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TOM TAT

Nattokinase (NK), con dugc goi 1a subtilisin (EC 3.4.21,14), la mot serina protease c6 hoat tinh thiy phan fibrin
hidu qua, ddng thoi co tac dung kép ting cudng giai phong chét hoat hoa plasmmogen ndi sinh & ca mo hinh
dong vat va nguoi nen duo’c ung dung trong diéu tri cac bénh tim mach. Nhu cu st dung nattokinase trong y
duoc kéo theo nhu cau cd dinh lam bén enzyme. Mot trong nhimng chit mang thich hop cho muc dich nay 1a
poly-y-glutamic acid (y -PGA) - mdt polyme sinh hoc ty nhién, ty phan huy, khong doc, khong tao phan Grng
mién dich va an dugc. Trong nghién ctru nay, chung t6i tién hanh tron NK voi y-PGA dang mubi theo ti 1¢ 2:1
tao hon hop NK-Na-y-PGA va khao sat d6 bén hoat tinh nattokinase trong hdn hop NK-Na-y-PGA so véi NK &
c4c didu kién nhiét d6 va pH khac nhau. Két qua khao sat ban dau véi ti 16 2NK: 1Na-y-PGA cho thdy hiéu qua
1 rét ciia y-PGA trong viéc tang cuong hoat tinh va 1am bén enzyme, hdn hop NK-Na-y-PGA c¢6 hoat tinh cao
hon so véi NK & moi trudng pH 8, y-PGA ciing lam tang kha nang chiu nhiét cua NK, & nhiét ¢ cao 50°C trong
1h 0 hoat tinh enzyme & mau NK bi mat 50% trong khi d6 & mau NK-Na-y-PGA van giit nguyén hoat tinh.

Tir khéa: Bacillus subtilis, Nattokinase, 1am bén, Poly- y-glutamic acid.

MO PAU

Nattokinase la mét serine protease ngoai bdo dwoc san xuét tr Bacillus natto 1&n men trén dau twong.
Nattokinase 13 hop chat duy nhét c6 ddng thoi nhidu tac dung dwoc ly phong ngira va gidm nhe bénh tim mach
cu thé 1a bén canh viéc truc tiép thay phan fibrin [am tan cuc mau déng, NK con cé tac dung kép lam ting sw giai
phéng tPA, kich thich co thé tang cwéng sén suét plasmin do d6 chdng hinh thanh cuc mau déng. NK ciing trc
ché pAL-1 yéu t& &c ché sy hoat déng clia plasminogen. Nhw vay NK viva chéng huyét khdi, ha huyét ap, chéng
ddng mau va chdng xo vira ddng mach. Ngoai ra, NK 1& mét s&n phdm tw nhién d& dwoc chirng minh an toan cé
thé dwoc st dung qua dwédrng miéng, so véi thuéc chéng huyét khéi va thudc ha huyét ap, NK c6 do an toan hon,
thei gian ban hay dai hon trong khi chi phi ré hon, quy trinh san xuat don giadn hon. Do d8, né cé tiém ndng dwoc
phat tri&n nhw mét loai thudc thé hé méi dé phong ngira, diéu tri va cham séc bénh tim mach lau dai. Tai Nhat
Ban, Trung Qudc, Han Quéc va cac nwéc phwong Tay bao gdm Uc, Hoa Ky, Canada va chau Au, cac séan phdm
NK dwoc st dung réng rai dwéi dang vién nén hodc vién nang dé bb sung dinh dwéng, tdng cudng strc khoe,
ngédn ngtra cuc mau déng va cai thién lwu théng (Chen et al., 2018). Tuy nhién, NK bét 6n dinh v&i sy thay dbi
cla nhiét d6 va pH, can thiét phai cé nhitng nghién ctru thém d& NK dat do &n dinh cao hon, tao didu kién thuan
cho qué trinh san xuét, bdo quan NK, hon ni¥a gitip enzyme bé&n hon trong trinh tiéu hoéa ciing sé gilp tang hiéu
qua hoat ddng clia enzyme trong mau (Deepak et al., 2009; Law et al., 2007).

