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Laccase enzyme cho oxy héa phenolic trong d6 udng, giay-
bot gidy va x ly nwéc thai

Nhom Nghién ctru Enzymes.bio - Wellington, New Zealand - June 20, 2026

Laccase la enzyme oxy héa-khtr thudc ho multicopper oxidase, xic tac qua trinh 14y electron
tlr hop chat phenolic, amine thom hodc ciu trac lién quan lignin, dong thoi dung oxy phén tir
lam chat nhan electron cudi cung va tao nwéc. Nho co ché nay, laccase dwoc rng dung trong
on dinh d6 uéng, xtr ly mau dét nhudm, gidy-bot gidy, xtr ly nwéc thai, bién doi lignin va tong

hop xanh cac hop chat c6 hoat tinh sinh hoc [,

Trong boi canh B2B, di€m quan trong khong phai la “laccase c6 1am dwoc moi phan (rng oxy hda hay
khong”, ma la enzyme nay phu hop khi co chit c6 thé bi oxy héa mot electron, nén quy trinh cho phép
tiép xuc v&i oxy va diéu kién van hanh khéng lam bit hoat enzyme. Enzymes.bio cung cip laccase truc
tuyén theo don vi 1 kg; CoA va SDS dwoc cung cdp kém theo khi didt hang.

”

Laccase la gi? Y nghia, cach goi va ban chat enzyme

Vé “laccase meaning”, laccase c6 thé hiéu la nhém enzyme oxy héa chira dong, ph6 bién & ndm, thuc
vat, vi khu4n va mot sd sinh vat khac; trong dé fungal laccase tir nAm muc trang dwoc nghién ciru
nhiéu vi lién quan truc ti€p dén bién déi lignin trong gd va sinh khéi lignocellulose 21, Trong tiéng Anh,
“laccase pronunciation” thwong dwoc doc gan nhw “LAK-kays”; trong tiéng Viét, nguoi dung ky thuat

thworng goi truc tiép 1a “la-ca-zo” hodc “enzyme laccase” dé€ tranh nham véi cac oxidase khac.

Mot hi€éu nhdm pho bién 1a tim “laccase formula” nhw thé enzyme c6 cong thirc h6a hoc don gidn giong
mot phan ti nhd. Thuec té, laccase la protein c6 trinh tw acid amin, ciu tric bac ba va cac tim dong xtc
tac; vi vy khong c6 mot “cong thirc laccase” duy nhat 4p dung cho moi nguén enzyme, ma phai mo ta

theo ngudn gdc, ciu tric tdm hoat dong, didu kién phan rng va nhém co chat muc tiéu 3,

Cac truy van nhu “laccase sigma”, “laccase enzyme price”, “laccase price” hodc “laccase enzyme ppt”
thworng xudt hién khi ngwdoi dung dang so sanh tai liéu nghién ctru, sdn phdm thwong mai va slide dao
tao ndi bo. Tuy nhién, véi rng dung cong nghiép, viéc hiéu co ché, nén rng dung, dd twong thich quy
trinh va rdi ro bién thién theo co chit quan trong hon viéc chi nhin vao tén thwong mai hoac gia niém

yét [,
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Co ché laccase: enzyme chuyén electron dung oxy lam chat nhan cudi

Cot16i cua laccase mechanism la phan ng oxy héa mot electron. Co chit bi oxy héa tai tim dong

type 1, tao géc phenoxy hodc dang radical twong &ng; electron sau dé dwgc chuyén qua mang déong ndi

phan t& dén cum dong trinuclear, noi oxy phan tir dwoc khir thanh nwéc 41,

(' cdp d6 phan ng, diéu nay giai thich vi sao laccase dic biét phit hop véi phenol, polyphenol, amin
thom va cac phan tir c6 kha nang cho electron. Sau khi tao radical, co chat khong nhat thiét “bién mat”
hoan toan; n6 c6 thé dimer hoda, oligomer héa, polymer héa, d6i mau, gidm dé tan, ting kha ning két tu

hoic chuyén thanh san phdm oxy héa cé tinh chat khac ban dau °l.

