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MO DAU

1. LY DO CHON PE TAI

Trong bdi canh cudc cach mang cong nghiép 4.0 va xu hudng chuyén dich
sang nén kinh té tuan hoan, viéc tan dung ngudn sinh khéi lignocellulose tir phé
phu pham néng nghiép va cong nghiép dang tré thanh tdm diém ctia cic nghién
ctru moi trudng trén toan thé gidi. Lignocellulose 14 ngudn tai nguyén tai tao doi
dao nhat trén Trai DAt, voi thanh phén chinh gém cellulose, hemicellulose va
lignin. Trong do, lignin — mdt polymer thom phirc hop, chiém khoang 15% dén
35% khoi luong sinh khéi — 1a tro ngai lon nhét trong viéc tan dung hi¢u qua
ngudn tai nguyén nay.

Lignin 13 mdt polymer thom phirc tap, ¢6 cau tric vo dinh hinh, bao boc
cac soi cellulose va hemicellulose, tao nén cau triic bén vitng va kha ning chong
phan huy trude cac tac nhan vat 1y, hoa hoc va sinh hoc. Chinh vi dac tinh kho
phan huy, mot lwong khong 16 lignin tir nganh cong nghiép san xuat gidy va bot
gidy hién nay van bi coi 14 chét thai, thuong dugc xir Iy bang cach ddt bo, gay phat
thai khi nha kinh va lang phi ngudn carbon thom quy gia. Ngoai ra, viéc phan huy
lignin bang cac phuong phap hoa hoc hay vat Iy thuong doi hoi ning luong cao,
str dung hoa chat doc hai va c6 thé tao ra san pham phu khéng mong mudn c6 tinh
doc cao va kho phan hity, gy 6 nhiém méi truong nghiém trong. Do dé, viéc tim
kiém mét giai phap phan huy lignin hiéu qua, than thién voi méi truong 13 mot
yéu cau cap bach khong chi cho nganh k¥ thuat méi truong ma con cho sy phat
trién clia cong nghé sinh hoc tring,

Trong tu nhién, qua trinh phan huy lignin dugc thuc hién bdi hé théng
enzyme oxy héa khir (ligninolytic enzymes), trong do6 Laccase (EC 1.10.3.2) dong
vai trd then chét. Enzyme laccase (EC 1.10.3.2) 13 mot loai enzyme oxy hoa-khir
da nang, thuoc nhém polyphenol oxidase, c6 kha nang xuc tac qua trinh oxy hoa
nhiéu hop chét phenolic va phi-phenolic. Pic tinh "xanh" nay gitp Laccase trd
thanh cong cy tiém ning trong nhiéu linh vuc: tir tiy tring bot gidy, xu 1y mau
nude thai dét nhudém, dén viée chuyén héa lignin thanh cdc monomer c6 gia tri
Cao.

Tt trwde dén nay, cac nghién ctru vé Laccase chi yéu tip trung vao cac loai
nam muc trang (white-rot fungi). Tuy nhién, thuc tién trién khai & quy mo cong

nghi¢p cho théy nam boc 16 nhiéu han ché: tbc do tang truong cham, diéu kién



nudi cdy khat khe, kho kiém soat & quy mo 16n va dic biét 1a sy kém 6n dinh
trong moi truong pH kiém hodc nhiét d6 cao. Nguoc lai, vi khuin sinh Laccase
dang ndi 1én nhu mot ngudn enzyme laccase tiém ning do the d6 ting truong
nhanh, dé dang nudi ciy va kha ning chiu dung t6t cac diéu kién moi truong khac
nhau.

Tai Viét Nam, mot qudc gia nong nghiép véi trit luong 16n phé pham chira
lignin (nhu rom ra, ba mia, vo tréu), viéc nghién clru tuyén chon cac chung vi
khuén béan dia c6 kha ning sinh Laccase manh m& van con kha han ché. Pat rung
13 mot hé sinh thai gidu chét hitu co, noi dién ra manh mé cic qua trinh phan hay
sinh hoc vat chat thuc vat, dic biét 1a li gnin. Bay dugc xem 1a kho tang tiém nang
dé phan 1ap cac chung vi sinh vat c6 kha ning san sinh cac enzyme phéan huy
lignin hi¢u qua.

Xuét phét tir nhitng 1y do trén, dé tai: "Nghién ciru va tuyén chon vi
khuin sinh enzyme Laccase ngoai bio phén hiy lignin" d3 duoc lia chon thuc
hién. Nghién ctru tap trung vao viéc phan l4p, tuyén chon va danh gid tiém ning
g dung cta cac chung vi khuan tir dat rimg khong chi gop phan mé rong ngudn
enzyme laccase phuc vu cho cac umg dung cong nghiép va méi trudong, ma con
cung cép co sO dir liéu quan trong vé da dang sinh hoc vi khuén tai cac khu vuc
rimg, tir 46 dong gdp vao viée phat trién cac giai phap bén vitng cho viée xir Iy va
tan dung hiéu qua ngudn sinh khdi lignocellulose...

2. MUC PiCH NGHIEN CUU

Muc dich chinh cta luan vin 14 phan lap, tuyén chon va t6i vu héa diéu
kién nuéi cdy cta ching vi khuan c6 kha ning sinh téng hop enzyme Laccase
ngoai bao véi hoat tinh cao. Trén co s¢ do, nghién ctiru hudng tdi viée danh gia
tiém ning str dung cac chung ndy nhu mot giai phap sinh hoc dé phan huy céu
tric lignin, tmg dung trong viéc xir 1y 6 nhiém moi truong.

3. NOI DUNG NGHIEN CUU

Noi dung 1: Phan lap va tuyén chon cac ching vi khuan sinh
laccase ngoai bao

Tién hanh phan 1ap cac ching vi khuan tir mdu dat va mun tai cic hé
sinh thai rimg khac nhau. Thong qua phwong phap sang loc so bo bang chi thi
mau va danh gia hoat tinh enzyme, nghién ctru tap trung tuyén chon chung vi



khuan wu ti nhét c6 kha ning sinh tong hop laccase ngoai bao vuot troi dé
lam d6i twong nghién ctru chinh.

Noi dung 2: Pinh danh va Kkhio sat dic diém sinh hoc ciia chiing
tuyén chon

Xac dinh dic diém hinh thai, cac tinh trang hoéa sinh va vi tri phan loai
cta chung chon loc bang phuong phap dinh danh phan tir (giai trinh tu gene
16S rRNA). Bén canh d6, khao sat kha ning sinh tong hop cac enzyme ngoai
bao phdi hop khac nhu protease va cellulase dé danh gia tinh da ning coa
chung trong phan hay sinh khéi.

Noi dung 3: Nghién ciru cac yéu t6 anh hwéng dén kha ning phan
hity hop chat mé hinh lignin ( guaiacol)

Khao sat anh hudng ciia cac thong sb vat Iy (pH, nhiét d6) va hoa hoc
(cac ngudn nito vo co va hitu co) dén kha ning phan hay guaiaccol cta chung
vi khuan chon loc.

Noi dung 4: Panh gia kha ning phan hiy phu phim va khir mau
thudc nhudém

Thir nghiém kha ning phan huy lignin thuc té trén cac phu pham nong
nghiép (tru, rom ra, ba mia) théng qua sy sut giam khéi luong chat kho.

4. CO SO KHOAHOQC VA TiNH THU'C TIEN CUA PE TAI

4.1. Co s6 khoa hoc
Co s0 khoa hoc cua dé tai dya trén kha nang sinh enzyme laccase tur vi

khuan. Lignin 1a mdt polymer thom c6 cdu tric vo dinh hinh, phtc tap va bén
vitng nhit trong sinh khéi thuc vat, dong vai tro nhu mét 16p bao vé ngin can
su tiép can cua enzyme ddi véi cellulose va hemicellulose.

Viéc nghién ctru dua trén cac nén tang khoa hoc sau:

Co ché oxy hoa cta Laccase: Enzyme laccase c6 kha niang oxy hoa
nhiéu hop chat phenolic va phi phenolic thong qua co ché van chuyén dién tir.
Pay 1a chia khoa dé pha v cac lién két bén viing trong cau trac lignin.

Uu thé cta vi khuan: So v6i nam tring, vi khuan s hitu kha ning thich
nghi cao vé6i cac diéu kién méi truong khic nghiét, dai pH hoat dong rong va
d6 bén nhiét tt, giup qua trinh phan huy lignin dién ra on dinh trong céc hé
théng xtr Iy sinh hoc.

Su da ning ciia enzyme ngoai bao: Viéc cac vi khuan sinh tong hop

déng thoi laccase, cellulase va protease tao nén mot hé thong enzyme phoi



hop, cho phép phan giai triét dé cac thanh phan ciu tao nén vach té bao thuc
vat.

4.2. Tinh thyc tién
D¢ tai mang lai nhitng gié tri thuc tién quan trong trong boi canh phat

trién bén viing va kinh té tudn hoan tai Viét Nam:

Tai gia tri hoa phu pham ndéng nghiép: Viét Nam phat sinh lugng 16n
trdu, rom ra va ba mia sau thu hoach. Viéc sir dung ching vi khuan gitp day
nhanh qua trinh phan huy lignin, rat ngan thoi gian G compost va bién chat
thai thinh ngudn phan bon hitu co gidu dinh dudng, han ché viéc d6t bo giy 6
nhiém khong khi.

Tbi wu héa kinh té trong van hanh: Két qué nghién ctru xac dinh duogc
cac diéu kién t6i wu gitp giam thiéu chi phi nang luong va nguyén liéu, tao
tién dé dé san xuat cac ché pham vi sinh & quy mé cong nghiép v6i gia thanh
thép.

Bao vé hé sinh thai: Viéc tim kiém va tuyén chon cac ching vi sinh vat
tir hé sinh thai rig Viét Nam khong chi khang dinh gia tri ngudn gene ban
dia ma con cung cip nhirng giai phap sinh hoc an toan, khong gay 6 nhiém
thr cap cho méi trudng dét va nudc.

5. NHUNG PONG GOP CUA LUAN VAN

% V& mat ly luan: Cung cép thém dit liéu khoa hoc vé tinh da dang cua cac
ching vi khuan sinh Laccase tai Viét Nam. Lam sang t6 mbi quan hé giita diéu
kién méi truong va kha ning tiét enzyme ctia vi khuan ban dia.

% Vé mit thuc tién:

e Phan 1ap va luu giit duoc cac ching vi khudn c6 gia tri tmg dung cao cho
ngan hang vi sinh vat.

e D& xuit dugc cac thong sd k¥ thudt tdi vu cho viéc san xudt enzyme
Laccase & quy md phong thi nghiém.

e M6 ra hudng tmg dung méi trong viée san xuat phan bon hitu co tir sinh
khéi giau lignin.



NOQI DUNG
Chwong 1. TONG QUAN NGHIEN CUU

1.1. GIOI THIEU VE LIGNIN

Lignocellulose dugc ghi nhan la nguén sinh khéi thuc vat ddi dao nhat
trén toan cau, dong vai trd nhu mot ngudn tai nguyén tai tao chién luwoc cho
cac nganh cong nghi€p sinh hoc. V& mat céu trac, day la mot phuc hé
polymer sinh hoc ¢6 d6 phirc tap cao, dugce ciu thanh chu yéu tir ba thanh
phan chinh: cellulose, hemicellulose va lignin. Trong d6, cellulose chiém ty
trong 16n nhat véi khoang 35-55%, tiép theo 1a hemicellulose tir 20—-40%
khdi luong khé. Hai thanh phan nay ban chat 1a cac polysaccharide dugc bao
boc va bao vé boi lignin (chiém 10-25%) — mot dai phan tir phenolic ¢ ciu
trac mang ludi vo dinh hinh bén vitng[1].
Bang 1.1. T¥ 1¢ thanh phéan lignocellulose ciia cic ngudn nguyén liéu thue

vat.
Vat liéu Lignin (%) Hemicellulose (%) Cellulose (%)
Ba mia 20 25 42
Cao luong 21 27 45
Gd cing 18-25 24-40 40-55
Loi ngo 15 35 45
Than 14 ngd 19 26 38
Romra 18 24 32,1
Rom lta mi 16-21 26-32 29-35
Ba chubi 14 14,8 13,2
Soi X0 muop 15,46 17,44 66,59
Than cay ngo 6,9 19,3 61,2
Ngii coc 16-21 26-32 45-55

(Trich dan tir Janusz va céng swe (2023)[2]; Anwar va céng sw (2014)[3])
Lignin 13 loai polymer sinh hoc c6 cdu trac phenolic phuc tap, dong vai

tro 1a thanh ph?m ciu tao trong yéu trong vach té bao cua céac loai thuc vat bac
cao, dic biét tip trung mat do 16n tai cic mo dan va mo gb. Trong tu nhién,

lignin dugc ghi nhan 1a hop chat hiru co c6 trir lugng doi dao thu hai trén



hanh tinh, chi xép sau cellulose. Vi dic tinh lién két bén ving, lignin khong
chi tao nén d6 bén co hoc cho than cdy ma con hinh thanh mét 16p rao can
bao v¢ thuc vat trudc cac tadc dong sinh hoc va 1y héa tir moi truong bén canh

hai thanh phan chinh 13 cellulose va hemicellulose.

Hinh 1.1. CAu triic héa hoc ciia monolignol va cac don vi ciu tao twong
ung trong lignin.
( Nguén: Schoenherr va cong su, 2018 [4])
Lignin c6 cic vong thom nam trong mot chudi phan tir dai. Cu tric

cta lignin 1a mot cdu tric ba chiéu, trong d6 cac don vi phenylpropanoid dugc
lién két voi nhau bang lién két carbon-carbon va aryl-ether mot cach khong
déu. Piéu nay tao nén dic tinh khé phan huy va khéng hoa tan cua
lignocellulose. Ngoai ra, lignin con c6 chirc nang hd tro cu tric, tao ra tinh
khong thAm nudc va hoat dong nhu mdt rao can vat ly, bdo vé chéng lai tac
dong cua cac enzyme vi sinh vat. Ddc tinh nay khién lignin tr¢ thanh mot
polyme sinh hoc tiém ning dé san xuit nhua sinh hoc khong tham nuée. Cac
nghién ctru thuc nghiém gan diy da khang dinh tiém ning to 16n cua lignin
trong viéc ché tao nhya sinh hoc c6 kha nang khang nudc vuot trdi. Dién hinh

1a quy trinh chuyén hoa bot gb thai thong qua phuwong phap nghién bi két hop



v6i xtr 1y bang DES, cho phép dat hiéu suat thu hdi 4n twong tir 74,4% dén
100%. Vat liéu nhua sinh hoc téng hop tur lignocellulose toan phﬁn s& hitu cau
trac mang ludi day dic va tinh ky nuée dic trung, thé hién qua gbdc tiép xuc
nude dat trén 60° va chi sd hép thu nudc duy tri & muc dudi 20%. Pac biét,
dd cing Brinell cta loai nhya nay dat gia tri trén 11,3, cao gép 10 14n so véi
g6 tu nhién ban dau, mé ra hudng di méi cho viée thay thé cac loai nhya hoa
thach bﬁng vat liéu sinh hoc bén vitng va c6 déc tinh co 1y wu viét[5].