Cho dén nay, da c6 nhidu phwong phap khac nhau dé& &n dinh enzyme va téng cwéng hoat déng clia enzyme
nhw ¢b dinh enzyme, bién ddi hda hoc enzyme... Enzyme cb dinh c6 nhiéu wu diém hon han enzyme tw do, c6
thé s dung I&p di 13p lai nhiéu l&n trong mot thdi gian dai, enzyme cb dinh kha bén véi nhiét 8, pH, dung mai
hitu co... Cac chét polyol, saccharide, chat hoat dong b& mét va polyme tan trong nuéc da dwoc bdo céo cé kha
ndng hoat ddng nhw chat dn dinh enzyme hodc téng cwdng hoat ddng cta enzyme (Adlercreutz, 1993; Yoon et
al., 2005). Tuy nhién, hiéu qud phu thudc vao mirc d6 twong tac clia enzyme véi polymer s dung, yéu td quan
trong la Iwa chon polymer phu hop. Poly glutamic acid (y-PGA) la mét polyme sinh hoc hoa tan trong nwéc c6 kha
nang tw phan hady, dwoc tao thanh tr cac don vi D- va L-glutamic acid (Shih et al., 2001). PGA dwoc chia thanh
hai dang a-PGA va y-PGA tuy thudc vao viéc gan nhém caboxyl. So v&i a-PGA, y-PGA duoc san xuat rong rai
hon béi vi khuan dac biét 1a nhirng loai thuéc chi Bacillus. V&i wu thé 1a mot polyme tw nhién, khéng ddc v&i con
nguwdi, khéng gay dap (ng mién dich nén y-PGA dugc (ng dung nhiéu trong cac Iinh vie vi du nhu: trong cong
nghiép moi trwong y-PGA duwoc st dung lam chét két tu, hd tro qua trinh I&ng; trong sén xuét thwc phdm y-PGA
dwoc st dung nhw mét dang phu gia 6n dinh chét lwong san phdm, chéat chéng két tinh...; trong y dwoc y-PGA
dwoc dung nhw cac chat mang, chét gitr &m... (Ogunleye et al., 2015). PGA da duoc chirng minh cé kha ning
lam bén mot s6 enzyme trong d6 c6 ca nattokinase (Hsieh et al., 2009; Lee et al., 2010). Hon nira, PGA ciing la
san pham thu dwoc trong qua trinh 1én men natto san xuét nattokinase tr Bacillus subtillis, do d6 thwc sy thich
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hop trong viéc 1am chat mang phéi trén véi nattokinase tang dd bén enzyme trong qua trinh san xuét ché phdm
nattokinase. Trong nghién ctru nay ching téi tach chiét thu nhan PGA tir B. subtillis va tién hanh khao sat kha
nang lam bén nattokinase cta PGA thu dwgc.

NGUYEN LIEU VA PHUONG PHAP
Nguyén liéu
Vat cha: Ching B. subtillis do Phong Céng nghé Sinh hoc enzyme, Vién Céng nghé Sinh hoc cung cép.

Méi trvong: LB (1% (w/v) pepton, 1% (w/v) NaCl, 1% (w/v) yeast extract); LB agar (LB, 1,2% (w/v) agar); GSP
(1% (w/v) pepton; 1,5% (w/v) glucose; 1,5% (w/v) glutamic acid);

Hoéa chat: Methylene blue; 23% (v/v) ethanol, 0,008% (w/v) KOH, thubc thir Folin, tricloacetic acid (Merk),
Thrombin, Fibrinogen (Merk)

Phwong phap

Tinh sach Nattokinase tir B. subtilis: Chiing B. subtilis M5 (tr bd swu tap chiing gibng Phong Cong nghé Sinh
hoc Emzyme, Vién Céng nghé Sinh hoc) dwoc nudi cdy & 37°C trong binh tam giac 1 L chira 250 ml méi trwéng
LB véi tbc dd lac 200 vong/phut. Dich nudi ciy sau 48 h dwoc ly tam 6000 vong/ phut trong 10 phat dé loai té bao
thu dich trong chira nattokinase. Dich enzyme dwoc tinh sach qua hai buéc: bwéc 1 tha véi 60% amoniumsunfat,
budc hai tla véi 80% ethanol, tla thu dwgc hoa trong dém PBS va tiép tuc dwoc tinh sach qua cot sac ky loc gel
st dung hat sephadex G100, sau dé dién di kiém tra bang SDS-PAGE.

