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(57) Séang ché dé cap dén chung nam Cerrena sp. FBV41 thuan khiét vé mit sinh hoc.

Chung Cerrena sp. FBV41 1a ching nam dam tring c6 kha ning sinh téng hop enzym

tham gia vao qua hinh phéan huy lignin trong tu nhién la laccaza (Lac) c6 nhiéu Gmg dung

trong thyc te. Sang ché ciing dé cap dén ché pham vi sinh dé xtr Iy moi truong chira dich
nudi cdy ching nam néu trén.



26156

Linh vwe ki thuat dwoc dé cap

Sang ché @& cap dén chiing ndm dam tring c6 kha ning sinh tong hop enzym
tham gia vao qué trinh phan huy lignin trong tu nhién 1a laccaza (Lac) ¢6 nhiéu Gng
dung trong thuc té. Sang ché ciing dé cap dén ché phidm vi sinh dé xu ly méi truong

chtra dich nudi cay chiing nam néu trén.

Tinh trang ky thuit ciia sang ché

Laccaza 1a enzym thudc nhém ligninolytic ¢6 phd co chét khong dadc hi¢u, nén
ngoai kha nang phan huy lignin, cdc enzym nay con ¢ kha nang chuyén héa nhiéu
hop chit hitu co kho phan hiy khic, cac hop chat nay c6 thé chia hodc khong chtra
phenol. Tinh chét nay rit ¢6 y nghia trong viéc ung dung laccaza vao xit Iy 6 nhiém
mdi trudng boi cac chat da vong thon halogen hay khong chura halogen, loai bo cac
chat gy hong hé nodi tiét, tién xu Iy ngudn nguyén liéu giau lignin, xenluloza,
hemixenluloza nhu rom ra, 14 va than cay. Laccaza ing dung c6 hiéu qua trong y duoc
nhu chit chéng oxi hoa va khang khuan, 1a cac chit xtc tac cho qua trinh téng hop
thube trong d6 c6 thude didu tri ung thu va nhidu loai thudc khéc, san xuit cam bién
sinh hoc, st dung trong cong nghiép thuc pham va m§ phim. Ngoai ra laccaza duogc cb
dinh 1én céac vat liéu mang phu hop sé& c6 hoat tinh 6n dinh va kéo dai chu trinh hoat
dong, day 1a tiém nang to 16n ma nhiéu nha khoa hoc va cong nghé quan tdm dé tim
kiém vi sinh vat sinh téng hop laccaza cao tir tu nhién. Céc loai vi sinh vat thuan khiét
sinh téng hop laccaza c6 hoat tinh cao s& dugc giai trinh tu bd gen thong qua do s€ co
cac thong tin khong chi 1a cac trinh tw ma cho céc gen laccaza ma cic co ché sinh tong
hop laccaza gia dinh ciing dugc lam séng t6. DAy 1a nhitng dinh hudng rat ré rang ma
cac nghién ctru hudng téi trong tim kiém ngudn nguyén liéu di truyén tir céc chung vi
sinh vét ¢6 hoat tinh laccaza cao. Chinh vi vy ma tim kiém va nghién ctru enzym Lac

duoc quan tim nhiéu nhat (Pérez va cac dong tac gia, 2002).
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D ¢6 nhiéu nghién ctru vi sinh vat sinh tong hop Lac, phan 16n cac nghién ciru
nay déu tap trung vao nim dam, dic biét 1a nAm muc tring do dic tinh phan huy g6.
Cerrena 1a chi nAm dam c6 mét sb dai dién c6 kha nang sinh laccaza, tuy nhién cac
nghién ctru hién nay trén thé giéi chwa nhidu. Mot sb chung thudc 2 loai Cerrena
unicolor va Cerrena maxima dwgc phan 1ap va chimg minh kha nang sinh tong hop
laccaza nhiéu nhat. Cerrena unicolor da dugc ching minh 1a c6 kha nang phan hay 36
% lignin trong mdi truong ngheéo nito trong 24 gid. Hoat tinh Lac ban dau cla céc
ching nay khong cao, tuy nhién khi nuéi cdy trén moi truomg ¢ chat cam ung va
thanh phin phu hop hoat tinh cao nhét dén nay duoc ghi nhan 1a 450.000 U/L & quy
mo 50 ml v6i chung C. unicolor C-139 va 202.000 U/l & quy md 5 lit véi ching
Cerrena sp.WRI1.

V6i su phat trién cong nghiép nhanh chong, viéc 6 nhiém moi trudng dic biét &
céc nuéc dang phat trién 1a hé luy khé tranh khoi. Laccaza da dugc sir dung dé tho
nghiém kha ning loai mau thudc nhudm duge sir dung trong nghanh cong nghiép dét
nhudm, ngoai ra n6 con c¢6 kha nang phan hity mot sé loai hop chit kho phan hiy
thuong c6 mat trong nude thai cong nghiép nhu anthracen, pyren, anthraquinon va cac
chat 6 nhiém khac v.v. (Eibes va cac dong tac gia, 2007; J aqueline va cac dong tac gia,
2010; Hsu va cac dong tac gia, 2012). Laccaza tur Cerrena unicolor 137 da dugc su
dung dé loai mau mot sb thube nhudm thudc nhém azo va anthraquinon nhu Acid Blue
62 va Direct Black 22, phan 16n déu cin sy ¢6 mit cia mediator tham gia vao qud trinh
loai mau. Cho dén nay céc nghién ctru vé kha nang loai mau cling nhu xtr ly sinh hoc
(bioremediation) ctia laccaza tir mot sé loai thude chi Cerrena chua duoc cong bd
nhiéu so v6i cac chi ndm dam sinh laccaza khéc. .

Dua vao kha nang phan hiy lignin va cac hop chit vong thom ma laccaza gan
day dugc quan tdm tng dung rat nhiéu trong viéc tham gia vao qué trinh tién xtr Iy phu
phé liéu nong, 1am nghiép. Trong tu nhién, lignin c¢6 cdu tric hét stc phuc tap. Céu
trac phtic tap ciia no, cung véi tinh khdng hoa tan trong nude va khdi luong phan tir
16n khién cho lignin duge xép vao mét trong nhitng hop chat hitu co khé phan huy
nhit. N4dm dam 1a nhom sinh vat chu yéu c6 kha nang phén huy lignin do ching c6 tiét
ra nhitng enzym oxy héa khong dic hiéu, c6 thé tham gia vao cac budc dau tién trong

con dudong phan huy lignin (Hammel va cic dong tic gia, 1986; Takayoshi 2004).
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Laccaza tinh tir nAm dam Cerrena unicolor CFC120 c6 kha nang phan huy lignin va
hoat tinh phan hity ting 4 1an khi c6 mit ABTS nhu la chat trung gian.

Enzym thuan khiét cua mot s6 loai Cerrena da duoc tach chiét va xéc dinh mot
s6 ddc tinh hoa sinh hoc (Sanchez va cac dong tac gia, 2001). Do pH hoat dong tdi vu
& khoang pH axit va nhiét do toi wu trong khoang 50 dén 70 °C tiry thudc vao co chét
phan tmg va loai dém st dung. S6 lugng isozym laccaza khac nhau gitta céc chung.
Chung Cerrena sp. WR1 va C. unicolor CFC120 ¢6 1 isozym v6i trong lugng phén tir
tuong tng 1a 64,1 va 57,6 kDa, C. unicolor 137 ¢6 2 isozym 57 va 64 kD trong khi C.
unicolor C-139 ¢6 4 isozym véi trong luong phan tir 45, 47, 54, 62 kDa.

Cerrena dang nghién ctru trén thé giéi duoc phan 1ap tir nhiéu vung véi cac dac
diém hé sinh thai khac nhau nhu phan Iap tir bién nhu C. unicolor MTCC 5159, phan
lap tir khu vye trong thude 14 v.v. Mac du khong duoc phan lap tir ngudn 6 nhiém cac
hop chét hiru co kho phan hity, nhung nghién ctru laccaza tir nAm FBV41 phén lap tu
rimg qubc gia Ba Vi trong xu Iy 6 nhidm cac hop chét hiru co khé phéan huy da duogc
trién khai. Enzym tho thu dugc sau khi nudi cdy da bat diu duoc Ung dung trong viéc

xir 1y céc loai thude nhudm kho phéan hdy hién nay.

Bin chit k§ thuit ciia sing ché

Sang ché dé cap dén ching nam Cerrena sp. FBV41 tinh khiét v& mat sinh hoc,
phan Iap tr gd muc c6 kha ning sinh tong hop enzym laccaza (Lac) v6i hoat tinh cao:
enzym laccaza ndy c6 thé tham gia vao qua trinh phan gidi lignin trong tu nhién v§i
tiém nang cao dé ung dung trong khir d6c moi truong, tinh ché sinh hoc, sinh téng hop
thube chdng ung thu, v.v.

Chuing ndm theo sang ché duoc phén [ap tr mau gb muc tai rimg Qudc gia Ba
Vi, Ha N6i nam 2012.

Sang ché cling d& cip dén ché pham vi sinh dé xir Iy moi truong va tién xi ly

rom ra chua dich nudi cay chiing nam néu trén.

Mo ta van tat cac hinh vé

Hinh 1. Phén 13p trén mdi trudng PDA c6 bo sung chét chi thi guaiacol 0,02%
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Hinh 2. Khuén lac ching FBV41 trén méi trudong Czapek c6 bd sung guaiacol 0,02 %.
A: Mit trudc; B: Mat sau.

Hinh 3. Khuin lac chung FBV41 trén mdi trudong PDB . Al: Co b6 sung guaiacol —
mat sau; A2: Co bd sung guaiacol — Mat trude; B1: Khong b6 sung guaiacol — Mat
sau; B2: Khong b6 sung guaiacol — Mat trude.