Hang nim, mot lugng 16n phé phim nong cong nghiép duogc tao ra trén
toan cau, voi ham luong lignin chiém khoang 15-25%. Sau loai cdy trong
chinh, bao gé)m rom lta mi, rom lGa gao, than ngd, rom lia mach, ba mia
cing rom va vo dau nanh, da cung cip tong cong khoang 3,9 ti tin sinh khi
vao nam 2017. Su sin c6 ddi dao cua sinh khdi phé pham nong cong nghiép
trén toan thé gidi 13 co hoi 16n dé phat trién cac cong nghé san xuit nhién liéu
sinh hoc, hoa chét va vt liéu sinh hoc tir cac nguén tai nguyén nay [6].

Ty 1¢ lignin trong céac sinh khdi lignocellulose khac nhau dao dong tir 6
dén 32%, tuy thudc vao loai cay trong va diéu kién moi trudong. Dé chiét xuat
lignin, nhiéu phuong phéap quan trong da dugc phat trién[7], nhu 1a:

. Oxy hoa uét bang axit hoic kiém: Sir dung hoa chét dé pha v
cAu truc lignin.

o Xtr 1y thity nhiét: St dung nhiét d6 va ap suit cao dé tach lignin.

o N6 soi amoniac organosolv: Két hop dung méi hiru co va
amoniac dé chiét xuat lignin hiéu qua.

o Xt 1y trudc bang chat 1ong ion: St dung chit 16ng ion dé hoa tan
va tach lignin.

Mbi phuong phap déu c6 vu diém vé hiéu suat va tinh bén viing, tuy
nhién, cac phuong phap ndy thuong ton ning luong va co tic dong moi
treong. Vi vy, ngdy cang co nhiéu sy quan tdm dén viéc sir dung cac chét
phan huy lignin ty nhién nhu nim va vi khuan. Trong qua trinh tién hoa, cac
vi sinh vat thich nghi dé sir dung lignin 1am ngudn carbon chinh cho su phat
trién clia chung d3 dan tré thanh nhing tic nhan phan huy lignin hiéu qua. Sy
phan huy sinh hoc cua lignin dugc thuc hién nho cac enzyme chuyén biét,
nhim vao cac lién két cu thé trong cu tric phirc tap cua lignin, bao gdm
lignin peroxidase, mangan peroxidase, peroxidase da nang, laccase va



peroxidase khtr mau thudc nhudm [8].
1.2. LACCASE
1.2.1. Giéi thiéu chung vé Laccase

Laccase, EC 1.10.3.2, p-diphenol:dioxygen oxidoreductase, 1a mdt
phan ctia nhom enzyme 16n hon dugc goi 12 enzyme da dong, bao gdm céac
enzyme oxidase axit ascorbic va ceruloplasmin. Laccase oxy héa nhiéu loai
chat nén phenolic, thuc hién qua trinh oxy héa mot electron dé tao ra lién két
ngang. Pay 13 nhitng enzyme dic hiéu phan tng cong hoa tri voi nhidu chat
nén thom khac nhau, chang han nhu polyphenol, amin thom va amin béo, va
xUc tc qué trinh oxy hda mot electron cua cac hop chat nay [9].

Laccase dugc phat hién 1an dau tién trong nhua cdy son mai Nhat Ban
(Rhus vernicifera) vao nam 1883 boi Yoshida [10]. Nam 1893, Gabriel
Bertrand da phan 1ap thanh cong enzyme laccase tir lodi R. succedanea cung
mot sd thuc vat khac thudc ho Anacardiaceae nhu: Mangifera indica, Schinus
molle, Pistacia palaestina va Pleiogynium timoriense. V& miat phan loai,
laccase thudc nhom protein chira nhan dong (multicopper proteins), twong tu
nhu enzyme cytochrome oxidase & thuc vat va ceruloplasmin trong huyét
tuong dong vat c¢6 vi. Tuy thudc vao ngudn gbe tach chiét, cac phan tir
laccase s& co su khéc biét dic trung vé khéi lugng phan tir, mic do glycosyl
hoa va céc thong s6 dong hoc enzyme .

1.2.2. Ngudn goc laccase trong tw nhién

Laccase phan bd rong rai trong thyc vat bac cao, vi khuin, nAm va con
triung. o) thuc vat, laccase duoc tim théy trong bép cai, cu cai, khoai tay, I€,
tao va cac loai rau khac. Laccase gﬁn day da dugc phat hién & mot sb loai vi
khuan, bao gém S. lavendulae, S. cyaneus va Marinomonas mediterranea.

Trong gidi ndm, laccase dic biét phong phu, véi nhiéu loai thude nganh
Basidiomycetes nhu Phanerochaete chrysosporium, Theiophora terrestris, va
Lenzites betulina duoc biét dén 13 nha san xuit laccase [11]. Nam muc tréng,
chéng han nhu Phlebia radiata, Pleurotus ostreatus va Trametes versicolour,
cling 14 nhimg ngudn cung cip laccase quan trong. Ngoai ra, nhiéu loai thude
chi Trichoderma, bao gém T. atroviride, T. harzianum va T. longibrachiatum,
cling san xut enzyme nay [12]. V& mit chtrc ning sinh hoc, laccase dong vai

tro trong qua trinh tao lignin ¢ thuc vat. Nguoc lai, & nam, enzyme nay tham



gia vao nhiéu qua trinh quan trong khac nhau, bao gdm phan giai lignin, hinh
thanh bao tr, san xuét sic td, tao thé qua va gay bénh cho thuc vat.
1.2.3. Phan loai

Can ct vao dic tinh quang phd hap thu va co ché xtc tic, enzyme
laccase c6 thé duoc phén loai thanh cic dang khac nhau, trong d6 pho bién
nhét 13 laccase xanh (blue laccase) va laccase vang (yellow laccase). Laccase
xanh la dang dién hinh, dic trung bdi sy hién dién cia ion déng loai I, tao nén
dinh hip thu manh tai khoang 600 nm trong phdé UV—Vis, dong thoi quyét
dinh mau xanh dic trung cta enzyme. Nguoc lai, laccase vang khong biéu
hién dinh hép thy nay do sy bién doi trang thai oxy hoa cua trung tdm dong,
va chi yéu thé hién cac dinh hép thy & ving budc song thip hon, lién quan
dén céc trung tam dong loai I1 va III (khoang 300-330 nm)[13].

Mot diém khac biét quan trong vé mit chirc ning 1a laccase vang co
kha ning oxy hoa cac co chat phi-phenolic ma khong can sir dung chit trung
gian (mediator), trong khi laccase xanh thuong phy thudc vao hé mediator dé
mé rong phd co chit. Pic tinh nay gitp laccase vang trd thanh enzyme cd
tiém niang ung dung cao hon trong xir 1y cac hop chat kho phéan hily. Ngoai ra,
nhiéu nghién cru ciing ghi nhan rang laccase vang c6 xu hudng on dinh hon
trong cac diéu kién méi truong khic nghiét nhu pH va nhiét do cao, gop phan
nang cao hi¢u qua ung dung trong cong nghé xur ly sinh hoc[14].

1.2.4. Tinh chét cia enzyme laccase

Laccase chu yéu ton tai dudi dang glycoprotein, ¢ thé 1a cau trac
monome, dime hodc tetrame. Qua trinh glycosyl hoa (gin dudng) dong vai tro
quan trong trong viéc duy tri ciu trac va chirc ning cua enzyme, bao gdbm:

e Giit 6n dinh cac ion dong.

e Ting tinh bén nhiét.

e Bado v¢ enzyme khoi bi phan huy bdi protease.
e HO trg qué trinh bai tiét enzyme ra khoi té bao.

Sau khi duogc tinh ché, enzyme laccase thé hién tinh khong dong nht
dang ké, véi ham luong glycosyl hoa va thanh phan glycoprotein thay ddi tuy
thudc vao moi truong nudi cdy. Piéu nay cho thdy méi trudng nudi ciy co
anh huong 16n dén dic tinh cta enzyme laccase duoc tao ra.

1.2.5. Céu triic phén tir va trung tim hoat dong ctia laccase
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1.2.5.1. Céiu triic tong thé

Enzyme laccase 1a cac protein da nhan ddéng (multicopper oxidases) ¢6
su da dang 16n vé hinh thai ton tai, tir dang don phan (monomer) dén cac dang
da phan phirc tap nhu dimer hoic tetramer. Khéi lugng phan tir ctia enzyme
nay co su khac biét rd rét gitta cac ngudn gbe sinh hoc: ¢ vi khuén, gia tri nay
thuong dao dong trong khoang 60—80 kDa, trong khi & ndm, dai khdi luong
trai rong hon, tir 50 dén 130 kDa.Vé cau trac khong gian, laccase vi khuan
chu yéu dugc phan loai thanh hai dang dic trung dua trén sb luong mién
protein (domain): ciu tric 2-mién va cu trac 3-mién. Pang cht ¥, mbi mién
cAu trac nay déu duoc hinh thanh tir cic mo-tip B-sheet gdp nép theo kicu
cupredoxin — mot dac diém céu tao dién hinh va bao ton cia cac enzyme
chira ddng, dong vai trd quan trong trong viée tao ra moi trudng phdi tir 6n
dinh cho cac trung tdm kim loai thuc hién qua trinh van chuyén electron [15].

Pic trung cbt 161 ctia phan tir laccase 13 su sip xép tinh vi cia cac ion
déng thanh cac trung tdm hoat dong chuyén biét, bao gém ion dong loai 1
(T1), loai 2 (T2) va cip ion dong loai 3 (T3). Su phdi hop chat ché giira cac
trung tdm hinh thanh nén mot hé thong xtc tic oxy héa—khir déng bo, cho
phép enzyme thyc hién qua trinh oxy hoa da dang cac co chét, tir cic hop chét
phenolic don gian dén cau trac polymer phic tap nhu lignin. Trong co ché
nay, trung tim T1 déng vai tro 13 vi tri tiép nhan electron so cip tir co chat,
khoi dau cho chudi van chuyén electron ndi phan tir. Electron sau d6 duoc
chuyén dich dén cum ba nhén (trinuclear cluster) — tao boi su két hop giira
ion T2 va cip T3 — noi dién ra qua trinh khir phan tir oxy thanh nudc[16].
Chinh cau trac da nhan dic thu ndy d3 tao nén thé oxy hoa khir can thiét, gitp
laccase tré thanh mot trong nhitng cong cu sinh hoc manh mé nhat trong viéc
phé v cac lién két hoa hoc bén vimg cua sinh khéi lignocellulose.
1.2.5.2. Cdc trung tim déong va co’ ché xiic tic

Céc trung tAm ddng trong phan tir laccase dong vai trd then chét trong
qué trinh xtc tac. Trung tim T1 (copper xanh) 13 vi tri tiép nhan electron tir
co chat va duoc dic trung boi dinh hap thy manh trong viing kha kién, khoang
600—610 nm, dong thoi ¢ thé duoc phat hién bang phd cong hudng thuan tir
electron (EPR). Trung tim T2 13 trung tim dong don nhan khong mau, ciing

c6 thé phat hién bang EPR, trong khi trung tim T3 gdm hai ion déng ghép cip
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manh, thé hién tin hiéu hdp thu yéu trong ving UV (khoang 330 nm) va
khong phat hién dugc béng EPR do tinh chat ghép spin[17].

Ba trung tdm ndy phdi hop tao thanh mot trung tdm da nhan goi 1a
trung tAm ba nhan (Trinuclear Copper Center — TNC), bao gdm mét ion T2 va
hai ion T3, c¢6 chtic nang lién két va khir phan tir oxy thanh nude. Co ché xuc
tac cua laccase dién ra theo chu trinh oxy héa—khir nhiéu budc: dau tién, co
chét bi oxy hoéa tai trung tdm T1Cu, tao ra gbc tu do thong qua phan tng trao
ddi mot electron; sau do, electron dugc chuyén tir T1Cu dén TNC thong qua
cau ndi bao ton cao Cys—His—Cu; cudi cung, tai TNC, phan tir oxy (O;) duoc
khtr hoan toan thanh hai phan tr nuwée théng qua qua trinh nhan bdn electron
va bbn proton [18].

San pham ctia qua trinh xtc tac 1a cac gbc tu do tir co chét, c6 kha ning
tham gia vao cac phan tmg thir cip nhu tai t6 hop hodc tring hop, tao thanh
cac dimer, oligomer hodc polymer. Co ché nay déng vai tro quan trong trong
qué trinh phan hay lignin, khi cac lién két phirc tap trong cdu triic polymer bi
pha v& tirng bude thong qua phan Gmg oxy héa gde tu do [16].

1.2.6. Hé thong laccase-mediator (LMS) va vai tré trong phan hity lignin

Mic du laccase c6 kha ning oxy héa truc tiép cac ciu trac phenolic
(chiém 10-30% trong lignin), tuy nhién, hiéu suat tdn céng vao cac lién két
phi-phenolic (chiém 70-90%) thuong bi gidi han boi thé oxy héa khir (redox
potential) cta enzyme thip hon so vdi co chat. Pé khic phuc rao can nay,
viéc tng dung cac chét trung gian (mediators) — cac phan tir khdi lugng thap
dong vai tro 'cau ndi' van chuyén electron — 13 v6 cung can thiét. Trong hé
théng LMS, laccase thyc hién oxy hoa mediator thanh céc géc tu do co6 hoat
tinh cao, sau d6 cac gbc ndy tiép tuc tdn cong va pha v& cau tric phi-phenolic
thong qua co ché chuyén electron hodc tach nguyén tir hydro [15].

