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TOM TAT

Trong xu hudng clia cong nghiép hién dai vai dac trung la nén kinh té tuan hoan, cac nghién ctu
Ung dung cellulase tir vi sinh vat dé chuyén hoa cac phu pham t&r déng rudng, trang trai thanh
nhing chat nén co tinh kinh té cao trong linh vuc cdng nghé nhién liéu sinh hoc ngay cang dugc
quan tam. Bacillus velezensis, gan day ndi 1én la mot nguyén liéu tét trong kha nang xu ly cac hop
chat lignocellulose véi hoat tinh CMCase. Bai bao trinh bay viéc danh gia cac diéu kién trong quy
trinh nudi cdy va téi uu hda moi trudng thu nhan cellulase ti B. velezensis bang phuong phap dap
Ung bé mat theo thiét ké Box—Behnken. Mot s6 diéu kién nudi cdy thich hop khi thu nhan hoat
tinh CMCase, mot dang cellulase, ti ching B. velezensis dugc ghi nhan trong qua trinh khao sat:
thai gian tang sinh clia chiang vi khuén B. velezensis trong moi trudng LB 1a 8 gid; thai gian thich
hop d@é thu nhan cellulase 13 15 gi, mat do giéng 1a 1,5 x 107 CFU/mL, gid tri pH ban dau clia moi
trudng cam Ung duoc c6 dinh & pH 5. Hoat tinh CMCase dugc thu nhan sau qua trinh téi uu hoa
la 2,342 4+ 0,005 (Ul/mL) vai moi trudng bao gébm glucose 0,397%; tryptone 1,087%; CMC 0,509%,
tang khoang 2,8 lan so véi trudc khi téi uu hoa. Két qué khao sat nay co thé gép phan cho nhimg
nghién ctu tiép theo sau hon nhu thu nhan, tinh sach va danh gia hoat tinh cellulase tir chiing B.
velezensis v&i cac tac nhan tr méi trudng cling nhu cac Ung dung cellulase tir chiing vi khudn nay
trong viéc xtt ly nguon phé phu phdm néng nghiép.

Tukhoa: Bacillus velezensis, cellulase, hoat tinh CMCase, phuong phéap dap tng bé mat, téi uu hda

GIGI THIEU

Cellulase c6 nhiéu ting dung quan trong trong nhiéu
linh vuc nhu ndéng nghiép, cong nghiép, thuc phim,
dét may, san xut bia, nhién li¢u sinh hoc 2. Linh vyc
nong nghiép trong nén kinh té Viét Nam van déng vai
tro cha dao. Véi xu hudng kinh t€ tudn hoan, mot s6
phu phdm cta nganh ndéng nghiép nhu rom, ra, triu,
ba mia, vo trdi cay hién nay dugc tdn dung lam nguén
nguyén liéu ddu vao ctia qua trinh san xuét nhién liéu
sinh hoc. Quy trinh nay gitp gidm thiéu 6 nhiém moi
truong trén nhiéu khia canh nhu: nhién liéu sinh hoc
la nguén néng lugng thay thé nhién liéu hoa thach,
gidm thiéu khi d6t phat thai tit qud trinh d6t cac phé
phu phim.

Cellulase la mdt phtic hgp gébm 3 enzyme la endo-
1,4-B-D-glucanase (EC 3.2.1.4), exoglucanase (EC
3.2.1.91) va B-glucosidase (EC 3.2.1.21)® c6 kha nang
phén catlién két B-1,4-glycoside trong cdc dai phan ti
nhu cellulose, hemicellulose va lignocellulose 45 Cac
polymer nay la thanh phan chinh trong thanh té€ bao
thuc vat, mot nguodn sinh khdi hitu co déi dao trén
trai dat. Cellulase c6 thé dugc thu nhan tit mot sé chi
ndm nhu Penicillium, Aspergillus, Trichoderma®nhs
vao hoat tinh cao, tuy nhién diéu kién thu nhén dai

ngay 1la moét nhugc diém khién cho nguén nguyén liéu
nay khong dugc Iya chon. Gén day, cellulase dugc thu
nhén ti vi khudn, mot nguyén liéu tiém nang trong
phén giai cac hgp chét lignocellulose tii sinh khéi thuc
vat, mot d6i tugng d€ san xudt nhién liéu sinh hoc?.
V6i uu thé 1a tdc d6 tang trudng nhanh, moéi trudng
nudi cdy don gidn, kha ning sinh téng hgp cellulase
tot, cellulase, thu nhan tu chi Bacillus, dugc nghién
cliu rong rai’ =%,

