaa
gctggcegtaa
atggcgaatg
gcatatggtg
acccgccaac

gacaagctgt

gaagctgccg
agaaccctct
cagagagtga
tgtcacgcgt
agcaagcgat
cgeccegetgce
gctcggacgc
ccgaccttag
ccacgacggg
ggctgetect
agaaggtgtc
gccccttega
gcctegtega
tcgccaggcet
cctgectcecc
gcectgggegt
agcttggegg
gccagaggat
gaccaagcga
aggttgggct
ctcatgctgg
taaagcaata
ggtttgtcca
atctcacatt
ccctggegtt
tagcgaagag
gcgectgatg
cactctcagt
acccgctgac

gaccgtctcc

gttctgcgat
ggaagcgegg
ccctgacgeg
ccacttcggg
ctaagcaaca
ttgggtggaa
ggcegtgttce
cggegecectc
ggttcegtgc
cggggaagty
catcatggcc
ccaccaggcg
ccaagacgac
taaggctagg
caacatcatg
ggcggaccgce
cgagtgggcec
tgcgttctac
cgcccaacct
tcggaatcgt
agttcttcgc
gcatcacaaa
aactcatcaa
aattgcgtga
acccaactta
gceccgeaccg
cggtattttc
acaatctgct
gcgeectgac

gggagctgca

41582

tcecctettcet
gttgcctctce
gagcgagctg
cagaccccaa
ctagccaaca
cggetgttceg
cgccttageg
aacgagctcc
gececgetgtgce
cccggecagg
gacgccatgc
aagcacagga
ctcgacgagg
atgccggacg
gtcgagaacg
taccaagaca
gaccgctttc
cgectectgg
gccatcacga
tttccgggac
ccaccccaac
tttcacaaat
tgtatcttat
attcactggc
atcgeccttgc
atcgcccttc
tccttacgca
ctgatgccgc
gggettgtct
tgtgtcagag

-107-

gaattctgaa
cagttctgcc
gttgctggaa
acgacaagca
tgattgaaca
gctacgactg
cgcagggeceg
aggacgaagc
tcgacgtegt
acctcctcag
gccgectgea
tcgaacgegc
agcaccaggg
gcgaggacct
gcecgettctce
tcgegetcegce
tcgtgctcta
acgagttctt
gatttcgatt
geeggetgga
ttgtttattg
daagcatttt
catgtctgta
cgtcgtttta
agcacatccc
ccaacagttg
tctgtgeggt
atagttaagc
gctcccggea

gttttcaccg

ttctgaactg
gaactagaca
aagtcgcgaa
gaacaagcaa
ggacggectt
ggctcagcag
gceggtectg
tgccegectc
caccgaagcc
cagccacctc
caccctcgac
ccgcacgegg
cctcgegecg
cgtggtcacg
gggctttatc
cacgcgggac
cggcatcgcec
ttgagatccg
ccaccgecege
tgatcctcca
cagcttataa
tttcactgca
taccgtcgac
caacgtcgtg
cctttcgceca
cgcagcctga
atttcacacc
cagccccgac
tccgecttaca

tcatcaccga

6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040

8100



aacgcgega

<210> 46

<211> 5404
<212> ADN
<213>
<400> 46

tggccgattc
cgcaacgcaa
cttccggctc
tatgaccatg
aagccgttac
gtcacctcgg
geeeeggses
ttagggctcc
acctcctagc
gagggeescc
gegggeggtt
cggcgcaatg
cgttgggces
gcaacacgaa
atgacggagc
gacatcatgt
cacaaacagc
cccggeacca
ccgtacaaaa

gaaaccgaaa

ctcatccctc

attaatgcag
ttaatgtgag
gtatgttgtg
attacgccaa
tcacatcagg
gtccecctgtg
cccgegtceac
aggctgttcg
gcgegactac
cagcagegeg
aggttgggtt

gttggetggs
ataaatccgt

gtaacaagca
agcggggeat
tcgcactgeg
gtgtgcagga
agctgtgcac
aggtggccac
gctatgtcca

gcggctacac

Aurantiochytrium sp.1

ctggcacgac
ttagctcact
tggaattgtg
gcttgeatgce
ccgeccactca
tcgggacgga
ggegegcectg
gcggggtegc
caggatagcc
gCgegecess
aggtcgeggc
aggcggtttg
ggaggcgctc
ggagtagcag
cttcgtgaca
ctecgtggcetc
agcctccget
CgCgrgeees
caacatctcc
tgtcgagccc