Hoat dong xuc tac cia laccase dua trén co ché oxy hoa-khir phuc tap.
Enzyme nay x{c tac qué trinh khir mot phan tir oxy thanh nudc, déng thoi oxy
hoa mot electron tir cac hop chat thom da dang nhu polyphenol, monophenol
c6 nhom thé methoxy va cac amin thom. Ciu tric cia laccase bao gdbm bdn
nguyén tu déng, dugc phan loai thanh ba loai riéng biét: Bf’)ng loai T1 (noi
dién ra lién két v6i co chat khir) va cum dong ba nhan T2/T3. Trong dé, cum
T2/T3 déng vai tro quan trong trong viéc tiép nhan electron tir dong T1 va



12

thuc hién qué trinh khir oxy thanh nuéc. Viéc phan biét cac loai dong nay c6
thé dugc thyc hién thong qua cac k¥ thuat quang phd tién tién nhu UV/Visible
va cng huong thuan tir dién tu (EPR)[19].

Qua trinh phén giai lignin bang enzyme laccase (hodc hé thong laccase-
chét trung gian - LMS) duoc khoi dau bang viéc trich xuat mot electron duy
nhét tir don vi phenylpropanoid cta lignin. Qué trinh ndy tao ra mot goc tu
do, 1am tang tinh phan tng ciia bé mat lignin. Vi lignin c6 nhiéu hé lién két
lién hop, electron chua ghép d6i trong gbc tu do c6 thé chuyén vi dén cac
viing c¢6 cdu tric on dinh nhat. Laccase xuc tac chuyén cac ciu tric phenolic
cta lignin thanh gdc phenoxy, trong khi LMS oxy héa cac cu trac khong
phenolic thanh gdc B-aryl va gdc benzylic[20]. Cac gbc tu do nay 1a nhing
chét trung gian phan Gng, kich hoat hai két qua chinh:

- Pha v lién két: Két qua thir nhét 13 sy phan cat lién tiép cac lién két
trong polyme lignin (nhu alkyl-aryl, Co—Cp, va Ca—C1). Qu4 trinh nay dan
dén viéc giai phong céc ciu tric phu cta lignin, hinh thanh cic hop chat thom
va giam khoi lugng phan tir trung binh. Mot s6 san phdm phén giai lignin nhu
axit p-hydroxybenzoic va vanillin c6 thé hoat dong nhu chét trung gian, két
hop véi laccase dé thiic ddy qua trinh oxy hoa tiép theo cua cac lién két C1
cua f-O-4 va Ca-Cp trong lignin.

- T4i trung hop: Két qua thir hai 1 su ghép cdp cua cac goc tu do lignin
va/hodc gdc ty do cua chat trung gian. Cac gbc tu do cua phenylpropanoid
va/hodc chat trung gian lién két v6i nhau thong qua phan tng ghép cap gc tu
do. Piéu nay sé& 1am tang khdi lugng phan tir trung binh cua lignin, cudi cling
dan dén sy tai tring hop cua lignin.

Pang chd ¥, cac din xuit phenolic tyr nhién tir qua trinh phan huy lignin
nhu acetosyringone, syringaldehyde va vanillin dugc xac dinh 1a nhiing
mediator tiém nang. Viéc tin dung chinh cic san pham phan hay nay khong
chi hinh thanh mot 16 trinh phan giai lignin khép kin, bén vimg ma con tdi uvu
héa vé mit kinh té. Hién nay, hé théng LMS duoc xem la mdt trong nhiing
cong nghé sinh hoc tiém ning cho cac giai phap xir Iy moi trudong theo hudng
bén virng va than thién véi moi trudng.[21]

1.3. Cac yéu t6 anh huéng dén sinh tong hop va hoat tinh laccase

1.3.1. Anh hwéng ciia ngudn carbon



13

Nguén carbon dong vai tro quyét dinh trong viéc cung cép nang lugng
cho qua trinh chuyén hoa té bao va diéu tiét qua trinh sinh téng hop enzyme
laccase. Theo cac nghién ctru gan day, viéc lya chon ngudn carbon khéng chi
anh hudng dén mat do té bao ma con tac dong truc tiép dén murc d6 biéu hién
gene mi hoa laccase thong qua cac co ché diéu hoa nguoc. Cu thé, cac ngudn
carbon mach don gian (nhu glucose, sucrose va xylose) mic du thic day su
gia tang sinh khdi nhanh chéng, nhung thuong gy ra hién tuong tc ché di
hoa carbon (carbon catabolite repression — CCR). Co ché nay ngan can sy bai
tiét laccase cho dén khi nguén carbon dé tiéu thu bi can kiét. Nguoc lai, cac
polymer phtic tap nhu cellulose, lignin va cac dan xuét cdu trac cua ching lai
dong vai tro 1a nhiing tdc nhan cdm mg (inducers) hi€éu qua, giap duy tri hoat
tinh enzyme 6n dinh va kéo dai[22].

Pang cha ¥, cac hop chét phenolic c6 ngudn gbc tir lignin nhur guaiacol,
veratryl alcohol va vanillin d3 dugc khang dinh 13 nhitng chat cam tng dic
hiéu. Trong do, guaiacol thuong duoc uu ti€n s dung dé kich thich chon loc
hoat tinh laccase va manganese peroxidase (MnP) ma khong gay anh hudng
dang ké dén ndng do lignin peroxidase (LiP). Sy hién dién cta cac hop chat
nay mo phéng méi treong phan hity sinh khéi ty nhién, tir d6 kich hoat co ché
phong vé va trao ddi chét cua vi sinh vat, dan dén sy gia tang vuot troi vé hoat
tinh enzyme ngoai bao[23].

1.3.2. Anh huéng ciia ngudn nito

Ngudn nito va ndng do ctia ching déng vai tro diéu tiét phirc tap ddi
v6i qua trinh sinh tong hop laccase, tuy thudc vao dic tinh sinh 1y riéng biét
cia timg chung vi sinh vat. Qué trinh san xuét enzyme nay c6 thé dién ra
trong ca diéu kién gidi han nito 1an mdi truong gidu nito, phan anh su da dang
trong co ché diéu hoa biéu hién gene mi hoa laccase giita cac loai khac nhau.

Trong cac hé thong nudi cy, ngudn nito hitu co phirc tap nhu peptone,
meat extract va yeast extract thudng duwoc ghi nhan 13 hd trg t6i wu cho qua
trinh gia ting sinh khdi nho cung cap diy du cic acid amin va yéu t6 ting
truong can thiét. Tuy nhién, cic ngudn ndy do6i khi khong phai 1 tac nhan
thuc day bai tiét enzyme manh mé nhat do sy uu tién cua té bao cho qua trinh
trao doi chat so cap. Nguoc lai, cac mudi ammonium vo co nhu (NH,),SO4 va

NH,CI thuong dong vai trd 14 tac nhan kich thich bai tiét enzyme laccase hiéu
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qua hon & nhiéu chung vi khuén [22].
1.3.3. Anh huéng ciia ion kim loai

Ion kim loai, dac biét 1a ion déng hoéa tri hai (Cu?"), dong vai tro then
chét trong ca qué trinh cdu thanh ciu tric va diéu tiét biéu hién gen cua
enzyme laccase ¢ vi sinh vat. V& mit ciu trac, mdi phan tir laccase chura bon
nguyén tr dong phan bd tai ba trung tim T1, T2 va T3 — day 1a thanh phan
khong thé thiéu dé enzyme thuc hién chtic ning xuc tac oxy hoa. Do do, su
thiéu hut Cu?* trong moi trudng nudi cdy sé tryc tiép lam giam kha ning hoan
thién cdu trac enzyme, dan dén suy giam hoat tinh xuc tac [24].

V& mat diéu tiét sinh téng hop, Cu?* hoat dong nhu mot chat cam ung
biéu hién gen laccase & cip d6 phién ma. Nghién ctru cua Sharghi va cong su
(2024) trén nam Pleurotus eryngii KS004 cho thiy viéc bd sung Cu?* vao moi
treong nudi cdy dich thé da 1am ting dong thoi ca mic do phién ma gen
laccase (pel3) 1an hoat d6 laccase ngoai bao theo chiéu phu thudc néng do,
trong d6 murc ting hoat tinh enzyme dat cuc dai gap 4,6 1an so véi ddi chung
tai ndng d6 1 mM Cu?*. Tuy nhién, khi ndng d6 qua cao, Cu?* ¢ thé s& giy
trc ché sinh truong té bao va lam giam san lwong enzyme tong thé [25].

Bén canh Cu?*, cac ion kim loai khac ciing c6 thé anh huong dén hoat
tinh laccase theo co ché kich thich hodc @c ché tuy thudc vao chung vi sinh
vat va néng do ap dung. Nghién ctu cia Wang va cong su (2023) cho thiy
phirc hop dong-tripeptide (GHK-Cu) ¢6 hiéu qua cam ung san xuit laccase
cao hon CuSO, & Trametes versicolor, do GHK-Cu ting cuong tinh thdm
mang té bao, thic diy qua trinh hap thu va tich liy déng noi bao hiéu qua
hon, tir 36 dan dén muc do biéu hién gen laccase cao hon dang ké. Cac ion
Mn?* va Fe** ciing thuong dugc ghi nhan 13 c¢6 tic dong e ché hoat tinh
laccase ¢ ndng do cao théng qua co ché canh tranh lién két tai trung tdm ddng
hodc gy bién tinh ciu trac enzyme, trong khi & ndng do thap c6 thé dong vai
trd cofactor hd trg mot sb phan ing oxy hoa phu lién quan [26].

1.34. Anh hwéng caa pH va nhiét do

pH va nhiét d6 13 hai thong s6 1y hoa quan trong nhat quyét dinh hoat
tinh va do bén ctia enzyme laccase trong cac tmg dung thuc té. Hai thong sb
nay khong chi anh hudng dén tdc d6 phan tng xtic tic ma con tac dong truc
tiép dén ciu tric bac ba va bac bon cua phan tr enzyme, qua d6 xac dinh gidi
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han diéu kién van hanh ctia enzyme trong quy trinh cong nghé.

V& anh huong cua pH, laccase ndm va laccase vi khuén c6 sy khac biét
can ban. Laccase ndm c6 pH hoat dong ti wu trong ving acid (pH 3,0-5,0),
phan anh duoc ngudn gbc sinh thai ctia ching trong mdi treong phan huy gd
co tinh acid. Nguoc lai, laccase vi khuén thé hién nhitng wu thé ndi bat so vai
laccase nam, bao gém kha nang chiu nhiét cao, hoat dong t6t & dai pH rong va
dac biét 1a kha nang dung nap diéu kién kiém — nhitng dic tinh nay lam cho
laccase vi khuan trd thanh coéng cu sinh hoc xanh day haa hen cho céc tng
dung cong nghiép. Cu thé trong cac nghién ctu gan day, laccase tir Bacillus
halodurans va Streptomyces coelicolor dat hoat tinh cuc dai ddi véi co chat
syringaldazine va 2,6-dimethoxyphenol ¢ pH lan luot 1a 7,5 va 9,4 [27, 28].
Pay 1a minh chiing cho dic tinh hoat dong & mdi trudng kiém dic trung cia
nhom laccase vi khuan, vuot qua gidi han cua laccase nim trong viéc mo rong
pham vi diéu kién phan tng kha thi trong tmg dung cong nghiép.

Nhiét do 1a yéu té quyét dinh dén ca téc do phan tng xtc tac va do bén
ciia phan tr enzyme. So véi laccase c6 ngudn gdc tir nam, cac laccase vi
khudn — dic biét 13 tir cac chi Bacillus va Streptomyces — thé hién uu thé
vuot trdi vé do beén nhiét va kha nang thich nghi trong cac diéu kién moi
treong khic nghiét. Nhiéu nghién ctu thue nghiém d3 ghi nhan nhimg gia tri
an tuong vé kha niang chiu nhiét cia nhém enzyme nay. Pién hinh nhu nghién
ctru ctia Li va cong su (2021), laccase tai to hop tir Bacillus licheniformis
TCCC 111219 c6 thé duy tri t61 60% hoat tinh sau 2 gio xtr Iy & 70°C; tham
chi hoat tinh con duoc ting cuong dang ké (dat 170%) khi dugc @ trong moi
treong kiém (pH 10,0) suét 10 ngay [29]. Tuong ty, laccase tir Streptomyces
sp. LAO trong nghién ctru ctia Gogotya va cdng su (2021) cho thay hoat tinh
t6i uu tai nhiét do lén t6i 90°C va pH 8,0, dong thoi so hitu kha nang khang
cac dung moi hiru co manh mé[30]. Su 6n dinh ciu trac xuét sic ¢ dai nhiét
d6 va pH rong khong chi khang dinh gia tri sinh hoc cta laccase vi khuan ma
con mo ra tiém ning tmg dung to 16n trong linh vuc hoéa hoc xanh va cac quy
trinh cong nghiép quy mo 1én.

Kha ning hoat tai ngudng nhiét d6 va pH cao cia laccase vi khuan c6
gia tri dac biét quan trong trong cac irng dung xtr 1y nude thai cong nghiép va

cac quy trinh biorefinery, noi thudng yéu cau enzyme hoat dong bén vitng
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trong diéu kién nhiét d6 cao va méi truong kiém. Cac nghién ctu t6i wu hoa
diéu kién san xuét laccase tir cac chung vi khuan nhu Bacillus subtilis,
Rhodococcus erythropolis va Pseudomonas aeruginosa cho thay nhiét do va
pH t6i vu co thé diéu chinh thong qua lya chon co chat va diéu kién nudi cdy
phu hop, tir d6 nang cao dang ké hiéu qua san xuit enzyme va kha ning Gng
dung trong thyc té [22].

1.4. Tinh hinh nghién ctru trén thé gioi va tai Viét Nam

1.4.1. Tinh hinh nghién citu trén thé giéi

Trong nhiéu thip ky, ndm (dic biét 1a ndm muc tring) duogc coi 13
ngudn san sinh laccase chinh. Tuy nhién, nghién ctu hién dai da chuyén dich
manh mé sang laccase vi khuan do tinh 6n dinh cao trong cac diéu kién khic
nghiét va téc do sinh trudng nhanh. Tong quan cua Grgas va cong su (2023)
chi ra rang céac chi vi khuan nhu Bacillus, Pseudomonas, Streptomyces va dic
biét 1a Rhodococcus s& hitru hé enzyme ligninolytic da dang. Trong do,
enzyme laccase dong vai trd xung kich trong giai doan oxy hoa so cap cc cau
trac phenolic cta lignin, tao tién dé cho cac phan tmg bé giy vong thom tiép
theo [12]. Sy phat hién cac dic tinh vu viét nay ¢ vi khuan khong chi mo rong
hiéu biét vé chu trinh carbon trong tu nhién ma con cung cap cac cong cu sinh
hoc tiém ning cho cong nghé xir Iy sinh khéi bén virng.

