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Tém tit: Phan 16n enzyme cellulase trén thi truong hién nay c6 ngudn gdc tir vi sinh vat. Trong do, vi
khuén d4 dugc chimg minh 1a nhém sinh vat c6 nhiéu tiém ning img dung trong viéc san xuét cellulase nho
kha nang sinh truéng nhanh va san xuét nhiéu loai enzyme ngoai bao. Trong nghién ctru nay, Bacillus
subtilis TH-VK22 da dugc nudi cay va danh gia kha nang sinh tong hop cellulase. Moi truong Bushnell
Haas Medium (BHM) véi thanh phan chu yéu 1a cac mudi vo co di duge sir dung dé khao sat diéu kién
nudi céy thich hop cho kha ning sinh tong hO’p cellulase ctia chung vi khuan nay. B. subtilis TH-VK22 san
xuét duge cellulase ¢ hoat tinh tét khi nudi cdy trong méi truong BHM co bo sung 11,0% maltodextrin,
2,0 peptone, 0,5% rom, pH 5,0 va 35°C. Cellulase tir chung B. subtilis TH-VK22 c6 thé hoat dong 6n dinh
trong khoang pH 5,0-9,0. Két qué nay cho thdy tiém ning mg dung trong nhidu nganh cong nghiép khac
nhau cua B. subtilis TH-VK22, dac biét l1a trong nganh san xuat nhién liéu sinh hoc.

Tiwr khéa: enzyme ngoai bao, cellulase, Bacillus subtilis, vi khuén, diéu kién nuoi céy

1. GIOI THIEU

Cellulose la mot nguf)n sinh khbi phong phu trong ty nhién [1], n6 ¢6 thé duoc phan huy boi cellulase béng
cach thuy phan lién két B-1,4-glycosidic dé tao thanh glucose [2]. Tuy nhién, dé phan hiy hoan toan
cellulose can su phdi hop cila cac nhém enzyme endoglucanase (1,4-D-glucan-4-glucanohydrolase, E.C.

3.2.1.4) thiy phan cac lién két B-1,4-glycosidic & vi tri ngau nhién trén mach cellulose tao thanh cic mach
ngin hon. Tiép dén, exoglucanase (1,4-D-glucan glucohydrolase, E.C. 3.2.1.74) xtc tac thity phan tir dau
ctia cac mach tao ra cellobiose va mot it glucose. Cudi cung, p-glucosidase (D-glucoside glucohydrolase,
E.C. 3.2.1.21) thuy phén cellobiose va cac doan oligosaccharide thanh don phén glucose [3, 4].

Cellulase dugc sinh tong hop chu yéu boi vi khuan, xa khuan va nam mdc trong qua trinh sinh truong va
phat trién cua chung trén cac vat liéu cellulose [5, 6]. Phan 16n cellulase trén thi truong hién tai dugc san
xuét boi nam mdc do kha nang sinh tong hop cellulase cho hoat tinh cao [7]. Tuy nhién, hau hét cac ching
vi sinh vat dugc sir dung dé san xuat cellulase hién nay la cac ching da c6 su can thiép vé di truyén. Trong
6, vi khuan c6 toc d6 ting truong nhanh, c6 kha ning chng chiu véi cac didu kién bét loi tir moi truong
da duoc tng dung trong cong nghiép san xut cellulase [6, 8]. Mot sb loi vi khuan dd dugc bao céo c6 kha
ning san xuat enzyme phéan giai cellulose nhu 1a Clostridium, Cellulomonas, Bacillus, Ruminococcus,
Bacteroides, Acetovibrio, Streptomyces, Alteromonas va Paenibacillus [6, 9]. Bacillus subtilis 1a mot trong
nhiing loai dau tién dugc giai toan bo trinh ty gene vao nam 1997 [10]. Nhleu nghién ctru da va dang dugc
thue hién dya trén dir liéu gene da duoc cong bd. Trong d6, cac nghién clru vé enzyme ngoai bao noi chung
va cellulase noi riéng da co nhiéu tng dung trong cong nghi€p. Trong s6 cac yéu té anh huong dén viée san
xuit cellulase tir vi sinh vat nhu nhiét do, pH, toc do lac, thanh phan dinh dudng c6 trong méi trudng nudi
cay thi nhiét d6 va pH nudi cay da dugc chimg minh c6 anh huéng sau sic nhat. Moi chung vi sinh vat s&
c6 mét nhiét d6 va pH sinh trudng thich hop. Khi dugc nudi céy trong diéu kién khac nhau, sy hinh thanh
cellulase 13 khac nhau. Theo Ray va cong sy (2007), hai chung vi khuan Bacillus subtilis CY5 va Bacillus
circulans TP3 cho thay kha ning sinh tong hop cellulase c6 hoat tinh cao nhét khi duoc nudi cay trong diéu
kién pH 7,0-7,5 ¢ 40°C. Tuy nhi€n, khi tang nhiét d6 nu6i cdy 1én 45°C va giam pH xuong 5,5 thi hoat tinh
cellulase giam Xuong thip nhat [11]. Nhiét d6 va pH ciing anh huéng nghiém trong dén sy sinh trudng,
phat trién va sinh tong hop cellulase & cac chung Bacillus licheniformis, Bacillus paralicheniformis va
Bacillus subtilis subsp. subtilis JJBS300 [12, 13]. Thanh phan dinh dudng, toc do lic cling anh huO’ng 1én
kha ning san xuit cellulase cua vi sinh vét. Akintola va cong su (2019) da nghién ciru diéu kién nudi cdy
thich hop cho sy san xuét cellulase ctia ching Enterobacter cloace IP8, két qua cho thay hoat tinh cellulase
dat cao nhét trong moi truong nudi cdy cé bd sung 1,5% CMC, 2% peptone va toc do lic 150 vong/phut
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[14]. Trong cac nghién ctru ciia Islam (2019), Baltaci va Mustafa Ozkan (2022), kha ning sinh tong hop
cellulase cua Bacillus sp., Streptomyces ambofaciens OZ2 va Cytobacillus oceanisediminis OZ5 chiu anh
huong dang ké cta cac yeu t6 nay [15, 16]. Cellulase da va dang duoc (ng dung trong nhiéu nganh cong
nghiép khac nhau bao gém thyc pham, dét may, tay rira, gidy... ciing nhu trong ndng nghiép [2, 17, 18] .
Bén canh d6, viéc st dung cellulase dé san xuat nhién liéu sinh hoc thay thé sy thiéu hut nhién lidu hoa
thach dang dugc nhiéu tic gid quan tim nghién ctru [2]. Vi véy, nghién ctru nay duoc thyc hién dé tim ra
diéu kién nuéi cay thich hop cho sy san xuét cellulase tir ching vi khuan Bacillus subtilis TH-VK22, tao
tién dé cho cac nghién ctru sdu hon va hudng toi img dung vao cac linh vuc cong nghiép khac nhau, dic
biét 1a san xuét nhién liéu sinh hoc.