catcccggtg

41582

aggtttcccg
cattaggcac
agcggataac
ctgcaggtcg
tccgggcgaa
aagtgcgacg
gcggcagtcc
gggcgagets
cccgegageg
cgggtgegsc
ggggctgtgt
cggggttaga
gtggacggcg
gagtagcaag
gtcttcctga
atcatggcgc
caggtccgtg
gggtggctct
attaacatgt
atggtcaaca

ctccccgaaa

-108-

actggaaagc
cccaggcttt
aatttcacac
actctagagg
agcttcgcgce
agacgeggec
tccttaagcc
gaagcacggg
cgcaggeces
tgcgtaaggt
tctgggaatc
taggcggecea
cggcagagac
cagcggcaaa
tgccecgtgag
tgtactccgc
acgccacgac
ccatctcgcet
acgacatcct
tgggccagcet

tggacgacct

gggcagtgag
acactttatg
aggaaacagc
atcccaaaaa
attcgtcctc
gcagcagaga
aaaccgaggg
gcecgectagce
tctgeggesc
ggcggcgesc
cgccttacgg
aggtgagccg
ggaacgcgga
ggaaggctag
cgtggtctgg
gccagagctg
caacgccccg
cagtctgcgg
cgagcttaac
tagccactac

caccgtcgga

8109

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200

1260



ggtctcttca
ttcgtcatcg
cagaaccgcg
tcctgcaaga
cacaacaaaa
gactttgtcg
gtcgacgaag
tggtacttca
gagtacatcc
gagcagatca
cctteggtceg
cagcacattg
tttgacacgc
agcgacgcca
ggctacgaga
aagccttttg
ggtagccaga
aaccatgcac
gtctacgaga
aagcttgact
tgcctgcaag
ggagaccccc
gcgecatgtgc
catgcgcegtc
tctacgaaag
gtgtgtgecg
cgegegactc
ccacttttta
catcgcagcc

actcctctcc

tgggcaccgg
aggccgaggt
acctcttcga
tcaaggtcat
agcagggcct
agtgcatcgc
atgccgtcga
agcacgtcga
ccatccgcca
tccectttgg
ccctgcecttaa
tccaggacat
actaccaaat
ccacggagca
tgtatgtcga
atgttatcaa
tgctctacgce
actacgacaa
aggtctgcaa
gagatccgcg
ttcgctgagc
aagttcatca
gtcgagtcct
accgtcgetg
atttttttcc
ttatgagtcg
cgtctctgcet
gaggtcgctc
tgcaccaccc

tcggacaggt

catcgaggcc
catcctcgcec
cgegctcccc
cccttgcaag
cgagcttttc
ctactcatcc
aaaggacaag
gaagatgctc
gttcttccac
caaccatccg
actcacgcag
gctecgtgect
ttaccccctc
ccgccacttt
tcteggegcec
gtcctctcegce
caccagctac
gatgaagcaa
gggcgeeatg
ccggctatge
tccagaacaa
agtcgggcega
tcaccgagta
tcggegtcat
tcaagaagcg
agttgcgatg
tttgatctca
acggctgetg
tgctcgectg

gcgatgtgga

41582

agctcgcaca
tccggegags
tggtcgtacg
ccctttatcc
accaaggcct
gagacaatgg
atcaacaaga
gagatctcct
cgctggacct
ctctaccgcg
acggaggcca
atctcaaaga
tggatctgcc
cttcgcaagc
tacggtgtcc
gctgtcgaaa
ctcagccgeg
aaggttgacc
aacttttggc
gceegtgetc
gatggaccgc
ctctgeccatg
ccecgecegcetc
caagtccgtc
ccctaaagtt
tcgtgcagceg
gtcaagagtg
gttcctegtt
ggaaaatgcg

agcggtcaca

-109-

aatttggtct
tcgtcacttg
gcacgctcgg
gcatcgagta
cctgcatgga
tagttatgac
tcggeegetg
cgcccgaaaa
cggeccatctt
ctctecctcgg
ttcgcaagac
cctccgaggce
cctaccgcca
ccaacaagcc
cgcgecectg
agtatgtcac
atgagttcag
ccaacgactt
aggcaaaagc
gaccgccaca
cgctcgggca
gtcaagatga
ggcegetttg
accaagggcg
gaccccttgce
cccgtegegt
ggaagttccc
gcatgtagca
ctcagcggat

