KHOA HOC CONG NGHE

MOT SO DAC TiNH CUA TYROSINASE TU VO BAO
NAM ROM VIET NAM

Db Bien Cuong®*, Nguyén Thé Duyét!

TOM TAT

Tyrosinase c6 vai tro quan trong trong sir bién mau cia cac san phdm ndm, nhung céc dic tinh ctia enzym
nay trén cac moé & bé mat, noi quyét dinh tinh chit cdm quan ctia nam rom (Volvariella volvacea) sau thu
hoach van chua dugc biét dén. Trong nghién ctru nay, tyrosinase tir vo bao clia giong ndm rom duoc trong
kha phd bién tai Viet Nam, thuong goi 1a giong Than Nong, & giai doan hinh tring da duoc tinh ché bang
quy trinh két hop két thia ammonium sulfat 60-80% do bao hoa, sic ky ky nudc Butyl Sepharose 4 Fast Flow
va sic ky loc gel Sephadex G -50, voi do sach tang gip 16,4 1an so véi ban dau. Tir két qua phan tich
zymogram va SDS-PAGE, enzym nay c6 thé 1a oligomer c6 khéi lwong phan tir khodng 110 kDa, voi cac
duoi don vi c6 khoi luong xap xi 22 kDa. Tyrosinase tir vo bao ndm rom hoat dong t6i wu & nhiét do 45°C va
pH 6,8, bén trong khoang pH hep tir 6,8 dén 8,0 va & nhiét do dudi 30°C. Kim va Vmax ctia enzym véi co chat
L-DOPA lan luot 1a 0,82 mM va 0,056 uM/s. O ciing néng do 1 mM, céc ion sit (II), déng (II) hoat hoa
manh, natri benzoat va kali sorbat hoat héa nhe tyrosinase. Trai lai, EDTA, nisin va dac biét 1a canxi ttc ché

manh enzym & néng do 1 mM.

Tt khéa: Tyrosinase, vo bao nam, dic tinh, chéng bién mau, nim rom.

1. BAT VAN BE

Nam rom - Volvariella volvacea (Bull. Ex Fr.)
Singer 1a mot loai nAm an ngon, bé duong, duoc nuodi
trong nhiéu tai Viét Nam va thé gioi [1]. Tuy nhién,
nam rom c6 thoi gian bdo quan rat ngan [2], qua thé
nhanh chuyén sang mau sam hon, gay kho cho viéc
luu thong, tieu thu noi dia va xuat khidu san phidm
tuoi. Do @6, han ché su bién mau ndm bang cach
dinh chi hodc tri hoan phan tmg chuyén hoa tyrosine
tao melamin duoc xuc tac boi tyrosinase (EC
1.14.18.1), mo6t monoxygenase von c6 trong nim,
nho cac tac nhan hoa ly, trong d6 c6 cac chat kim
ham enzym la mét trong nhing giai phap duoc quan
tam chu y trong nhiéu nam qua [2].

bé sang loc duoc tac chat kim ham tyrosinase tir
cac nguodn tu nhién hoic tdng hop, trong da phan cac
nghién ctru stt dung ché pham tyrosinase thuong mai
thu nhan tir nAm mo, c6 do tinh khiét khac nhau, c6
thé con chita mot s6 enzym phu nhu laccase (cé thé
stt dung cac co chat twong tu nhu tyrosinase) hoic
glycosidase (co thé chuyén hoa nhimg hop chat von
khong c6 thanh chat c6 hoat tinh ttc ché tyrosinase)
[3], dan toi viec ap dung chat duoc coi la kim ham
tyrosinase trong thuc t€ bdo quan nim tuoi c6 thé
khong dat duoc nhu mong doi. Ngoai ra, cac enzym
ttr cac nguon khac nhau, tham chi céac isozyme tir
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cung mét ngudn thu nhung c6 nhiing tinh chat khac
nhau ciing 1a yéu t6 c6 thé anh huong dén két qua
sang loc tac nhan chéng bién mau cta nam. Vi vay,
viéc thu nhan tyrosinase tinh sach tit chinh d6i tuong
nam an can bdo quéan va xac dinh dac tinh hoa ly cta
enzym la can thiét dé chon duoc tac nhan chong bién
mau hiéu qua. Bai bao nay trinh bay cac két qua tinh
sach va dac tinh cta tyrosinase tir v bao cia nim
rom ma mau sic ctia phan mo nay quyét dinh tinh
chit cam quan ctia nim rom trong giai doan hinh
tring (la giai doan ma qua thé ndm c6 huong vi thom
ngon duoc nguoi tieu dung ua thich [2]).