2 VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1 Gibng vi khuin va diéu kién nudi ciy

Gidng vi khuan tir bd suu tap gidng cua phong thi nghlern Cong ngh¢ vi sinh-Truong Dai hoc Cong nghiép
thanh ph H6 Chi Minh [19], dwoc céy ria trén moi truong Luria Bertani (Peptone 10,0 g/L, Cao ndm men
5,0 g/L, NaCl110,0 g/L, CMC 10,0 g/L, pH 7,0) dé kiém tra d6 thuan chung. Sinh khéi khuén lac duoc nubi
lac trong 5 mL moi truong LB + 1% CMC, toc d 150 vong/phut ¢ 37°C trong vong 12 git dé hoat hoa
giong.

2.2 Panh gia kha niing sinh tong hop cellulase ciia chiing B. subtilis TH-VK22 trén méi truong BHM

Mbi truong BHM thuong dugce st dung dé khao sat kha ning sinh téng hop cellulase ciia vi sinh vat. Do
do, su san xuat cellulase ctia Bacillus subtilis TH-VK22 duoc danh gia thong qua hoat tinh cellulase ciia
dich nuéi cdy ching niy trén moi truong BHM (Bushnell Haas Medium) (MgSOs 0,2 g/L, CaCl, 0,02 g/L,
KH>PO41,0 g/L K>HPO4 1,0 g/L, NH4NO;3 1,0 g/L, FeCl; 0,05 g/L) bd sung 1% CMC duoc danh gia sau
rn01 12 gio nuoi cay bang phwong phap BernFeld [20] nhu sau: 500 uL dich enzyme tho (di duoc loai bo
té bao vi khuan bang cach ly tim 10000 vong/phut trong 10 phit ¢ 4°C) dugc @ voi 1000 pL 1% CMC &
50°C trong 30 phiit. Sau d6, 500 uL DNS (3,5-dinitrosalisylic acid) dugc thém vao nham ding phan tng
va dong thoi dinh lugng duong khir tao thanh. Hon hop trén duoc dun 15 phut & 100°C, 1am ngudi va do
quang & budc séng 540nm. Phan mg nay dya trén co so thude thir DNS (méau vang) phan tng voi duong
khir (san pham ctia qua trinh thity phan co chét bang cellulase) tao thanh 3-amino, 5-nitrosalysilic acid (mau
d6 cam) c6 kha niang héap thu cuc dai ¢ bude song 540nm. San pham mau ti 18 thuan voi lugng duong khir
tao thanh khi c6 sy xtc tac cua cellulase. Hoat tinh cua cellulase dugc xac dinh thong qua lugng micromolar
glucose tao thanh khi 1ml dich enzyme tho phan tig véi CMC trong khoang thoi gian 1 phut & diéu kién
chuén (50°C va pH 7,0) theo cong thic:

Hoat d0 cellulase = HMGIU;O+VXK
Trong do:
uM glucose: ndng do glucose suy ra tir duong chuén
V: tong thé tich hon hop phan tmg (mL)
v: thé tich dich enzyme sir dung dé phan tmg (mL)
K: d6 pha lodng mau
t: thoi gian thiy phan (phit)
Maéi trudng cho kha ning sinh téng hop cellulase c6 hoat tinh cao hon s& duoc sir dung cho thi nghiém khao
sat diéu kién nudi ciy thich hop.

2.3 Khio sat diéu kién nudi cdy thich hgp cho kha ning sinh tong hgp cellulase trén méi trwuong BHM

Chung Bacillus subtilis TH-VK22 dugc tang sinh qua dé€m trong moi truong BHM + 1% CMC ¢ 37°C cho
dén khi mat d¢ tai ODeoo dat 1,2-1,3 dugc su dung lam gidng dé khao sat anh hudng ctia cac yéu td khac
nhau 1én kha ning sinh tong hop cellulase cua chung B. subtilis TH-VK22. Trong do, tinh bot, glycerol,
sucrose, manitol, lactose, maltodextrin voi nong d6 1% dugc str dung dé danh gia anh hudng ciia nguon
carbohydrate so sanh vai d6i ching khong bo sung carbohydrate. Nguon carbohydrate c6 anh hudng tich
cuc nhat dén hoat tinh cellulase ciia dich nuéi ciy s& duoc chon dé khao sat ndng d6 bd sung 1,0, 3.0, 5,0,
7,0,9,0, 11,0, 13,0, 15,0, 17,0 va 19,0%.