Trong nhiéu nén céng nghiép, phan &ng laccase c6 hai hé qua ky thuat trai ngwoc cin phan biét ro. Mot
mat, polymer héa polyphenol c6 thé gitip gidm hop chit gy duc hoic ho tro loai bé qua loc; mit khac,

cung phan rng nay c6 thé gdy sAm mau hoic thay ddi cdm quan néu kiém soat kém, dic biét trong thuc

pham va do uéng giau phenolic [°1,

OH

Figure 1. 2}7[OHA| £ T =g 7|22 1AL U=tA 7| = SAIO| d2E =2 &
=

Laccase khong phai chit oxy héa “van nang”. V&i co chit c6 thé oxy hda cao hoac kho ti€p cin trung
tAm hoat dong, hé laccase-mediator c6 thé dwoc nghién clru dé€ mé rong pham vi phan &ng: mediator
bi laccase oxy hda truérc, sau d6 chat trung gian oxy hda co chit dich & khodng cach xa hon hodc véi

hang rao ning lwong thap hon ],
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Cau truc laccase: vi sao tdm dong quyét dinh hoat tinh

Laccase structure thwong gom cac mién protein gap cuén quanh cac ion dong, véi tim dong type 1
tao mau xanh dadc treng & nhiéu laccase va ddm nhiém nhén electron tir co chit. Cum déng con lai,
thwong dwoc mo ta nhu trung tadm trinuclear, 1a noi oxy dwoc hoat héa va khir tirng bwérc thanh nuwéc
31

Sw khac nhau giita cac laccase khong chi ndm & “ngudn nidm hay ngudn vi khuin”, ma con & hinh hoc
kénh co chat, thé oxy hda-khtr ctia tAim déng type 1, mic glycosyl hda, 40 bén pH-nhiét va kha niang
chiu chat trc ché. Nghién clru vé co s ciu tric-hda hoc cua fungal laccase cho thiy hoat tinh phu thudc
vao twong tac gitra ciu tric protein, moi trweong quanh ion dong va kha nang co chat ti€p cin ving xic

tac 131,

O vi khudn, cac multicopper oxidase nhw CueO thwong dwoc xem 1a laccase-like enzyme; nghién citu
dot bién ciu truc trén CueO cho thiy thay d6i cuc bd trong protein cé thé 1am tang hoat tinh kiéu
laccase bang cach cai thién kha ning ti€p cin co chit hodc thay d6i mdi trudrng quanh tAm hoat ddng
8] Vi vay, cum tir laccase producing bacteria khong chi néi vé kha niing sinh enzyme, ma con mé ra

hwéng tim enzyme bén hon trong diéu kién cong nghiép khic nghiét.
Nguon laccase: ndm, vi khuan, thwc vat va hé enzyme tw nhién

Trong tw nhién, laccase dwoc biét nhiéu nhit & nAim muc trang vi nhdm ndm nay c6 kha ning phan giai
thanh phan lignin trong gé. Tuy nhién, m6 hinh phan huy gb khong phu thudc vao laccase don 1é; n6
thwong lién quan dén mang enzyme oxy hoéa, peroxidase, oxidoreductase va chit chuyén héa nho hoat

dong phdi hop trong vi méi truedng cia soi ndm 21,

Cac nghién ctru vé fungal laccase ciling cho thiy qua trinh biéu hién enzyme c6 thé chiu anh hwéng cta
dinh dworng, kim loai, stress oxy hoa va chuyén héa néi bao. Vi du, phan tich transcriptome va
metabolome trén Cerrena unicolor cho thiy chuyén héa glutathione c6 thé anh hwéng tiéu cwc dén hoat

tinh laccase, nh4n manh rang san lwong hodc hoat tinh quan sat duwgc khdng chi phu thudc vao gen

laccase ma con vao trang thai sinh ly cta vi sinh vat ],
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Mot s6 nghién ctru khai thac phu phdm nong nghiép dé tao moi trwdng cho sinh laccase, chang han

of 2|, g, Hs

biovalorization ba malt sau san xu4t bia nham thu laccase va polyphenol. C4ch tiép can nay cho thiy