Hinh 4. H¢ s¢i va bao tir clia chiing ndm FBV41 quan sat du6i kinh hién vi quang hoc
Hinh 5. H¢ s¢i va bao tr cia ching ndm FBV41 quan sat dudi kinh hién vi dién tir
quét

Hinh 6. Ciy phat sinh ching loai dya vao doan gen ma hoa 18S rARN cua ching
FBV41

Hinh 7. Cay phat sinh ching loai dua vao doan gen ma hda 5,8S rARN va ITS cua
chung FBV41

Hinh 8. Kha ning sinh tong hop laccaza cta chung FBV41 theo thoi gian

Hinh 9. Anh huéng ctia ndng d6 Cu* dén kha ning sinh Lac cta chung FBV41
Hinh 10. Anh huéng ctia pH moi truong dén kha ning sinh Lac ciia ching FBV41
Hinh 11. Anh huéng ctia pH moi trudong dén kha ning sinh truéng ciia chung FBV41

Hinh 12. Anh huéng clia cac ngudn hitu co bd sung dén kha nang sinh Lac cua ching
FBV41

Hinh 13. Anh huéng ctia ndng dd déu twong dén kha nang sinh Lac ctia ching FBV41
Hinh 14. Anh hudng ctia ndng do cam gao dén kha nang sinh Lac cua chung FBV41

Hinh 15. Anh huong cta cac ngudn Carbon dén kha nang sinh téng hop Lac cia
ching FBV41

Hinh 16. Hoat tinh Lac sinh ra béi FBV41 khi [én men chim trong bioreactor 15 lit
Hinh 17. Su thay doi mau khi xtt Iy bang laccaza tho tir FBV41 & ndng do 100 mg/L
Hinh 18. Su thay doi mau khi xtt Iy bang laccaza tho tir FBV41 & nong do 200 mg/L
Hinh 19. Su thay do6i mau khi xir Iy bang laccaza tho tir FBV41 & ndng d6300 mg/L
Hinh 20. Pho hap thu mau RBBR trudc va sau khi xir Iy & nong d6 100 mg/L

Hinh 21. Kha ning cac loai mau khac nhau ¢ ndng d6 100 mg/L bang laccaza thd tir
FBV41 véi cac mau

Hinh 22. Kha ning cac loai mau khac nhau & néng do 200 mg/L bang laccaza tho tir
FBV41 v6i cac mau

Hinh 23. Kha ning cic loai mau khic nhau & nong do 300 mg/L bang laccaza tho tir
FBV41 v6i cac mau

Hinh 24. Hi¢u qua loai mau Acid Red 266 boi Lac tho ctiia chung FBV41

Hinh 25. Su thay d6i mau Acid Red 266 khi xir ly bang Lac tir FBV41 véi nong do
ViO khac nhau

Hinh 26. Hi¢u qué loai mau RBBR bé1 Lac tho cua chung FBV41
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Hinh 27. Sy thay d6i mau RBBR khi xtr Iy bing Lac tir FBV41 véi ndng do ViO khac
nhau

Hinh 28. Hiéu qua loai mau Everzol Red LF-2B béi Lac thd ctia chiing FBV41

Hinh 29. Sy thay d6i mau Everzol Red LF-2B khi xit Iy bing Lac tir FBV41 véi ndng
d6 ViO khac nhau

Hinh 30. Hi€u qua loai mau Megafix Red EBR bdi Lac tho cta ching FBV41

Hinh 31. Su thay d6i mau Megafix Red EBR khi xir Iy bang Lac tir FBV41 véi ndng
do ViO khac nhau

Hinh 32. Hi€u qua loai mau Drimaren Blue CLBR béi Lac tho ctia chiing FBV41

Hinh 33. Su thay d6i mau Drimaren Blue CLBR khi xt ly bing Lac tir FBV41 véi
nong do ViO khac nhau

Hinh 34. Hiéu qua loai mau Megafix Blue EBB béi Lac tho ctia chung FBV41

Hinh 35. Sy thay d6i mau Megafix Blue EBB khi xir Iy bing Lac tir FBV41 vé6i ndng
dd ViO khac nhau

Hinh 36. Hi¢u qua loai mau Nova Navy SG boi Lac tho ctia chiing FBV41

Hinh 37. Sy thay d6i mau Nova Navy SG khi xir Iy bang Lac tir FBV41 véi ndng do
Vi0O khac nhau

Hinh 38. Hi¢u qua loai mau Megafix tarquoise BES béi Lac tho cia ching FBV41

Hinh 39. Sy thay d6i mau Megafix tarquoise BES khi xir ly bing Lac tir FBV41 v6i
nong do ViO khac nhau

Hinh 40. Dién di protein Lac khong bién tinh ctia FBV41 trén gel Native-Page
Hinh 41. Dién di protein Lac bién tinh ctia FBV41 trén gel SDS-Page
Hinh 42. Tién xt Iy rom ra bang laccaza tho tir FBV41

MO ta chi tiét sang ché

Sang ché dé cap dén ching nim Cerrena sp. FBV41 thuan khiét vé mat sinh
hoc, phan 1ap dugc tr mau gS muc tai rung Quéc gia Ba Vi, Ha Noi.

Theo mot khia canh khéc, sdng ché dé cép dén ché pham vi sinh dé xur Iy méi

truomg chira dich nuodi cdy ching ndm FBV41 theo sang ché.

Sang ché mo ta chi tiét vé ching ndm dam Cerrena sp. FBV41 tir dia diém phan
1ap, lam sach tao dang thuan khiét, xac dinh hoat tinh ban dau, phén loai két hop hinh
thai va xac dinh trinh tu 18S rARN va 5,8S rARN cung vung dém ITS, tao moéi truong
thich hop dé hoat tinh Lac dat cao nhét, tich va lam sach enzym laccaza dé xac dinh s

lrong cda cac isozym, cac ddc tinh cda ching, cac dac diem loai mau (mau tong hop
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va mau tir cidc nha mdy dét nhudom) va kha niang tham gia tién xtr ly rom ra cua laccaza
thd tir Cerena sp. FBV41. Sang ché ciing dé cap dén ché phim vi sinh dé xu ly moi
truong chtra dich nuoi céy chung ndm FBV41. Trong do, xtr ly mdéi truong 1a loai mau

(xtr ly nudce thai nha may dét nhudm) hodc xi Iy rom ra.
A. Phan lap, cac dic diém hinh thai va dinh danh chung ndm FBV41

Mau g5 muc thu dugc tir rung Quéc gia Ba Vi, Ha No6i dugc thu thap va bao
quan trong dd chira tiét tring dé dam bao khong bi nhidm tap cac vi sinh vat tir moi
treong. Sau khi thu, mau duge van chuyén vé phong thi nghiém va la ngudn nguyén
li€u cho phan lap vi sinh vat c¢6 khd ndng sinh laccaza trong vong 24 gi¢. Phéan lap
bang cach nudi cdy trén dia moi truong dinh dudng thich hop ¢6 chura chét chi thi dac
trung cho enzym laccaza 1a Guaiacol. Khuan lac tao thanh c6 kha ning hién mau cht
chi thi dwgc tach riéng ré, tir d6 thu duge ching nam thuan khiét. Chuyén gia trong
linh vuc vi sinh vat co thé dé dang thuc hién viéc chon moi truong va cac thao tac nuoi
cdy cac ching nam trong qua trinh phan 1ap nay. Cac moi trudong duoc st dung trong
qua trinh phéan 1ap va xac dinh kha nang sinh tong hop enzym Lac duoc dé cap ¢ day
14 moi trudng PDA va PDB. Moi trudng PDA (mdi truong co ban) ¢é thanh phan nhu

sau:

- Dich chivét khoai tay: 200g/L;

- Glucoza: 20g/L;

- Aga: 18g/L; -
- vitamin: ImL/L;

- nguyén tb vi luong: ImL/L;

- ampixillin: 0,01%:; va
- steptomixin: 0,01%.

Vitamin va nguyén t6 vi lugng duoc sir dung trong mdi trudng nay la cac
vitamin va nguyén té vi luong thong thuong duge st dung trong linh vuc nudi cdy vi
sinh vat, cac chuyén gia trong linh vuc nay co6 thé chon lua mot cach dé dang.

Mai trudong PDB ¢6 thanh phan tuong tw nhu PDA, chi khong c6 thanh phan
aga (moi truong PDA ¢ dang dich 16ng).
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T mau g6 muc thu duge tir rimg Qudc gia Ba Vi, phan lap dugc ching nim
FBV41 ¢6 kha ning tao mau nau dé trén moi truong PDA c6 guaiacol 0,02% lam chit
chi thi.

Kha ning sinh tong hop Lac ctia chung FBV41 dugc khao sat bang cach nudi
cdy chung nay trong méi truong PDB va xé4c dinh hoat tinh enzym theo tung ngay.
Piéu kién nudi céy nhu sau: léy mau tir khuén lac thu duoc trén dia thach béng que
cdy, dwa mau vao binh tam gidc 250ml chtra 50 ml méi truong PDB, nhiét do 30°C, lic
200vong/phut trong 4 ngay. Hoat tinh Lac dugc xac dinh theo cac phuong phap xac
dinh hoat tinh da biét trong linh vyc. Hoat tinh Lac cao nhét dat kha cao 4500 U/L sau
4 ngay nudi cdy. Chung ndm FBV41 c6 kha nang sinh tong hop enzym laccaza cao
ngay sau 4 ngay nudi cdy trén moi trudng co ban.

Cac dac diém hinh thai cia ching ndm FBV41 da khao sat bang cach quan sat
bang mat thuong va kinh hién vi quang hoc céc giai doan phat trién cta khudn lac va
hé soi ndm trén cac dia moi truong thach khac nhau, cac moi truong duoc st dung la
PDA va Czapek. Quan sat duéi kinh hién vi dién tir quét cudng sinh bao tir va hinh
dang bao tir sau 12 ngay nudi cy trén dia thach PDA.

Dua vao hinh thai khuan lac qua cac giai doan va trén cac dia moi trudng nuoi
céy dang thach khac nhau, két hop hinh anh sgi ndm dudi kinh hién vi quang hoc va
hinh anh bao tr va soi ndm dudi kinh hién vi dién tor quét, c6 thé xép ching ndm nay
vao chi ndm dam Cerrena dua theo khoa phan loai Robert A. Samson, 1984.