102



Tac gia: Nguyén Méc Tan va Cong su

Nong d6 carbohydrate thich hop s& duoc chon dé danh gia anh hudng ctia cic ngudn nitrogen vo co va hiru
co nhu cao thit, peptone, cao trun qué, (NH4)2SO04, NH4NO3 va NH4Cl. Tuong ty nhu carbohydrate, nguén
nitrogen thich hop s& dugc str dung dé tiép tuc danh gia cac nong d6 bd sung tir 0,5 dén 5,0% Ién su san
xuét cellulase.

Nong d6 nitrogen va ndng do carbohydrate c6 anh hudng tét nhét 1én hoat tinh cellulase cua dich nudi cdy
s& duoc chon dé tiép tuc khao sat anh huong cua cac loai co chét khac nhau bao gém rom, mun cua, Xo
dira, gidy loc, ba mia va triu 1én kha ning sinh tong hop cellulase. Twong tyr hai thi nghiém trén, ngudn co
chat thich hop s& duoc chon dé khao sat anh hudng 1én kha ning sinh tong hop cellulase ctia ching vi khuan
v6i cac ndng do tir 0,5 dén 4,0%.

Nhiét d6 nudi cdy duoc khao sat tir 25 dén 40°C trong moi trudng cb cac thanh phan thich hop da duoc xac
dinh & cac thi nghiém trén. pH moi truong nudi cdy ban dau duoc khao sat trong khoang 3,0-9,0 vdi cac
diéu kién nudi cay nhu trén.

Sau mdi 12 gio nudi cdy, hoat tinh cellulase duoc xac dinh bang phuong phap BernFeld.

2.4 Phwong phap xir Iy s6 li¢u

Cac thi nghi@m du’qq lap lai 3 lan. S6 lidu dugc tinh toan, v& biéu dd béng Microsoft Excel va danh gia su
khéc biét thong ké bang phuong phap ANOVA cuia phan mém Statgraphics.

3 KET QUA VA THAO LUAN

3.1 Khi niing sinh tong hop cellulase ngoai bao ciia chiing Bacillus subtilis TH-VK22 trén mdi truwong
BHM

Su san xuét cellulase ngoai bao ciia vi sinh vat phu thudc rat nhiéu vao dinh dudng, nham phuc vy cho nhu
cau ning luorng clia ban than. Vi vy, dé danh gia anh hudng ctia thanh phan dinh dudng cé trong moéi
truong nudi cdy 1én su san xuat cellulase ctia ching Bacillus subtilis TH-VK22, méi truong BHM di duoc
sir dung dé so sanh v&i méi truong Cao thit-Peptone da duogc thuc hién trong nghién ctru trude.
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Hinh 1. Anh huéng ciia méi truong nudi cdy 1én kha nang sinh tong hop cellulase ciia B. subtilis TH-VK22

Hinh 1 cho thiy chung B. subtilis TH-VK22 khi dugc nudi trong mdi trudng BHM c6 kha ning sinh tong
hop cellulase c6 hoat tinh cao nhat sau 12 gio nudi cay dat 159,3+19,7 U/mL va tiép tuc duy tri 6n dinh sau
24,36 gio voi hoat tinh lan luot 1a 175,8421, 175,6+2,3 U/mL. Trudc do, Nguyén Ngoc Anva cong su da
thyc hién khao sat diéu kién nudi cy thich hop cho sy sinh tong hop cellulase ching vi khuan nay trong
mdi truong Cao thit-Peptone. Tuy nhién, hoat tinh cellulase cao nhat ctia dich nuéi ciy chung B. subtilis
TH-VK22 chi dat khoang 100 U/mL [19], thip hon khoang 30% so v&i viéc sir dung méi truong BHM.
Tuong tw, mdi truong BHM ciing d3 duoc Singh va cong su st dung dé xac dinh kha ning san xuét cellulase
ngoai bao cua chung Bacillus amyloliquefaciens SS35, két qua cho thay hoat tinh cellulase dugc ghi nhan
cao nhit 12 0,072 U/mL, thép hon rat nhiéu so véi két qua cua thi nghiém nay [21]. Mostafa va cong su da
chi ra rang chung Paenibacillus alvei khi duoc nudi céy trong moéi truong BHM da hinh thanh cellulase co
hoat tinh cao nhat chi dat 8,11 U/mL sau 48 gio nuéi cay [22]. Két qua nay cho thiy chung B. subtilis TH-
VK22 c6 kha ning sinh tong hop cellulase c6 hoat tinh tSt hon so véi nghién ctru trude day va cac nghién
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ctru trén cung d6i twong vi khuan khi nudi cdy trén cing méi trudng BHM. Do d6, méi trudng nay duoc sir
dung @€ tién hanh khao sat di€u kién nuoi cay thich hop cho kha nang sinh tong hgp enzyme cellulase cta
chung Bacillus subtilis TH-VK22