moi lién hé gitra kinh té tuin hoan va enzyme c6ng nghiép, nhuwng khong dong nghia moi phu pham

déu cho hiéu suat hoic chat lwong enzyme giéng nhau 19,

Ngoai ndm, laccase hodc enzyme ki€u laccase & vi khuin dwoc quan tAm vi tiém nang chiu pH, nhiét,

muoi hodc diéu kién bat lgi tét hon trong mot s6 treong hop. Du vdy, lwa chon enzyme cho rng dung

khong nén dwa duy nhit vao tén nguon sinh hoc; cin hiéu enzyme dé twong tac thé nao véi co chit

dich, nén quy trinh va yéu cau san pham cudi 1.

Bang so sanh nhanh cac nhém rng dung laccase

Nhom rng
dung

D6 ubng,
nudc ép,
ruQu vang,
bia

Baking va
thwe pham

Co chat hodc van dé muc tiéu

Polyphenol, hop chat gy duc,

bién d6i mau

Phenolic trong bdt, thanh phan

tao mang
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Vai tro ki thuét cda laccase

Oxy héa phenolic, hd tro két tu
hodc 6n dinh mot s6 nén d6 udng

Tao lién két oxy hda, hd tro cau
truc tuy cong thirc

Piém can kiém soat

Nguy co d6i mau, anh hudng
cam quan, twong tac véi
sulfur dioxide trong rwou

vang

Phu thudc nguyén liéu, d6
am, thoi gian trén va quy
trinh gia nhiét
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Nhom rng

Co chat hodc van dé muc tiéu

Vai tro k¥ thuat cda laccase

Piém can kiém soat

dung
o . Hb tro biobleaching, bién d6i o
. Lignin, chromophore, hop chat o . . Lignin kho tiép can, cé thé
Giay—bot giay lignin, giam phu thudc hda chat N ) e
thom e can mediator hoac tién xtr ly
manh trong mot sb chién lugc
Thuéc nhuém azo, o L Nén nudrc thai chira mudi,
) . . Khtr mau hodc bién doi cau truc . el
Dét nhudom triphenylmethane, xanthene . chat hoat dong bé mat, kim
o \ mau . Y N o ’ ~
va chat mau thom loai va nhiéu chat &rc ché
L . L o ) Can danh gia san pham
X ly nuwéce Phenol, duoc pham, chat 6 Oxy hda sinh hoc, polymer hda P
.. = s y . Y a chuyén héa va doc tinh sau
thai nhiém mai noi hoac chuyén hda chat 6 nhiém Y
xu'ly
Téng hop Indole, flavonoid, hop chat Dimer hda, trimer héa, Ki€ém soat chon loc sdn pham
xanh phenolic sinh hoc derivatization chon loc va phan &rng phu

Bang trén cho thiy laccase application rit rong, nhwng co ché chung khong ddm bao két qua giong

nhau gitra cdc nganh. Mdi nén &rng dung thay ddi thé oxy hoa, kha ning hoa tan co chit, oxy hoa tan,

pH, nhiét do, tap chat va s6 phan san pham oxy héa 1.

Ung dung trong d6 udng, rro'u vang va bia

Trong d6 udng, laccase dwgc quan tAm vi polyphenol vira la thanh phin tao mau, hwong vi va cdm giac

miéng, vira c6 thé tham gia phan (rng oxy héa gay duc, sAm mau hodc thay d6i 6n dinh keo. Vi laccase

wine, cin dac biét thin trong vi regru vang la nén phic tap chira polyphenol, ethanol, acid hiru co;,

sulfur dioxide va cac hop chit hwong dé bi anh hudng béi trang thai oxy héa 61,

Co ché thuc té trong nwéc ép, bia hodc rwgu vang thwong lién quan dén oxy héa phenolic thanh

quinone hodc radical, sau d6 cac san pham nay ti€p tuc két hop véi nhau hodc véi thanh phan khac

trong nén. Néu dwoc ki€ém soat dung, qua trinh nay cé thé hd tro gidm mot phan hop chit giy haze;

néu kiém soat kém, né cé thé lam thay déi mau hoic dic tinh cdm quan [,

Trong nganh bia, mdi lién hé gitra bd malt, polyphenol va laccase ciling dwoc nghién cliru & goc do khai
thac phu phdm. B4 malt sau ndu bia cé thé dwoc dung trong chién lwgc sinh hoc dé tao gia tri, bao gom
thu polyphenol va san xut laccase trong mot sd hé vi sinh, cho thiy enzyme nay nam & giao diém gitra

dd udng va bioprocessing tuan hoan 91,
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Ung dung trong baking va thuc pham