Thuc hién phan loai chinh x4c chung ndm FBV41 béng cach thuc hién xac dinh
trinh tu doan gen 18S rARN véi cédp moi EF4{/FungSR va trinh tu doan ADN dém
cung véi gen 5,8S rARN st dung cap mdi ITS1/ITS4. Céac didu kién thuc hién xac
dinh trinh tu doan gen la kién thirc thong thuong trong linh vuc xac dinh trinh tu va
cac chuyén gia trong linh vure nay c6 thé thuc hién duge mot cach dé dang.

Trinh tu doan gen 18S rARN ctia ching FBV41 c6 d¢ dai 491 bp nhu dugc thé
hién & SEQ ID NO: 1 va duoc dang ky trén GenBank v&i mé sé KJ471472. Trinh tu
doan gen ITS1-5,8S rARN-ITS2 c6 d6 dai 468 bp nhu dugc thé hién & SEQ ID NO: 2.

So sanh muc do twong déng mot phan trinh tu gen ma hoa 18S rARN cua
ching FBV41 véi trinh tr doan gen nay ciia cac ching nim duoc cbng bd trén cac

ngan hang dit liu GenBank, EMBL cho thdy ching FBV41 ¢6 mirc do twong dong
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cao nhit 100% v&i chiung Cerrena sp. SAUFC4-3 va Cerrena sp. NIOCC F67. Cay
phét sinh ching loai ctia ching FBV41 dua trén trinh tu mot phén doan gen 18S rARN

da duogc xay dung va dugc trinh bay trén hinh 6.

So sanh murc d9 twong ddng doan gen ITS1-5,8S rARN-ITS2 clia chung FBV41
v6i trinh tu doan gen nay cia cac ching nim duoc cong bd trén cac ngin hang dit liéu
GenBank, EMBL cho thdy ching FBV41 c6 muc d tuong ddng cao nhit 99% voi
chung Cerrena sp. NIOCC 2a va Cerrena sp. MTCC 5159. Cay phat sinh chung loai
cua chung FBV41 dua trén trinh tuw ITS1-5,8S rARN-ITS2 da dugc xdy dung va duoc
trinh bay trén hinh 7.

Dua trén cac dac diém hinh thai khuan lac, hé so1 va bao tu, cuéng sinh bao t&
két hop so sanh mot phéan trinh ty gen ma hoa 18S rARN va doan gen [TS1-5,8S
rARN-ITS2 thi ching nay thudc gigi nam, nganh Basidiomycota, 16p Agaricomycetes,

bd Polyporales, ho Polyporaceae, chi Cerrena va dugc dat tén 1a Cerrena sp. FBV41.

Tén ching “FBV41”, trong pham vi ban mo ta nay, vin duoc ding dé chi chung

Cerrena sp. FBV41 vtra dugc dinh tén trén day.

Chiing ndm FBV41 duoc phén 14p va luu gift tai Vién Cong ngh¢ sinh hoc, Vién

Han 1am Khoa hoc va Cong nghé Viét Nam dudi dang thudn khiét vé mat sinh hoc.
B. Kha nang sinh tong hop enzym laccaza ctia ching Cerrena sp. FBV41

Chung Cerrena sp.FBV41 sau khi phan 1dp va xdc dinh c6 kha nang sinh
laccaza duoc tiép tuc xac dinh cac dic tinh cua ching nay lién quan dén kha nang sinh

laccaza va cac yéu to anh hudng dén kha nang sinh tong hop laccaza.

Chung FBV41 dugc nudi cdy trén 2 loai mdi trudong khac nhau 1a PDB va
MCA. Trong d6, thanh phan méi truong PDB nhu dd mb ta trén phin phan l4p va moi
truomg MCA c6 thanh phan nhu sau: KNO; 2,6 g/l; MgSOy 0,42 g/l; KH,PO, 0,24 g/1;
Na,HPO, 0,56 g/I; NaCl 1 g/l; K,HPO, 0,1 g/l; FeSO,4 0,002 g/1; B6t ngd 2 g/l; Puong
mét 4 g/l. Dua vao két qua trén mdi trudng nay dé chon ra maéi truong nén dé nghién
ctru cac dic tinh sinh tong hop laccaza. Trén moi trudng PDB chiing nay sinh téng hop

laccaza tot hon moi truong MCA, do d6 méi truong PDB dugc st dung dé tiép tuc lam
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rd cac dic diém sinh hoc khac. Pac tinh dugce xac dinh ddu tién 1a thoi gian ma ching
FBV41 sinh laccaza dat hoat tinh cao nhét. Sau 9 ngay nudi cdy chung nay cho hoat
tinh laccaza cao nhét dat 9.727 U/L. Khoang thoi gian 8 dén 10 ngay nudi cdy la
khoang thoi gian dé thu nhan laccaza ciia cac nghién ctru vé céc diéu kién anh hudng

tiép theo.

Su anh hudng ctia cac nhan td nhu CuSO,, do pH, cac chit hitu co b sung,
nguén cacbon, ti 18 C/N va chit cam ung cling dugc xac dinh béng cach nudi ca“iy
ching FBV41 trong cdc mdi trudng c6 thay ddi thanh phan cac nhan td cin xac dinh
anh huéng va sau do xac dinh hoat tinh laccaza. Tir d6, xac dinh duoc céac diéu kién

thich hop nhét cho viéc sinh téng hop laccaza cia ching FBV41 theo sang ché.

C. Diéu kién va cdc budc tién hanh [én men chim thu lugng 16n laccaza tir ching

Cerrena sp.FBV41

Pé thu dugc lugng 16n enzym laccaza tir chung FBV41, chung nay duogc 1én
men trong thiét bi Ién men chim quy mé 15 lit. Giéng cho 1én men chim quy mo l6n 1a

gidng cip 2, quy trinh chudn bi ngudn gidng duoc mé ta nhu sau:

1- Gibng cép 1: Chung gidng FBV41 gbc duoc cdy chuyén sang méi trudong
PDA, nudi ¢ 30°C trong 5 ngay, ta thu duoc gidng cip 1.

2- Gidng cap 2: Gidng cap 1 duge chuyén sang 50 ml méi truong PDB pH 6,8
trong binh nén 250ml va nudi lic 200 vong/phut & 30°C. Sau 5 ngay nuoi
chy thu nhan duoc gidng cép 2. Ngudn gidng nay duoc st dung dé bd sung
vio thiét bi 1én men 15 lit.

Thanh phan méi truong 1én men chim cia ching ndm FBV41 1a méi trudong

PDB ¢6 bd sung CuSO, 0.25 uM. Luong gidng bd sung 1a 5% thé tich 1én men, moi
mé 1én men 10 — 15 lit. Lén men & diéu kién nhiét d6 nam trong khoang tir 25°C dén
30°C trong thoi gian 6 ngay. Dich 1én men thu duoc c6 hoat tinh cao, 1én dén 70.962
U/L va duoc loc tho béng vai man dé thu dich enzym thd. Dich enzym thd dugc bao

quéan & nhiét do 4°C.

D. Téch, tinh ché va xac dinh cac yéu to anh huong dén enzym laccaza cua ching

Cerrena sp.FBV41
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Dich enzym thd dugc ly tim véi toe do 12000 vong/phut trong 15 phut & 4°C,
sau d6 duoc cd dic bang hé thng mang loc tiép tuyén 8 kDa. Dich enzym sau khi co
duoc dua 1én cdt séc ky trao ddi ion HiTrap Q HP 1 ml véi téng thé tich dich enzym
qua cOt 1a 2 ml trong mot lan chay. Cot duoc can bé‘mg b1 dung dich dém natri axetat
20mM, d6 pH=5,5. Thoi mau bang mudi NaCl c6 0,05M dén 0,35M, budc nhay gitra
cac néng dd 1a 0,05M, mdi né)ng do thu 10 phan doan vai thé tich Iml/phan doan. Tbe
d6 dong chay Iml/phut khi can bang c6t va tai mau, 1,5ml/ phit khi théi miu. Ham

lugng protein va hoat tinh enzym dugc xac dinh & mdi phan doan.

Céc phan doan c6 hoat tinh cao tai cac dinh khac nhau lan luot duogc dua lén coOt
sdc ki loc gel Sephadex. Cot ¢6 kich thude 1,2x50 cm duogce can bang bang dung dich
dém natri axetat 20mM , d0 pH=5,5, tde do dong chay 1a 20ml/gio. Thu 40 phan doan,
thé tich mdi phan doan 1a Iml. Ham lugng protein va hoat tinh enzym dugc xac dinh

trong mdi phan doan.

Khéi luong phan tir tvong ddi va do tinh sach cta enzym laccaza tach chiét
dugc x4c dinh bang phuong phéap dién di trén gel polyacrylamit theo Laemmli. Protein
khong bién tinh dugc dién di trén gel khong bién tinh (native page). Protein bién tinh
dugce dién di trén gel SDS page. Qud trinh dién di dugce thuc hién véi dong dién co
hidu dién thé 1a 90V dbi voi ban dién di gel ¢6 va 120V dbi v6i ban dién di gel tach.
Thanh phén ctia gel dién di va cac budc tién hanh duoc thuc hién dé dang bdi céac

chuyén gia trong linh vuc protein.

Enzym th6 va enzym laccaza tinh sach sau qua trinh tinh sach dugc dua di xac
dinh sy anh hudng ctia cadc nhan t6 khac nhau dén do bén va hoat tinh cta enzym. Cac

nhan t6 1a d0 pH, nhiét do, cac co chat khac nhau, chat e ché va ion kim loai.

Céac qua trinh thuc hién sdc ky, x&c dinh sy &nh hudng ctia cac nhan t6 1én hoat
tinh cuda hai loai enzym laccaza la cac qué trinh thong thuong trong linh vuc enzym. Vi
vay, cac chuyén gia trong linh vuc ¢d thé dva vao kién thirc ctia minh dé thuc hi€én mot

cach dé dang.