3.2 Anh huwéng ciia cic ngudn carbohydrate va nong d9 ciia ngudn carbohydrate tét nhét 1én kha
ning sinh tong hop cellulase ciia chiing Bacillus subtilis TH-VK22

Carbohydrate anh huéng truc tiép 1én su sinh trudng, phat trién ciia vi sinh vat. Nhim danh gia anh huong
cta nguon carbohydrate 1én su sinh tong hop cellulase cua B. subtilis TH-VK22, tinh bot, glycerol, sucrose,
manitol, lactose va maltodextrin v6i nong d6 1,0% da duoc bd 'sung vao mdi truong BHM. Sau do, nguon
carbohydrate thich hgp nhét tiép tuc duoc khao sit nong do bd sung véi cac nong do khao sat tir 1,0 dén
19,0%. Hoat tinh cellulase dugc xac dinh sau mdi 12 gid nudi ciy va két qua duoc thé hién ¢ Hinh 2.
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Hinh 2. Anh huéng ciia ngudn carbohydrate (A) va nong do carbohydrate 1én sy sinh tong hop cellulase ciia Bacillus
subtilis TH-VK22

Hinh 2A cho thay kha nang sinh tong hop cellulase cua ching B. subtilis TH-VK22 khong gidng nhau khi
chung nay dugc nudi cdy trong moi trudng co bd sung cac ngudn carbohydrate khac nhau. Dich nudi cay
vi khuan khi dugc nudi trong méi trudng cé bd sung maltodextrin thé hién hoat tinh cellulase cao nhét la
1864,9:£10.2 U/mL sau 24 gio nudi cay va giam dan theo thoi gian. K& dén tinh bot véi hoat tinh cellulase
cua dich nu6i céy thu duoc 1a 1608,3+13,7 U/mL, giam khoang 10% so v6i maltodextrin, sau 24 gio nudi
cdy. Véi cac ngudn carbohydrate khac nhu lactose, mannitol va glycerol, cellulase tir Bacillus subtilis TH-
VK22 c6 hoat tinh gan nhu twong dwong nhau, khoang 950 U/mL sau 24 gid nudi cdy. Tuy nhién, khi bo
sung glycerol vao mdi truong nudi cdy, hoat tinh cellulase tir dich nudi cay chung B. subtilis TH-VK22 cao
nhét sau 48 gio, dat 1233,8+17,6 U/mL, xép xi voi viée bd sung maltodextrin sau 48 gio. Glucose va sucrose
thé hién 1a nguf")n carbohydrate khong thich hop khi cellulase thu dugc véi hoat tinh lan luot 1a 762,7+11,1
U/mL va 656=11,9 U/mL, sau 24 gio nudi cay. O nghiém thirc ddi chimg, véi viéc khong bd sung ngudn
carbohydrate trong qua trinh nudi ciy ching B. subtilis TH-VK22 da thu dwoc dich nudi ciy c6 hoat tinh
cellulase 13 thap nhat (143,7+2,1 U/mL) sau 12 gid va bat dau giam dan trong cic khoang thoi gian nudi
cay ké tiép. Trong nghién ctru ctia Ray va cong su, nguén carbon thich hop dé chung Bacillus licheniformis
CBH7 cho hoat tinh cellulase cua dich nudi cay tot nhét 1a glucose (6,72+0,38 U/mL) [23]. Trong khi do,

ching Bacillus subtilis 1ai sinh tong hop cellulase t6t nhat khi nudi ciy trén méi truong cé bo sung lactose
vo1 hoat tinh thu dugc 14 23,96 U/mL, duge ghi nhén trong nghién ctru cua Bai va cong su [24]. Tuy glucose
va lactose 12 ngudn carbon thich hop cho cac ddi twong trong hai nghién ctru trén dé san xuat cellulase c6
hoat tinh cao, nhung hoat tinh cellulase thu nhan dugc voi viée sir dung glucose va lactose trong nghién
clru ndy van cao hon rat nhiéu lan. Mic khéc, day 1a nghién ctru dau tién sir dung maltodextrin lam ngu6n
carbohydrate cho qua trinh sinh truéng va sinh tong hop cellulase, nén c6 thé cung cip thém co so dit liéu
dé so sanh, danh gia va tham khao cho cic nghién ctru khac trong tuwong lai. Ngoai ra, két qua phan tich
thong k& ANOVA (d6 tin cay 95%) cho thiy c6 su khac biét co y nghia thong ké giita maltodextrin va cac
ngudn carbohydrate con lai sau 24 gio nudi cay. Do d6, maltodextrin duge chon 1am ngudn carbohydrate
dé thyc hién danh gia anh huong ciia nong do bo sung 1én kha ning sinh tong hop cellulase cta ching B.
subtilis TH-VK22.
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Hinh 2B cho thay ching B. subtilis TH-VK22 thé hién kha ning sinh tong hop cellulase c¢6 hoat tinh ting
dan tuong quan voi ham luong maltodextrin. Trong do, hoat tinh cellulase cta dich nudi cdy ting dan & cac
nghiém thtc co n(‘A)ng d0 maltodextrin 1, 3, 5, 7 va 9% v61 hoat tinh lan lwot 1a 2204,7+188,5, 4714,1+£200,
6747,4+416,3, 7480,7+200 va 8403+509,2 U/mL sau 24 gio nu6i. Tuy nhién hoat tinh cellulase dat cuc dai
khi bat ddu nang nong d6 maltodextrin 1én 11% va duy tri on dinh ¢ khoang 8500 U/mL sau 24 gi¢ voi cac
ndng do cao hon 1a 13, 15, 17 va 19% khi bd sung vao trong moi truong nudi cdy. Viéc gia tang nong do
Ién 13, 15, 17 va 19% khong lam gia tang hoat tinh cellulase c6 the 14 do lwgng dinh dudng can thiét cho
su sinh trudng, phat trién dan dén sy san xuét cellulase ciing & mirc 6n dinh. Bén canh do, két qua phan tich
thong ké ANOVA (do tin cay 95%) cho thdy hoat tinh cellulase gitra cac nghiém thie duge bo sung 11, 13,

15, 17 va 19% maltodextrin vao mdi truong nudi cay khong c6 sy khac biét c6 y nghia vé mat thong ké.