Téch chiét poly-y-glutamic -acid (y-pGA): Ching B. subtilis dwgc nudi cdy & 37°C qua dém trong binh tam
giac 500 ml chva 100 ml méi trudng GSP véi téc dd I&c 200 vong/phat. Dich nudi cdy duoc ly tdm 6.000 vong/
phut trong 10 phat dé loai t& bao. Dich trong dwoc bd sung 5M NaCl va 70% ethanol dé tda y-pGA theo i 1& 1V
dich nuéi: 1,25V 1 M NaCl : 2,5V 70% ethanol. H6n hop dwoc G 15 phat & nhiét do phong, sau d6 dwoc ly tam
12.000 vong/phut trong 15 phut & 4°C dé thu tha y-pGA. Tha dwoc lam khd tw nhién & nhiét do phong, sau dé
duwoc hoa trong nwéc. Dich y-PGA dwoc kiém tra bang phwong phap dién di trén gel 1% agarose va nhudém béang
xanh methylen. Dé tao y-PGA dang muéi, dich y-PGA duoc tron véi 0,1 M NaOH, sau dé thadm tich trong nuéc dé
thu dwoc Na-y-PGA.

Phéi trén Nattokinase va Na-y-PGA: Nattokinase & dang hoa tan (0,096 mg/ml) dwgc bd sung vao dich
Na-y-PGA (0,03 mg/ml) theo ti I& khéi lwgng 2 NK :1 Na-y-PGA, va khudy ti trong 1h & nhiét dé phong.

Xac dinh hoat do enzyme: Hoat tinh nattokinase dwoc xac dinh theo phwong phap dia fibrin ctia Astrup va
Mullertz, (Astrup et al., 1952) dia petri chiva dung dich fibrinogen tinh khiét dwoc ngung két bang thrombin (100
Ul/ml), sau khi dich trén dia dong tu, nhé tirng giot 10 uL enzyme Ién dia, G 37°C trong 30 phut, fibrin dong tu cé
mau trdng duc sé& bj thiy phan bang NK tao véong tron trong subt, ddng thdi hoat do nattokinase dwoc xac dinh
theo phwong phap Anson cai tién (Anson, 1938). H6n hop phan tng thiy phan gém dung dich enzyme va dung
dich casein 1%, ty 1& 1:2 (v/v) dwoc U & 37°C, 30 phut; ngwng phan trng bang dung dich tricloacetic acid (TCA)
5% theo ty 1& 5 thé tich dung dich acid cho 1 thé tich enzyme; ly tam thu dich néi dé thwc hién phan ng tao mau
véi thude thr Folin 0,2 N c6 mat Na2CO3 6% (ty 1& dich ndi: dung dich Na2COs: Folin 0,2 N = 1:4:1). Thuc hién
ddng thdi mau kiém tra bang cach cho dung dich TCA vao enzyme truéc khi G véi co chat. D6 hap thu anh sang
(OD) cuia dung dich mau thu dwgc sau phan rng dwoc xac dinh & bwdc séng 750 nm. Dwa vao db thi chuan
tyrosine, d& tinh san phdm tao thanh twong (rng dwdi tac dung cta enzyme. Mot don vi hoat d6 enzyme (U)
duwoc dinh nghia la lwgng enzyme ma trong mét phut & 37°C cdé kha nang phan gidi protein tao thanh cac san
ph&m hoa tan trong tricloacetic acid, cho phan rng mau twong dwong véi 1 umol tyrosine.

Xac dinh ham lwong protein: Ham lwgng protein dwgc xac dinh theo phwong phap Bradford (Bradford, 1976).

Panh gid anh hwréng cua pH va nhiét dé téi hoat dé nattokinase: D& kiém tra kha ndng lam bé&n enzyme cla
PGA v&i pH mau NK- Na-y-PGA va mau NK cung dwoc G ddng thoi & pH khéc nhau 2; 4; 6; 8 va 10 trong 1h va
24h, sau d6 xac dinh hoat d6 enzyme con lai. Twong ty v&i nhiét d0 NK-Na-y-PGA va NK G ddng thoi nhiét do
khac nhau 28, 37 va 50°C trong 1h va 24h, sau dé xac dinh hoat d6 enzyme con lai.