Trong xu thé d6, cellulase thu nhan tii Bacillus velezen-
sis, mot chung loai méi dugce phat hién 10 ¢4 kha nang
san xudt nhiéu hgp chdt c¢é hoat luc sinh hoc nhu
polyketide, lipopeptide, peptide!"'?, cho thdy kha
ning phén giai carbomethylcellulose cao, m¢t dang
cellulose. O Viét Nam c6 C&m Tién va cong sy '?
da phan 1ap va khao sat mét s6 chung B. velezensis
san xudt cellulase cho hoat tinh t6t thong qua phuong
phép dinh tinh vong phan giai. Tuy nhién, cic nghién
ctiu dénh gid hoat tinh CMCase tlt chung B. velezen-
sis v& moi trudng cam tng va diéu kién thu nhan
van con han ché. Bai bédo trinh bay viéc t6i uu héa
moi trudng sinh téng hgp CMCase dugc thu nhén tu
Bacillus velezensis bang phuong phap dép ting bé mit
theo thiét ké Box—Behnken.

Trich dan bai bao nay: Diing N T, Tudn T Q. T8i uu héa méi truéng Ién men Bacillus velezensis thu nhan
CMCase bang phuong phap dap ting bé mat. Sci. Tech. Dev. J. - Nat. Sci. 2025; 9(3):3416-3424.
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VAT LIEU VA PHUONG PHAP
NGHIEN cUU

Héa chat

Carbomethylcellulose (d6 nhét trung binh), 3,5-
dinitrosalicylic acid, congo red, cao ndm men, tryp-
tone, peptone, fructose, lactose, sucrose, maltodex-
trin ctia HiMedia, An Do glucose, acetic acid, sodium
acetate, HCI, NaOH, tinh bot, tim két tinh, safarin,
NaCl cta Xilong, Trung Quéc MgSO4,7H,0, KNO3,
KH,POy;,CaCly, FeSO4-7H,0 ctia Merck, Prc.

Thiét bi

Ta an toan sinh hoc cép II loai A2 (Esco), ndi hdp
tiét tring (WiseClave), ta 4m lac (Labtech), can phan
tich (Ohaus), may do pH (Mettler Toledo), may ly
tam lanh (Eppendorf), mdy quang phd ké UV/VIS
(Metash UV-5100).

Ma&u phan lap

Céc mau dét dugc thu thép tu ting ddt mat & cac khu
viic ddt dm udt gdn kénh rach tai phuong Linh Trung,
thanh phd Thu Dic, Thanh phé H6 Chi Minh vao
thang 12 nam 2020.

Mai truéng nudi cdy va gil gidng

Moi truong tang sinh Luria Bertani Broth (LB broth):
tryptone 1%, cao ndm men 0,5%, NaCl 1%, pH 7.
Mbi trudng LB agar d€ gitt giéng: tryptone 1%, cao
nidm men 0,5%, NaCl 1%, agar 2,5%, pH 7.

Maéi trudng cam tng thu nhéan cellulase: glucose
0,25%, cao ndm men 0,5%, CMC 1%, pH 5.

Nudi cdy va bao quan giéng

Chung vi khudn dugc bao quan trong glycerol -80°C
dé luu trii trong thoi gian dai. Trong qud trinh thuc
nghiém, chang vi khudn dugc hoat hoa va luu tri
trong thach nghiéng LB agar & -4°C. Thai gian bao
quéan 2—3 tuln.