E. Ung dung cua laccaza sinh ra boi ching Cerrena sp.FBV41 vao loai mau thube

nhudm va tién xur ly rom ra
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Enzym laccaza thu dugc tir ching FBV41 dugc st dung dé loai mau ctia mot sb
mau thuoc nhom azo nhu Acid red 266 (NY7), nhom anthraquinon nhu RBBR
Remazol brilliant blue R. Ngoai ra laccaza tr FBV41 con loai mau cia cdc mau
thuong mai dugc sir dung rong rédi trén thi truong Viét Nam hién nay 1a Everzol Red
LF-2B; Megafix Red EBR; Drimaren Blue CLBR; Megafix Blue EBB; Nova Navy SG
va Megafix tarquoise BES. Cac mau thuong mai nay dugc thu thap tir cic co sé, nha
may dét nhudm nhu Nha may Dét Nam DPinh, nha may dét nhuém Dong Xuéin, Xi
nghiép 5-cong ty 20-Bd Québc phong. Kha nang loai mau duoc tién hanh & diéu kién
30°C, dém axetat, d0 pH=4, c6 hodc khong c6 mit clia chat trung gian (mediator).

Laccaza tho ctia ching FBV41 loai duogc tir 60 dén hon 97 % cac mau thir nghiém.

Laccaza thd tir chung FBV41 c6 kha nang ung dung dé tién xt ly rom ra.
Enzym ndy c6 khd nang khtt ddc cdc hgp chat phenolic ¢ trong rom ra la tdc nhan tc
ché qua trinh duong hoa bdi hé thng cac enzym khac. Hidu qua tién xt ly thong qua
lugng duong khir tao thanh khi so sanh thi nghiém c6 laccaza va khong c6 laccaza két
hop vé6i 2 ché pham CTEX va HTEX la céc ché pham chira enzym xenlulaza (CTEX)
va hemixenlulaza (HTEX).

Ché pham vi sinh dé xir Iy mdi truong chira dich nuéi cdy cua ching Cerrena
sp. FBV41. Trong d6, dich nudi cdy c6 thé 1a dich enzym thd nhu thu duge tir muc C
trén ddy, hodc la dich enzym tinh sach nhu thu dugc tr muc D trén day. Ché phém Vi
sinh nay hitu ich dé x ly méi truong nhu khir mau trong nude thai nha may dét
nhudm va tién xtr Iy rom ra. Ngudi c6 hiéu biét trung binh trong linh vuc vi sinh s&
biét cach két hop cdc chit b trg voi dich nudi cdy cua ching Cerrena sp. FBV41 dé

thu duoc ché phdm pht hop v6i muc dich st dung.
Vi du thue hién sang ché
Vi du 1: Phan 18p chung FBV41 c6 kha nang sinh laccaza

Mau gd muc thu duoc tir rimg Quéc gia Ba Vi, Ha Noi duoc thu thap va 1a
ngudn nguyén li€u cho phén 1ap vi sinh vat c6 khéa nang sinh laccaza trong vong 24
gio. Phan 1ap bang cach nudi ciy trén dia moi truong PDA thich hop c¢6 chtra chét chi

thi dic trung cho enzym laccaza 1a guaiacol 0,02%. Khuin lac tao thanh c¢6 kha niang
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hién mau chét chi thi duogc tach riéng &, tir 6 thu dugce chung ndm thuan khiét (Hinh

1.

Kha nang sinh téng hop Lac cta ching FBV41 duoc khao sat bang cach nudi
cdy chiing nay trong mai truong PDB & nhiét do 30°C, lic 200vong/phut trong 4 ngay
va xac dinh hoat tinh enzym theo tirng ngay. Sau 4 ngay, hoat tinh Lac cao nhit dat
kha cao 4500 U/L.

Vi du 2: Hinh théi va phan loai ching Cerrena sp. FBV41

Hinh thai khuan lac duoc quan st trén hai moi truong PDB va Czapek sau 4
ngdy nudi cdy & 30°C. Khuan lac trén hai méi trudng nay la khéc nhau, v4i moi truong
Czapek hé¢ soi1 phat trién cham hon so v&i trén moi truong PDA. Khuén lac c6 dang soi
bong manh, mat do soi thua, mau tréng, khuén lac 1am moi trudng chuyén mau nau dé
nhat (Hinh 2). Trén mai truong PDA khuén lac c6 mau tréng, bong xép, mat do soi
day, tim khuan lac 16m, tao nhiéu vong ddng tdm xbp, trén moéi trudng c6 guiaicol tao

mau nau do dam, mau nay dam hon rat nhi¢u so véi moi truong Czapek (Hinh 3).

Hinh thai s¢i, cudng sinh bao tir va bao tr ctia chung FBV41 dugc quan sét
dudi kinh hién vi dién tr quét (SEM) va quang hoc sau 12 ngdy nudi ciy trén moi
truong PDB. Hé soi ching FBV41 c6 dang soi dai, khong chia dét, tai cac diém phan
nhanh c6 gE“) hoi san (Hinh 4). Bao t& vo tinh ¢ dang chudi ngén, kich thudc 2 — 2.4 x
7- 10 pM. Cudng sinh bao tir phat sinh tir hé soi manh, phan cudng nho dinh véi cac

bao tir 16n hon phia trén (Hinh 5).
Thuc hién phan loai ching nAm FBV41 thong qua cac bude chinh sau:

1- Nudi thu sinh khéi

2- Tach ADN tdng s&

3- Khuéch dai doan gen mong mudn (18S rARN va ITS1-5,8S rARN-ITS2)
bang phan tng PCR

4- Xac dinh trinh tu doan gen 18S rARN va ITS1-5,8S rARN-ITS2 ctia chiing
FBV41

5- Xac dinh d9 twong dong cia trinh tu cac doan gen trén cta ching FBV41

v6i cac chung dugce cong bo trén Genbank
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6- Xay dung cay phat sinh ching loai sir dung phan mém Mega 5

Chi tiét cac budc lam dugec md ta nhu sau:

e Tach chiét ADN tdng sb ctia chung FBV41
- Nubi cdy thu sinh khéi ndm trén maéi truong PDB, pH 6,8, sau 3 ngay & 30°C;

- Thu sinh khéi bang cach ly tim 6000 vong/10 phit & 4°C, lap lai vai lan dé thu da

mau;

- B6 sung moi trudng nudi cy dé rira sinh khéi, ly tim 2 14n v6i 6000 vong/10 phut &

4°C;

- Ding panh dé 1ay sinh khéi cho vao céi st da khu tring va nghién trong nito 16ng

thanh bdt min;

- Dung thia xtic mau cho vao cac 6ng eppendoff, bd sung 600ul dém lysis va 1ic nhe;
- B6 sung tiép 65ul lysozym (10 mg/ml), i 37°C trong 30-45 phit;

- Cho 50ul protenaza K (10 mg/ml) u & 56°C trong 2 gio;

- B6 sung tiép clorofom:isoamyalcolhol (ty 18 24:1) v6i ty 16 1:1 vé thé tich, tron déu

sau do ly tdm 12000 vong/phut trong 15 phut ¢ 4°C;

- Thu phan dich ndi bén trén cho vao dng eppendorf méi;

- B6 sung isopropanol vai ty 18 1:1 vé thé tich, t ¢ 4°C qua dém;

- Ly tim & vén téc 12000 vong/phut trong 15 phut & 4°C, thu chét két tua;
- Hoa tan két tia trong 500 pl TE;

- Loai ARN bang cach thém AaRNaza, G & 37°C qua dém,;

- B4 sung clorofom:isomyalcohol (ty 1& 24:1) véi ty 16 1:1 vé thé tich sau d6 dao nhe

va ly tim & van toc 12000 vong/phit, 15 phut ¢ 4°C;
- Thu phén dich ndi phia trén;

- B sung etanol 100% (giit lanh) ty 1& 1:1 v& thé tich;
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- Ly tAm & van téc 12000 vong/phut trong 15 phut & 4°C, thu két tia sau d6 ria sach
béng etanol 80%, lam kho ADN; va |

- Hoa trong 100ul TE va béo quéan & 4°C.

e Nhan doan gen bang phan ung PCR
Cip moi duoc sir dung dé khuéch dai doan gen 18S rARN la cap mdi EF4f/Fung5R va
doan gen ITS1-5,8S rARN-ITS2 1a ITS1/ITS4 duoc thiét ké dua vao trinh tu co tinh
bao thu cao cia cdc doan gen nay & sinh vat ¢c6 nhan dién hinh.

Moi xudi EF4f: 5’ — GGAAGGG(G/A)TGTATTTATTAG — 3’

Moi nguoce Fung5R: 5° — GTAAAGTCCTGGTTCCC — 3

Moi xudi ITS1: 5> - CTT GGT CAT TTA GAG GAA GTAA -3’
Mdi nguoe ITS4: 5° —= TCCTCCGCTTATTGATATGC — 3°

Thanh phan phéan tmg va chu trinh nhiét cta phan tng PCR nhu sau:

Thanh phan phdan vmeg (ul):

Pém PCR 2
MgCl, (25mM) 3
dNTP 2.5
Moi xubi (20 M) 1
Moi nguoe (20 pM) 1
Tag-polymeraza (5 unit/pl) 0,5
H,O 12,5
ADN 2
Téng thé tich 25
Chu trinh nhiét:

Dbi véi mdi EF4F/ FungSR:
Budc 1: 95°C (5 phit)
Budc 2: 94°C (1 phit)
Bude 3: 48°C (1 phut)
Budc 4: 72°C (3 phit)
Budce 5: Lap lai 35 1an tir bude 2 dén budc 4
Budce 6: 72°C (10 phiit)
Budc 7: Bao quan ¢ 4°C

Dbi voi mdi ITS1/ITS4:

Bude 1: 95°C (5 phat)
Budc 2: 94°C (1 phat)
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Budc 3: 54°C (1 phit)

Budc 4: 72°C (3 phut)

Budce 5: Lap lai 35 14n tir bude 2 dén bude 4
Budc 6: 72°C (10 phut)

Bude 7: Bao quan ¢ 4°C

Pién di kiém tra viéc thuc hién PCR béng gel agaroza 1%, nhudm béng etidi
bromua va sau do soi ban gel dudi tia tir ngoai. Xac nhan phan Gtng PCR da xay ra mot

cach thanh cong.