Nghién ctru dot pha cua Gu va cong su (2024) da chirng minh kha nang
chuyén hoa sinh hoc lignin ctia mot sé chung vi khuan khong chi dung lai ¢
mirc 46 phan hity ma con c6 thé dinh hudng tao thanh cac hop chat thom c6
gi4 tri kinh té cao. Trong céac diéu kién véan hanh t6i wu, hiéu suat khoang hoa
lignin ¢ thé dat t&i ngudng 80-90%, mdt con sé day an tuwong ddi voi cac co
chat c6 cdu tric bén vimg [31]. Piéu ndy mé ra tiém ning ung dung trong
cong nghé biorefinery va san xuat nhién liéu sinh hoc.

Dang chu ¥, xu huéng nghién ctru hién nay dang tap trung manh mé
vao h¢ enzyme laccase tu vi khuan nho cac wu diém vuot troi vé dd bén sinh
hoa. Khac voi laccase tir ndm, laccase vi khuan thé hién kha ning thich nghi
cao trong dai pH rong, c6 do bén nhiét wu viét va duy tri trang thai 6n dinh
duéi cac tac dong khic nghiét tir moi truong. Nghién ctru cia trong khoang
pH tir 5,0 dén 9,0 va dai nhiét d6 30 — 60°C [26]. Pac tinh Wang va cOng su
(2023) ghi nhan laccase vi khuan van duy tri hoat tinh 6n dinh nay khong chi
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khing dinh tiém ning xtc taic manh mé ctia enzyme ma con mé ra co hoi tng
dung rong rdi trong cic quy trinh xtr Iy nudc thai cong nghiép von co didu
kién hoa 1y phuc tap va bién thién lién tuc.

Bén canh d6, nghién ctru cua Ayala-Rodriguez va cong su (2024) da
chi ra rang cac chung Paenibacillus polymyxa s& hitu kha ning bai tiét hé
enzyme ligninolytic ngoai bao manh mé&, tham gia hiéu qua vao 10 trinh phan
giai cAu trac lignin phtrc tap trong cac phu phém nong nghiép [32]. Két qua
nay khong chi cing c6 thém nhitng bang chimg khoa hoc vé vai trd cia vi
khuan trong chu trinh chuyén hoéa cac polymer bén ving ma con khang dinh
tiém ning tmg dung thyc tién to 16n ctia cac dong vi sinh vét vu ti trong quy
trinh xt 1y sinh hoc va tai gia tri hda ngudn phé phy pham lignocellulose.

Mot trong nhitng xu huéng nghién ctru hién nay 1a viéc tich hop cong
nghé sinh hoc phan tir va phan tich metagenomics nham khai ph4 cac ngudn
gene laccase tiém ning tir quan thé vi sinh vét chua thé nuéi cdy. Pién hinh 1a
nghién cltru cida Yu va cong sy (2025), thong qua phan tich dir li¢u
metagenome tir cac mau dat bd sung rom ra, di dinh danh thanh cong cac
trinh ty gene md hoa laccase mdi voi hoat tinh vuot tréi [33]. Két qua nay
khong chi khang dinh vai tro then chdt cua enzyme laccase trong chu trinh
carbon todn cau ma con 1am sang to co ché phin hiy chat hitu co phic tap
trong tu nhién, tao co s& dir li€u quan trong cho cac chién lugc thiét ké
enzyme tai t6 hop phuc vu muc tiéu cong nghiép va méi truong.

Song song v6i viée khai thac ngudn gene tu nhién, cac nghién ciru vé
biéu hién di thé va cai bién dic tinh enzyme laccase dang dat duoc nhiing
bude tién quan trong. Pién hinh, Zhang va cong su (2024) da phan 13p va biéu
hién thanh cong laccase tir hé vi sinh vat da co dong vat nhai lai — mdt mdi
trrong ddc thu c6 kha nang phan giai lignocellulose cuc ky hi¢u qua — mé ra
trién vong moi trong viée thiét ké cac ché pham enzyme c6 hoat luc cao[34].
Bén canh céac k¥ thuat di truyén, viéc tdi wu hoa cac thong s6 van hanh nhu
pH, nhiét d6 va thanh phan dinh dudng van dong vai trd cdt 16i trong viéc
khai thac t6i da tiém ning sinh hoc ciia ching. Nghién cu cia Minhas va
cong su (2025) trén chung Pseudomonas stutzeri di chimg minh ring, thong
qua viéc tinh chinh cac diéu kién nudi ciy, hoat tinh laccase va hiéu suat phan

huy lignin ¢6 thé duoc gia ting dang ké[35].
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Bén canh cac nghién ctru don ching, xu hudng hién nay dang chuyén
dich manh mé& sang viéc ing dung t6 hop vi sinh vat nham tbi wu hda hiéu qua
phan huay lignin. Cac bang ching khoa hoc cho thiy su tuwong tac da loai co
kha ning tao ra hiéu Gng hiép ddong, giup ddy nhanh téc d6 khoang hoa va
nang cao mirc d6 phan giai cic cu tric polymer phtc tap vuot troi so véi cac
hé thong nudi cdy don 1¢ [36]. Dong thoi, su tich hop cia cac cong nghé dot
phé nhu k¥ thuat protein (protein engineering), tri tué nhan tao (AI) va thiét
ké enzyme de novo dang mé ra mot ky nguyén méi trong viéc cai thién hoat
tinh va d6 bén nhiét caa laccase[37].

Nhin chung, nghién ctru trén thé giéi di dat duoc nhiéu tién bd quan
trong, tir viéc phan lap, tuyén chon chung vi khuan dén t6i uu hoa enzyme va
ung dung trong xtr Iy moi truong va cong nghé sinh hoc.

1.4.2. Tinh hinh nghién ciru tai Viét Nam

Nghién ctru vé vi sinh vat sinh laccase tai Viét Nam chu yéu tip trung
vao ndm dam, dic biét 1a cac loai gay thdi tréng nhu Trametes maxima,
Rigidoporus sp., va Fusarium oxysporum.

Nghién clru cua Nguyén Thi Lién va cong su (2024) da phan 1ap mdt
chung ndm Trametes polyzona TPI16 tir dat & Vuon qudc gia Tam Pao, chung
TP16 c6 tbc do sinh trudng khé nhanh, dat 282,16 pm/gid. Ching ndm nay
c6 kha ning sinh ra nhiéu loai enzyme ngoai bao, bao goém laccase, lignin
peroxidase, amylase va protease[38]. Bén canh d6, Phung Khic Huy Chu va
cong su (2017) da phan 1ap chung Fusarium oxysporum HUIB02 c6 kha nang
sinh téng hop laccase ngoai bao manh, dugc xem la nghién ctru dau tién tai
Viét Nam vé laccase tir F. Oxysporum [39]. Chiing ndy dugc tGng dung trong
viéc khir mau thubc nhudém hoat tinh ding dé nhudém vai may quan trang.

Trong nghién ctru ctia Nguyén Thi Lan Anh va cong su (2022), ba loai
nam khac nhau da duoc thir nghiém vé kha nang phan huy hai loai thudc diét
co la 2,4-D va 2,4,5-T, déng thoi nghién ctru vai tro cua cac enzyme laccase
va cytochrome P450 trong quéa trinh ndy. Mot loai nAim muc tring,
Rigidoporus sp. FMD21, ¢ hoat tinh laccase cao, dd cho thdy hiéu qua trong
viéc phan huy cac loai thubc diét co nay. Mot mbi tuong quan thuan dugc tim
théy gilta hoat tinh laccase cua nam va téc do phan huy thube diét c6. Hoat

tinh laccase tang gip d6i thi tbc do phan huy thude ciing ting gip doi. Diéu
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nay cho thiy laccase ¢ thé 1a enzyme chu dao trong qua trinh phan hay 2,4-D
va 2.4,5-T trong cac diéu kién nay. Ngoai ra, nghién ctru ciing chi ra ring
Rigidoporus sp. FMD21 ciing st dung mét phan cytochrome P450 dé phan
gidi cac chat nay. Hai loai ndm sgi khéc, thudc chi Fusarium va Verticillium
(nganh Ascomycota), duoc phan 1ap tir dat nhidm thudc diét co6 va dioxin &
san bay Bién Hoa. Ca hai déu c6 kha nang phan huy thudc diét co nhung véi
téc do khac nhau. Tuy nhién, hoat tinh laccase ciia ching rat thap va khong
tuong quan voi toc d6 phan huy. Két qua nghién ctru cho thay ndm muc tring
Rigidoporus sp. FMD21 c6 thé sir dung ca laccase va cytochrome P450 dé
phan giai thudc diét co, trong khi co ché enzyme phan giai cua hai loai ndm
thudc nganh Ascomycota van chua 1 rang. [40]

Cac nghién ctru trong nudc da budce dau ghi nhan su tdn tai ciia nhiéu
chung vi khuan va xa khuan c6 kha nang sinh enzyme laccase, dac bi¢t thudc
cac chi nhu Streptomyces, Bacillus va Pseudomonas.

Mic du nghién cuu vé vi khuan sinh laccase tai Viét Nam con han ché
s0 voi nam, mot sd cong trinh di budc dau ghi nhan tiém ning ciia vi khuan
va xa khudn trong viéc san xuét laccase. Phung Khic Huy Cha va cong su
(2015) da phan lap va khao sat kha niang sinh tong hop laccase-like tir cac
ching xa khuén tir dat 6 nhiém chat diét cé/dioxin tai san bay Bién Hoa, tinh
DPong Nai. Hai chung xa khuan XKBHN1 va XKBiR929 duoc ghi nhan cé
kha nang sinh tong hop laccase-like trén moi trudng chira cac chat hiru co clo
khéc nhau, cho thiy tiém ning trong xir 1y chat diét co/dioxin [41].

Két qua tr nghién ctru cia Pao Thi Ngoc Anh va cong su (2025) cho
théy, xa khuén tir dit nhiém dioxin tai san bay A So, tinh Thtra Thién Hué, co
tiém nang lon trong viéc x& 1y cic chit 6 nhidm. Pic biét, chung
Streptomyces sp. XAS3 d thé hién kha ning vuot trdi trong viéc san sinh
enzyme laccase vdi hoat tinh cao nhét, dat 468,06 U/I. Chung xa khuén nay
khong chi phan huy hiéu quéa 42,04% phenanthrene trong ba tudn, ma con loai
bo thanh cong 16 trén 18 loai thubc nhudm duoe khao sat. Hiéu qua cao nhét
duoc ghi nhan voi thude nhudém acid blue 62, khi chung nay loai bo 26,72%
mau chi sau 20 phut[42]. Piéu nay cho thay kha ning tng dung thuc té cta xa
khuén trong viéc phan hity sinh hoc cic chat 6 nhiém, mé ra mot hudng di

mai cho viée xtr Iy moi truong.
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Phén 16n cac nghién ctru ndy mdi chi ding lai & muc phan 1ap, dinh
danh va danh gia hoat tinh enzyme trén quy mé phong thi nghiém. Céac ndi
dung nghién ctru chuyén sau nhu co ché xtc tac cua enzyme, toi uu hoa diéu
kién sinh tong hop laccase, cling nhu tng dung & quy md 16n trong xir Iy chat
thai lignocellulose van con han ché. Piéu nay cho thay linh virc nghién ctru vi
khuan sinh laccase tai Viét Nam van dang ¢ giai doan khoi dau va can duoc
tiép tuc phat trién theo hudng chuyén sau va tng dung thuc tién.

Viét Nam c6 1oi thé 16n vé ngudn phu phim nong nghiép doi dio (rom
ra, trau, ba mia), tao diéu kién thuan loi cho viée nghién ctu va img dung vi
sinh vat phan huy lignin. Do dé, viéc tuyén chon cac chung vi khuan ban dia
c6 kha nang sinh laccase va phan huy lignin hiéu qua 1a hudng di can thiét va
c6 ¥ nghia thyc tién cao.
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Chuwong 2. POI TUQONG VA PHUONG PHAP NGHIEN CUU

2.1. POI TUQNG NGHIEN CUU
2.1.1. Doi twgng, pham vi nghién ciru

Doi tugng nghién ciru: Cac ching vi khuan sinh enzyme laccase

Pham vi nghién ctru : Cac mau dat duoc thu thap tur cac khu vuc giau

lignocellulose tai Viét Nam: rimg qudc gia Xuan Thiy, Tam Déo, Hoang Lién

Son.
2.1.2. Thiét bi, dung cu, hoa chit

2.1.2.1. Thiét bi, dung cu
- Ong eppendorf, micropipette.

- Binh tam giéc, que cdy, dén con
- May quang phd UV-Vis, Nhat Ban.

- May ly tam. (Eppendorf 5405000441 5425 Centrifuge)

- Can phan tich.

- Noi hip v6 tring.

- My lac 6n nhiét.

- TG 4m

- May do pH.
2.1.2.2. Héa chit

Khao sat duoc thyc hién trén moi truong moi trvong khoang Stanier's
Basal (MSB: Minimal Salt Buffer). Cac hoa chat déu dugc cung cap boi

Sigma-Aldrich va cc nha cung cép khéc.

Dung dich A X25 Dung dich B X50 Dung dich C X200
Na;HPO4.7H,O  131.13g KOH 7.3¢g (NH4)2S04 20g
KHPO, 69.5¢ N;"(lé"gzlécgg‘;gz‘d 10g Nuge cht  100mL
Nudc cit 1L MgS04.7H,0) 29.59¢g
CaCl.2H,O 2.52¢
(NH4)sM07024.4H20  9.25mg
FeS04.7H20 99mg
Kim Loai (duéi day)  50mL
EDTA-disodium salt 0.16g
ZnS0O4 TH20 0.55¢g
FeS04.7H20 0.25¢g
MnSO4.H>O 0.077¢g
CuS045H,0 0.02g
Co(NO3)2.6H0 0.0125g

Na2B4O7.10H20

0.009g
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Nudc cat 50mL
Téng nudc cét IL

Moi truong MSB cudi cung gém 40mL dd A, 20mL dd B, 5mL dd C,

va 935mL nudc cit.

Moi truong NB: 5g peptone, 5g NaCl, 3g Meat extract.
2.2. PHUONG PHAP NGHIEN CUU
2.2.1.Thu thap miu dat

Cac mau dat duge thu thap & do sau 0-20 cm. Mau duogc dung trong thi
polythene va dugc chuyén vé phong thi nghiém bao quan lanh & 4°C cho dén
khi tién hanh phan tich [43].