Tuy nhién, dé t61 wu v& mit gia tri kinh té, 11% maltodextrin di dugc chon dé thuc hién céc thi nghiém tlep
theo.

3.3 Anh hwéng ciia cic ngudn nitrogen va néng d9 ciia ngudn nitrogen tot nhit 1én kha niing sinh
tong hop cellulase ciia Bacillus subtilis TH-VK22

Bén canh carbohydrate, sy sinh trudng, phat trién, ciing nhu 1a kha nang sinh tong hop cellulase cua vi sinh
vét cling chiu tac dong boi nitrogen c6 trong moi trudng nudi cay. Dé xac dinh anh hudng cua cac nguén
nitrogen khac nhau 1én su sinh tong hop cellulase ctia chung B. subtilis TH-VK22, cac ngudn nitrogen hitu
co nhu cao thit, peptone, cao trin qué va vo co nhu (NH4),SO4, NHsNOs va NH,CI d3 duge bd sung vao
mdi truong BHM c6 chira 11% maltodextrin. Nguon nitrogen cho dich nudi cdy thé hién cellulase ¢ hoat
tinh cao nhat dugc khao sat nong do bd sung tir 0,5 dén 5,0%. Dich nuéi ciy duoc thu nhin dé xac dinh
hoat tinh sau mdi 12 gid va két qua duoc thé hién trong Hinh 3.
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Hinh 3. Anh hudng ciia cic ngudn nitrogen khac nhau (A) va ndng d¢ nitrogen (B) 1én kha ning san xuit enzyme
cellulase cia chung Bacillus subtilis TH-VK22

Hinh 3A thé hién thé hién kha nang sinh tong hop cellulase ctia B. subtilis TH-VK22 & cac muc do khac
nhau khi dugc nuéi cay trong méi trudng chira cic ngudn nitrogen khac nhau. Ngudn peptone va cao thit
khi dugc bd sung vao méi trudng nudi cay cho dich nudi cy thé hién cellulase c6 hoat tinh cao nhat va gan
nhu trong duong nhau vai hoat tinh lan lugt 14 10473,3+433,3 va 10217,84+63,2 U/mL sau 48 gid nudi ce”iy.
Trong khi d6, (NH4)>SO4 va NH4Cl ciing cho dich nudi ciy c6 cellulase voi hoat tinh tuong tu nhau la
9240+83,4 va 8884,4+735,1 U/mL chi sau 36 gio nudi u, giam khoang 10% so v6i hai ngudn peptone va
cao thit. Cac ngudn nitrogen khac 1a cao trin qué, NaNO; va NHy;NO; thé hién 1a cac ngudn nitrogen khong
thich hop khi hoat tinh cellulase thu dugc lan luot 1 6817,8+78,8, 7728,8+452,5, va 6295,6+218,8 U/mL,
thap hon so véi ddi chimg véi hoat tinh cellulase thu nhén duoc la 8462,2+153,9 U/mL chi sau 24 gio nudi
cay. Tuong ty, peptone ciing dugc ghi nhan 1a ngudn nitrogen thich hgp cho su sinh tong hop cellulase ctia
chung Bacillus pseudomycoides trong nghién ctru ciia Md. Abu Saleh va cong sur [25], trong khi cao thit la
ngudn nitrogen thich hop cho su sinh téng hop cellulase cta 3 chung vi khuan Bacillus cerus, Bacillus
subtilis va Bacillus stratosphericus sau 48 gid nuoi cay trong nghién ctru ctia Ikram va cong sy [26]. Ngoai
ra, két qua phan tich thong ké ANOVA (dd tin cdy 95%) cho thay khong cé su khac biét c6 ¥ nghia giita
hai nguon nitrogen duoc khao sat 1a peptone va cao thit. Tuy nhién, co sy khac biét c6 y nghia véi cac
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nguon nitrogen duoc khao sat con lai. Vi vay, peptone s& dugc chon lam ngudn nitrogen dé thyc hién khao
sat ndng do bd sung thich hop véi cac nong do dugce khao sat la 1,0, 2,0, 3,0, 4,0 va 5,0%.