tccteggegc

ctttgacgag
cagcaagacc
cttcctcegtc
ccgeggetgc
catcccgecc
ctccgatatg
gtacaaaccc
gccccacgtc
ctgggagctc
atggttcaca
ctacgaggag
gctcgatgtc
gtacgactac
caacaaggag
cctcgagaag
cgaagccaat
ggagatgttc
ctttcctcag
tggtgacaag
ctgcccacat
agattctcga
tcccctccaa
ccgtgcgega
acaaataaat
agcgacgact
cccatgctcg
ttgctttatc
cagcctcegtc
tcgecactggc

ccteggecac

1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000

3060



gccagcatct
gtttacctcg
accttctcca
ggcccccegtc
cggectegtgt
cccecgegagg
tttggectggc
ggtggcgecg
ctgctcgagg
gccctegtec
cgttagaacg
agcgagectc
gtegtgeggc
cacgaacgaa
ctcttcttge
gggccatgeg
agcgcataac
ggtcccggtc
tcgcccacct
cttctgaatt
ctctccagtt
agctggttgce
cccaaacgac
caacatggcc
ggtcgagttc
cggtgtggtc
ggacaacacc
ggaggtcgtg
gcageegtgg
ggccgaggas

gcgcaatege
gaatccaccg
tcgeegtecg
tccteegttc
tcagcgtcag
caaggaatcg
tgtctgtect
tttgcctgcet
cgccccagcet
ttacggcccg
cgtaatacga
gagagcgttt
cctcggtcac
caaaccgagg
ctccgagaga
ttcgccccac
tctccgacgce
gttcgatgtg
gctatggtgc
ctgaattctg
ctgccgaact
tggaaaagtc
aagcagaaca
aagttgacca
tggaccgacc
cgggacgacg
ctggcctggg
tccacgaact
gggcgggagt
caggactgag

tctcctegtt
agcatttcga
ctgcggcettc
tttccgatgce
ggcctgegcet
geggetctgg
gcctegegtt
gcggegactt
ctgacttgat
tctttegetg
ctcactatag
gcttcgagec
ccggtgggtc
agccgcageg
gagageggasg
acgccacttt
tggcaggctg
ccaacccgag
agcgaaccaa

aactgattcc

agacagggega
gcgaacgctg
agcaacacca
gtgcecgttcc
ggctegggtt
tgaccctgtt
tgtgggtece
tcecgggacgc
tcgecectgeg

atccgcgaaa

41582

ctcagccgca
gcccagegeg
cgattcttct
cggegeagtg
gagctcgggce
agtgtcgees
ggcetttget
ggcgegeccesy
ttgcgaggtc
caggtcgact
ggagagtcga
gcggageaag
ctgcactgac
cctggtgcac
cggatgcata
ccacgeecge
gtagcaactg
ggaatccagc
ctcccgaagc
ggaggagaac
gtgagcagag
ggctgtgtca
gcagcagcaa
ggtgctcacc
ctcccgggac
catcagcgeg
cggectggac
ctccgggeceg

cgacccggec

tgaccgacca

-110-

gccgeaggea
ctggegtcca
gctgeccgcaa
gcecgegecect
ggctcttecg
cagccgctct
tttgecttgg
cagaatagcg
ccggtggeat
ctagaggatc
ctgagcacaa
ggggatggat
gcatctgttc
ccgeeggscsg
ggaaatcggsg
tctctctecg
gcagggacaa
cagcagggcg
tgceggttct
cctctggaag
agtgaccctg
cgegtccact
gcgatctaag
gegegegacg
ttcgtggage
gtccaggacc
gagctgtacg
gccatgaccg
ggcaactgceg

agcgacgccc

ggccgacgtc
cctcgatcat
ccgcgacgtc
ctgctcgaac
agtgatccgg
cctgeeggtc
ctttcgectt
cctcaaagtc
gagctccgct
cccgggtacc
ctctgectgceg
cgctecatgeg
tgatcagaca
ttgttgtgtg
ccacgeggga
geeggeaggce
ctcgegegeg
gttggcctca
gcgattccct
cgegggttgce
acgeggageg
tcgggcagac
caacactagc
tcgeccggagc
acgacttcgc
aggtggtgcc
ccgagtggtc
agatcggcga
tgcacttcgt