2.2.2. Lam giau vi khuan

Vi khuén sinh enzyem laccase da dugc sang loc va phan lap tu cac mau
dat thu thap tir khu vuc rirng nguyén sinh. T4t ca cic mau thu thap dugc (10g
ctia mdi mau dit) di duoc ray va thém vao 100 ml mdi trerong MSB b sung
5 mM guaiacol 1am chit cam ung va nudi ¢ 37 © C trong 7 ngdy voi toe do
120 vong/phit. Sau d6, 14y 1 ml dich cdy chuyén vao binh tam giic méi chira
99ml méi truong dinh dudng va nudi ¢ diéu kién twong tu. Qué trinh nay
duoc 1ap lai 5 lan dé lam giau vi khuén sinh enzyme laccase.

2.2.3. Phan lap va sang loc vi khuan sinh enzyme phéin giai lignin
(laccase)

Péi voi phuong phap lam giau, tit ca cac miu duoc pha lodng lién tiép
theo ty 16 10" dén 10 va 100 pl ciia mdi d6 pha lodng 10, 1075, 10° da duoc
cAy trang trén cac dia thach MSB chita 5 mM guaiacol & 37°C. Céc dia thach
sau d6 duoc theo ddi lién tuc hang ngdy dé phat hién su xuét hién ciia ving
mau nau xung quanh khuan lac

Péi voi phuong phap phan 1ap bang ichip, cc thiét bi iChip chira moi
truong MSB co bo sung Guaiacol né)ng do 5 mM duoc dat trong dat tai do sau
20 cm nham tan dung diéu kién tu nhién cho sy sinh truéng cua vi sinh vat.
Sau mot thang luu giir, cac giéng thach xudt hién sy bién ddi mau sic (biéu
hién cta hoat tinh phéan giai Guaiacol) dugc lya chon dé chuyén tiép sang moi
treong MSB thach c¢6 bd sung Guaiacol twong tmg. Qua trinh cdy chuyén
duoc thuc hién lién tuc cho dén khi thu duogc céc ching vi khuin thuan
nhat[44].

Kha nang phan huy lignin ( hoat tinh enzyme laccase) ctuia cac chung vi
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khuan phan 1ap dugc xac dinh thong qua phuong phap khuéch tan trén dia
thach theo phuong phap cua Valizadeh va cong su [45]. Cac chung vi khudn
phan 1ap duogc, duoc cdy trén méi truong thach MSB ¢6 bo sung co chét 1an
luot 1a 5SmM 2,6-dimethoxyphenol (2,6-DMP), 5 mM guaiacol, va 100 ppm
lignin akali. Pong thoi, 0,5 mM déng sunfat (CuSO4) duoc bd sung vao tat ca
céc loai mdi truong dé kich hoat va hd trg hoat tinh cia enzyme laccase. Pia
thach sau khi cdy dugc U trong ti 4m & nhiét d6 30°C trong thodi gian 3-5
ngdy. Hoat tinh enzyme duoc dénh gia thong qua viéc quan sat su thay doi
mau sic sang mau cam kém theo sy két tiia cua cac hat mau den xung quanh
khuan lac ( ddi v&i co chit 2,6DMP) hodac duoc xac dinh thong qua su Xuat
hién ctua vong phan giai (vong trong sudt) xung quanh khuan lac (guaiacol
hodc ligin akali) . Dé quan sat rd hon cac vong phan giai nay, bé mit thach
duoc nhudm véi dung dich Lugol).

2.2.4. Xac dinh hoat tinh enzyme laccase

Pé xac dinh hoat tinh laccase ngoai bao cua cac chung phan lap, vi
khuan duoc nudi cay trong 25 mL moi trurong MSB véi gia tri ODggo ban dau
13 0,02; cac binh nudi cdy dugc u ¢ 30°C va lic voi toe do 150 vong/pht
(rpm). 1 mL dich nuéi cdy duoc thu nhin va dem ly tdm 13.500 rpm & 4°C
trong 2 phit. Phan dich ndi duoc st dung 1am ngudn enzyme thd dé xac dinh
hoat tinh laccase.

Hoat do laccase dugc xac dinh thong qua kha nang oxy hoa co chét 2,6-
dimethoxyphenol (2,6-DMP) véi su hién dién cia 0,5 mM dong sunfat
(CuSOy). Hon hop phan tmg (1ml) bao gdm 0,2ul dich enzyme tho, 0,2ul co
chat 2,6-DMP 5mM trong 0,6ul dung dich dém axetat 100 mM (pH 5.0)
duoc gilt & 30°C trong 2 phut, sau d6 do gia tri d6 hap thu quang hoc tai budce
song 468 nm (g6 = 27.500 M'.cm™) [46] bang may quang phd UV-Vis. Mot
don vi hoat d0 enzyme(U) dugc dinh nghia la lugng enzyme can thiét dé oXy
hoa 1 pmol 2,6-DMP trong vong mdt phut ¢ diéu kién thi nghiém. Cac phép
do dugc thyc hién 1ap lai ba 1an dé dam bao tinh thong ké.

Hoat tinh enzyme laccase dugc tinh todn dya trén cong thuc theo
nghién cuu cua J. Siva va cs [47]:

EA=A.V)/ (t.e.v) (1)
Trong do:
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e E.A (Enzyme Activity): Hoat do enzyme (U/L)

e A (Absorbance): Gia tr1 do hép thu quang hoc do duoc tai budc song
cuc dai (Amax).

e V: Tong thé tich ctia hdn hop phan tng (1 mL).

e t: Thoi gian U phan tng (tinh bang phut).

e ¢ (Extinction coefficient): Hé sd tat (hé sé hdp thu phan tir) cta co chat

(e468 = 27.500 M1.cm™).

e v: Thé tich cta dich chiét enzyme tho cho vao hdn hop (0.2 mL).
2.2.5. X4c dinh dic diém hinh thai va hoéa sinh ciia chiing vi khuan chon
loc

Ching vi khuén tuyén chon duogc dinh danh so bd dua trén cac dac
diém hinh thai, sinh 1y va sinh hoa theo hé théng phan loai cua Bergey
(Bergey’s Manual of Determinative Bacteriology).

Vé dic diém hinh thai, chang vi khuan duoc cdy ria trén moi trudng
thach va 1 & 30°C trong 24-48h, quan sat cic dac diém vé mau séc, kich
thudce, hinh dang.

Dic biét, dé phan tich sau hon vé cAu trac siéu hién vi va kich thudc
chuan xéac, phuong phép kinh hién vi dién ta quét (SEM) duoc tmg dung,
cung cap hinh anh ba chiéu chi tiét vé bé mit va su sip xép cia té bao.

Song song v4i quan sat hinh thai, cac thir nghiém sinh 1y va sinh hoa
duoc thuc hién nham lam sang to cac ddc tinh chuyén hoa ddc trung cua
chung vi khuan [48]. Kha ning san sinh enzyme ngoai bao va ndi bao duoc
danh gia qua céc thr nghiém Urease, Lipase. Pong thoi, cac dic tinh chuyén
hoa nito va carbon dugc x4c dinh qua thtr nghiém khtr Nitrate va kha nang st
dung Citrate 1am ngudn carbon duy nhat. Ngoai ra, bd thir nghiém Methyl
Red (MR) va Voges-Proskauer (VP) ciing duoc trién khai nham xac dinh céc
san pham cudi cing cta qué trinh 1én men glucose.

Dé x4c dinh hoat tinh enzyme ngoai bao, cac chung vi khuan dugc nudi
ciy ting sinh trong mdi truong dich thé tuong Gmg ¢ 30°C, lic 150 vong/phut.
Sau 24 gio, dich nudi cdy dwgc thu nhan va tién hanh ly tim tai 10.000rpm
trong 10 phat & 4°C dé loai bo té bao, thu dich ndi chira enzyme thd. Tiép
theo, 100 pL dich ndi dugc cho vao cac giéng thach (dudng kinh 6 mm) da

duoc tao san trén dia petri chira co chit dic trung (casein, tinh bot, CMC hoac
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chitosan). Cac dia thach duoc giit ¢ 4°C trong 2 gio dé enzyme khuéch tan on
dinh vao mai truong, sau d6 chuyén sang G & 30°C trong 24 gid. Sau thoi gian
1, cac dia duoc nhuom bang dung dich Congo Red 0,1% trong 15-20 phit.
Hoat tinh protease, amylase, cellulase va chitinase dugc xac dinh dya trén su
xudt hién va dudng kinh ctia vong phéan gidi (clear zone) bao quanh giéng
thach.
2.2.6. Pinh danh chiing vi khuin bing phuwong phap phén tich trinh tu

16S rRNA

Cac chung vi khuan phan 1ap dugc nudi cdy dé thu nhan sinh khoi
thuan khiét, sau d6 tién hanh tach chiét DNA tong sb6. Dé nhan ban doan gene
c¢6 kich thuéc khoang 1,5 kb tir DNA mach kép cta cac chung nay, cip moi
16S rDNA [27F: 5°-AGA GTT RGA TCM TGG CTC AG-3’ va 1492R: 5’°-
CGG YTA CCT TGT TAC GAC TT-3’] da duogc su dung. Cong cu NCBI
BLAST (Basic Local Alignment Search Tool;
http://blast.ncbi.nlm.nih.gov/Blast.cgi) dugc dung dé danh gia mic d6 tuong

dong DNA va so séanh trinh ty. Cac trinh tu c6 d6 tuong dong (identity) cao
nhét sau d6 duogc trich xut va tién hanh cin chinh da trinh ty bang cong cu
ClustalW trén phan mém MEGA (Phién ban 12.0.10). Cudi cung, cic trinh ty
d3d can chinh duoc s dung dé xdy dung cdy phat sinh ching loai
(phylogenetic tree) bang phan mém MEGA theo phuong phap cuc dai xac
thyc (Maximum Likelihood).

Bio quan: Bao quan chung vi khuan tuyén chon trong méi truong long
glycerol (30%) & —80°C.
2.2.7. Tdi wu hoéa cac diéu Kién anh hwéng dén kha ning phan hiy hop

chat mé hinh lignin (guaiacol)

Anh hwong cua nhiét do

Kha nang khtr lignin (guaiacol) dugc thuc hién theo phuong phap cua
Sumranwanich, T., va cong su [49]. M6i truong MSB bd sung SmM guaiacol
dugc cdy dich huyén phu vi khuan sau d6 tién hanh nuéi ciy lic véi tbe do
150 vong/phut & cac miic nhiét do khdo sat khac nhau (25, 35 va 45°C). Sau
72 gio, dich trong binh duoc ly tAm véi toc dd 10.000rpm trong 10 phut & 4°C
dé thu dich noi. Hiéu suat phan hiy guaiacol dugc xac dinh gian tiép thong

qua ham luong phenol tong s con lai trong moi truong bang cach do do hap
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thy quang (OD) tai budc soéng 280 nm trén may quang phd UV -Vis. Hiéu suit
phan huy (H%) dugc tinh toan cu thé theo cong thirc:

Hiéu suat(%)=(Co-Cy)/Co * 100 2)

Trong do:

. Co : ndng do ban dau hap thy budc séng 280nm luc t = Oh

o C.: nong do con lai trong dich nudi cdy cta ching vi khuan hap
thy budc song 280nm tai thoi diém t nhat dinh.

Anh hwong ciia pH

Pé khao sat anh huong cua pH dén kha ning phan hiy guaiacol, moi
treong dinh dudng bd sung 5 mM guaiacol duge diéu chinh vé cac gia tri pH
khac nhau bao gé)m 5,0; 6,0; 7,0; 8,0 va 9,0 béng dung dich HCI hodc NaOH
1M. Sau khi cdy dich huyén phu vi khuan, cic binh tam gidc duoc tién hanh
nudi cdy lac véi tbe do 150 vong/phat & nhiét d6 30°C. Sau 72 gid phan tng,
hén hop dich nuéi ciy duge dem ly tAm véi toc d6 10.000 rpm trong 10 phut
& 4°C dé thu dich ndi. Hiéu suat phan huy guaiacol duoc xac dinh theo cong
thire da duoc mo ta o trén.

Anh hwong ciia nguon Nito

Pé khao sat anh hudng ctia ngudn nito dén sinh treéng va kha ning
phan hity co chat, moi truong MSB dugc bd sung 06 ngudn nito khac nhau
bao gém ca hitu co (Meat extract, Peptone, Ure) va vo co (NaNO;, NH,CI,
(NH4),S0;) v6i ndong d6 cudi 2%. pH ctia moi truong duge diéu chinh vé 6.0;
cac binh tam giac sau khi cdy vi khuan duoc tién hanh nuéi cy lic voi tée do
150 vong/phut ¢ nhiét do 30°C. Sau cac khoang thoi gian nudi cy 24, 48 va
72 gi0, 1 ml dich mau duoge thu nhan dé do mat do quang tai budc song 600
nm nham xac dinh kha ning sinh truéng cua vi khuan. Phan dich nuéi cdy con
lai dugc dem ly tdm véi toc dd 10.000 rpm trong 10 phut & 4°C dé thu dich
ndi. Hiéu suit phan huy guaiacol duoc xac dinh theo cong thirc da duoc mo ta
O trén.
2.2.8. Kha niing phén hiiy lignin trong mét s6 phu pham néng nghiép

2.2.8.1. Chudn bi phu phdm va tién xir ly

Céac ngudn phu phiam lignocellulose bao gdm rom ra (R), ba mia (M) va

trau (T) duoc thu thap, rira sach va siy kho & 55°C dén trong luong khong
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d6i. Cac nguyén liéu sau d6 duoc nghién nho dén kich thude khoang 1-2 mm
[50].

Riéng ddi voi trau (T), nham pha v& ciu trac silica va lignin bén viing,
nguyén liéu dugc tién xir Iy bang cach ngam trong dung dich KOH 2% trong
2 gid, sau d6 rira lai bang nude cat dén khi dat pH trung tinh va siy kho trudc
khi st dung.

2.2.8.2. Thiét ké moi truong va diéu kién nuéi cdy

Chung vi khuan duoc cy chuyén vao binh tam gidc chira moi truong
dinh dudng 16ng (NB). Binh nuéi cdy dugc dit trén may lac véi tbe do 150
vong/phut, duy tri ¢ 30°C trong 24 gid dé vi khuan c6 hoat tinh sinh hoc
manh va dong déu nhit.

Thi nghiém dugc tién hanh trong binh tam giic chta 200 mL méi
truong dinh dudng co ban ¢6 bd sung 2% (w/v) timg loai phu pham tuong
tmg (R, M, hoic T) va 0,5 mM CuSO4 déng vai trd 1a chat cam tGng. Mbi
treong dugc khir tring bang ndi hap ap luc tai 121°C trong 20 phut [50]. Sau
khi dé nguoi, dich huyén phu vi khuin dugce tiép chiing vao cic binh tam giac
dé dat mat do quang hoc ban dau ODggo = 0,02. Céc binh nudi céy duoc dat
trén may lic voi toc d6 150 vong/phut, duy tri & nhiét d6 30 °C trong thoi
gian 7 ngay (168 gio).