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyeén liéu, hoa chat

Nam rom Than Nong - Volvariella volvacea
(Bull. Ex Fr.) Singer (¢ giai doan hinh trimg) duoc
thu mua tir co s& trong nam & Ha Noi.

3,4-Dihydroxy-L-phenylalanine (L-DOPA),
Tyrosine, Butyl Sepharose 4 Fast Flow, Sephadex G-
75 superfine ctua Sigma-Aldrich (My), hon hop
protein chuidn GangNam-STAINA Prestained Protein
Ladder cua iNtRON Biotechnology (Han Quéc). Cac
hoa chat tinh khiét khac ctia Trung Qudc.

2.2. Phuong phap nghién ctru

Chiét enzym tit vo bao nidm: phan phia trén ctung
cta qua thé nadm twoi sau khi duoc cat sé duoc tach
b6 phan mi va cuéng & phia trong, roi xay nhuyén
trong may xay sinh t6 voi dung dich dém phosphate
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50 mM pH 6,8 (theo tile 1: 3 w/v). Hon dich duoc loc
so bo qua vai man roéi duoc dem di ly tam 10.000
vong/phut trong 15 phat & 4°C, thu dich enzyme tho.

Két tua tyrosinase: dich enzym tho (duoc dat
trong coc dé trén d4) duoc bd sung tir ethanol lanh
hodc ammonium sulfate cho dat néng do nhat dinh.
Sau do, hon dich duoc ly tam 10.000 vong/phut trong
15 phut & 4°C. Két tha thu duoc sé dugc hoa tan
trong dém phosphate 50 mM, pH 6,8 theo ti 1é 1: 3
(w/v). Dich hoa tan dugc dem ly tam 10.000
vong/phut trong 10 phut & 4°C, thu dich trong.

Lam sach tyrosinase bang sac ky cot: 500 ul dich
hoa tan két tia mudi ammonium sulfate duwoc cap lén
cot Butyl Sepharose 4 Fast Flow (kich thuéc 1 cm x
50 cm, da duoc 6n dinh truéc bang dung dich mudi
ammonium sulfate 80% do6 bao hoa), hoidc cot
Sephadex G-50 (1 cm x 50 cm, da duoc 6n dinh bang
dém phosphate 50 mM, pH 6,8). Mau duoc rita giai
ra khéi cot bang dung dich déem phosphate 50 mM,
pH 6,8 véi toc @0 1 mL/phut, méi phan doan thu 1,5
mL. Cac phan doan dugc dem di do OD,g va xac
dinh hoat do tyrosinase véi co chat L-DOPA.

Xac dinh hoat d¢ tyrosinase [4]: 200 uL enzym
duoc b6 sung vao cuvet co chtra san 200 pL. L-DOPA
10 mM va 400 pL dung dich dém phosphat pH 6,8.
Do mat do quang tai budc séng 475 nm (sau 30 giay
ghi gia tri OD mot lan, cho dén phut thit 5 thi ding
do). Mot don vi hoat @ tyrosinase dugc dinh nghia
la luong enzyme can thiét xuc tac chuyén hoa L-
DOPA tao 1 pmol san phdm dopachrome trong thoi
gian 1 phat. Hoat @6 duoc tinh theo cong thiec:

Hoat do tyrosinase (U/L) = AOD.10°.V/ (e.l. At.Vy)

Trong d6: AOD 1a trung binh hiéu s6 mat do
quang do duoc trong 10 gidy phan tmg; V 1a téng thé
tich phan tmg (uL); Vi 1a thé tich tyrosinase phan
ung (uL), € 1a do hap phu phan tt cia dopachrome
(Edopachrome = 3600 M.cm™); 11a do day cuvet (1=1 cm),
At 12 thoi gian phan ting enzyme cta hai lan do lién
tiép, tinh theo phut.