Ching B. subtilis TH-VK22 cho thay kha ning sinh tong hop cellulase c6 hoat tinh cao nhat khi méi trudng
nudi cdy dugc bd sung 2% peptone 1a 11323,3+57,7 U/mL, cao hon khoang 13% so voi nghiém thirc doi
chimg chira 1% peptone vdi hoat tinh cellulase 1a 9878,9+307,3 U/mL (Hinh 3B) sau 48 gio nudi cdy. Hoat
tinh cta cellulase c6 trong dich nudi cdy vi khuan ti 18 nghich véi su ting din ndng do peptone tir 3, 4 1én
5% véi hoat tinh lan luot 1a 10390+69,4, 10012,2+117,7 va 8645,6+219,2 U/mL. Viéc giam hoat tinh khi
tang nong do nitrogen c6 thé do 1a mdi chung vi sinh vét c¢6 nhu cau dinh dudng cho sy sinh truong va phat
trién cua riéng minh. Vi véy, khi diéu kién song qua ly tuong boi su d01 dao cua lugng peptone co6 trong
mai trudng nudi cdy s& 1am cho su san xuit cellulase dé phan giai CMC can cho hoat dong song cua chung
vi sinh vét bi han ché. Ngoai ra, két qua phén tich thong ké ANOVA (d6 tin c@y 95%) cho thiy c6 sy khac
biét co y nghia vé mit thong ké gitra ndng do 2% peptone so voi cac nong do khac. Tuong tu nhu nghién
ctru cia Akintola va cong su dugc thyc hién nam 2019, peptone voi nong do 2% dugce bod sung vao moi
truong nudi cay Enterobacter cloacae IP8 ciing dugc ghi nhan 14 cho hoat tinh ctia cellulase c6 trong dich
nudi cay 1a tot nhat [14]. Do d6, peptone véi nong do 2% dugc sir dung dé tién hanh cac khao sat tiép theo
trén B. subtilis TH-VK22.

3.4 Anh hwéng ciia co chit va nong dj ciia loai co' chit tot nhit 1én kha ning sinh tong hop cellulase
cua chung Bacillus subtilis TH-VK22

Chat cam ung trong moi truong nudi cay dong vai trd quan trong trong viéc san Xuét enzyme ngoal bao cua
cac chung vi sinh vat. Vi Vay, cac loai co chat cam ung bao gdm rom, mun cua, xo dua, gidy loc, bd mia
va triu dugc bo sung vao moi truong nudi cdy chira 11% maltodextrin va 2% peptone dé dénh gia hoat tinh
cellulase cua chung Bacillus subtilis TH-VK22. Tuong tu nhu carbohydrate va nitrogen, loai co chat cam
ung cho sy sinh tong hop cellulase c6 hoat tinh cao nhét dugc chon de khao sat nong do bo sung tir 0,5 dén

4,0%. Két qua kiém tra hoat tinh cta cellulase c6 trong dich nuéi cdy vi khuan sau mdi 12 gio dugc thé
hién trong Hinh 4.
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Hinh 4. Anh huéng ciia cic ngudn co chit cam g khac nhau (A) va ndng do co chat (B) 1én kha ning sinh tong
hop cellulase cua ching Bacillus subtilis TH-VK22

Hinh 4A cho thdy ching B. subtilis TH-VK22 c¢6 kha ning sinh tong hop cellulase véi mirc do gan nhu
nhau khi nudi ciy trén moi truong c6 bo sung cac loai co chat cam tmg khac nhau. Cac chit cam tmg CMC,
rom, mun cua, Xo dira, giéy loc, bd mia va trau cho dich nuoi céy c6 hoat tinh cellulase tang dan theo thoi
gian va dat dinh sau 48 gio nudi cdy voi hoat tinh lan luot 1a 11825,9+£1997,9, 11766,7+713.9,
11151,9+1692,6, 12618,5£1978,8, 12100+1479,8, 10670,4+£1061,9, 1124413523 U/mL va giam dan sau
do. Két qua nay co thé 1a do ban chat thanh té bao thuc vat chu yéu duoc ciu tao tir cellulose, hemicellulose,
peptin, lignin va cac protein tan. Do do, viéc cam umg cho sy san xuét cellulase c6 hoat tinh tuong duong
nhau ¢ cac loai co chat dugc khao sat. Mac khac, nudc ta la mot qudc gia nong nghiép, nganh chu dao la
trong lta nudce. Vi vay, rom c6 ngudn cung ddi dao trong viée sir dung lam co chat cam tmg dé san xudt
cellulase tir B. subtilis TH-VK22. Ngoai ra, rom ciing duoc ghi nhan 1a ngudn co chat thich hop cho sy san
xuit cellulase cuia ching vi khuan Bacillus licheniformis 1-1v khi nudi cdy trén méi truong c6 pH 6,0 theo
Abdel-Rahman va cong sy [27]. Bén canh dé, két qua phan tich thong ké ANOVA (d6 tin ciy 95%) cho
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thiy khong co sy khac biét ¢6 y nghia thong ké giita cac ngudn co chit cam tmg. Vi ngudn nhién ligu doi
dao, hiéu qua vé mat kinh té va méi truong, rom dugc chon 1am ngudn co chit cam tg cho sy sinh téng
hop cellulase cua chung B. subtilis TH-VK22 trong thi nghiém khéo sat ndng d6 bo sung tir 0,5 dén 5,0%.
Hinh 4B cho thay ching B. subtilis TH-VK22 sinh tong hop cellulase ¢ hoat tinh cao nhat khi duoc nudi
cay trong mdi trudng cb 0,5% rom véi hoat tinh 1a 13593,3145,0 U/mL sau 48 gio nudi ciy va nong do
0,25% rom c6 hoat tinh 1a 12111,1+464,3 U/mL. Khi ting nong d6 dan 1én 1,0, 2,0, 3,0, 4,0%, sy hinh
thanh cellulase c6 xu huéng giam dan véi hoat tinh enzyme ghi nhan dwgc lan luot 1a 12504,4+157,5,
11393,3+67,9, 10126,7+692,1 va 8525,6+863,1 U/mL. Viéc ting nong dd co chat lam giam hoat tinh
cellulase c6 thé do ti 1¢ ctia rom twong dbi nhiéu so voi thé tich ctia moi trudng nudi cay thap lam anh
huong dén sy khéch tan oxi trong qua trinh nudi ciy lic, qua d6 anh huong dén qua trinh sinh truong va
sinh tong hop cellulase ciia chung B. subtilis TH-VK22. Ngoai ra, két qua phan tich thong ké ANOVA (do
tin cdy 95%) cho thiy co su khac biét c6 y nghia thong ké giita cac nong d6 rom duoc khao sat. Két qua
nay cho thay ching B. subtilis TH-VK22 san xuét cellulase c6 hoat tinh cao nhat khi dwoc nudi cdy trong
mdi trudng cd bd sung 0,5% rom. Nong do nay bang mot nira so voi ndng dd rom can thiét dé& ching
Bacillus sp. 313SI san xuit cellulase c¢6 hoat tinh cao nhét trong nghién ctru ctia Varsha Goyal va cong su
[28] va thap hon rat nhiéu so v&i 50% rom can cho Bacillus lichenformis 1-1v san xuit cellulase c6 hoat
tinh manh nhét trong nghién ctru ciia Abdel-Rahman va cong su [27]. Tuy nhién, hoat tinh cta cellulase tir
ching B. subtilis TH-VK22 khi dugc nudi cdy trén trén mdi trudng bo sung 0,5% rom lai cao hon so véi
hai nghién ctru trén.