2.2.8.3. Theo déi sw sinh truéng ciia chiing vi khudn

Dinh ky mdi 24 gio, 2 mL dich nuoi céy duoc thu nhan dé xac dinh mat
d6 té bao (ODggo) bang phuong phap do quang phd tai budc séng 600 nm. Dé
loai bo nhidu do mau sic va cac hat lo lung tir phu pham, gia tri (ODgw) thuc
té duoc xac dinh bang cach trir di gid tri cua mau ddi chimg 4m tuong Gng tai
cung thoi diém.

2.2.8.4. Xdc dinh sw thay doi khoi lwong co chit va sinh khoi

Tai thoi diém két thac thi nghiém (168 gid), toan b lugng dich va ba
phu pham trong binh nudi cay dugc loc qua vai loc chuyén dung va gidy loc
d3 biét trude trong luong dé thu hoi phan bi ran. Phan bi ndy bao gdm co
chét chua phan huy va sinh khéi vi khuan bam dinh. Mau dugc rira nhe bang
nuée cat dé loai bo mudi khoang thira va siy khé ¢ 55°C dén trong luong
khong d6i. Kha nang phan hiy cua chung vi khuin duoc danh gia thong qua
su chénh 1éch khdi luong kho giita mau thi nghiém va mau déi chimg (BC)
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khong tiép giéng. Moi phép do dugc thuc hién 1dp lai ba lan dé léy gia tri
trung binh, ddm bao tinh khach quan va d¢ tin cay cua dit liéu thuc nghi¢m.
va hiéu suit phan hily co chit duoc tinh theo cong thirc:

H(%) = (mpc-mrn)/mpc*100 3)

Trong do:

o H(%): Hiéu sut phan hay co chét (tinh theo % khdi luong).
o Mpc: Khéi lugng kho cta ba ran thu duoc tir binh ddi chimg (khong
tiép gibng vi khuan) sau 168 gid (g).
o My : Khéi luong kho cia ba ran thu duge tir binh thi nghiém (c6 tiép

gibng vi khudn) sau 168 gio (g).
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Chuong 3: KET QUA VA THAO LUAN
3.1. Sang loc va tuyén chon cac chung vi khuan cé kha nang sinh laccase
ngoai bao

Qua trinh phan 14p tir 21 mau dat thu thap duoc trén mdi truong khoang
t6i thiéu bo sung co chét chi thi (guaiacol) da thu duoc tong cong 84 ching vi
sinh vat c6 kha ning sinh trudéng va sinh enzyme laccase. Dé danh gia chinh
xéc tiém ning phan huy sinh hoc lignin cta cac chung vi khuan phan lap, qua
trinh sang loc kép da dugc thuc hién nham xac nhan déng thoi hoat tinh
enzyme dic hiéu va kha ning phan giai polymer thuc té.

Qua trinh sang loc so by dugc thuc hién trén méi truong MSB co bo
sung 2,6-dimethoxyphenol (2,6-DMP). Két qua ghi nhan tai Hinh 3.1a cho
thiy sy xuét hién ciia cic vong phan tmg mau niu/cam ddm bao quanh khuan
lac. Pay 13 két qua ctia qua trinh oxy héa cic nhém methoxy-phenol béi
enzyme laccase ngoai bdo, tao ra san pham quinone c6 mau dic trung. Do
dam va dudng kinh cua vong mau 1 chi sé dinh tinh quan trong phan anh
cudng do bai tiét enzyme cua ting ching vi khuan.

Pé kiém chung kha ning cat dit cac lién két bén vimng trong ciu tric
polymer cua lignin kiém, phuong phap nhuém Lugol d3 duoc ap dung. Tai
Hinh 3.1b, sau khi nhudém thuéc thtr Lugol, cac vong phan hiy sang mau hién
1o trén nén thach sim mau. Hién tuong nay chung minh hé enzyme ngoai bao
cta vi khuan khong chi oxy hoa cic hop chat don gian ma con thuc su tin
cong va phan giai cac mach polymer lignin phtic tap, lam mat kha ning tao
phirc mau véi i-6t ciia hé thdng co chat ban dau.

Hinh 3.1. Két qua sang loc cic chung vi khuan sinh enzyme laccase.
(a) Trén moi truong MSB chira co chat chi thi 2,6-DMP; (b) Trén moi truong

MSB chita co chdt lignin alkaline nhudém bang thudc thir Lugol.
Dua trén su két hop giita téc d6 sinh trudng va kich thudc vong phan
huy trén ca hai loai co chét, tur nguén mau da dang tai cac hé sinh thai dic thu

(Xuan Thuy, Tam Dao, Hoang Lién va phuong phép Ichip), nghién ctru da
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tuyén chon duogc 05 chung thé hién hoat tinh xtc tic cao nhét. Céc chung co
hoat tinh nay bao gom: TPS 4.9, SPS4.1, SPS3.4, MS231.1 va 4XT7.1. Cac
ching nay thé hién su bién thién vé mit hinh thai, tr mau sic (tréng duc,
trang nga dén vang dic trung) cho dén cau trac bé mit. Kich thuéc khuan lac
dao ddng tir rdt nho (chung 4XT7.1 chi tr 0,1 mm) dén mic trung binh
(ching TDS 4.9 va MS231.1 1én dén 4,0 mm). Su da dang nay khong chi thé
hién tinh phong phu vé loai ma con goi md vé cac chi vi khuan khac nhau c6
kha ning thich nghi v6i méi truong chira lignin. Két qua dugc tong hop chi
tiét trong Bang 3.1.
Bang 3.1. Pic diém hinh thai khuan lac cia 05 ching vi khuan tuyén chon.

Tén ching Pic diém hinh thai khuén lac Kich thuéc (mm)
Khuan lac tron, mép khong déu, mau tring duc,
TS 4.9 \ ) 2,0-4,0
bé mat bong.
Khuén lac tron, mép déu, dang 161, mau vang
SPS4.1 5 2,0-30
dac trung.
SPS3.4 Khuén lac tron, bé mat béng, mau tréng nga. 0,5-10
Khuén lac tron, 10i tAm, vung ngoai vi trong
MS231.1 . o 2,0-4,0
suot, mau vang nhat.
Khuén lac tron, mép déu, bé mat bong, dang 161,
4XT7.1 0,1-10

mau vang.

Céc chung vi khudn nay duogc st dung cho cac nghién ciru tiép theo.
3.2. Panh gia hoat d6 enzyme laccase ngoai bao ciia cac chiing tuyén chon

Hoat d6 enzyme laccase ngoai bao cta 05 ching vi khuan tuyén chon
dugc x4c dinh sau 48 gid nudi ciy trong mdi trudng dich thé cd bo sung
guaiacol. Két qua duoc trinh bay trong Hinh 3.2.

Két qua cho thiy ca 05 ching vi khuan déu co kha ning tiét enzyme
laccase ngoai bao ra moi truong, tuy nhién, hoat d§ co su khéac bi¢t dang ké
giita céc chung. Trong d6, SPS3.4 dat hoat d6 enzyme cao nhét véi gia tri
1,699 U/L, tiép theo 1a SPS 4.1 véi 1,642 U/L va TPS 4.9 véi 1,625 U/L.
Nguoc lai, cac chung MS 231.1 va 4XT7.1 cho hoat d6 thap hon dang ké, 1an
luot 12 0,963 U/L va 1,096 U/L.
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Hinh 3.2. Hoat d§ enzyme laccase ngoai bao ciia 05 chiing vi khuén tuyén
chon.
Két qua nghién ctru cho thay hoat do laccase ngoai bao ctua 05 chung vi

khuan tuyén chon dao dong trong khoang 0,963 — 1,699 U/L sau 48 gio nudi
cdy. Trong d6, ching SPS3.4 thé hién tiém ning cao nhit trong san xuét
laccase ngoai bao. Gia tri ndy hoan toan phi hop voi cac cong bd trude day vé
hoat tinh laccase tu nhién & cac ching vi khuan hoang dai khi chua qua t6i wu
hoa diéu kién 1én men. Nghién ctru cta Desai va cong su (2017) di tuyén
chon dugc chung Enterobacter spp. SB1 c6 hoat tinh cao nhét dat 0,694 U/L
khi sir dung co chat ABTS[51]. ABTS la co chat khong thudéc nhom phenolic
c6 d6 nhay cao nhung tinh dic hiéu thap hon, trong khi nghién ctu ndy st
dung 2.6-dimethoxyphenol (2,6-DMP) — m6t hop chét phenolic mé hinh c6
tinh chon loc khit khe va dic hiéu cao déi véi enzyme laccase. Viéc enzyme
laccase dugc tiét ra ngoai bao 1a mot dic diém co y nghia quan trong trong
tmg dung phan huy lignin, vi laccase ngoai bao cé thé tiép can truc tiép véi
cAu trac lignin phiic tap trong mdi trudng ma khong can té bao vi khuan phai
tiép xuc truc tiép voi co chat. Laccase co thé ton tai & ngoai bao, chu chét
hodc n6i bao, va déu co tiém ning xdic tic cho qua trinh phan huy lignin cling
nhu cac ing dung cong nghé sinh hoc quan trong [22].

Téng hop cac két qua vé hoat do laccase ngoai bao, két hop két qua
sang loc so bd, chung SPS3.4 dugc xac dinh 1a chung vi khuén tiém nang nhét
trong 6 05 chung tuyén chon va duoc lua chon dé tién hanh cac nghién cuu
tiép theo vé t6i uu hoa diéu kién nuoi cy, dic tinh enzyme ngoai bao va kha

nang phan huy lignin trong cac tmg dung moi truong.
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3.3. Pic diém ching SPS3.4
3.3.1. Pic diém hinh thai khuin lac va té bao

Sau khi tién hanh nuéi cdy vi khuan SPS3.4 trén moi trudng thach dinh
dudng (NA) & 30°C trong 48 gio, két qua quan sat hinh thai cé thé hién qua
Hinh 3.3.

Hinh 3.3. Hinh thai khuén lac (trdi) va anh chup dwéi kinh hién vi dién tir quét
_SEM (phai) cua ching SPS3.4. ) .
Quan sat cho thay khuan lac cua loai SPS3.4 ¢6 mau trang nga, 161, bé

mat udt, mép khuén lac khong déu va co xu hudng lan rong trén bé mit thach.
Hinh anh dugc chup bang kinh hién thi vi dién tir quét (SEM) cho thiy té bao
vi khuén c6 dang truc khuan (hinh que ngin), kich thuéc tuong d6i dong déu,
bé mat té bao hoi nham, phan bd riéng 1¢ hodc tap hop thanh cum nho.

3.3.2. Dac tinh sinh hoa

Dac tinh sinh hoa cua chung SPS3.4 duoc xac dinh thong qua cac thu
nghiém tiéu chuén sinh héa. Két qua dugc hién thi trong Bang 3.2.

Két qua cho thy ching vi khuin SPS3.4 am tinh véi cac thir nghiém
Methyl Red (MR), Voges—Proskauer (VP), kha nang khur nitrat va st dung
citrate. Nguoc lai, chung nay thé hién hoat tinh enzyme ngoai bao manh thong
qua phan ng duong tinh v&i urease, lipase, protease va cellulase. Tuy nhién,
SPS3.4 khong c6 kha ndng phan giai tinh bt (amylase) va chitin (kitinase).

Két qua phan ung am tinh véi cac thtr nghiém MR va VP cho thiy
chiing SPS3.4 khong thyc hién 1én men glucose theo con dudng sinh acid hon
hop hay tao acetoin. Twong tu, viéc khong thé hién kha niang khir nitrat va sir
dung citrate chimg t6 chung nay khong sir dung nitrat nhu chat nhan dién tir
cubi cing trong diéu kién thiéu khi va khong c6 kha niang dong hoa citrate

lam ngudn carbon duy nhat.
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Bang 3.2. Pic diém sinh héa va hoat tinh enzyme ngoai bio ciia chiing vi
khuan SPS3.4.

Thi nghiém Ching SPS3.4
Hinh dang Truc khuan
MR test -
VP test -
Khir nitrat -

Citrate test -

Urease test +
Lipase test +
Enzyme protease +

Enzyme amylase -
Enzyme cellulase +

Enzyme kitinase -

(Ghi chii: (+): két qua dwong tinh; (-): két qua am tinh)
bac biét, chung SPS3.4 thé hién hoat tinh duong tinh manh véi cac
enzyme urease, lipase, protease va dac bi¢t 1a cellulase. Hoat tinh cellulase
duong tinh ¢ ¥ nghia quan trong trong bdi canh nghién ctru, boi cellulose va
lignin 13 hai thanh phan chinh cdu tao nén phirc hop lignocellulose bén vimg.
Nhiéu nghién ctru truée ddy d3 chi ra rang cac vi khuan c6 kha ning sinh
enzyme oxy héa lignin thuong dong thoi so hiru hoat tinh cellulase dé hd trg
qua trinh xdm nhap va phan giai sinh khoi thue vat [12]. Ngoai ra, su hién
dién cua protease va lipase ngoai bao tao diéu kién thuan loi cho viéc giai
phong enzyme laccase ra moi truong bén ngoai dé tham gia vao qua trinh oxy
héa cac cdu trac vong phenolic phiic tap trong phan tir lignin. Két qua am tinh
v6i amylase va kitinase cho thay chung SPS3.4 ¢6 phd co chit enzyme ngoai
bao mang tinh chon loc cao.
3.3.3 Dinh danh ching SPS3.4
Pé xac dinh chinh xac vj tri phan loai, chung SPS3.4 da duoc tién hanh
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giai trinh ty gen 16S rRNA. Két qua thu dugc sau d6 dugc so sanh véi cac
trinh ty twong dong trén co so dir liu GenBank (NCBI). Cy phat sinh chung
loai duoc xay dung bang phuwong phéap Neighbor-Joining va duoc kiém dinh
d6 tin cay bang phuong phap bootstrap véi 1000 1an lap lai. Mbi quan hé phat
sinh gifta chung SPS3.4 va cac loai vi khuan lién quan duoc trinh bay tai

Hinh 3.4.