San phdm nhéan doan gen dugc tinh sach bang kit Qiagen purification® va sau
do6 dugc xdc dinh trinh tu theo phuong phép cia Sanger, st dung may doc trinh tu tu
dong Automated Genetic Analyzer ctia hang Applied Biosystems (M§). St dung céc
phan mém Mega5 dé xdy dung cdy phat sinh chung loai cta chting nAm FBV41.

Két qua San pham PCR nhén doan gen ma hoa 18S rARN tir ADN cua chung
FBV41 da duoc xac dinh trinh tu ¢6 kich thudc 491 bp (nhu duoc thé hién & SEQ ID
NO: 1) va dugc ding ky trén GenBank véi ma sb truy cdp KJ471472. Két qua san
phim PCR nhéan doan gen ma hoa ITS1-5,8S rARN-ITS2 tir ADN cia ching FBV41
da dugc xac dinh trinh ty c6 kich thude 468 bp (nhu duogc thé hién & SEQ ID NO: 2).

So sanh mtc do twong dong mot phan trinh tw gen ma héa 18S rARN cua
ching FBV41 véi trinh tu doan gen nay ctia cac ching nim duoc cong bd trén cac
ngan hang dit liéu GenBank, EMBL cho thdy chung FBV41 c¢6 muc do trong dong
cao nhit 100% v&i ching Cerrena sp. SAUFC4-3 va Cerrena sp. NIOCC F67. Cay
phét sinh ching loai ctia ching FBV41 dya trén trinh tw mot phan doan gen 18S rARN

da dugc xay dung va dugc trinh bay trén hinh 6.

So sanh mue do tuong déng doan gen ITS1-5,8S rARN-ITS2 ctia chung FBV41
v6i trinh tir doan gen nay cia cdc chiing ndm dugc cong bd trén cac ngan hang dir liéu
GenBank, EMBL cho thdy doan gen cta ching FBV41 ¢6 muc do twong dong cao
nhit 99% v&i ching Cerrena sp. NIOCC 2a va Cerrena sp. MTCC 5159. Cay phat
sinh ching loai cia chung FBV41 dua trén trinh tu ITS1-5,8S rARN-ITS2 da duogc

xdy dung va dugc trinh bay trén hinh 7.
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Nhu vay, dua trén cac dac diém hinh thai khuan lac, hé so1 va bao tir, cuéng
sinh bao tir két hop so sénh mot phan trinh tw gen ma héa 18S rARN va doan gen
ITS1-5,8S rARN-ITS2 thi ching nay thudc gioi nam, nganh Basidiomycota, 16p
Agaricomycetes, b0 Polyporales, ho Polyporaceae, chi Cerrena va duge dat tén la

Cerrena sp. FBV41.
Vi du 3: Thoi gian sinh tong hop laccaza ctia ching nim FBV41

Kha nang sinh tong hop laccaza cta ching FBV41 theo thoi gian dugc theo doi
trén moi trudng PDB, ching duogc nudi cdy ¢ 30°C, lac 200 v/p. Méu duoge thu theo
ting ngay va xac dinh hoat tinh laccaza. Ding thu mau khi hoat tinh do dugc giam dan

sau 5 ngay lién tiép.

Két qua duoc thé hién tai Hinh 8 cho théy ching Cerrena sp.FBV41 sinh tong
hop laccaza c6 hoat tinh cao nhit sau 9 ngay nudi cdy. Hoat tinh cao nhét dat 9.727
U/L. Tuy nhién c6 mét giai doan 6n dinh tir ngdy thtr 4 dén ngay thir 7, tai giai doan
nay hoat tinh gin nhu khong thay dbi. Ngay thir 8 hoat tinh ting dan va dat dinh vao
ngay thir 9. Sau ngay thtr 9 hoat tinh sinh ra ¢6 xu hudng giam dan va chi con 3.139
U/L vao ngay thtr 16. Dua vao két qua nay, cac thi nghiém tiép theo dich 1én men duoc
14y mau va xac dinh hoat tinh tai 3 thoi diém 14 8, 9 va 10 ngay, 14y hoat tinh cao nhat

dé 1am két qua cudi ciing cho cac thi nghiém sau.
Vi du 4: Xac dinh 4nh huéng ctia ndng do CuSOy 1én kha ning sinh tdng hop laccaza

Ton Cu®" duge chimg minh 14 ¢6 vai tro rét 16n trong vi€éc cam ung sinh laccaza,
do d6 CuSO4 dugce sir dung dé b sung vao méi truong nudi cdy nham tang kha ning
sinh téng hop laccaza. Dai néng do CuSO, da dugc st dung 1a 0; 0,1; 0,25; 0,5; 0,75;
1 mM.

Sau 9 ngay nudi cdy ¢ ndng dd CuSO4 0,25 uM cho hoat tinh dat cao nhét
11.986 U/L va tang 78 % so v6i mau khong bd sung CuSO, (6.917 U/1). Trong céc thi
nghiém cé bd sung thém Cu*" déu cho hoat tinh cao hon so voi thi nghiém dbi chirng

khong bd sung. Tuy nhién khi ndng d6 ctia CuSO, cao hon 0,25 mM trong dai khao sat
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120,5 ¢én 1 mM thi lam tang hoat tinh lén khoang 50 % nhung khéng téng‘tuyé’n tinh
khi ndng do Cu’" tiép tuc ting (Hinh 9).

Vidu 5. Xdc dinh anh huéng ctia pH moi truong nudi cdy 1én kha nang sinh trudng va

sinh tong hop laccaza cta chung FBV41

pH mdi truong nudi ciy 1a yéu tb quan trong anh huéng dén kha nang sinh
truong cling nhu sinh tdng hop cac chét trao dbi thu cap. Dai pH dugc st dung dé
nghién ctru dnh huong ctia pH mdi truong nudi cdy 1én kha nang sinh trudng va sinh
téng hop laccaza cua ching FBV41 1a pH 3.4,5,6,7,8,9,10,11 va 12. Moi truong su
dung cho nghién ciru [a PDB ¢6 b6 sung 0,25 mM Cu®’, pH dugc didu chinh bang 1M
NaOH va IM HCI, xac dinh bing may Hanna pH211. Sau khi khor trung pH duoc
kiém tra va didu chinh lai bang NaOH va HCl v6 trung.

Sau khi chudn bi moéi truong, gidng duge bd sung vao cac binh nudi cdy véi ty
18 10% vé thé tich. Hoat tinh laccaza khao sét sau 9 ngdy nudi cdy dat cao nhit & pH 8
dat 25.875 U/L. Trong dai pH khao sat cho thdy ching FBV41 sinh trudng va phat
trién tét trong khoang pH 3 dén pH 10, day 1a khoang pH rat rong ma nim c6 thé sinh
truong duoc (Hinh 10). Chung nay sinh tong hop dwoc laccaza trong dai pH ma ching
phat trién, tuy nhién tai pH 3 hoat tinh sinh ra yéu nhét dat 9.680 U/L, khi pH cang cao
hoat tinh laccaza sinh ra cang ting va cao nhit tai pH 8. O pH 9 va 10 hoat tinh
laccaza gidm nhanh va lugng sinh khéi ndm tao ra cing it hon. Tai pH 11 va pH 12

chung nay khong c6 kha nang sinh truéng va tong hop laccaza (Hinh 11).

Vi du 6: Xéc dinh anh huéng cta cac ngudn hitu co bd sung 1én kha ning sinh tong

hop laccaza cia chung FBV41]

Mot s6 ngudn dinh dudng hitu co khi bd sung vao moi trrong nudi cay cé thé
lam tdng hoat tinh laccaza tao ra, cac ngudn duoc nghién ciru nhiéu 1a bot ngod, cam lua
mach, cam lta mi, cdm gao va bot dau tuong. Cac nguén st dung dé nghién ctru anh

huéng dbi véi FBV41 1a cam gao, bot dau turong, bot ngd, bot gao.
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Moi truong co ban PDB chira dich chiét khoai tdy ¢6 b sung 0.25 mM Cu®*,
pH 8 chinh bang NaOH 1M dugc st dung dé nghién ctru anh hudng cua céc ngudn

hitu co b sung. Ty 1 bd sung 0,5 % gidng nhau gitta cac ngudn.

Két qua x4c dinh tai thoi diém hoat tinh laccaza dat cao nhéit sau 9 ngay cho
thdy tit ca cac nguén bd sung déu cho hoat tinh cao hon so véi khi khong bé sung,
trong d6 ngudn bot dau tuong c6 anh huong tét nhét tiép sau dén ngudn cam gao. Khi
bd sung 0,5% bot dau tuwong hoat tinh laccaza dat 34.670 U/L. V&i hai nguén bdt gao
va bot ngo, hoat tinh laccaza taing khong dang ké (Hinh 12).

Vi du 7: X4c dinh 4nh huéng dau twong 1én kha ndng sinh tong hop laccaza cta ching

FBV41

Tiép theo vi du duogc trinh bay tai muc “Vi du 6” théy bot dau tuong cd anh
huéng 16n dén kha nang sinh laccaza cta chung FBV41, do d6 cac nong do khac nhau
ctia bot dau tuong bd sung vao moi trudng nudi cdy da duoc tién hanh. Thanh phan
mdi truong twong tu trong vi du s6 6 v6i khac biét 1a néng do bot dau tuong duogc bd

sung ¢ céc ndng d6 12 0,1; 0,5; 1; 1,5; 2 va 2.5 %.

Khi b6 sung bt ddu twong ¢ ndng do 1% da lam tang khd ning sinh tdng hop
laccaza, & néng dd bot dau tuong 16m hon tir 1,5 dén 2,5 % hoat tinh laccaza thu duoc
thép hop so véi dbi chimg (mau khong bd sung bot dau twong). Nong do thich hop
nhat 14 0,5 % vi & ndng do nay hoat tinh laccaza dat 38.354 U/L, tang 90 % so vé6i khi
khong bd sung dau twong (Hinh 13).