KET QUA VA THAO LUAN
Tinh sach Nattokinase

Dich enzyme tho thu dwoc sau Ién men duoc tiph sach qua hai buéc tha va séc ky. Két qua dién diISDS-PAGE
cho thay qua cac buwéc tha da loai dwge mot so protien ngoai bao, dich tinh sach thu dwgc (T2) xuat hién bang
nattokinase kich thwéc 27 kDa twong déi sach (Hinh 1).
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T2 N T M kDa

— 66
- 45
- 35
NK —
- 25
- 18

Hinh 1. Dién di SDS-PAGE kiém tra nattokinase
N: Dich néi, T1: Sau tia amonium sunfat, T2: Sau tia Ethanol, M: Marker protein
Tach va tinh ché PGA dang mubi

Mbt ngudn tw nhién cta y-PGA la chat nhay cla natto dwoc san xuat boi B. subtilis. Trong nghién ciu nay ching
téi cling tach chiét y-P(}A ttr dich nudi cay B. subtilis nhw da miéu ta (’y,phén phwong phap. Két qua dién di kiem
tra y-PGA sau tach chiét dwoc thé hién trén hinh 2 cho thay da tach chiét va thu nhan dwoc y-PGA. B&i vi cau tao
clia dang Natri-y-PGA (Na-y-PGA) giéng nhw hinh ciu (Wang et al., 2017), sé bén hon va phu hep st dung cho
viéc bao gdi nén PGA thu duoc da tién hanh tao phirc véi Na thanh dang Na-y-PGA st dung trong nghién ctu
tiép theo.

Hinh 2. Dién di kiém tra kha ning thay phan y-PGA

CAu trdc cudn ngau nhién hinh thanh béi phan t& Na-y-PGA hinh 3 c6 thé dwoc tao bai hai yéu t6. Dau tién, cac
nhém carboxylate tich dién yéu va do dé khoéng san sang dé hinh thanh lién két hydro gitra cac mach nhanh va
mach chinh. Thir hai, mdi mach y-PGA phan tlr don cé mét carboxylate nhém va nhém carboxylate tich dién am
nay cé luc ddy tinh dién manh, cé kha nang chéng lai twong tac ndi phan t&r cia lién két hydro gitka CO va NH
clia nhom amide (Hinh 3).

y-PGA-Na form Y_PG

Hinh 3. Hinh anh Na-y-PGA dwéi kinh hién vi do phéng dai 100x

Chuén bj hén hop NK-Na-y-PGA

Nghién ctru ctia Guo va dbng tac gia trong st dung y-PGA dé lam bén protein dau twong cho két qué ti 1 khéi
lwong tdi wu la 3 protein: 1 y-PGA (Guo et al., 2019), trong khi nghién ctru cla Hsies va déng tac gia s& dung
v-PGA dé bao g6i NK lai lya chon ti 1& nay 14 0,5 NK : 1 pGA (Hsieh et al., 2009). Dva trén co s& dé trong nghién
clru nay budc dau ching toi sé khdo sat & i 1& 2 NK : 1 Na-y-PGA.

317



CONG NGHE HOA SINH VA PROTEIN

Nattokinase cé6 ham Iwgng khoang 0,096 mg/ml dwgc cho vao dich Na-y-PGA thu dwgc cé ham Iwgng khoang
0,03 mg/ml cho dén khi dat ti 1& khéi lvong 2 NK : 1 Na-y-PGA tao hén hop NK-Na-y-PGA. Két qua xac dinh hoat
tinh thay phan fibrin trén dia cling cho thay vong hoat tinh cia NK va NK-Na-y-PGA twong dwong nhau (Hinh 4).
Déng thoi két qua kiém tra hoat dé riéng clia enzyme trong dung dich NK-Na-y-PGA twong dwong véi NK. Nhw
vay PGA hoan toan khéng anh huéng dén hoat tinh ctia NK. Viéc déng nhat NK-Na-y-PGA trong cling mét dung
dich cé’thé tao ra cac twong tac vat ly hodc héa hoc véi enzyme béo vé protein khéng bi phan hdy & cac diéu
kién khac nghiét.

Hinh 4. Hoat tinh thiay phan fibrin ciia NK va NK-Na-y-PGA
Xac dinh kha niang lam bén nattokinase cta PGA dwéi anh hwéng caa pH