Trong hé bdt, laccase c6 thé oxy héa cac hop chat phenolic tw nhién hodc thanh phin bé sung, tao diéu
kién hinh thanh lién két chéo giira cic ciu tir c6 khd nang phan &ng. Vé mat cong nghé, diéu nay cé thé
anh hwéng dén d6 dan héi bét nhao, ciu tric sdn phadm hodc kha nang gitr khi, nhwng hiéu qua phu

thudc rat manh vao loai bot, cdng thirc, nwéc, chat béo, mudi va quy trinh tron [,

Figure 3. 2H7IOHM| = & 7, 2= X M X[, &4 X2|, HS & 7I5, 50| 7|
2K S CHSh ZOFOf| M A& LILY.

Can phéan biét laccase v&i cac enzyme thwong dung trong bakery nhw amylase, xylanase hodc glucose
oxidase. Laccase khong chu yéu cat polysaccharide hay tao duwdng 1én men; vai tro chinh cia né 1a diéu
chinh trang thai oxy héa cia cac hop chit cé thé cho electron, tir dé gian tiép tic dong dén mang ciu

tric thwe pham [7],

Trong thwc phdm giau polyphenol, laccase c6 thé vira la c6ng cu 6n dinh vira 1a yéu t6 gy bién doi
ngoai y muon. Do dd, cach ti€p cin phu hop la xem enzyme nhw mot tic nhan oxy hoéa sinh hoc c6
chon loc twong ddi, chir khdng phai phu gia “cai thién chit lwong” theo nghia chung cho moi cong thirc
[1]

Ung dung trong gidy-bot gidy va sinh khai lignocellulose
Laccase c6 lién hé trwc ti€p véi lignin, polymer thom phirc tap tao d6 clrng cho thanh t€ bao thwc vat.
Trong gidy-bot gidy, enzyme duwgc nghién ciru nham ho tro biobleaching, gidm mau, bién d6i lignin

hodc tang hiéu qua cda cac bwédc xt Iy tiép theo, dac biét khi két hop véi chién lwoc tién xi Iy phu hop

[11]
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Co ché trén lignin phirc tap hon nhiéu so v&i phenol don gidn. Laccase cé thé oxy hda cac don vi
phenolic trong lignin, tao radical dAn dén cit mach, tai két hop hodc polymer héa tiy diéu kién; véi don

vi khong phenolic, mediator thworng dwoc nghién cttru dé mé rong pham vi tac dong 121,

C4c md phdong docking va dong lwc hoc phan tlr vé laccase gan vi lignin cho thiy twong tic enzyme-
lignin phu thudc vao viing gan co chit, trang thai bé mit protein va kha ning ti€p cin ctia don vi thom
trong polymer 2], bidu nay giai thich vi sao cting mdt enzyme c6 thé hoat dong t6t véi md hinh co chat
nhd nhwng cho hiéu qua khac khi gdp lignin thwc trong sinh khoi.