Pinh tinh kha néang sinh cellulase ctia cac
ching vi khuan phan lap

Kha nang sinh cellulase ctia cac chung vi khuén dugc
dinh tinh béng duong kinh vong phén giai sau khi o
dich enzyme tho & diéu kién 24 gig, 37°C trong dia
petri chtia moéi truong CMC 0,5% va agar 2,5%. Sau
24 gio, thudc thii congo red dugc thém vao dia petri
va u khoang 15 phut. Sau khi 0, rtia bing dung dich
NaCl 1 M trong 15 phit. Quan sat va ghi nhan vong

phan giai ',

Pinh danh vi sinh vat bang phuong phap
gidi trinh tu gene 16S rRNA

Chung dugc giai trinh tu 16S rRNA tai Cong ty
TNHH Dich vu va Thuong mai Nam Khoa theo
phuong phap Sanger. Két qua dugc so sanh véi dit
liéu trén NCBI bang chuong trinh Blast d€ chon két
qua c6 do tuong dong cao nhit. Déi chiing dugc st
dung la ching Pseudomonas boreopolis. ~ Cay phat
sinh loai dugc x4y dung trén mo hinh “General Time
Reversible” cia phan mém MEGA11 1>,

Xac dinh hoat tinh cellulase

Hoat tinh cellulase dugc xdc dinh dya vao lugng
duong khtt sinh ra & khi co chit CMC (car-
boxymethylcellulose) bi phan cit bdi cellulase trong
diéu kién pH 5 va 40°C. Thudc tht DNS dugc thém
vao d€ phan tng véi duong khi tao dung dich vang
dén do cam, sau d6 dugc do & bude séng 540 nm béng
mdy quang phd 16 Mdt don vi hoat tinh CMCase tinh
trén s6 umol glucose tao ra bgi 1 mL dich enzyme thd
trong diéu kién pH 5 va 40°C trong 1 phit.

Phuong phap thu nhan enzyme

Chung B. velezensis dugc tang sinh trong méi trudng
LB trong 8 gid. Sau d6 dugc chuyén qua moi trudng
cam ¢ng v6i mat d¢ gidng 14 1,5 x 10’ CFU/mL (ndng
do6 cu6i). Thai gian cam ting la 15 gio. Két thuc thoi
gian cam ung, thu dich néi sau khi ly tdm loai sinh
khéi té€ bao & 10°C, 10000 rpm trong 10 phit. Dich
enzyme tho dugc bao quan & -4°C va ghi nhan hoat
tinh trong ngay.

Khao sat diéu kién nuéi cay

Cac thong s6 thoi gian ting trudng trong mdi trudng
LB, thdi gian cam tng, mat do giong va pH ban dau
cta chung B. velezensis 14an lugt dugc khao sat nhu
sau. Thdi gian tdng trudng trong mdi trudng LB dugc
khao st tii 0 gio dén 24 gid. Thoi gian cam tng dugc
khao sat tii 0 gié dén 21 gi6 trong mdi trudng co ban
thu nhan cellulase. M4t d6 giong dugc khao sat trong
khoang 0,5x 10’ CFU/mL dén 3x 10’ CFU/mL (ndng
do6 cudi). Gia tri pH ban dau dugc khao sat tit pH 4
dén pH 6.

Khao sat cac tdc nhan nguén dinh duéng

Cac nguédn dinh dudng trong moéi trudng nhu cac
ngudn khodng, carbon, nitrogen dugc khao sat dong
théi dya trén moi trudng co ban bao gom glu-
cose 0,25%; cao ndm men 0,5%; CMC 1%, pH 5.
Sau nghiém thic ngudén khoang khac nhau dugc
khao sat: MgSO4,7H,0, KNO3, KH,PO4, CaCly,
FeSOy4,7H, 0, t6 hgp va nghiém thiic d6i chiing khong

3417



Tap chi Phdt trién Khoa hoc va Céng nghé — Khoa hoc Tu nhién 2025,9(3):3416-3424

b8 sung khodng. Sdu nghiém thiic nguén carbon
khéc nhau dugc khao sat & ndng do 0,25%: glucose,
fructose, lactose, sucrose, maltodextrin, tinh bot va
nghiém thic d6i chiing khong b6 sung carbon. Nam
ngudn nitrogen khac nhau dugc khéo sat & nong do
0,5%: cao ndm men, tryptone, peptone, (NH4),SO4,
NaNOj3 va nghiém thtic d6i ching khong b sung ni-
trogen.