Vi dy 8: X4c dinh anh huéng ctia ngudn cdm gao 1én kha nang sinh téng hop laccaza

cua chung FBV41

Ngoai ddu tuong, cam gao ciing ¢6 anh huéng dén kha nang sinh laccaza cua
ching FBV41, néng d6 khac nhau cia c4m gao trong moi truong nudi cdy lan luot 1a
0.1;0,5 va 0,75 % da duoc sir dung; doi chimg la mau khong bé sung cam gao. Moi
truong PDB v6i pH 8, 0,25 mM Cu2+, 0,5 % bot ddu tuong, 10 % gibng, ldc 200 v/p
¢ 30 °C da duoc st dung trong khao sat nay. Hoat tinh laccaza cao nhat do duoc sau 9

ngay nudi v6i hoat d 57.993 U/L & 0,1 % nong d6 cam gao (Hinh 14).
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Vi du 9: X4c dinh anh hudng ctia nguon Cacbon 1én kha nang sinh tdng hop laccaza

cua chung FBV41

MBoi truong st dung dé 1én men ching FBV41 cho hoat tinh cao ¢6 thanh phan
cacbon chinh 14 glucoza, su thay thé ngudn duong nay bang cac ngudn dudng khéc da
duogc xac dinh. Cac ngudn duong st dung cho nghién ciru nay bao gbém 2 dudng don
glucoza; galactoza, 2 duong doi saccaroza; lactoza, 2 duong da la tinh bot, xenluloza,
va 2 nguodn cacbon khéc 1a dudong phén va ri duong. Nong do 1% cua cac ngudn
cacbon nay giéng nhau giita cac binh nudi cdy va lan thi nghiém l4p lai va bang véi

ndng do dudng ciia glucoza trong thanh phin ctia mdi trudong co ban PDB.

Moi trudng dugc st dung trong nghién ctru nay cé thanh phan bao gdbm moi
truong co ban PDB, pH 8, 0,25 mM Cu**, 0,5 % bot dau twong, 0,1 % cam gaova 1 %

cac ngudn duong nhu trinh bay & trén.

Ching FBV41c6 kha nang st dung ca 8 ngudn cacbon da khao sat. Tuy nhién,
hoat tinh laccaza sinh tong hop béi ching FBV41 khong phu thudc vao cdu tric
duong don, duong d6i hay dudng da cé trong méi truong nudi cdy ma hoat tinh
laccaza lai phu thudc vao ting loai duong riéng biét (Hinh 15). Trén moi trudng chira
ri duong, xenluloza va lactoza hoat tinh laccaza thu duogc thip nhét trong cdc ngudn
dudng da khao sat. Hai ngudn duong dat hoat tinh cao nhit 1a galactoza va saccharoza
v6i hoat tinh 1an lugt dat 73.194 va 76.250 U/L. Hoat tinh cao nhét dat 43.263 U/L sau
6 ngay v6i ri dudng va 7 ngay (31.944 U/L) trén ngudn xenluloza va van cao nhit sau

9 ngay nudi cay trén cac ngudn dudng con lai.

Vi du 13: Diéu kién 1én men chim quy mé 15 lit nhdm sinh tong hop laccaza cia

ching FBV41

Pé thu duge luong 16n enzym laccaza tir chiing FBV41, chung nay dugc 1én men
trong thiét bi 1én men chim quy mé 15 lit. Giéng cho 1én men chim quy mé 16n la

gibng cép 2, quy trinh chuan bi ngudn giéng dwoc md ta nhu sau:

- Giéng cép 1: Ching gidng FBV41 gbc duoc cdy chuyén sang mdi truong PDA,

nudi & 30°C trong S ngay, ta thu dugc gidng cap 1.
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- Gibng cip 2: Gidng cip 1 duoc chuyén sang 50 ml moi truong PDB pH 6,8
trong binh nén 250ml va nudi lic 200 vong/phut ¢ 30°C. Sau 5 ngay nudi cy
thu nhén duoc gidng cép 2. Nguon gidng nay dugc st dung dé bd sung vao thiét
bi 1én men 15 lit.

- Pdng nhit gibng: Gidng cép 2 trude khi bd sung vao thiét bi 1én men dugc
dong nhét bang may ddng nhét.

Thanh phin méi truong 1én men chim cta ching nAm FBV41 1a moi truong PDB
c6 bd sung CuSO, 0.25 mM, hén hop vitamin, hdn hop vi lugng va 10 ml dau an.
Luong gidng bd sung 1a 5% thé tich lén men, moi me 1€n men 15 1it. Lén men & diéu
kién nhiét do & 30°C trong thoi gian 6 ngay. Dich 1én men duoc thu theo thoi gian sau
24, 48,72, 96, 126 va 144 gid dé xéac dinh hoat tinh. Sau 144 gi¢ hoat tinh laccaza dat
cao nhit 70.962 U/L (Hinh 16). Sau khi loc thé, dich enzym thé duoc bao quan & nhiét
d6 4°C. Cac diéu kién anh huéng dén qua trinh 1én men quy md 15 lit ctua chung

FBV41 van tiép tuc duoc khao sat.

Vi du 14: Loai mau tong hop & céc ndéng dd khac nhau béi enzym tho cua chung

FBV41

Céc loai thuéc nhuém mau duoc str dung trong vi du anh hudng ctia nong do
mau dén kha ning loai mau cta enzym tho tir ching FBV41 duoc trinh bay trong bang
1.

Bang 1. C4c loai mau tong hop duoc sir dung trong nghién ctru

X A A Trong luong Do hoa tan
Thudc nhudém C.L Ky hiéu (/mol) (/L) Amax
Axit xanh 62 62045 NY3 400,5 40 595
Axit xanh281 NYS5 580.,6 20 600
Remazol Brilliant
61200 RBBR 626,5 595
Blue R
Dr Blue CLBR - - - - 595

Tong thé tich phan ng loai mau la 5 mL duoc thuc hién trong lo thuy tinh.
Trong d6 gdm dém 20 mM natri acetate pH 4, ndng d6 mau lan luot 1a 100, 200 va
300 mg/L, hoat tinh enzym cudi cing 1a 1.000U/L. Mbi loai mau tham gia vao qua

trinh nghi€n cttu gom mot mau doi ching (C) chi gdm dém natri acetate va mau. Hiéu
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suét loai mau duoc tinh trong cac khodng thoi gian khac nhau tir 2 dén 90 phut theo
cong thuc sau:

~100(Ci - Ct)
Ci

D

D: phan tram logi méu thuée nhuém (%)
Ci: nong do thuéc nhuém ban dau
Ct: nong do thuoc nhudm theo thoi gian t

Trong do

Sau 90 phut, tAt ci cdc mau déu bi loai bé & muc do khac nhau khi bd sung
thém laccaza v6i hoat tinh ban dau 1a 1.000 U/L (Hinh 17, 18 va 19). Phd hép thu mau
RBBR trude va sau khi xir Iy & nong do 100 mg/l bang may UV-VIS duoc thé hién
trén Hinh 20 cho thiy c6 su thay dbi qua qua trinh xt ly.

Trong 4 loai mau nghién ctru & nong do 100 mg/L thi mau Dr CLBR d3 bi loai
bo nhiéu nhét véi hon 90% ngay sau 15 phut va 94% sau 90 phut. Bén canh d6 mau
RBBR, axit xanh 62 va axit xanh 281 cling bi loai bo 1an luot 87,12%:; 85,19% va
78,95% chi sau 90 phut ¢ ndng do 100 mg/L (Hinh 21). Khi ndng do mau tang 1én 200
va 300 mg/L thi kha nang loai mau axit xanh 62, RBBR va axit xanh 281 didn ra cham
hon va dat hiéu qua thép hon, dat tir 68,88 dén 83,7% (Hinh 22 va 23). Tuy nhién voi
mau Dr CLBR hi¢u qua loai mau van dat trén 93% sau 90 phut. Nhu vay, laccaza tho
tr FBV41 c6 kha nang loai mau t5t chi tir 15 dén 90 phut. Do d6 né ¢6 ¥ nghfa rat Ién
khi 4p dung phén hay sinh hoc & md hinh cong nghi¢p trong cong nghé xir Iy mau
thube nhudm vi ¢6 thé rit ngan thoi gian xur Iy va dem lai hiéu qua kinh té cao hon.

Két qua & bang 2, 3 va 4 cho thiy, trong qua trinh loai mau c6 su tham gia ctia

enzym ngoai bao laccaza.

Bang 2. Su giam hoat tinh laccaza theo thoi gian xtr 1y loai mau thuéc nhudém & ndng d6 100

mg/L
Mau (100 Hoat tinh laccaza (U/L)
mg/L) 2 phat 15 phat | 30phat | 45 phut 60 phut 75 phat | 90 phut
RBBR 466 484 380 240 106 112 89
Axit
<anh 62 958 773 626 391 317 330 245
Dr Blue
CLBR 719 713 524 242 242 221 189
Axit
«anh 281 788 516 569 294 246 217 192
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Bang 3. Su gidm hoat tinh laccaza theo thoi gian xtr 1y loai mau thude nhudm & ndng do 200

mg/L
Mau (200 Hoat tinh laccaza (U/L)
mg/L) 2 phut 15 phut 30 phut | 45 phut 60 phut 75 phut | 90 phut
RBBR 211 209 158 78 15 12 18
Axit
xanh 62 566 401 337 237 42 38 39
Dr Blue
CLBR 374 534 505 86 10 13 14
Axit
xanh 281 608 514 416 314 61 68 60

Bang 4. Sy gidm hoat tinh laccaza theo thoi gian xtr 1y loai mau thude nhudm & ndng dd mau

300 mg/L
Mau (300 Hoat tinh laccaza (U/L)
mg/L) 2 phut 15phat | 30phut | 45phat | 60 phat | 75 phut | 90 phut
RBBR 472 457 269 193 158 192 139
Axit
<anh 62 932 855 790 704 700 692 567
Dr Blue
CLBR 903 714 634 643 639 496 500
Axit
«anh 281 498 428 289 269 265 218 226

Vi du 15: Anh huéng cia chat oxi hoa khir trung gian dén kha nang loai mau téng hop

boi dich Lac tho cua chung FBV41

Hai loai mau dugc str dung trong nghién ctru nay 1a mau tong hop, mau dé Acid
red 266 (NY7) thudc nhom mau azo va mau xanh Remazol Brilliant Blue R (RBBR)
thudc nhém mau anthraquinone. Thi nghiém duoc tién hanh & 3OOC, n6ng dd mau 100
mg/l, hoat tinh Lac ban dau la 1.000 U/L, chét trung gian st dung 1a Violuric axit
(ViO) v6i cac nong do khéc nhau. D6i v6i mau NY7 cac ndng do caa ViO Ia 50: 100:
200 va 300 pM. P6i v6i mau RBBR céc néng do cia VIO sir dung dé nghién ctru 1a
100; 300 va 500 pM. Mau dbi chung 1a mau khong c¢6 bd sung chat trung gian. Hiéu

suét loai mau duoc xac dinh sau 24 gio voi mau NY7 va 48 gio véi mau RBBR.