aacctgccat

3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800

4860



cacgagattt
gggacgcegg
ccaacttgtt
Ccaaataaagc
cttatcatgt
ctggccegtceg
cttgcagcac
cctteccaac
acgcatctgt

gcecg

<210> 47

<211> 20
<212> ADN

<213>

<220>
<223>
<400> 47

cggcatcaga

<210> 48

<211> 20
<212> ADN

<213>

220>

cgattccacc
ctggatgatc
tattgcagct
atttttttca
ctgtataccg
ttttacaacg
atcccccttt
agttgcgcag

geggtatttc

doan moi

gcagattgta

41582

gcecgecttet atgaaaggtt

ctccagegeg gggatctcat
tataatggtt acaaataaag
ctgcattcta gttgtggttt
tcgacctcta gctagatctc
tcgtgactgg gaaaaccctg
cgccagetgg cgtaatagceg
cctgaatggc gaatggcegcc

acaccgcata tggtgcactc

Trinh ty nhan tao

Trinh ty nhan tao

-111-

gggcttcgga
gctggagttc
caatagcatc
gtccaaactc
acattaattg
gcgttaccca
aagaggcccg
tgatgcggta

tcagtacaat

atcgttttcc
ttcgcccacc
acaaatttca
atcaatgtat
cgtgaattca
acttaatcgc
caccgatcgc
ttttctectt

ctgctctgat

4920
4980
5040
5100
5160
5220
5280
5340
5400

5404

20



41582

<223> doan mdi

<400> 48

tggccgattc attaatgcag 20

<210> 49
<211> 21
<212> ADN

<213> Trinh ty nhan tao

<220>

<223> doan moi

<400> 49

actgcagcge acaccatgat g 21

<210> 50
<211> 1060
<212> ADN

<213> Trinh ty nhan tao

<220>

<223> doan moi

<400> 50
gacctctage tagatctcac attaattgcg tgaattcact ggccgtegtt ttacaacgtc 60
gtgactggga aaactttcac caaagtacta gagcgttgeg 100

-112-



41582

<210> 51
<211> 1060
<212> ADN

<213> Trinh ty nhan tao

<220>

<223> doan mdi

<400> 51
aactcgctag ctagcaaagt agctgcaaat tccaaataga tacgtcgagg gacgcaacgc 60

aacgctctag tactttggtg aaagttttcc cagtcacgac 100

<210> 52
<211> 100
<212> ADN

<213> Trinh ty nhan tao

<220>

<223> doan modi

<400> 52
tttatgtcct caaagagctt gcgtacatcg tgcggcaagt tgtgaagaaa agtgactgac 60

ggtgatgege acgtagaccc ttccaggaaa cagctatgac 100

<210> 53
<211> 100

<212> ADN

-113-



41582

<213> Trinh ty nhan tao

220>

<223> doan mbdi

<400> 53
caggcgetge ggeggatcct ctagagtcga cctgcaggea tgcaagettg gcgtaatcat 60

ggtcatagct gtttcctgga agggtctacg tgegcatcac 100

<210> 54
<211> 20
<212> ADN

<213> Trinh ty nhan tao

220>

<223> doan mboi

<400> 54

ggagcgctac tgccccacac 20

<210> 55
<211> 1011
<212> ADN

<213> Aurantiochytrium sp.1

<400> 55
atggtcgttc tctgggagaa gggcgagaac cactcgtegg accagttcgt tggcgccatc 60
aaccatgcca tgaagaacac cgtggacaac gaggacaagg acaagaacta cgcacccgtg 120