Xac dinh ham luong protein theo Lowry va cs
(1951) [5].

bién di protein theo Laemmli (1970) [6]: cac
mau (sau khi duoc c6 diac qua mang cut-off ly tam 3
kDa, ngoai trir dich chiét tho) duoc phan tach trén
gel polyacrylamid 12%, 16 mA trong 1,5 gi¢. Protein
duoc nhuom bang Coomassie brilliant blue R-250
(Sigma, My).
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Kiém tra hoat tinh trén gel (zymogram): ban gel
thu duwoc sau khi chay dién di SDS-PAGE duoc loai
b6 SDS bang Triton X100 2,5%, roi duoc  trong dung
dich L-DOPA 10 mM qua dém. Cac bang c6 hoat tinh
tyrosinase c6 mau den trén gel.

Anh huéng ctia nhiet do, pH va héa chét dén
hoat tinh tyrosinase: tién hanh twong tw nhu phan
xac dinh hoat tinh tyrosinase, phan tmg duoc tién
hanh & cic nhiét d0 khac nhau (va pH 6,8), hoic &
cac pH khac nhau (va nhiét do 45°C), hodc cé mait
cac hoa chat khac nhau (6 pH 6,8 va 45°C). Dé xac
dinh @6 bén, enzym duogc @ voi cac nhiet do, pH khao
sat trong céac thoi gian khac nhau roi xac dinh hoat
do con lai so véi ban dau. Khi xac dinh thong so
dong hoc, phan tmg duoc tién hanh voi cac néng do
co chat khac nhau (¢ pH 6,8 va 45°C).

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Lam sach tyrosinase

Két qua khao sat tac nhan két tia va nong do tac
nhan két tta tyrosinase tir dich chiét phan vé bao
phia dinh bup (vi tri c6 hoat d tyrosinase cao nhat
trén qua thé nidm & giai doan hinh tring, 168 U/mg
mo) duoc trinh bay trong bang 1 cho thdy, két taa
ethanol & cac nong do tir 20-80% cho hiéu suat thu hoi
tyrosinase chi dat 4-6%, trong khi két tia ammonium
sulfate 60% va 80% do bao hoa cho hiéu suat thu héi
dat 67,9% va 79,7%. Do do, trong nghién cttu nay, két
tia phan doan 60-80% d¢ bao hoa ammonium sulfate
duoc lua chon dé co dac va phan doan tyrosinase tir
dich chiét tho.

Béng 1. Két tiia tyrosinase tir dich chiét vo bao ndm rom

Nong Ethanol Ammonium sulfate
d6 | Hoatdo | Hiéusuat | Hoatdo | Hiéu suat
tic | tyrosinase | thuhoi | tyrosinase | thuhoi

nhan | (U/L) |tyrosinase| (U/L) | tyrosinase
két %) %)
tha
(%)

20 13 491 0 0

40 16 6,04 6 4,44
60 12 4,41 242 67,94
80 10 3,78 287 79,72
90 17 6,42 38 28,15

Dich hoa tan két tha tyrosinase bang mudi
ammonium sulfate 60-80% d¢ bao hoa con chira mét
luong muoi 16n tiép tuc duoc lam sach lan luot qua
cot sac ky ky nuoc va sic ky loc gel. Két qua duoc
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trinh bay trong bang 2. Qua cot sac ky ky nuoc,
tyrosinase bi ddy ra & cac phan doan 11-15 va c6 hoat
do cao nhat & phan doan 13 (trung véi dinh protein
tht 3 trong 8 dinh protein thu duoc, két qua khong
duoc trinh bay). Cac phan doan 11-15 duoc gop lai va

dua ti€p lén trén cot Sephadex G50, két qua thu
duoc tyrosinase & cac phan doan 10-24 (trung voi
dinh protein cao nhat) véi hoat do cao nhat & phan
doan 14, do sach ting 16,4 lan so voéi dich tho, hiéu

suat thu hoi dat 0,83% (Bang 2).