Trong dai pH dwgc khao sat tlr 2 - 10 cé thé quan sat thdy enzyme kém bén & pH acid, c&d hai mau NK va
NK-Na-y-PGA déu mét hoan toan hoat tinh & pH 2 va 4 sau 1h G. Enzyme ciing twong déi kém bén & pH kiém
cao (pH 10), sau 1h U hoat tinh enzyme con lai @ mau c6 Na-y-PGA va khong c6 Na-y-PGA twong dwong nhau
33 va 35%. O pH 6-8, enzyme hoat dong twong tét, pH 6 hoat tinh con lai & hai mau c6 va khéng cé Na-y-PGA
twong dwong nhau I&n lwot 13 92 va 81% sau 1h 4. Tuy nhién, & pH 8 c6 sw khac biét rd rét gitka mau cé bd sung
Na-y-PGA va mau khéng bd sung, & mau NK hoat tinh enzyme con lai dat 100%, trong khi d6 & mau
NK-Na-y-PGA hoat tinh enzyme dat 160%, (Hinh 5A). R8 rang la mau cé bd sung Na-y-PGA khéng nhirng én
dinh ma con tang cuong hoat tinh enzyme, diéu nay co thé giai thich la do trong diéu kién pH thich hop, lién két
peptide trong phan t&r Na-y-PGA twong tac voi cac lién ket peptide cla phan tir enzyme lam tang hoat tinh
enzyme. Lee va dong tac gia ciing da chirng minh Na-y-PGA c6 kha nang lam téang cwdng hoat tinh cda carbonic
anhydrase théng qua su gia tdng cla téc d6 phan (rng, tac gid da chirng minh Na-y-PGA ngén cén kha néng lién
két clia co chat ddng thoi suw twong tach gitka Na-y-PGA va enzyme gay ra sy thay déi vé& hinh dang cua
enzyme, dan dén tang cwong hoat dong va cai thién sy on dinh (Lee et al., 2010). Thém vao d6, pH 8 ciing da
dwoc nghién ctru la pH t6i wu cho hoat ddng cua nattokinase (Wang et al., 2009)
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Hoat tinh trong a8l (%)

o 8 5§ 8 8

N ¥

B
Hinh 5. Dé bén ctia NK va NK-Na-y-PGA (NK-NapGA) véi céc pH khac nhau sau 1h (A) va 24h (B)
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Tiép tuc tién hanh khao sat 46 bén enzyme & pH 6 va 8 sau 24h cho thdy & ca hai pH hoat tinh enzyme con lai &
mau NK-Na-y-PGA déu cao hon mau NK. Sy chénh Iéch thé hién rd rang hon & pH 6 (85% va 77% twong tng
véi NK-Na-y-PGA va NK), va & pH 8 khdng c6 sy khac biét nhiéu nhv so véi 1h dau (Hinh 5B). Nhw vay,
Na-y-PGA ciing da thé hién kha nang tang cwéng do bén enzyme méc du hiéu qué chwa cao.

Nghién ctru Hsieh va ddng tac gia vé khao séat hoat tinh cta nattokinase déng géi siéu nhé trong Na-y-PGA &
diéu kién pH < 5 trong 1h cho thay NK tw do mat hoat tinh trong khi NK déng géi trong Na-y-PGA con lai 34-60%
hoat tinh (Hsieh et al., 2009). So sanh v&i nghién clru cla ching t6i Na-y-PGA chwa thé hién kha ning téng
cwong d6 bén cla enzyme trong méi trwong acid co thé 1a do méi chi mét phdn enzyme dugc gén Voi
Na-y-PGA, can phai thay déi ti 1& va diéu kién cb dinh dé ting hiéu suét cé dinh enzyme trong Na-y-PGA.

Xac dinh kha nang lam bén nattokinase ctia Na-y-PGA dwéi anh hwéng cla nhiét do

Hiéu qua clia Na-y-PGA vé&i enzyme bi bién tinh béi nhiét do da dwoc kiém tra bang cach x& Iy hai mau NK va
NK-Na-y-PGA & 28, 37 va 50°C, kiém tra hoat tinh enzyme con lai sau 1h va 24h 0. Két qua hinh 6 cho thay
enzyme twong déi bén & 28°C, véi ca hai mau NK va NK-Na-y-PGA hoat tinh enzyme sau 24h mét di khong
dang ké, hoat tinh con loai khoang 95-98%. O' 37°C, sau 1h du tién enzyme & ca hai mau khéng bi anh hudng
tham chi hoat tinh con vwgt mirc 100% do khodng nhiét nay (~40°C) da dwoc nghién ctru la nhiét do toi wu cho
hoat déng clia enzyme (Wang et al., 2009). Tuy nhién, sau 24h & 37°C hoat tinh enzyme gidm nhiéu, mau NK
enzyme chi con lai 53% hoat tinh, mau NK-Na-y-PGA enzyme con lai 67% cao hon so v&i mau khéng céd
Na-y-PGA. Khi nhiét d6 xtr ly tang lén dén 50°C sw khac biét gitra hai mau NK va NK-Na-y-PGA rat ré rang, sau
1h 0 mau NK-Na-y-PGA vén gitr dwoc hoan toan hoat tinh enzyme, trong khi dd mau NK hoat tinh enzyme chi
con lai 52%, tiép tuc G dé&n 24h ca hai mau enzyme bj bién tinh méat hoan toan hoat tinh.
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Hinh 6. D6 bén ciia NK va NK-Na-y-PGA (NK-NapGA) véi céc nhiét do khac nhau A: Sau 1h G, B: Sau24 h G