3.5 Anh hwéng ciia nhiét do va pH nudi ciy 1én sy san xuét cellulase ciia Bacillus subtilis TH-VK22
Ngoai chiu tac dong ciia cac didu kién dinh dudng co trong méi truong nudi cdy, nhiét dé nudi cay va pH
ban dau ctia méi truong nudi ciy ciing anh hudng dén kha ning sinh tong hop cellulase ctia Bacillus subtilis
TH-VK22. Do d6, ching nay duoc nudi cdy trén moi truong thich hop da dwoc thuc hién trong céc thi
nghiém trén & cac nhiét d¢ khac nhau 25, 30, 35 va 40°C nhim danh gia kha nang san xudt cellulase. Sau
d6, pH ban dau ciia méi trudng nudi cdy tir 3,0-9,0 ciing dwoc khao sat trong mdi trudng thich hop twong
tu nhu khao sat nhiét d9. Két qua Hinh 5 thé hién hoat tinh ciia cellulase tir chung Bacillus subtilis TH-
VK22 sau mdi 12 gid nudi céy.
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Hinh 5. Anh hudng ciia nhiét d6 nudi ciy (A) va pH ban du clia méi truong nudi cdy (B) 1én kha ning hinh thanh
enzyme cellulase cua Bacillus subtilis TH-VK22

Hinh 5A thé hién hoat tinh cellulase ctia dich nudi cay B. subtilis TH-VK22 ting dan theo thoi gian va dat
cuc dai sau 48 gid nudi cdy. Trong d6, chung TH-VK22 khi dugc nudi ¢ diéu kién nhiét d6 35°C cho
cellulase c6 hoat tinh cao nhat 1a 13417,8+122,9 U/mL, hoat tinh & diéu kién nhiét d6 30, 40°C lan luot 1a
11395,6+£215,0 va 10062,2+334,9 U/mL, trong khi hoat tinh cta cellulase the”ip nhét khi chung TH-VK22
dugc nudi cay trong diéu kién nhiét d6 25°C véi chi 5795,6+451,2 U/mL. Tuy nhién, & nhiét do nudi ciy
35°C, hoat tinh ciia cellulase trong dich nudi cy c6 xu hudng giam sau 60 gio nudi cdy, trong khi hoat tinh
ndy van duoc duy tri cung khoang thoi gian & cac nhiét do 25, 30 va 40°C. Ngoai ra, 35°C ciing duoc ghi
nhan 12 nhiét do thich hop nhat cho su san xuét cellulase ctia chung vi khuan Bacillus albus va Bacillus
velezensis M2 trong nghién ctru cia Emad A. Abada va cong su [29], va Feng Li va cong sy [30]. Ngoai
ra, két qua thong ké ANOVA (d9 tin cay 95%) cho thdy co sur khac biét c6 y nghia thong ké giira hoat tinh
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cua cellulase tr chung B. subtilis TH-VK22 khi dugc nudi ¢ 35°C so véi cac nhiét do khao sat con lai. Vi
vay, B. subtilis TH-VK22 khi nudi cy trén méi truong thich hop trong cac thi nghiém trén & diéu kién
nhiét 6 35°C c6 kha ning sinh tong hop cellulase c6 hoat tinh cao nhat.