Bang 2. Tém tit qua trinh 1am sach tyrosinase tit vé bao ndm rom
Buéc lam sach Protein Hoat do Hoat do bo sach Hiéu suat
(mg/L) tyrosinase riéng (lan) thu héi (%)
U/D) (U/mg)
Enzym tho 677 84 0,124 1 100
Két tha ammonium sulfate 60-80% do 202 281 1,392 11,2 22,3
bido hoa
Séc ky Butyl Sepharose 4 Fast Flow 42 76 1,773 14,3 2,99
Sac ky Sephadex G-75 10 21 2,039 16,4 0,83

Dé kiém tra do sach ctia tyrosinase sau qua trinh
tinh ché, da tién hanh dién di SDS-PAGE. Két qua
thu duoc cho thay dich tyrosinase thu duoc sau sic
ky loc gel kha sach, cht1 yéu & bang protein co trong
lwong phan tir khoang 22 kDa (Hinh 1).
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Hinh 1. Dién di d6 tyrosinase qua cac budc lam sach

1. Dich chiét tho;, 2. Phin doan 60-80%
ammonium sulfate; 3. Phan doan sau sac ky ky nuoc;
4. Phan doan sau sac ky loc gel: M. Hon hop protein
chuin GangNam- STAIN™;, Z. Zymogram dich chiét
tho.

Két qua chay zymogram véi mau dich chiét tho
cho thay, khi @ ban gel (sau khi chay SDS-PAGE va
loai SDS v6i Triton X100) trong dung dich co chat 1
ngay thay xuat hién 1 vach mau den twong tng
protein khoi luong khoang 110 kDa va mot vach rat
mo & vi tri twong tmg véi protein co khoi luong 22
kDa (Hinh 1 - giéng 7). Tyrosinase tir vd bao nim
rom c6 thé c6 khoi luong phan tir khoang 110 kDa,
gom cac dudi don vi c6 khoi luong khoang 22 kDa.
Két qua nay phu hop véi du doan ciaa T. Suen (199)
vé khoi luong phan tr oligomer va dudi don vi cua
polyphenol oxidase thu tir ndm rom [7].
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3.2. Xac dinh tinh chit cta tyrosinase tir vé bao
nim rom

3.2.1. Anh hudng cia nhiét do dén hoat tinh va
do bén cua tyrosinase

Két qua khao sat anh huéng cta nhiét do toi
hoat tinh tyrosinase duoc trinh bay & hinh 2 cho
thay, enzym ttr vd bao ndm rom hoat dong trong mot
khoang nhiét do rong tir 20°C - 80°C, voi nhiét do toi
uwu la 45°C (thoi gian phan tmg 5 phut), tuong tu nhu
nhiét do t6i uu cha tyrosinase duoc tach thu tir mau
nam toan phan da duoc cong bo boi Suen T. (1999)
[7] va cao hon nhiét do t6i vu ctia tyrosinase tir
Agaricus bisporus (35°C), Bacillus megaterium va
Lentinula boryana (40°C) [8]. O nhiet @ 4°C - 30°C,
hoat tinh tyrosinase tit vd bao nim rom kha bén,
nhung kém bén & nhiét do cao (Hinh 2B). Thoi gian
ban hiy ctia enzym nay & 50°C chi khoang 21 phuit,
trong khi thoi gian ban hay ¢ 40°C va 30°C lan luot 1a
116 va 228 phuit.

(A) (B)
— 10 ’_‘140 SeERE sdes 20:C
£ £ C e -40C
2 SANE  onee50C
2 100 2 Ty,
] B, T A . e 2
= g 80 - pp S
2 a0 = b Pl Sy
E o 60 Y ¥z
iz ) “a
= ok E a0 ! N e o s
z 5 '
o 40 "2 4
=
20 5 T ‘ ' '
10°20 30 40 50 60 70 80 50 0 5 o 1500 200
Nhiét a5 (°C) Thdoigian (pht)
Hinh 2. Anh huéng ctia nhiét @0 dén hoat tinh (A) va
d06 bén ctia tyrosinase (B)
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Hinh 3. Anh huéng ctia pH dén hoat tinh (A) va do
bén ctia tyrosinase (B)