Trong xt ly gb tw nhién, nAm muc trang khong chi tiét laccase ma con van hanh mot hé enzyme oxy héa
rong. Cac mo hinh phan hiy gb cho thidy mtrc d6 va kiéu bién d6i thanh té bao phu thudc vao bo
enzyme cua tirng loai ndm, 1am ré ly do khé quy toan bé qua trinh delignification vé mot enzyme duy

nhat 121,
Ung dung trong dét nhudm va khir mau

Trong dét nhudm, laccase dwoc nghién ctru cho khtr mau thudc nhudém vi nhiéu thudéc nhudém chira ciu
tric thom c6 thé bi oxy héa. Nghién ciru trén laccase tir Alternaria tenuissima ngudn géc bién cho thay

enzyme c6 thé dwoc cdm &ng va rng dung trong khir mau thuéc nhuém azo va triphenylmethane, hai

nhém mau quan trong trong nuwéc thai cong nghiép 131,
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Tuy vay, “khr mau” khong dong nghia chic chin v&i “khodng héa hoan toan”. Khi laccase pha v hoic
bién ddi chromophore, tin hiéu mau c6 thé gidm, nhwng sdn phdm trung gian van cin dwgc xem xét vé

doc tinh, kha ning phan hiy tiép va twong tac véi hé xt Iy sinh hoc sau dé 111,

M6t hwdng dang dwoc quan tim la dung laccase c6 dinh dé tang kha nang tai st dung va cai thién do
bén trong nwéc thai gidly hodc dét nhuém. Cac nghién clru vé biocatalyst tw do va c6 dinh trong xtr ly
dong thai gidy nhdn manh tiém ning cta enzyme, ddong thoi chi ra rang hiéu qua phu thudc vao chit

mang, nén nwéc thai va didu kién van hanh 111,

Trong mot s6 hé vi sinh, enzyme oxy héa khac nhu catalase, oxidoreductase hodc co ché tao reactive
oxygen species c6 thé phdi hop v&ilaccase d€ phin huy chat mau. Nghién ciru vé phan hiy Rose
Bengal trong Aspergillus flavus cho thdy qua trinh oxy h6a sinh hoc c6 thé la mang phan &ng da

enzyme thay vi tic dong don 1é ciia mot laccase 4],

J

X& ly nwéc thai, phenol va chat 6 nhiém méi ndi

Laccase dwgc xem la biocatalyst tiém nang cho nwéc thai chira phenol, hop chat thom, thuéc nhudm,
dwgc phdm va chit 6 nhiém méi néi. Loi thé chinh 12 phdn rng duing oxy, dién ra trong diéu kién twong
d6i 6n hoa va c6 thé dan dén polymer hoa hodc chuyén hda chit 6 nhiém thanh dang dé loai bé hon

[1]

Véi cac phan tir giy rdi loan ndi ti€t hodc chit 6 nhiém hitu co khé phan hiy, twong tac gitra laccase va
co chit c6 thé lién quan dén thay d6i ciu tric phan t, bién doi phé hip thu hodc san phdm oxy hoa.

Nghién ctru vé twong tac gitra laccase va diethylstilbestrol cho thdy cin phan tich cu thé twong tac

enzyme-chat 6 nhiém thay vi gid dinh moi hop chat thom déu bi xtt 1y hiéu qua nhw nhau 151,

Trong x® ly than non hoac vat liéu carbon hoéa tw nhién, laccase ciing xuat hién trong cac hé nam cé
kha ndng oxy hoéa dai phan tir thom. Nghién ctru vé Trichoderma citrinoviride trong phan huy lignite
cho thdy enzyme oxy héa cé thé gép phan bién déi vat liéu carbon phirc tap, nhwng co ché thuc té

thuong lién quan dén nhiéu enzyme va chat chuyén hoéa 16,
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Laccase — relative activity vs pH
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Illustrative profile modelled from the stated optimum range; not measured assay data.

Figure 5. pHO| (12 2}7OFA| 2] ST 2 Y2 2, pH 4-5.50( A = A &g 71 740]
LHEFE LI T

D3di véi trién khai thuc té, di€m gi¢i han thwong nam & nén nwéc thai: pH dao dong, mudi cao, chat
hoat dong bé mit, kim loai, chat diét khuin hodc tai hiru co cé thé lam gidm hoat tinh hodc thay déi
hwéng phan rng. Vi vdy, laccase nén duoc xem 1a mot mat xich trong hé xtr ly tong hop, khong phai giai

phéap don doc cho moi dong thai 'Y,
Laccase trong tong ho'p xanh va hop chat cé hoat tinh sinh hoc