-114-



gtcaagagct
ttccacttcg
cactggctcg
ggtgtctgeg
accatctccg
aaccgctgca
gactgcggcet
gaggtcgagc
cccaagcaca
aacgccattg
ggtctcgagc
gagcccctca
ctcaccgcga
aacgcctccc

atctacaccc

<210> 56

<211> 336
<212> PRT
<213>

<400> 56

tctacgectc
ccccgegceaa
ccgeccagcet
gcceectegt
acttccagat
aggccgtcga
acgactgcga
gcgtcctecg
acccggagga
ccgtcctcca
tcgtcgaggce
agcctggett
acctcgcccg
aggtcctcga

ccatctacta

ggtcgccacc
caagggcgag
cggcatccgce
caacatcgcc
cgeecegeggce
gggtgacttc
ggccaccgcec
cccecggtggt
ccccgaggag
cagctttgac
ctacgacgcc
ctctctcgac
cgtcaccgag
ggttgctgcec

ctacaaggtc

Aurantiochytrium sp.1

41582

agcctctacg
ggctttaagg
cccggecagg
aagttctccc
aacgcctgga
cacgagctcc
cactccacca
gtcttcgecg
gtcaagattc
gactacgtca
aacaagctcg
ggcatcctca
gccatecggcc
cgctecectceg

cgcaaggtcg

Met Val Val Leu Trp Glu Lys Gly Glu Asn His

1

5

10

Val Gly Ala Ile Asn His Ala Met Lys Asn Thr

20

25

Lys Asp Lys Asn Tyr Ala Pro Val Val Lys Ser

35

40

Ala Thr Ser Leu Tyr Glu Tyr Gly Trp Gly Lys

-115-

agtacggctg
agtccctect
atgtctgtga
gcgccaacat
tcgcccagaa
ccttcgagga
agctcaacac
gcttcgectg
tcgaggacct
acgccatcaa
gcgacgacat
tgtecctgggc
ttgcccccaa
tcgacgecgg

ccaagaacta

Ser Ser Asp Gln

Val Asp Asn Glu

30

Phe Tyr Ala Ser

45

Ser Phe His Phe

gggcaagtcc
ccgccaggag
ccteggetgc
caccggegtg
cggcctctcec
caactccttc
cttecttcgcc
ggtcaccctc
tgecectttggce
ggctaacccc
ggagtggcac
tggccgecag
gggcacctac
cgaccgeggt

a

Phe

15

Asp

Val

Ala

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1011



41582

50 55 60
Pro Arg Asn Lys Gly Glu Gly Phe Lys Glu Ser Leu Leu Arg Gln Glu
65 70 75 80
His Trp Leu Ala Ala Gln Leu Gly Ile Arg Pro Gly Gln Asp Val Cys
85 90 95
Asp Leu Gly Cys Gly Val Cys Gly Pro Leu Val Asn Ile Ala Lys Phe
100 105 110
Ser Arg Ala Asn Ile Thr Gly Val Thr Ile Ser Asp Phe Gln Ile Ala
115 120 125
Arg Gly Asn Ala Trp Ile Ala Gln Asn Gly Leu Ser Asn Arg Cys Lys
130 135 140
Ala Val Glu Gly Asp Phe His Glu Leu Pro Phe Glu Asp Asn Ser Phe
145 150 155 160
Asp Cys Gly Tyr Asp Cys Glu Ala Thr Ala His Ser Thr Lys Leu Asn
165 170 175
Thr Phe Phe Ala Glu Val Glu Arg Val Leu Arg Pro Gly Gly Val Phe
180 185 190
Ala Gly Phe Ala Trp Val Thr Leu Pro Lys His Asn Pro Glu Asp Pro
195 200 205
Glu Glu Val Lys Ile Leu Glu Asp Leu Ala Phe Gly Asn Ala Ile Ala
210 215 220
Val Leu His Ser Phe Asp Asp Tyr Val Asn Ala Ile Lys Ala Asn Pro
225 230 235 240
Gly Leu Glu Leu Val Glu Ala Tyr Asp Ala Asn Lys Leu Gly Asp Asp
245 250 255
Met Glu Trp His Glu Pro Leu Lys Pro Gly Phe Ser Leu Asp Gly Ile
260 265 270
Leu Met Ser Trp Ala Gly Arg Gln Leu Thr Ala Asn Leu Ala Arg Val
275 280 285

Thr Glu Ala Ile Gly Leu Ala Pro Lys Gly Thr Tyr Asn Ala Ser Gln
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290 295 300
Val Leu Glu Val Ala Ala Arg Ser Leu Val Asp Ala Gly Asp Arg Gly
305 310 315 320
Ile Tyr Thr Pro Ile Tyr Tyr Tyr Lys Val Arg Lys Val Ala Lys Asn
325 330 335
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