3.2.2. Anh hudng cia pH dén hoat tinh va do bén
cua tyrosinase

Hinh 3 cho thdy, tyrosinase tit vo bao nidm rom
c6 thé hoat dong trong mot khoang pH rong tir pH
4,4 - pH 9,2 nhung hoat dong tot va bén trong moi
truong pH 6,8 - pH 8,0. Trong khoang pH tir trung
tinh dén hoi kiém, sau 180 phat, enzyme van giit
duoc trén 70% hoat tinh. Tuong tu, tyrosinase tir ndm
Pleurotus djamor cing kha bén trong khoang pH tir
6-8 [9]. Tyrosinase c6 pH toi vu 1a 6,8 (Hinh 3A).

3.2.3. Anh hudng ciia cdc hoa chat dén hoat tinh
tyrosinase

Két qua khao sat anh hudéng ctia cac ion kim loai
va mot s6 hoa chat khac (thuong duwoc dung bao
quan thuc phdm va chong bién nau mot sé loai nam)
dén hoat tinh tyrosinase duoc trinh bay trong hinh 4
cho thdy, twong te nhu cac tyrosinase thu nhan tir
cac nguon khac, Cu®1a chat hoat hoa va EDTA, Ca*
la chat kim ham tyrosinase nam [7, 8]. Tuy nhién, voi
tyrosinase vo bao nam, Ca®* tc ché rat manh (hoat
tinh con lai khi c6 mat ion nay ¢ néong do 1 mM la
49%). Pang chu y, & 1 mM, nisin cing lam giam
manh hoat tinh tyrosinase vo bao ndm (hoat tinh con
60%), trong khi Fe* va natri benzoate lam ting manh
hoat tinh tyrosinase (hoat do tuwong tng la 194% va
125% so voi doi chimg). Kali sorbat 1 mM c6 anh
hudéng hoat hoa khong nhiéu. Két qua nay goi y st
dung Ca® phdi hop véi nisin hoac kali sorbat dé bao
quan nam rom.

200 -

1265,

Cu2+ Ca2+ EDTA Kali Natri Nisin
sorbate  benzoat

Hinh 4. Anh huéng cia mét s6 héa chét dén hoat
tinh tyrosinase v6 bao ndm rom

Hoat df tyrosinase (%)

50

3.2.4. Xdc dinh céc thong so dong hoc phan ing
tyrosinase

Voéi co chat L'DOPA, st dung d6 thi Hanes va
phan mém Microsoft Excel xac dinh duoc toc do cuc
dai ctia phan tmg V,, 12 0,056 uM/s va hang s
Miachelis Menten K, clia enzym 1a 0,82 mM, thap
hon so v6i K, véi LLDOPA ctia nAm mo (0,933 mM)
[8]. Gia tri K,, nho ching t6 ai luc 16n cia enzym v6i
co chat ma co thé co lien quan dén kha nang gay
bién mau rat nhanh & nAm rom.
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Hinh 5. Biéu d6 Hanes biéu dién phuong trinh
Michaelis-Menten & dang [S1/v = K,/ V e + [S1/V e
dé xac dinh K, va V,,,, clia tyrosinase nim rom

4. KET LUAN

Két hop két taa 60-80% do bao hoa ammonium
sulfate, sic ky qua cot Butyl Sepharose 4 Fast Flow
va Sephadex G-50, tyrosinase & phan vo bao ctia nAm
rom giai doan hinh tring da duoc tinh sach voi do
sach gap 16,4 1an, hiéu suat thu hoi dat 0,8%.

Tyrosinase tit vé bao ndm rom c6 khéi luong
phan tr 110 kDa, v6i cac dudi don vi c6 khoi luong 22
kDa; c6 K,,va V. véi co chat L-Dopa 1a 0,82 mM va
0,056 ptM/s; hoat dong toi wu & nhiet do 45°C, pH 6,8,
bén trong khoang nhiét do tir 4-30°C va bén trong
khoang pH tir 6,8 dén 8,0; bi ttc ché bdi EDTA, nisin
va Ca2+; duoc hoat hoa boi Fe?*, Cu?, kali sorbate va
natri benzoat & nong do 1 mM.