Mot linh vue giau tiém nang cuia laccase la tdng hop xanh, noi enzyme tao radical c6 kiém soat dé
dimer héa, trimer h6a hodc bién d6i cdu tric phenolic. Vi du, laccase da dwoc nghién cru cho trimer

héa indole, cho thiy enzyme cé thé tao lién két C-C hodc C-N théng qua co ché radical trong diéu kién

mém hon nhiéu so v&i mdt s6 quy trinh héa hoc truyén théng [°l,

Véi flavonoid va hop chit tw nhién, laccase c6 thé ho tro tao dimer hodc dan xuit c6 hoat tinh sinh hoc
khac biét. Nghién ctru dimer hda silybin qua xtc tac laccase minh hga cach enzyme oxy h6a phenolic c6
thé tao sdn phdm m¢i tir khung phan tir tw nhién, mic du chon loc sdn phdm van 1a thach thirc ky thuat
quan trong 171,

Cac tong quan vé laccase trong tong hop hiru co nhdn manh vai tro ctia enzyme trong tao hop chat
chdng oxy hoa, bioactive va dan xuit c6 gia tri. Tuy nhién, v&i tong hop hda chit, vAn dé khong chila

chuyén hoa dwoc co chat, ma con la kiém soat regioselectivity, stereoselectivity, hiéu sudt sdn pham va

tach tinh ché sau phan trng 181,
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Laccase cling dwoc nghién cru cho téng hop hodc derivatization hgp chit khang khuan. Tong quan vé
tiém nang laccase trong tao hop chit antimicrobial cho thiy enzyme c6 thé ho tro tao thw vién dan
xuidt m&i, nhwng kha niang khang khuin can dwoc danh gia doéc lap thay vi suy ra truc ti€p tir viéc phan

rng laccase xay ra 191,
Biosensor, nanozyme va cac hwd'ng cong nghé mai

Do laccase oxy hoa dwoc phenolic compounds va mot sé6 phan tir sinh hoc, enzyme nay dwoc dung
trong thiét ké biosensor dién hoa hodc quang hoc. Nghién ctru so sanh dién cwc enzyme dwa trén
laccase dé phat hién L-DOPA cho thiy lwa chon véit liéu dién cwc, cdu hinh enzyme va truyén electron

anh hwéng dang ké dén tin hiéu cam bién 291,

Ngoai enzyme tw nhién, linh virc nanozyme mo phong laccase dang phat trién trong cadm bién mau.
Téng quan vé laccase nanozymes cho thdy vat liéu nano c6 hoat tinh ki€u laccase c6 thé hd tro phat
hién mau déi véi mot sé chat phan tich, nhung ching khéng gidong hoan toan enzyme protein vé chon

loc, co' ché va tinh twong thich sinh hoc 21,

Laccase — relative activity vs temperature
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Illustrative profile modelled from the stated optimum range; not measured assay data.

Figure 6. = = Of| [Ih2 2t7}OHK| 2| & #H 2 2, 40-55°cO| M 2 H 22 &
O £[H 2k 0|0 M= E HYof hE HHQl &g a7t LIEHE L Tt

Trong truyén thdng ndi bd hoic dao tao ki thuat, nhiéu nhém tim “laccase enzyme ppt” d€ tom tit ing
dung. Khi chuyén tir slide sang quyét dinh quy trinh, cin tranh rut gon qua mirc: cing mot so d6 co ché
c6 thé dan dén két qua rat khac nhau trong ruwgu vang, nuéc thai nhudm, bot gidy hodc phan ng tdng

hop hitu co [,
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Cac bién s6 quy trinh dnh hwéng dén hiéu qua laccase

Hiéu qua cta laccase phu thudc dau tién vao pH, vi pH dnh hwéng dong thoi dén trang thai ion hda cla
co chit phenolic, cdu tric protein va qua trinh khir oxy tai tim déng. Mot enzyme c6 thé cho két qua tot
& nén nay nhwng gidm manh & nén khac néu pH lam thay doi kha nang tao radical hodc lam gidm 6n

dinh cdu trac B

Nhiét do la bién s6 th hai: ting nhiét thwong lam ting téc dd phan (rng dén mdt gi¢i han nhit dinh,
nhung cling c6 thé ddy nhanh bat hoat protein. V&i quy trinh thuec phd&m hodc nwéc thai, cAn can bang

giita tdc dd oxy héa mong muén, do bén enzyme va anh hudng dén thanh phan nén san pham [,