Sau khi ¢6 dinh nguén dinh duéng, moéi trudng co
ban thu nhan cellulase ¢ thanh phén glucose 0,25%,
tryptone 0,5%, CMC 1% dugc chon lam moi truong
chuén. Khao sat ndng do cac yéu td d€ xac dinh céc gia
tribién (—1) va (+1) va gid trj trung tam (0). Nong d¢
glucose dugc khao sat tii 0% dén 1,5%. Nong do tryp-
tone dugc khao sat tit 0% dén 2,5%. Nong do CMC
dugc khao sat tit 0% dén 2%.

Thiét ké Box—Behnken

Thiét ké Box—Behnken 13 md hinh dugc chon dé
danh gid bing phuong phdp dép ting bé mat (RSM).
RSM la phuong phdp thé hién méi quan hé gitia cac
yéu t6 dnh hudng dén thi nghiém (bién doc lap) va két
qua dinh lugng d4u ra (bién phu thu¢c). Trong do,
bién ddc lap la cac yéu té moi trudng da duge ma hoa
bao gom A (% glucose), B (% tryptone), C (% CMC);
bién phu thudc Y la hoat tinh CMCase (UI/mL). Duéi
day 1a phuong trinh bac hai mé ta méi lién hé gitia cac
bién ddc lap va bién phu thudc:
Y=Bo+B1A+BaB+B3C+S11A% + BB+ 13C
+ B12AB + 13AC + §23BC

St dung phdn mém Design Expert 11, 15 thi nghiém
tuong ting 1a 15 moi trudng t6 hop cc yéu t6 khac
nhau dugc thiét lap.

Phuong phap xii ly sé liéu

Dii liéu dugc lap lai 3 1an. Dii liéu thé dugc xu Iy va
phén tich thong ké trén phdn mém Microsoft® Excel”
for Microsoft 365 MSO va IBM SPSS Statistics 26. Dit
liéu dugc mo ta dudi dang Gia tri trung binh (Mean)
=+ D¢ léch chuén (Standard deviation). Céc nghiém
thiic dugc phan tich Post hoc bing kiém dinh Tukey.

KET QUA VA THAO LUAN

Sang loc chiing vi khuan c¢é kha nang sinh
cellulase

Cellulose la mot ngudn carbon déi dao trong sinh
khoi ctia tréi ddt. Vikhuén phén giai cic hgp cht cel-
lulose phan b6 nhiéu moéi trudng da dang khéc nhau
nhu ti dat!”18, g6 muc 19 bot bién2°, chat thai cta
gia stic?!.

Bén chuing vi khuén sau khi dugc phén lap tit d4t sm
udt va lam thudn dugc ma hoa s6 liéu bao gom: N12,

N2, N9, N11 duoc khéo sat dinh tinh hoat tinh cellu-
lase bang phuong phép vong phan gidi. Két qua dugc
thé hién 6 Hinh 1 cho thdy 4 chung déu c6 kha ning
phan gidi CMC, trong d6 nghién ctiu ghi nhin ching
vi khuén N9 ¢6 két qua vong phan gidi cao nhédtla 13
mm (Bang 1). Tu két qua trén, chung N9 dugc chon
lam d6i tugng chinh trong nghién ctiu nay.
Chung sau khi tién hanh dinh danh s€¢ dugc diéu
tra sy danh hudng cta cac thanh phan moi trudng
dén hoat tinh CMCase.

Hinh 1: Kha nang phan giai cellulose cla cac chiing
vi khuan. CA: Chiing &m (nudc cat).