88% Rhodococcus phenolicus strain DSM 44812 (NR 115082.1)
—|: Rhedococcus phenolicus strain G2P (NR 042950.1)
Rivdococcus chondri strain CC-R104 (NR 197722.1)
Rivdococeus rhodnii strain DSM 43336 (NR 118610.1)
Riedecoccus triatomae strain DSM 44892 (NR 118625.1)

87%

87%

88%

93%

96% Rlodococcus olei strain Kon-20 (NR 179708.1)
Rhodococcus canchipurensis strain MBRL 353 (NR 109454.2)
0% [ sps3.4
9% P _|: Riwwdococcus pedocola strain UC12 (NR 149270.1)
93% Rivdecocens humicola strain UC33 (NR 149271.1)
Prescottelln agglutinans strain CFH 50262 (NR 136860.1)
90% 959% —————— Rhedococcus spelaei strain C9-3 (NR 180470.1)
91% —|: Prescottella defluvii strain Call (NR 126278.1)
87% Prescottelln equi strain DSM 20307 (NR 041910.1)

—— Rhodococcus erythropolis strain N11 (NR 037024.1)
86% [— Rivodococcus globernlus strain DSM 43954 (NR 118617.1)
Esclerichia coli strain U7 5/41 (NR 024570.1)

Hinh 3.4. Cay phat sinh chiing loai cia chiung SPS3.4 dua trén trinh tuw
gen 16S rRNA duwoc xdy dung bing phwong phap Neighbor-Joining.

Két qua phan tich cdy di truyén cho thdy chung SPS3.4 thiét 1ap mot
nhanh tién hoa chung rat rd rang vaéi cac dai dién thudc chi Rhodococcus voi
do tin cay bootstrap tai nut géc 1én dén 96%. Trong do, chung SPS3.4 phan
cum truc tiép va c6 méi quan hé phat sinh ching loai gan giii nhat véi hai loai
Rhodococcus pedocola strain UC12 (mi s NR 149270.1) va Rhodococcus
humicola strain UC33 (ma s6 NR 149271.1) v&i gia tri hd trg nat (bootstrap
value) dat 86%. Nhanh két hop md rong cia cac ching nay voi loai
Rhodococcus canchipurensis strain MBRL 353 ciing ghi nhan chi s6
bootstrap rit cao, 1én téi 94%, khﬁng dinh do tin cdy manh mé cua cAu trac
phan nhanh di truyén.

Két qua quan sat dai thé, vi thé va anh chup SEM ctia chung nghién ctu
hoan toan pht hop véi cac mé ta vé chi Rhodococcus theo Bergey's Manual
of Systematic Bacteriology. Chi vi khuin nay dic trung bai chu ky da hinh

thai 'cau - que' (rod-coccus cycle) phu thudc vao pha sinh truong. Cu thé, té
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bao ton tai & dang truc khuan trong pha lily tién dé tdi vu hip thy dinh dudng,
va chuyén sang dang hinh cau ¢ pha tinh nham ting kha ning chéng chiu moi
treong. Piac tinh bién doi hinh thai nay cling chinh 13 ngudn gdc tén goi
Rhodococcus, du phan 16n chu ky phét trién manh cta ching c6 dang truc
khuan [52]. Do do, chung vi khuan SPS3.4 duoc dit tén 1a Rhodococcus sp.
SPS3.4 va trinh tu gen 16Sr DNA da duoc luu trit trén Genbank véi ma sb
truy cap la PZ468419.
3.4. Khao sat cic yéu td anh hwong dén kha ning phéan hiy hop chat mé
hinh lignin (Guaiacol) cua chung SPS3.4

Sau khi da tuyén chon dugc chung SPS3.4 ¢6 hoat lyc laccase ngoai
bao cao nhét, chung toi tién hanh khao sat cac diéu kién nudi cdy t6i vu nham
khai thac ti da tiém nang phan huy lignin cua ching nay.
3.4.1. Anh hwéng cia pH dén kha ning phan hily hop chit mé hinh
lignin (Guaiacol) cua chung SPS3.4

Pé danh gid anh huong cua pH dén chung SPS3.4, thi nghiém duoc
tién hanh trong dai pH tir 5,0 d&én 9,0 v6i co chét guaiacol sau 72 gio nudi
cdy. Két qua dugc trinh bay tai Hinh 3.5.
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Hinh 3.5. P thi biéu dién anh hwéng ciia pH dén hiéu suat phan hiy
Guaiacol ciia chiing SPS3.4 sau 72 gio' nudi cdy.

Két qua thuc nghiém cho thdy chung SPS3.4 ¢ kha niang thich nghi va
hoat dong trong dai pH kha rong (tir 5,0 dén 9,0). Tuy nhién, hiéu sudt phan
huy ¢ su bién thién 13 rét theo gi tri pH ctia moi truong.

Hiéu suit phan huy dat gia tri cuc dai tai pH 6,0 v&i 40,37%. Tai cac
gia tri pH 1an can 1a 5,0 va 7,0, hiéu suit phan hay ghi nhan lan luot 1a
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2748% va 24,68%, ching minh ching van duy tri hoat tinh tét trong moi
treong tir acid nhe dén trung tinh. Khi méi trudng chuyén sang diéu kién kiém
(pH 8,0 va 9,0), hiéu suat phan huy giam, chi con lan luot 20,19% va 5,39%.
bac biét tai pH 9,0, hoat tinh phan hiy bi trc ché gﬁn nhu hoan toan.

Két qua nghién ctru khang dinh pH moi trudng 13 yéu td quan trong anh
huéng dén sy sinh truong va hoat tinh phan giai lignin cua chung
Rhodococcus sp. SPS3.4. Viéc chung thé hién hoat tinh toi wu tai pH 6,0 sau
d6 giam dan & pH kiém, phu hop véi dic tinh sinh hoa cia hé enzyme laccase
ngoai bao — mdt enzyme oxy hoa khur trong qua trinh phan huy lignin.

Theo Mate & Alcalde (2017), hoat tinh laccase phu thudc chét ché vao
pH do yéu t6 nay truc tiép anh hudéng dén trang thai 1on hda cia cac acid amin
tai trung tam hoat dong va su chénh léch thé dién cuc gilra enzyme va co chét.
Trong méi truong acid nhe, cdu hinh khong gian cta enzyme dugc duy tri 6n
dinh, gitp t6i wu hoda qua trinh truyén electron va oxy hoa cic hop chit
phenolic nhu guaiacol[53].

Bén canh do6, Patel va cong sy nghién clru trén enzyme laccase tur
Pleurotus ostreatus cho thdy pH t6i wu ddi v6i guaiacol 13 khoang 5,5-6,7,
sau d6 hoat tinh giam manh khi pH tang 1én[54]. Két qua ndy tuong dong véi
chung SPS3 .4, hiéu suat t6i uu tai pH 6,0 va giam déng ké tir pH 7 (24,68%)
xubng pH 9 (5,39%).

Su suy giam hoat tinh & pH kiém (pH 8-9) c6 thé dugc 1y giai boi
nhiéu co ché. Thir nhat, pH cao lam thay d6i dién tich bé mit enzyme, anh
huong dén kha ning lién két enzyme — co chat. Thir hai, trung tim hoat dong
chira ion Cu?* cua laccase d& bi bién ddi trong méi truong kiém, din dén giam
hiéu qua xuc tac. Ngoai ra, cac hop chét phenolic nhu guaiacol ¢6 xu hudng it
bi oxy héa hon trong mdi truong kiém, 1am giam hiéu sudt phan hay[55].
3.4.2. Anh hwéng ciia nhiét dd dén kha niing phan hiiy hop chiat mé hinh
lignin (Guaiacol) ctia ching SPS3.4

Bén canh pH, nhiét do la yéu t vat 1y then chét quyét dinh dén tdc do
ctia cac phan tng sinh hoa va do bén ciia ciu tric enzyme ngoai bao. Dé xac
dinh dai nhiét do t6i wu cho su sinh trudng va hoat tinh xtc tac cua chung
SPS3.4, thi nghiém da dugc trién khai tai ba muc nhiét do dai dién: 25°C,
35°C va 45°C. Két qua thyc nghiém duogc trinh bay tai Hinh 3.6.



37

[£2]
=

i

[a7]
[=]

H

Mo
=1

Hiéu suat khir guaiacol (%)
I
=

0
25°C 35°C 45°C
Nhiét d6 (°C)

Hinh 3.6. D6 thi biéu dién anh huwdéng cia pH dén hi¢u suat phan huy
Guaiacol ciia chiing SPS3.4 sau 72 gio nudi cay.

Két qua cho thdy chung SPS3.4 c6 kha ning phan huy guaiacol trong
khoang nhiét do tir 25-45°C, tuy nhién hiéu suat c6 su khac biét rd rét. O
25°C, hiéu suat phan hay dat gia tri cao nhat 1a 64,79%, cho thay day 1a diéu
kién thuan loi nhat cho hoat dong phan huy. Khi nhiét d6 tdng 1én 35°C, hi¢u
suat giam manh xudng con 26,95%, tuong wng giam hon 2 1an so véi diéu
kién t6i wu. O 45°C, hiéu suit tiép tuc giam sau, chi con 7,13% , cho théy hoat
tinh phan hiy gan nhu bi Gc ché & nhiét d6 cao. Nhu vay, nhiét d6 t6i wu cho
qua trinh phan huy guaiacol cua chung SPS3.4 dugc xac dinh 1a khoang 25°C.

Su bién thién cua hiéu suat phan huy theo nhi¢t d§ phan anh dac tinh
sinh hoc nhay cam cta enzyme laccase ngoai bao ddi voi cac tac dong nhiét.
V& mit co ché, nhiét d6 anh huodng truc tiép dén cau trac khong gian va do on
dinh cua protein enzyme. O dai nhiét do t6i wu (25-30°C), enzyme duy tri
duoc cau hinh bac ba bén ving, dam bao su tuong thich téi da giita trung tam
hoat déng va co chat nham xdc tic phan tng oxy héa hiéu qua. Nguoc lai, khi
nhiét do vuot qua ngudng gidi han, cic lién két yéu nhu lién két hydro va
tuong tic ky nudc bi pha v, din dén hién tuwong bién tinh enzyme va lam mat
kha ning xuc tac. Két qua ndy co sy nhit quan véi cac cong bd khoa hoc gin
day, cu thé nghién ciru cia Wang va cong sy (2023) chi ra riang hoat tinh
laccase vi khuan thudng dat téi wu trong khoang 25-35°C va sut giam déng
ké khi nhiét d6 ting cao[26].

3.4.3. Anh hudng ciia ngudn nito' dén kha niing sinh trwéng va phan hiy
hop chat md hinh lignin (Guaiacol) ciia chiing SPS3.4

Ngudn nito dong vai tro thiét yéu trong viéc tong hop protein, axit
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nucleic va dic biét 1 cac enzyme ngoai bao. Pé tim kiém ngudn dinh dudng
t6i wu cho ching SPS3.4, nghién ciru di khao sat 06 ngudn nito khac nhau
bao gdm ca hitu co (Meat extract, Peptone, Ure) va vd co (NaNO3, NH,CI,
(NH4),S0,). Két qua duoc thé hién tai Hinh 3.7.
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Hinh 3.7. Anh hwéng ciia cic ngudn nito dén mat do té bao (ODeoo) va
hiéu sudt phan hiiy Guaiacol ciia chiing SPS3.4.

Két qua thi nghiém cho thiy chung SPS3.4 c6 kha ning chuyén hoa da
dang céc ngu(‘A)n nito duoc khao sat, véi mat do té bao tang trudng tdt hon so
v6i d6i chimg (khong bo sung nito).

Chiét xuat thit 1a ngudn co chat téi wu nhét cho sy phat trién cta ching,
dat gia tri mat d0 quang cuc dai ODgg = 3,262 sau 72 gio nudi céy. Theo sau
1a peptone voi ODgg dat 2,563 tai cung thoi diém. Hiéu suat sinh truong cao
trén nhom nito hitu co cho thiy ching SPS3.4 uu tién sir dung cac ngudn acid
amin va peptide ¢ san dé day nhanh qua trinh tong hop sinh khéi.

NaNO; va urea hd tro sinh trudng t6t hon so véi nhom mudi
ammonium, voi gia tri ODego lan luot dat 2,146 va 1,779 sau 72 gio. Nguoc
lai, NH4CI (0,929) va (NH4),SO;4 (1,099) ghi nhan muc ting truéng thip hon,

ddng thoi co xu hudng bio hoa hodc suy giam nhe trong giai doan tir 48 dén
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72 gid, c6 thé do su thay d6i pH mdi trudng trong qua trinh hap thy ion NH,".

Thi nghiém khéng chtra nito duy tri mat d6 t& bao ¢ murc rat thip ODeoo
dao dong 0,298 - 0,337, khéng dinh nito 1a yéu td han ché va dong vai tro tién
quyét ddi véi hoat dong séng cua ching nghién ciru.

Kha ning phan hiy guaiacol cua ching SPS3.4 duoc danh gia gian tiép
théng qua sy giam do hip thu quang hoc cua dich nudi cdy tai budc song 280
nm (ODg0) — budc song dic trung cho cac hop chat thom phenolic, trong
d6 ¢ guaiacol va cac san pham phan hay ctia nd. Két qua thyc nghiém trinh
bay tai Hinh3.7 thé hién sy khac biét vé vai trd cua cac nguén nito ddi véi kha
nang phan huy guaiacol cua SPS3.4.

Nhém hiéu suit cao: Ngudn nito (NH4),SO4 dat hiéu suat khir guaiacol
cao nhat 12 91,14% sau 72 gio nudi cdy. Theo sau 1a NH4Cl1 va chiét xuét thit
(meat extract) v6i hiéu sudt lan lugt dat 88,97% va 83,36%.

Nhom hiéu suit trung binh va thap: Nghiém thic peptone dat hiéu suat
79,91%, trong khi urea chi dat 55,67%. Pang chii y, mic du NaNO3 hd trg
sinh truong kha tot & cac thi nghiém trudc, nhung lai cho hiéu suit khur
guaiacol thap nhat trong sd cac nghiém thiic c6 bd sung nito, chi dat 20,04%.

Tai thi nghiém khong b6 sung nito, hoat dong oxy hoa guaiacol dién ra
khong dang ké voi hiéu suat tbi thiéu 1a 13,45%, khang dinh vai tro tién quyét
cua nito trong vi¢c kich hoat h¢ enzyme ligninolytic ngoai bao.