LOI CAM ON

Nghién cuu diroc thuc hién voi s tii tro kinh
phi cua dé tai T2020-PC-005 (Truong Pai hoc Bich
khoa Ha Noi).

TAI LIEU THAM KHAO

1. Dulay R. (2015). Nutrient composition and
functional activity of different stages in the fruiting
body development of Philippine paddy straw

94 NONG NGHIEP VA PHAT TRIEN NONG THON - KY 2 - THANG 5/2022



KHOA HOC CONG NGHE

mushroom, Volvariella volvacea (Bull.:Fr.) Sing..
Advances in Environmental Biology, 9, 54-56.

2. Jamjumroon S., Wongs-Aree C., McGlasson
W. B,, Srilaong V., Chalermklin P., Kanlayanarat S.
(2012). Extending the shelflife of straw mushroom
with high carbon dioxide treatment. Journal of Food
Agriculture and Environment, 10(1):78-84.

3. Neeley E, Fritch G, Fuller A, Wolfe J, Wright
J, Flurkey W (2009). Variantions in IC50 values with
purity of mushroom tyrosinase. International Journal
of Molecular Sciences, 20, 3811-3823.

4. Do Bien Cuong, Ha Ngoc Linh (2015).
Selection of hydrolysis conditions of soybean by
Alcalase to produce tyrosinase inhibitors. Journal of
Science and Technology Technical University. 105.
103-107.

5. Lowry O., Rosebrrough N. J., Farr Al, Randall
R. J. (1951). Protein measurement with the Folin

phenol reagent. Journal of Biological Chemistry. 193
(1):265-275.

6. Laemmli U. K. (1970). Cleavage of structural
proteins during the assembly of the head of
bacteriophage T4. Nature. 227(5259):680-685.

7. Suen T. (1999). Enzymatic browning of straw
mushroom, Volvariella volvacea. Master Thesis. The
Chinese University of Hong Kong.

8. Zaidi K. U, Ali A. S, Ali S. A. (2014).
Purification and characterization of melanogenic
enzyme tyrosinase from button mushroom. Enzyme
Research; 2014:120739.

9. Sharma J., Sharma D., Sharma A., Bansal S.
(2021). Thermo stable tyrosinase purified from
Pleurotus djamor grown in biomimetic calcium
carbonate: A biological strategy to industrial waste
remediation.  Environmental — Technology &
Innovation, 21, 2021:101294.

CHARACTERISTICS OF TYROSINASE FROM THE VULVA TISSUE OF VIETNAM
PADDYSTRAW MUSHROOM

Do Bien Cuong, Nguyen The Duyet

Summary

Tyrosinase plays an important role in browning of mushroom products, but characteristics of this enzyme in
surface tissue where its color determines sensory quality of harvested Volvariella volvacea still have not
admittedly known. In this study, a tyrosinase from volva of a Vietnam paddy straw mushroom strain, more
called Than-Nong, at the egg stage, was isolated by 60-80% saturated ammonium sulfate precipitation,
following hydrophobic chromatography on Butyl Sepharose 4 Fast Flow and gel filtration chromatography
on Sephadex G-50 with a purification fold of 16.4. Judged from zymogram analysis and sodium
dodecyl sulfate-polyacrylamide gel electrophoresis, the volva tyrosinase was an oligomer that had a native
molecular size of ~110 kDa and contained a single subunit with a size of ~22 kDa. The purified enzyme was
optimally active at temperature of 45°C and pH 6.8 and stable in a narrow range of pH from 6.8 to 8.0 and
below 30°C. Km and Vmax of the enzym for L-DOPA were 0.82 mM and 0.056 uM/s, respectively. At the
same concentration of 1 mM, ferrous and cupric strongly activated tyrosinase, and potassium sorbate and
sodium benzoate slightly promoted the enzyme activity. By contrast, EDTA, nisin, and especially calcium

inhibited the tyrosinase severely at 1 mM.

Keywords: 7yrosinase, volva, characterization, anti-browning, paddystraw mushroom.
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