Bang 1: Dudng kinh vong phan giai cGia cac ching vi
khuan

Chung vi khuin DPudng kinh vong phan giai
CA 0
N2 11
N9 13
N11 10
N12 10

Ghi chii: CA: Chiing am (Nuéc cdt)

Pinh danh va mé ta hinh thai vi khuan

Duya vao két qua & Hinh 2, chung vi khudn N9 dugc
nhan dinh 1a Bacillus velezensis. Mo ta hinh théi B.
velezensis trén dia thach va kinh hién vi. Nhan thdy
khuén lac c6 mau tring duc, vién c6 mau tring bao
quanh, khuén lac 16i. Khi quan sét trén kinh hién vi,
vikhuén B. velezensis c6 dang que, thu¢c nhom Gram
duong vi thanh t€ bao bat mau xanh tim dic trung
Hinh 2A, Hinh 2B). Sau khi giai trinh tu gene 16S-
rRNA, chting N9 cho théy c6 su tuong dong 99,93 %
ctia chung Bacillus velezensis ENOL. Tt d6 da xay
dung cay phét sinh loai dya trén co s& dii liéu NCBI
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béng phidn mém BLAST véi 8 chung Bacillus khéc.
béi chiing dugc stt dung 1a chung Pseudomonas bore-
opolis (Hinh 2C).

Khao sat diéu kién nuéi cay

Hinh 3A cho théy sau 8 gi¢ ting sinh vi khuidn B.
velezensis dang & gitia pha tang truéng. Do d9, thoi
diém 8 gid dugc ¢ dinh d€ thyc hién viéc ting sinh
vi khuén cho céc khao sat. Két qua nay phu hgp véi
nghién ctiu ctia Zhi Cai va cong su??, sau 10 git ting
sinh, chung B. velzensis Z2.6 dugc ciy vao moéi trudng
hoat héa thu nhan cellulase. Sau 8 gi¢ ting sinh trong
moi trudng LB, khao sat kha nang tang trudng va hoat
tinh cellulase ti chting vi khuén trong méi trudng cadm
ung. Hinh 3B thé hién hoat tinh cellulase ting din
tli 0 gidy t6i 15 gid, sau d6 giam dan. O thoi gian 15
gig, hoat tinh cellulase cho két qua cao nhit 13 0,831
=+ 0,022 (UI/mL). Tuong ting, sinh khéi vi khudn ting
rd rét tii thoi gian 0 gi dén 6 gio; mat do vi khudn 6n
dinh dén 15 gi¢ va di xudng sau khoang thoi gian nay.
Nhaén théy, B. velezensis thé hién kha ning san xuit
cellulase trong suét thai gian tang trudng va dat hoat
tinh cao nhét & cudi pha cin bing (15 gi®). Tu do6
cho théy, cellulase tham gia vao qud trinh bién dudng
ctia B. velezensis nhu mot chit bién dudng so cap.
Dong thoi hoat tinh enzyme dugc thu nhén t6i da &
giai doan 6n dinh ctia qua trinh sinh trudng cta vi
khuidn??. So sanh véi cac nghién ctiu khéc, théi gian
thu nhan cellulase thudng tit 48 gis dén 72 gig?>*4.
Két qua nay cho thdy chung B. velezensis c6 uu thé
trong viéc rut ngin thdi gian thu nhén enzyme.

Hinh 3C va Hinh 3D cho thdy B. velezensis sinh hoat
tinh cellulase cao nhét khi ¢6 dinh ¢ mét d¢ giéng ¢ 15
x 10% (CFU/mL) va pH ban d4u & gié tri pH 5, tuong
ung la 0,871 £ 0,022 (CFU/mL) va 0,874 £ 0,021
(CFU/mL). Cac gia tri nay cho thdy mat do giong va
pH ban d4u anh hudng dén gid tri hoat tinh cellulase
thu nhén. Trong khéo sit, mit d¢ giéng dugc c6 dinh
cu thé bing cach x4y dudng tuong quan tuyén tinh
gitia gid tri AODgooym va mat 6 vi khudn (CFU/mL).
biéu nay khdc biét so v6i nhiéu nghién ctu da thuc
hién khi chi ¢6 dinh ty 1é giong cdy cho vao méi truong
theo ty 1é thé tich (v/v). Nhén théy, hoat tinh CMCase
bét d4u ting dan tit 5 x 10° CFU/mL va dat dinh & 15
x 10% CFU/mL, sau d6 giam din. Mat d¢ giéng qua
cao c6 thé ddy nhanh qud trinh tiéu thu oxygen hoa
tan va chét dinh dudng trong moi trudng, lam bién
d6i moi truong khong phit hgp cho khéa ning san xuét
enzyme 22, Vé yéu t6 pH ban d4u ctia méi trudng, cel-
lulase dugc san xudt boi B. velezensis trong khao sat da
th&hién hoat tinh t6i da ¢ pH 5 va khong c6 nhiéu sy
thay déi ¢ cac mic pH dugc khao sat. Nhiéu béo céo
trude déay cho thdy kha néing thich ing dai pH rong