Gia tri hap thu tai budc séong 280nm ctia miu d6i chimg co xu hudng
ting nhe theo thoi gian (twong (mg véi hiéu sut khir 4m trén @6 thi). Hién
tuong nay dugc 1y giai boi su tu oxy hoa ty nhién ctia co chat Guaiacol trong
diéu kién nudi cdy aerobic, tao thanh cic din xuit quinone c6 kha nang hip
thu manh ¢ vung tir ngoai. Ngoai ra, su bién d6i cua cac thanh phﬁn htru co
trong moi trudng nudi cay ciing gop phan lam ting d6 hap thy nén. Tuy nhién,
su gia ting nay 1a khong dang ké so véi sy sut giam OD manh mé& & cac
nghiém thirc ¢6 su hién dién ctia ching SPS3.4, diéu niy cang 1am ndi bat
hoat tinh xtc tdc manh mé cuia enzyme laccase ngoai bao trong viéc bé gay
ciu trac vong thom ctia co chat.

Két qua nghién ctru cho théy cac nguén nito hiru co dac biét 1a dich
chiét thit va peptone, kich thich sinh truéng ciia chung SPS3.4 t6t hon déng
ké so véi cac ngudn nito v co. Piéu nay phu hop véi dic diém dinh dudng
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ctia nhiéu vi khuan thudc chi Rhodococcus, von co hé enzyme trao ddi chat da
dang gitip dong hoa nhiéu loai hop chét nito hitu co phic tap [56].

Dua trén céc két qua khéo sat thuc nghi¢m da yéu td, cac diéu kién méi
treong 01 wu gitp ching SPS3.4 phat huy tbi da tiém ning sinh hoc da duoc
xac dinh mot cach hé théng. Vé yéu td vat 1y, gia tri pH 6,0 dugc ghi nhan la
diém tdi wu cho ca qué trinh gia tdng mat do té bao 1an hoat tinh enzyme
laccase ngoai bao, déng thot nhiét do 25°C cho théy su tuong thich hoan hao
v6i dac tinh sinh 1y ctia chung, gitp dat hiéu suat phan hiy hop chat mé hinh
lignin vuot ngudng 60%. Pic biét, trong nghién ciu vé nguoén dinh dudng
nito, mic di cdc ngudn hitu co nhu dich chiét thit gitip thic day sinh khéi
manh mé, nhung (NH4),SO4 mdi 1a tac nhan kich thich sinh laccase hi¢u qua
nhit, diy hiéu suat phan huy co chit 1én t6i trén 90%. Su két hop dong nhat
giita cac thong s t6i vu nay khong chi khang dinh ning luc chuyén héa cia
ching SPS3 4 trong viéc xtr 1y cac lién két polymer phirc tap ma con tao tién
dé vimg chic cho viéc trién khai cac mo hinh xir Iy lignin & quy mo thuce té,
dam bao tinh kinh té nho kha ning van hanh 6n dinh tai diéu kién nhiét do
thuong va dai pH thich nghi rong.

3.5. Kha niing phin hity lignin trong mét sé6 phu pham néng nghiép ciia
chung SPS3.4

Viéc danh gia kha ning sinh truong va phan huy lignin trén cic ngudn
phu pham néng nghiép (rom ra, bd mia, trau) 1a budc quan trong dé xac dinh
tinh kha thi cia viéc ing dung ching SPS3.4 vao thuc tién xtr Iy phé pham

htru co.

0D600

o0 24 48 72 96 120 144 168
Thoi gian (h)

Hinh 3.8. Téc @6 sinh trudng caa ching SPS3.4 trén cac nguon phu phim
trau (T), mia (M), rom ra (R).
Qua trinh khao sat kha nang thich nghi va st dung lignin tir cac phu
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phim nong nghiép (trdu, bd mia, rom ra) lam ngudn carbon va ning luong
duy nhat ctia ching SPS3.4 cho thiy nhiing dién bién sinh truong dic trung.
Trong 48 gid dau cua pha lily thira, ching vi khuan thé hién téc d6 sinh
trrong manh mé nhét trén gia thé rom ra (R) véi gia tri OD600 dat 2,568, cao
hon so vdi trau (2,440) va b mia (2,338). Piéu ndy c6 thé giai thich do cau
trac lignocellulose ctia rom ra tuong ddi 1ong 1éo hon, tao diéu kién cho vi
khuan d& dang tiép cin cac ngudn dinh dudng dé phan hay ban dau.

Tuy nhién, bd mia (M) lai thé hién 12 méi trudng nudi cdy tiém ning va
bén vimg nhat cho chung SPS3.4 trong giai doan kéo dai. M4t do té bao trén
moi treong ba mia duy tri su gia tdng on dinh va dat gia tri cuc dai (OD600 =
2,985) tai thoi diém 144 gid, trong khi cac mau rom ra va triu d3 c6 diu hiéu
suy giam mat do té bao sau 120 gid. Kha ning duy tri sinh khdi cao trén b
mia cho théy hé enzyme ngoai bao ctua chung SPS3.4, dac biét 1a laccase, da
hoat dong hiéu qua trong viéc cit dut cac lién két bén vimng trong cau tric
polymer cta lignin b3 mia dé giai phong cac hop chat hitu co don gian cung
cap cho qué trinh trao doi chét.

Kha nang sinh truéng 6n dinh cta ching SPS3.4 trén ca ba loai phu
phim néng nghiép (trdu, ba mia va rom ra) khang dinh tiém ning cta ching
nay trong viéc chuyén héa lignin va phirc hé lignocellulose lam ngudn carbon
va ning luong. Hiéu qua phan hiy cac loai phu pham néng nghiép cua chung
SPS3.4 sau 7 ngdy nudi cay duoc thé hién qua su thay doi khdi lwong chat
khé con lai.

Bang 3.3. Hi¢u suz“'lt,phﬁn hiy va kha nang lam giam !{hf')i lwgng cac
nguon sinh khoi lignocellulose ciia chiing vi khuan SPS3.4

Nguyén lisu PC (g)  Khdi luong % Khbi luong % Khbi luong
trung binh (g) gidmso v6i DC  gidm so v BC

ban dau khong chira vi
khuéan

T 4.00 3.46+£0.012 13.5+0.30 10.13+0.85
bCT 4.00 3.85+0.005 3.75+0.12 -

M 4.00 2.95+0.018 26.25+0.45 21.33+1.12
bCM 4.00 3.75+0.006 6.25+0.15 -

R 4.00 3.29+0.014 17.7540.35 13.65+0.92
bCR 4.00 3.81+0.005 4.75+0.12 -

(Ghi chii: PC = Poi chitng b6 sung liic ban dau; T = trau + vi khudn; M = bd mia
+vi khudn; R = rom ra + vi khudn; BC T, PC M, PC R = doi chiing twong vmg cia tirng

co chadt khéng bé sung vi khudn)
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Két qua thuc nghiém tai Bang 3.3 cho thdy su khac biét vé kha ning
phan giai cac ngudn sinh khdi khac nhau bao gdm trau, rom ra va ba mia cta
chung SPS3.4. Mirc giam khéi lugng & cac nghiém thirc ¢6 bd sung vi khuin
déu cao hon so véi ca d6i chung ban dau (4,00 g) va d6i ching khong bo sung
vi khuan tuong tng, cho thiy su tham gia ctia ching SPS3.4 trong qué trinh
phan hiy co chét.

Khi danh gia theo chi tiéu phan trim khéi luong giam so v6i ddi chimg
khong chira vi khudn, hiéu suat phan huy ctua ching SPS3.4 ¢6 su khac biét
gifra cac loai co chit. Cu thé, b3 mia dat gia tri cao nhét (21,33 £ 1,12%), tiép
theo 1 rom ra (13,65 + 0,92%) va thap nhat 1a trau (10,13 + 0,85%).

Xét theo chi tiéu phan trim khéi lwong giam so véi khéi lwong ban dau
(4,00 g), tong luong co chét bi phan huy trong cac nghiém thirc 6 bd sung vi
khuan 1an luot 12 26,25 = 0,45% d6i v6i ba mia, 17,75 = 0,35% déi v6i rom ra
va 13,50 + 0,30% d6i vai trdu. Cac gia tri ndy déu cao hon dang ké so véi cac
nghiém thtrc d6i chimg khong c6 vi khuan twong tng (bd mia: 6,25 + 0,15%;
rom ra: 4,75 + 0,12%; trau: 3,75 £ 0,12%).

Két qua nay cho thiy ba mia 13 ngudn carbon pht hop nhat, trong khi
cAu tric gidu silica va lignin cta triu tao ra rao can dang ké dbi v6i hoat tinh
phan huy cua ching nghién ctru.

Trong s ba loai co chat, bd mia cho hiéu suit phan hiy cao nhat voi
muc giam khdi lugng 21,33 + 1,12% so véi ddi chung khong vi khuéan. Hiéu
suat phan hity vuot trdi trén ba mia co thé dugc 1y giai thong qua cac dic
diém cau trac vat 1y va hoéa hoc dic thu. Ba mia sau khi bi ép co hoc dd pha
v& cdu tric nguyén ban, tao ra hé théng vi mao quan xbp véi dién tich bé mit
tiép xuc 16n. Cac nghién ctru vé dic diém hinh thai va héa hoc khang dinh
rang, viéc phan tach lignin da pha v& mang ludi lién két gitra cac té bao thuc
vat von duoc dinh hinh béi polymer nay. Qua trinh nay khéng chi lam gian
nghén cac bd soi ma con hinh thanh hé thong mao quan va cac khoang tréng
cAu triic bén trong vach t& bao. Chinh su chuyén doi tir cAu trac chit ché sang
dang "mé" va xép da loai bo rao can vat ly, tao diéu kién thuan loi cho cc
enzyme xtc tac d& dang tham nhap va tiép cin cac ving cellulose ndi tai [57].
Vé mit thanh phan héa hoc, ba mia (tinh theo khéi lugng kho) chira khoang
35-45% cellulose, 26-35% hemicellulose va dac bi¢t 1a ham luong lignin
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tuong d6i thip (11-25%), diéu ndy tao nén ciu trac 1ong 1éo va dé& tiép can,
gitp vi sinh vat thuc hién qua trinh phan giai thuan lg1 hon so v&i cac loai phu
pham khac[3].

DPdi véi co chit rom ra, chung SPS3.4 thé hién hiéu suat phan huy &
mirc trung binh véi ty 1¢ giam khéi lugng dat 13,65 £ 0,92% so voi doi chimg
khong bo sung vi khuan. Két qua nay cho thay chung vi khuan c6 kha niang
tham gia vao qua trinh phan giai lignocellulose nhung chua dat hiéu qua cao
nhu trén ba mia. Ngoai ra, cdu tric lignocellulosic cia rom ra tuong d6i "ma"
hon trdu, nén ham luong silica bé mat thép hon, tuy nhién sy lién két chit ché
giita lignin, hemiaellulose va cellulose trong thanh té bao phao véin tao rdo
can dang ké cho qua trinh phan tich[58].

Nguoc lai, trdu thé hién hiéu suit phan giai thap nhat trong ba loai phu
phﬁm khao sat, véi mirc hiéu suét giam khoi lugng dat 10,13 + 0,85% so véi
d6i chung khong tiép gibng. Két qua nay phan anh dic diém ciu tric dic thu
cua trau: 16p silica diy ddc bao phii bé mit ngoai cing chiém 50-70%, dong
vai tro nhu mot rao can vat ly, han ché déang ké su xam nhap cua vi khuén va
kha ning tiép cin ctia hé enzyme ligninolytic ngoai bao vao cac thanh phan
hitu co bén trong [59]. Tuy nhién, viéc giam hon 10% khdi luong 1a minh
chimg ching SPS3.4 trong viéc vuot qua rdo can cdu tric bén virng nay dé
thuc hi¢n qua trinh phan giai sinh hoc.

Téng hop cac két qua thuc nghiém, chung Rhodococcus sp. SPS3.4
duoc xac nhan c6 nang luc phan huy sinh hoc ddi véi ca ba loai phu pham
lignocellulose pho bién tai Viét Nam v6i hiéu suat giam khdi lwong thuc té
sau 168 gio dao dong tir 10,13% dén 21,33%, trong d6 ba mia 1a co chat phu
hop nhét, ké dén 13 rom ra va trdu. Trong nghién ctu ciia Zhang va cong
sw(2025), t6 hop vi khuan SXJG15 sau 18 ngay nudi cay ¢ 25°C dat hiéu suat
phin hiy tong thé rom ra 13 52,5%, bao gdm 60,2% cellulose, 76,3%
hemicellulose va 40,7% lignin — két qua nay dat dugc khi sir dung t6 hop vi
khuan da chung trong thoi gian dai hon va diéu kién nuéi cay duoc tdi wu
hoa[60]. Piéu nay cho thay hiéu suit ciia don ching trong diéu kién chua t6i
uu s& thdp hon dang ké,tir d6 dé nang cao hiéu qua phan huy rom ra cua
chiung SPS3.4, can két hop tdi uwu hoa diéu kién nudi cay va xay dung to hop

vi khuén b trg ¢6 hoat tinh cellulase va xylanase cao.



44

_ KET LUAN VA KIEN NGHI
KET LUAN ,
Chiung SPS3.4 phan lap tur dat rung dugc dinh danh 1a Rhodococcus sp.

(PZ468419), thé hién hoat tinh enzyme laccase ngoai bao cao cung voi
protease va cellulase.

Tai 25°C va pH 6,0 hiéu suat khir guaiacol dat 64,79% va tang manh
1én trén 91% khi bd sung amoni sunfat.

Chang Rhodococcus sp. SPS3.4 ¢6 kha nang phan hay phu pham nong
nghiép, phﬁn tram khoi lugng gidm cua ba mia, rom ra va vé triu 1an luot 1a
21,33%, 13,65% va 10,13% trong vong 168 gio.

KIEN NGHI

Ap dung M6 hinh dap tng bé miat (Surface Response Methodology -
RSM), cu thé 14 thiét ké Box-Behnken hodc Central Composite Design (CCD)
dé dinh chinh xac cac gia tri t6i uu va su twong tac gitta cac yéu to anh huong
(nhu nhiét do, pH, ndng d6 ngudn nito va néng d6 co chat) dén qua trinh sinh
tong hop enzyme, tir d6 khai thac téi da tiém nang sinh hoc cta chang SPS3 4
trong diéu kién san xuat quy mo 16n.

Tiép tuc nghién ctru tdi wu hoa cac diéu kién méi truong (pH, nhiét do,
ndéng do co chat) va khao sat anh hudng cua cac chit cam tmg dé nang cao

hon ntra hiéu suat bai ti€t enzyme laccase va kha nang phan hay sinh khoi.
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PHU LUC
Phu luc 1. Thi nghiém enzyme ngoai bao cia ching SPS3.4

a) cellulase, b) protease, c) amylase

Phu luc 2. Thi nghiém xir Iy nguon phé pham lignincellulose ciia chiing
SPS3.4
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