Két qua Hinh 5B cho thiy kha ning sinh tong hop cellulase ciia ching B. subtilis TH-VK22 c6 hoat tinh
cao nhét khi dugc nuoi trong moi truong cé pH ban dau 1a 5,0 voi hoat tinh 1a 12966,7+66,7 U/mL, trong
khi khoiang pH 6,0-8,0 cho hoat tinh cellulase trong dich nuéi cdy xép xi nhau la 11233,3+202,8,
11655,6+402,5 va 11288,9+33,9 U/mL, gidm khoang 11% so voi diéu kién pH 5,0 sau 48 gio nudi c?iy. Khi
nang pH 1én 9,0, hoat tinh cua cellulase dugc thu nhén tir dich nudi ce”iy la 10544,4+103,2 U/mL, giam nhe
so v6i diéu kién pH 6,0-8,0. Bén canh d6, pH 3,0 va 4,0 thé hién sy khong thich hop cho sy san xuét
cellulase khi hoat tinh thu duoc chi dat 4322,2+147,5 va 4022,2+135,9 U/mL. Két qua cho th.'?iy chung nay
c6 kha ning hoat dong tot trong khoang pH rong tir 5,0-9,0, trong d6 pH tot nhat 1a 5,0. Ngoai ra, pH 5,0
cling dugc ghi nhan 1a pH thich hop nhét cho sy sinh tong hop cellulase cta ching Bacillus velezensis M2,
Penicillium sp. va Bacillus sp. MKALG6 dugc bao cao trong nghién ctru cia Feng Li va cdng su [30], H. N.
Prasnna va cong su [31], va A. L. Mokale Kognou va cong su [32]. Bén canh d6, két qua thong ké ANOVA
(d6 tin cay 95%) cho thy c6 su khac biét c6 ¥ nghia thong ké giira hoat tinh ciia cellulase c6 trong dich
nudi cy chung B. subtilis TH-VK22 trong diéu kién pH 5,0 so véi cac diéu kién pH con lai. Do dé, pH 5,0
1a pH ban dau thich hop nhat cho qua trinh sinh tong hop cellulase ctia B. subtilis TH-VK22 trong moi
truong thich hop da dugc thuc hién trong cac thi nghiém trén.

3. KET LUAN

Thong qua qua trinh khao sat diéu kién nudi cdy thich hop, chung Bacillus subtilis TH-VK22 thé hién kha
ning sinh tong hop cellulase c6 hoat tinh cao khi duoc nudi ciy trong méi truong BHM c6 bd sung 11%
maltodextrin, 2% peptone, 0,5% rom. Ngoai viéc sir dung rom 1am nguén co chat cam tmg c6 thé lam giam
6 nhiém mai truong do du lugng phé phu pharn ndng nghi¢p sau khi thu hoach, thi nghién ctru nay con su
dung maltodextrin, mdt oligosaccharide gia ré lam ngu6n carbon dé san xuét cellulase c6 hoat tinh tuwong
d6i cao tir B. subtilis TH-VK22. Bén canh d9, chung B. subtilis TH-VK22 con thé hién sy hinh thanh
cellulase c6 hoat tinh tot khi sinh trudng trong diéu kién pH 5,0 va nhiét d 35°C. Pay l1a nhiét do thich hop
dé st dung B. subtilis TH- VK22 trong cac quy trinh cong nghi¢p ¢ Viét Nam ma khong can tiéu ton quéa
nhiéu ning lugng dé nudi cdy chung nay. Hon nita, ching B. subtilis TH-VK22 ciing thé hién kha ning
hoat dong twong dbi on dinh trong khoang pH rong tir 5,0-9,0. Qua d6, B. subtilis TH-VK22 c6 thé dugc
tmg dung dé chong chiu v6i su thay d6i pH ciia moi trudng 1én men trong khi xur ly céc vat liéu cellulose.
Ngoai ra, moi truong nudi cay ciia chiing nay cing khong can phai tiéu hao nhiéu hoa chat dé dleu chinh
gi4 tri pH ban dau. Do d6, véi nhiing vu diém trén, cellulase tu B. subtilis TH-VK22 cho thiy tiém ning
{mg dung rong rii cia minh trong cac nganh nhur cong nghiép gidy, tay rira, thirc dn chin nudi, ndng nghiép,
thuc phélm, y duogc, ... va nhién li¢u sinh hoc. Ngoai ra, cellulase tir B. subtilis TH-VK22 con c6 thé nghién
clru sau hon vé cac dic diém hoéa sinh, ciu tric, ... nhim tao co s, cung ce”ip thém dit liéu dé so sanh, ddi
chiéu cac nghién ctru trong va ngoai nudc vé enzyme nay.
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CULTURE CONDITIONS FOR CELLULASE PRODUCTION FROM
Bacillus subtilis TH-VK22

MOC-TAN NGUYEN, NGOC-AN NGUYEN, HANH THI-DIEU NGUYEN, TAN-VIET PHAM"

Institute of Biotechnology and Food technology, Industrial University of Ho Chi Minh City, 12 Nguyen
Van Bao Street, Go Vap District, Ho Chi Minh City, Vietnam.
*phamtanviet@iuh.edu.vn

Abstract: The majority of cellulase enzymes available today are derived from microorganisms. Given their
capacity for fast growth and synthesizing of a wide variety of extracellular enzymes, bacteria in particular
have emerged as a class of organisms with high potential for cellulase production and application. In this
study, the Bacillus subtilis TH-VK22 strain was investigated for its capacity to produce cellulase in basal
Bushnell Haas Medium medium (BHM) supplemented with different types of carbon and nitrogen sources
as well initial pH, inoculation temperature and time. The results showed that growing of B. subtilis TH-
VK22 in BHM medium supplemented with 11.0% maltodextrin, 2.0% peptone, and 0.5% rice straw, with
an initial pH of 5.0, 48 hours of inoculation at 35°C gave rise to the highest cellulase production. In addition,
B. subtilis TH-VK22 were shown to be able to produce high amount of cellulases in a wide range of initial
pH from 5.0 to 9.0. This finding highlights B. subtilis TH- VK22 potential in a variety of sectors, including
biofuel production, food processing, waste treatment and bioremediation.
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