Hiéu qua bao vé enzyme v&i nhiét dé clia y-PGA ciing da dwoc cong bd béi Lee va dong tac gia, véi lipase & dai
55 - 85°C hoat tinh clia enzyme khi c6 mat y-PGA cao hon so v&i khéng ¢ y-pGA, tham chi hoat tinh twong dbi
ctia enzyme khi bd sung y-PGA cao hon 100% & 70°C.Véi a-amylase & nhiét do 23, 37 va 50°C, hoat tinh cua
enzyme khi c6 mét y-PGA ciing cao hon so véi khi khéng cé y-PGA (Lee et al., 2010). Hsieh va dbng tac gia
cling cho thdy kha nang chiu nhiét ctia NK vi nang trong y-PGA cao hon so véi dang tw do. NK ty do mét hoat
tinh khi x ly 1h & 60°C trong khi NK vi nang trong y-PGA gi lai 18% - 25% hoat tinh (Hsieh et al., 2009). Nhirng
két nay twong tw nhw nghién clru ctia ching t6i.

KET LUAN

Nhw vay khdo sat voi ti 1& 2 NK:1 Na- y-PGA da cho thay hiéu qua rd rang cta Na-y-PGA trong viéc lam tang
cwong hoat tinh va &n dinh do bén clia enzyme véi nhiét 8. Tuy nhién, can tiép tuc nghién ctru khao sat thém
mot sé ti 1& phéi tron clia Na-y-PGA va NK ciing nhw cac didu kién cb dinh NK trong Na-y-PGA dé tang cwéng
hiéu qua ctia Na-y-PGA dbi vé&i viéc lam bén NK. Két qua thu dwgc budc diu da cho théy tiém nang s dung Na-
v-PGA trong viéc bao géi natokinase, day 1a mét cach tiép can don gian kha thi va day hira hen trong san xuét
NK quy mb cdng nghiép.

Loi cam on: Nghién citu ndy dwoc vién tro- khéng hoan lai boi Pai hoc Lién hop quéc cing Tap doan Kirin véi ma sé
611UU-1218 va TS Keitarou Kimura la dai dién phia Nhdt ban.
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APPLICATION OF POLY-GAMMA-GLUTAMIC ACID FOR ENHANCEMENT
NATTOKINASE STABILIZATION

Nguyen Thi Hien Trang', Le Linh Chi2, Do Thi Tuyen', Nguyen Sy Le Thanh'
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2 University of Science and Technology of Ha Noi, VAST

SUMMARY

Nattokinase (NK), also known as subtilisin (EC 3.4.21.14), is a serine protease that not only degrades fibrin directly
and effectively but also increases the release of tPA with a subsequent enhancing the formation of plasmin.
Nattokinase is a promising alternative in the management of cardiovascular diseases. Therefore, the protection of
nattokinase against environmental stresses is required in the medical and pharmaceutical industries. One of the
carriers suitable for this purpose is poly-y-glutamic acid (y-PGA) - a natural, biodegradable, edible, non-toxic, non-
immunogenic. In this study, NK and y-PGA in salt form were mixed with ratio of 2: 1 to create NK-Na-y-PGA and
investigated nattokinase activity of NK-Na-y-PGA compared to NK under temperature conditions and pH varies.
The results indicated the ratio of 2 NK: 1Na-y-PGA showed effectiveness on enzyme stability enhancement. The
NK-Na-y-PGA maintained nattokinase activity higher than control at pH 8. y-PGA showed strong effect on
nattokinase protection against the thermal denaturation, especially at the high temperature of 50°C for 1 h which
enzyme activity lost 50%. Meanwhile the NK-Na-y-PGA remains 100% activity.

Keywords: Bacillus subtilis, nattokinase, poly-y-glutamic acid, stability.
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