Oxy hoa tan cling rat quan trong vi laccase dung oxy lam chat nhan electron cudi cung. Trong nén nhét,

giau chit hiru co hodc c6 trao ddi khi kém, toc @6 phan &ng c6 thé bi gi¢i han khong chi béi enzyme ma

con b&i kha nidng cung cap oxy dén ving phan tng 1.

Mediator 13 bién s6 c6 tinh hai mat. Ching c6 thé m& rong pham vi co chit, dac biét véi lignin khong
phenolic hodc chit 6 nhiém kho6 oxy hda; nhwng mediator ciing cé thé tao san phdm phuy, ting chi phi

quy trinh hodc dit ra yéu cau danh gia an toan trong thuc pham va méi trueong 171,
Laccase tu do, laccase cd dinh va hé enzyme phdi hop

Laccase tw do thuwdrng dé phan tan trong nén nudéc va phi hop cho cic qué trinh mot Ian hoic nén
phan rng twong ddi dong nhat. Ngwoc lai, laccase ¢8 dinh trén chit mang dwoc nghién clru nham ting

tai st dung, cai thién 6n dinh va hd tre van hanh lién tuc, dic biét trong xir Iy nwéc thai hodc dong thai

gidy 111,

Tuy nhién, c6 dinh enzyme khong tw dong lam moi thir t6t hon. Chat mang cé thé han ché khuéch tan
co chit, thay d6i vi moi trueong pH, 1am gidm kha ning ti€p can tAm hoat dong hoidc gy mit hoat tinh

trong qua trinh gin enzyme; vi vay loi ich thuc t& phu thudc vao thiét k& hé c6 dinh va loai co' chat [,
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Laccase — dose-response (diminishing returns)
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Illustrative dose-response; confirm with plant trials. Not measured assay data
Figure 7. B & AL B 2((0.05-1% w/w)0ll Al 2t7FOFX| Q| O A| N EZF-BHS ZHA|
L Ct,
Trong tw nhién, laccase hiém khi hoat ddng tach biét. Nghién ctru nudi cdy hdn hop hailoai ndm cho
thdy twong tac vi sinh cd thé cai thién hoat tinh laccase quan sat dwoc, goi y rang tin hiéu sinh hoc,

canh tranh dinh dwéng hoic stress cé thé diéu chinh biéu hién enzyme 221,

Twr géc nhin cong nghiép, diéu nay khuyén nghi cich hiéu than trong: laccase thwong maila mot cong
cu xUc tac cu thé, con cic hé ndm ty nhién la mang sinh héa phtrc hgp. Khong nén suy trwec ti€p hiéu

qua phan hiy gb hodc chat 6 nhiém cda ca hé ndm thanh hiéu qua cia mot ché pham laccase don 18 121,

e 7 o

Loi ich ky thuat va gi¢i han can nhin nhan can bang

Loi ich ré nhat caa laccase 1a dung oxy thay cho cac chit oxy héa manh trong nhiéu phan &ng. Diéu
nay phu hop véi dinh hwdng héa hoc xanh, gidm phu thudc vao tic nhin oxy hdéa tao phu phdm khé

kiém soat va hd tro quy trinh & diéu kién twong doi 6n hoa [,

Loi ich th hai la phé co chit rong. Laccase cé thé tic dong 1én phenol, polyphenol, amin thom, indole,
flavonoid, thudc nhudém va ciu truc lién quan lignin; chinh phé phan rng nay giip enzyme xuat hién

trong dd udng, gidy-bot gidy, xtt Iy nwéc thai, tong hop hitu co va biosensor [,

Gi&i han chinh la tinh khéng dong nhit cia két qua. Mot co chat ¢ thé bi oxy hda nhanh trong dung
dich mé hinh nhwng phan &ng chadm trong nén thwc do bi che chan, lién két v&i polymer, thi€u oxy, c6