Két qua hiéu suit loai mau dugc thé hién trén hinh 24 va 26. Két qua cho théy
chat trung gian lam ting hi¢u quéa loai mau. Vi mau dé NY7 Lac tho loai dugc 91,1

% mau sau 24 gio' va 80 % mau sau 1 gio & ndng do ViO 1a 300 uM. Véi ndng do 200,
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100 va 50 uM hiéu suét loai mau twong ting 1a 87.8; 85 va 73 %. Dbi voi mau khong

bd sung chét trung gian hiédu suit loai mau dat 9 %.

Pbi voi mau xanh RBBR, khi khong c¢6 mat chit trung gian laccaza tho loai
dugc 58,1 %, trong khi ¢ mdt 500 uM ViO loai dugce 91,2 %, hiéu XUAt dugce xac dinh

sau 48 gid. Su thay doi mau sau 24 gid duoc thé hién trén hinh 25 va 27.
Vidu 16: Loai mau thuong mai (nhém mau hoat tinh) boi laccaza thd tir chiing FBV41

Mot s6 mau thuong mai hién nay céc cong ty, xi nghiép dét nhudm tai Viét Nam
dang st dung da duoc thu thip lam nguyén liéu cho nghién ctru kha nang loai mau cua
laccaza thu nhan tir ching FBV41. Cac mau nay thudoc nhém mau thudc nhudém hoat
tinh, cdc mau duogc st dung trong vi du nay bao gém Everzol Red LF-2B, Megafix
Red EBR, Drimaren Blue CLBR, Megafix Blue EBB, Nova Navy SG va Megafix
tarquoise BES.

Phan tng loai mau dugc thuc hién trong dém Natri axetat pH 4, nhiét do 30 °C,
hoat tinh laccaza ban dau 1.000 U/L, ndng d6 mau 100 mg/l. MAu dbi ching 1a mau
chi c6 dém va mau, mau thi nghiém bd sung dich enzym thé va cac ndng d6 khac nhau
ctia chat trung gian. Chat trung gian st dung trong thi nghiém 1a ViO.

Két qua cho thiy laccaza cia FBV41 c6 thé loai mau thubc nhudm hoat tinh
khong can chat trung gian nhu véi mau Everzol Red LF-2B, Megafix Blue EBB,
Drimaren Blue CLBR va Megafix tarquoise BES, c6 phu thudc chét trung gian nhu
Megafix Red EBR, Nova Navy SG. Hiéu suét loai mau cao nhét di véi Everzol Red
LF-2B 14 96,5 % khi khong c¢6 mit chét trung gian sau 20 gid, khi ¢6 mat chat trung
gian 1a ViO téc do loai mau dién ra nhanh hon nhung hiéu sut cudi cung twong duong
v6i khi khong ¢6 ViO, chi sau 15 phit di loai dwoc 92,8 % mau khi bd sung 500 pM
(Hinh 28, 29). Mau CL-BR bi loai bo 97.4 % khi chi st dung laccaza thé (Hinh 32,
33), mau EBB bi loai b 96,3 % va 97,2 % twong tng v&i mau khoéng c6 ViO va c6 bd
sung 500 uM ViO (Hinh 34, 35). Déi v6i mau BES khi bd sung thém ViO hiéu suét
loai mau thap hon so véi mau khong bd sung, khi bd sung cang nhiéu ViO thi hiéu suit
loai mau béi laccaza thd cang giam, hidu suat khi khong bd sung chét trung gian dat

64,6 % (Hinh 38, 39).
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Laccaza cua FBV41 c6 kha nang loai mau ctia EBR tuy nhién khi b sung thém
cht trung gian thi hiéu suét loai mau ting dang ké (khong bd sung: 3,4 %; c6 bo sung
500 uM: 92,2 %) (Hinh 30, 31). Nova Navy SG hoan toan khong bi loai bo bdi laccaza
tr FBV41 nhung khi b6 sung 500 pM enzym nay loai dugc 90,5 % sau 48 gio (Hinh
36, 37). Chi tiét thong tin thoi gian loai mau va hiéu suit loai mau duoc thé hién tai

bang 5.

Bang 5. Hi¢u suét va thoi gian loai mot s6 mau béi Lac tho tur ching FBV41

 Hiéuqua Thoi gian - Chét trung gian

Ten LO:’?I}_,mau :_ I:\T‘guon;g.c:)c - . &) e oo
Acid red 266  Nhintgo azo  phongthi nghiém 91,1 2 300
sy - = 80 = 300
RBBR == Nhantao ‘anthraquinon  phong thi nghiém 91,2 48 500
Everzol Red LF- Coéng nghiép phan tng Déng Xuédn 96,5 24 -
2B 94,7 24 200
91,4 0,25 200
Megaﬁx Red EBR Céng nghxcp phan ung Cong ty 20/MOD 822 g 500
Drimaren Biue Céng nghiép phan Gng Nam Dinh 92,6 ,0’25 -
CLBR 94,7 24500 -
Megafix Blue Cong nghiép phéan Gng Nam DPinh 97,2 24 500
EBB 934 0,25 ' 500
: _ » ‘ 96,3 24 -
Nova Navyv SG YC‘ong nghiép phan ung Cong ty 20/MOD 90,5 g 500
Megafix tarquoise Céng nghiép phén tng Cong ty 20/MOD 64.6 48 i

BES

Vidu 17: Phén téch va tinh sach laccaza izozyme ctia ching FBV41

Dich enzym tho duogc ly tdim véi toe do 12000 vong/phut trong 15 phit & 4°C,
sau d6 dugc co dic bang hé théng mang loc tiép tuyén 8 kDa. Dich enzym sau khi co
dugc dua 1én cot sic ky trao dbi ion HiTrap Q HP 1 ml véi téng thé tich dich enzym
qua cdt 1a 2 ml trong mot 1an chay. Cot duoc can bang boi dung dich dém natri axetat
20mM, d¢ pH=5,5. Thoi mau bang mudi NaCl c6 0,05 M dén 0,3 M, buée nhay giita
cac néng do 1a 0,05M, mdi néng dd thu 10 phan doan v&i thé tich 1ml/phan doan. Téc
do dong chay 1ml/phut khi cin bang cot va tai mau, 1,5ml/ phut khi thdi mau. Hoat

tinh enzym duoc xac dinh & mdi phan doan, két qua cho thdy c6 3 dinh hoat tinh & cac
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phén doan s6 2, sb 22 va s 42, twong g v4i cac bude nhay ¢6 nong dd mudi lan luot
la 0,05; 0,1 va 0,25 M. Ba phan doan nay duoc kiém tra do tinh sach va khdi lugng
phan tir protein trén ban gel SDS-page va s6 lugng isozym c6 thé ¢ bang dién di
khong bién tinh protein trén ban gel native-page (Hinh 40). Két qua hién thi trén 2 ban
gel cho thdy laccaza sinh ra béi ching FBV41 c6 6 isozym, khdi lugng phén tir cta

isoz1 dén isoz6 lan lugt 12 59; 53; 50; 48; 45; 42 KDa (Hinh 41).

Phén doan s6 2, 3, 4 ¢6 hoat tinh cao nhit & ndng d6 mudi NaCl 0,05 M dugc
g0p chung va dua lén cot loc gel Sephadex G-75. Cot ¢o6 kich thude 1,2 x 50 cm duoc
can bang bang dung dich dém natri axetat 20 mM , do pH=5,5, tc d6 dong chay 1a 20
ml/gi6. Thu 40 phan doan, thé tich mbi phéan doan la Iml. Hoat tinh enzym dugc xac
dinh trong mdi phin doan. Hoat tinh Lac cia phan doan sb 13 dat cao nhit va dich
enzym cua phan doan nay dugc kiém tra d6 tinh sach bang phwong phap dién di twvong

tu v6i cac phan doan cta sac ky trao doi ion néi trén.

Qua trinh dién di dugce thuc hién véi dong dién c6 hi¢u dién thé 12 90V dbi voi
ban dién di gel c6 va 120V ddi véi ban dién di gel tach. Két qua cho thdy isozym
laccaza s6 1 (Isozl) ctia ching FBV41 da duoc tinh sach va c6 kich thude khoang 59

KDa.

Vi du 18: Xac dinh céc dac tinh cta laccaza isozym tinh sach thu dugc tir ching

FBV41

Enzym tho6 va enzym laccaza tinh sach sau qua trinh tinh sach dugc xac dinh su
anh huong cia cdc nhan t6 khac nhau dén do bén va hoat tinh ctia enzym. Cac nhén to

la d6 pH, nhiét do, cac co chat khéac nhau, chat e ché va ion kim loai.

Céc qua trinh thuc hién sdc ky, x4c dinh sy anh hudng cia cac nhan t 1én hoat
tinh cta hai loai enzym laccaza la cadc qua trinh thong thuong trong linh vuc enzym. Vi
vay, cac chuyén gia trong linh vuce ¢ thé dua vao kién thire ctia minh dé thuc hién mot

cach dé dang.

pH hoat dong tdi uu dugc nghién ciru trong giai pH tir 1 dén 10. Enzym laccaza

tinh sach va enzym tho thu dugce tir chung FBV41 duoc 0 tai cac gid tri do pH khac
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nhau va nim trong khoang tir 1 dén 10 dé nghién ctru pH bén. Xac dinh hoat tinh con
lai cua enzym sau khi U trong khoéng thoi gian tir 0 dén 3 gio dbi voi cac pH khong
bén va dén 48 gid dbi v6i pH bén. Ca Lac thd va isozym tinh sach (Iso_1) déu hoat
dong tt nhat tai pH=3 v6i dém Natri axetat va co chidt ABTS. Ca hai loai enzym nay
déu bén & pH kiém, hoat tinh khong giam sau 48 gio 0 véi dém pH=9 Glyxin — NaOH.
Tai pH=6 v6i dém PPB hoat tinh gidm nhe sau 3 gior u (giam 11% ddi voi enzym tinh
sach va 14 % dbi véi Lac tho). Enzym mat hoan toan hoat tinh khi 0 & pH=3 sau 3 gio

va mat hoat tinh ngay lap tuc khi t ¢ pH=1.

Dé khao sat nhiét d6 tdi vu cua laccaza tinh sach va Lac tho thu dugc tr ching
FBV41, phan g cua cac enzym nay dugc thuc hién & cac nhiét do khac nhau nim
trong khoang tir 30°C dén 90°C. Khi ting nhiét do tir 30 dén 50 °C. hoat tinh cia
laccaza tang dan tir 67 dén 90 %. Hoat tinh dat cao nhat tai 55 °C. Khi nhiét do tang
qua 55 °C thi hoat tinh laccaza bit diu giam. O 70°C, hoat tinh gidm nhe con 96%
nhung dén 80°C thi gidm manh va chi con 7% & 90°C.

Vi du 19: Tién xtr ly rom ra str dung laccaza thd tir FBV41

Rom nghién nhé (<0,3 cm) duge st dung cho quaé trinh thi nghiém. Vi laccaza
tr ching FBV41, thi nghiém duoc tién hanh véi S g rom trong dém natri axetat
20mM; pH 5; 0,27 g CTEX va 0,03 g HTEX, b6 sung laccaza véi hoat tinh 1a 29.000
U/L. Tong thé tich phan tmg 1a 100 ml. MAu déi ching 1a mAu tuong tw nhung khong
bé sung laccaza.

Mau dugce dé tinh & 50°C, 14y mau ban dau va sau mdi ngay dé xac dinh hoat
tinh laccaza con lai va ham luong glucoza duoc tao ra. Ham luong duodng tao ra duoc
xac dinh theo phuong phap ciia Miller et al (1959).

Thi nghi¢m tién xr Iy rom ra bang laccaza tho tir ching FBV41 di dugc tién
hanh (Hinh 42). Ham lugng duong khtr va hoat tinh laccaza dugc xac dinh sau mdi

ngay va thé hién tai bang 6.
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Bang 6. Ham luong dudng khu tao ra khi xtr Iy rom ra ¢6 va khong c6 enzym laccaza tir
ching nam FBV41 sau 5 ngay

Ham luong duong khir (mg/mL) Hiéu sudt (%)
Mau ;
ngdy 2 ngay | 3 ngay | 4 ngay | 5 ngay
Khoéng enzym - - - - - -
CTEX+HTEX 3,52 3,50 | 2,94 2,97 3,32 100
Laccaza(FBV41)
N CTEXAHTEX 5,21 2,67 2,80 2,73 2,79 148
Trong d6: CTEX: Xenlulaza
HTEX: Hemizenlulaza
Bang 7. Hoat tinh laccaza sau mdi ngay xir ly
Hoat tinh laccaza (U/L)
Man A 1 2 3 4 5
Ban dau \ X . \ \
ngay ngay ngay ngay ngay
Laccaza (FBV41)
FCTEXAHTEX 29.000 13.672 9.390 2.588 1.430 1.336
Laccaza (FRHY3)
FCTEXAHTEX 2.000 822 162 61 41 25

Béang 7 cho thidy ham lugng dudong khir sau qua trinh xr Iy rom trong thi
nghi€ém cé st dung laccaza, CTEX, HTEX cao hon 1,48 - 1,94 lan khi chi st dung
CTEX va HTEX. Vi laccaza tir FBV41 dat cao nhét 5,21 mg/ml sau 1 ngay. Hoat tinh
laccaza tir FBV41 giam déan theo céc ngay do chung da duoc st dung va tiéu hao trong

qué trinh xtr ly rom (bang 7).
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YEU CAUBAO HO
1. Ching ndm Cerrena sp. FBV41 thuan khiét vé& mit sinh hoc, trong d6 chiing nim
nay c6 doan gen ma hod 18S rARN co6 kich thudc 491 bp, trinh tu duoc thé hién &
SEQ ID NO: 1 va duge dang ky trén GenBank véi ma s KJ471472, ¢ doan gen ma
hoé doan ITS1-5,8S rARN-ITS2 ¢6 kich thudc 468 bp va trinh tu duoc thé hién & SEQ
ID NO: 2 va c6 khé ning sinh téng hop enzym laccaza.

2. Ché pham vi sinh dé xu Iy méi truong chira dich nudi ciy chung ndm Cerrena sp.
FBV41 theo diém 1, trong d6 dich nuoi cay chung nim Cerrena sp. FBV41 duoc thu ¢
diéu kién nudi cdy thu enzym laccaza, va xtr ly méi truong 1a khit mau trong nuée thai

dét nhuom hodac tién xr Iy rom ra.
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Hinh 2
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inh 3

H
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Hinh 4
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Phanerochaete stereoides

43

96

Cymatodermma caperatum
Fungal sp. NIOCC F66
Cerrena unicolor

Fungal sp. NIOCC F60

Cerrena sp. SAUFC4-3

55

22

Fungal sp. NIOCC F67
— ¢ rBV41

Fungal sp. NIOCC F61

Cermena sp. MTCC 5159

Abortiporus biennis

76

Bjerkandera adusta strain DAOM 215869

Polyporus grammocephalus strain WD2379

Polyporus grammocephalus strain P04-17

30

Hyphodemmella rosae strain MA-Fungi 38071

54

Phanerochaete avellanea

Microporus xanthopus isolate UPM-P1

Trametes sp. FBV42

Aspergillus niger strain CICC

75

24

42

Aspergillus niger
Penicillium camemberti
Penicillium oxalicum

Ganodemma lucidum strain AS| 7068

85

50

Pycnoporus sanguineus strain H2008
Corticiales sp. Tenaun 72-1

Trametes versicolor isolate XSD-4
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Hypholoma australe (KJ137259.1)

Pseudoomphalina pachyphylla TL-5643 (CFMR) (KF291252.1)
Mrakia frigida Nwsc-2 (KC991038.1)

Pleurotus sp. Florida PVAPO1 (KF939120.1)

Cuphophyllus pratensis DJL-Scot-8 (KF291059.1)

83

34

5 Deconica sp. TENN051714 (KJ137262.1)

iy Lepista sordida (KJ137261.1)

Antrodia sitchensis HHB 5298SP (AY336784.1)
Cerrena sp.FBV41

Cerrena unicolor GSM-10 (JQ798288.1)

Cerrena unicolor F24 (GU067741.1)
78 Fungal sp. MS211 (JQ919928.1)

50 — Cerrena sp. NIOCC 2a (FJ010208.1)
61 L————Cerrena sp. MTCC 5159 (AY939879.1)

Ganoderma lucidum RZ-2 165 (AF493072.1)
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DANH MUC TRINH TU

<110> Vién Céng nghé sinh hoc - Vién Han lam Khoa hoc va Céng nghé Viét Nam

<120> Ching ndm Cerrena sp. FBV41l thuidn khiét vé& mit sinh hoc va ché phdm vi sinh

dé x@ 1y méi trudng chtta dich nudi ciy ching nim nay
<160> 2
<210> 1
<211> 491
<212> ARN
<213> Cerrena sp. FBV41l

<400> 1

-

taataacttc tcgaatcgca tggccttgtg ccggcgatge ttcattcaaa tatctgccct
61 atcaactttc gatggtagga tagaggccta ccatggtttc aacgggtaac ggggaataag
121 ggttcgattc cggagaggga gcctgagaaa cggctaccac atccaaggaa ggcagcaggc
181 gcgcaaatta cccaatccca atacggggag gtagtgacaa taaataacaa tatagggctc
241 tttcgggtct tataattgga atgagtacaa tttaaatccc ttaacgagga acaattggag
301 ggcaagtctg gtgccagcag ccgcggtaat tccagctcca atagcgtata ttaaagttgt
361 tgcagttaaa aagctcgtag ttgaacttca gactcggctg ggcggtctge ctaacggtat
421 gtactgtccg gctgggtctt acctcttggt gagccggtat gctctttact gggtgtgccg

481 gggaacggaa t

<210> 2

<211> 468

<212> ARN

<213> Cerrena sp. FBV4l

<400> 2

1 acattaatga attttatggc ggaattgtag ctggccccaa ccgggcatgt gcacattctg

61 ttcattccat tctcatacac ctctgtgcac tttacatagg tttggtatag aaaaggtctt
121 tattgacttt ggaaatactg acctatgctt ttataaacgc ttcagtttta gaatgtcatc
181 cgcgtataac gcaataaata caactttcag caacggatct cttggctctc gcatcgatga
241 agaacgcagc gatccccgtc ggcgaactcg gtaatttgcg cgcctgctge cttctttgga
301 tgtggtagcc gtttctcagg ttccttctcc ggattcgaac cctttttcce cgttaccegt
361 tgaaaccatg gtaggcctct atcctaccat cgaaagttga tagggcagat atttgaatga

421 agcatcgccg gcacaaggcc atgcgattcg agaagttatt atgagtcg
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