chat trc ché hoic tao san pham radical quay lai bt hoat enzyme 1,
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Gi¢i han khac 1a sdn phdm oxy héa khong phai lic nao cling mong muén. Trong x Iy nwéc thai, gidm
mau khong dong nghia véi gidm doc tinh; trong thwe phdm, gidm phenolic gy duc c6 thé di kém thay
d6i mau hodc hwong; trong téng hop hitu co, tao radical c6 thé dan dén hén hop sdn phdm can kiém

soat [15],

Laccase — residual activity over time

100 A

80 A

~50% at 8 h

/
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401
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Illustrative stability decay; real retention depends on formulation and conditions.
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Ghi chu vé sdn pham Laccase tir Enzymes.bio

Enzymes.bio cung cip laccase dwéi vai tro nha cung cap thwong mai, khong phai nha san xuat
enzyme va khong phai phong thi nghiém phat trién ching. Sdn pham dwgc ban truc tiép online theo

don vi 1 kg; khach hang dit hang qua website, va CoA cung SDS dwoc cung cip kém theo khi dat hang .

Noi dung san pham laccase cua Enzymes.bio dinh vi enzyme cho cac wng dung nhw d6 udng, brewing,
baking va xir ly sinh hoc, v&i trong tAm 1a kha nang oxy héa hop chit phenolic va hd tro 6n dinh mot sé
quy trinh . Tai liéu nay khong thay thé danh gid *ng dung ndi bo cla tirng co s&, vi hiéu qua thuc té phu

thudc vao nén nguyén liéu, muc tiéu ky thuat va diéu kién van hanh.

Khi ngu¢i dung so sanh “laccase enzyme price” hodc “laccase price”, cAn hiéu rang gia chila mot phan
cda quyét dinh ky thuét. Doi v&éi enzyme oxy héa nhw laccase, chi phi quy trinh con chiu anh hwéng béi
liu st dung thuec té, thoi gian ti€p xuc, kha nang twong thich nén, nhu ciu mediator, buéc loc sau phan

rng va gia tri ky thuat ctia két qua dat dwoc [,
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Két ludn

Laccase la enzyme oxy héa chira dong cé co ché ro rang: 1ay electron tir co chat phu hop va chuyén
electron d6 dén oxy dé tao nwédc. Co ché nay gidi thich vi sao enzyme dwoc dung rong trong oxy hoa

phenolic, xt Iy polyphenol d6 udng, bién déi lignin, khr mau thudc nhudm, x Iy nwéc thai, biosensor

va tong hop xanh [,

Dbi€m manh cua laccase 1a phdn &ng twong doi “xanh”, phé co chit rong va kha nang tao bién doi hoa
hoc ma khong can tadc nhan oxy héa manh. Di€m cin ki€m soat la pH, nhiét do, oxy, mediator, chit tc

ché, ciu tric co chat va san pham oxy héa sau phan tng B,

Vé&i rng dung B2B, laccase nén dwoc nhin nhw mot cong cu xic tac oxy hoa cd diéu kién, khong phai
giai phap chung cho moi vin dé mau, duc, lignin hoic 6 nhiém hitu co. Khi hiu ding co ché va gidi
han, enzyme nay c6 thé dong vai tro hiru ich trong cac quy trinh dé uéng, thuwc pham, gidy-bot gidy, dét

nhudm, xtr ly nwére thai va hoa hoc xanh.

Dat mua Laccase truc tuyén

Ban theo don vi 1 kg, c6 san trong kho va san sang giao hang. Dit mua truc tiép trén cra hang
cua chung tdi — thanh toan truc tuyén va chung tdi sé xir ly don hang. Méi don hang déu kém

Chtrng nhan Phan tich va Bang Dit liéu An toan.

Tai liéu tham khao

DPuwoc danh s6 theo thit tw trich dAn dau tién. Cac ngudn truy cAp mé, déu duoc xadc minh cé thé truy cap tai thoi diém xuat ban; s§

trich dan trong bai lién két dén day.
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