trong viéc xt 1y cellulase ctia B. velezensis>?>2°,

Khao sat nguén dinh duéng

Carbohydrate, nitrogen, khoang chat la cac thanh
phén dinh dudng dong vai tro quan trong trong su
phét trién sinh khéi va hoat dong cellulase cta vi
khuén. Tl céc dai dién khac nhau ctia carbohydrate
va nitrogen thudng dugc st dung trong thu nhan

21,22,26 nhim chon

cellulase tii cac nghién ctiu trude
ra thanh phén gia ting hoat tinh cellulase t6i uu nhit,
co chét la CMC dugc ¢6 dinh ¢ cac moi trudng khao
st. Két qua ¢ Hinh 4A cho thdy & ba nghiém thiic
d6i chiing khong b6 sung khodng, t6 hgp cdc nguén
khoang, CaCl, khong c6 y nghia vé mit thong ké
doi v6i kha nidng phan giadi cellulase. Trong khi
d6 hoat tinh enzyme gidm dang k& khi thanh phan
moi trudng duge b6 sung MgSO4, KNO3 va KyHPOy.
Duya vao két qué trén, moi trudng khong bd sung
khodng thich hgp d€ thu nhén cellulase.

Dé don gian héa, mdi trudng thu nhén cellulase da
khong cé thanh phin khodng. Tiép theo, két qua khio
sat chi ra ring glucose va tryptone 14 ngudn carbohy-
drate va nitrogen ua thich ctia chiing B. velezensis khi
san sinh cellulase (Hinh 4B, Hinh 4C), két qua nay
phit hgp vé6i nghién ctiu ctia Zhi Cai va cong su??.
Bén canh d6, nhan thdy rang khé nang tiéu thu carbo-
hydrate dnh hudng dén hoat tinh cellulase giam dan
til dudng momosaccharide, disaccharide, polysaccha-
ride, két qua nay tuong dong véi cac nghién ctiu
trugc>2%7. Két qua ciing thé hién ngudn nitrogen hitu
co (tryptone, cao ndm men, peptone) tic dong tich
cyic dén hoat tinh cellulase hon nhiéu 14n so véi nguén
nitrogen v co nhu (NHy4)»SO04, NaNO3 24,28

Toém lai, méi trudng khao sat bao gom cac thanh phén:
glucose, tryptone, CMC dugc ¢ dinh d€ tién hanh
cac gia tri (-1); (0); (+1) chudn bi cho thiét ké Box-
Behnken.

Thiét ké Box-Behnken

Két qua khdo sat yéu t6 bién thanh phan méi trudng
thu nhan CMC véi ba gid tri (-1), (0), (+1) cho 3 bién
s6 thanh phéin (ndéng do glucose (%): 0,25, 0,50 va
0,75; néng do tryptone (%): 0,5, 1,0 va 1,5; 6ng do
CMC (%): 0,5, 1,0 va 1,5) dugc trinh bay trén Hinh 5.
Tht nghiém 15 méi truong dugc phan mém Design
Expert d€ xuét, di liéu dugc mo ta & Bang 2.

Sau khi thuc nghiém 15 nghiém thtc, phdn mém da
cho nhiing thong s6 dugc thé hién & Bang 3. Sau khi
phén tich, nh4n thdy mo hinh c6 y nghia théng ké khi
gid tri p-value < 0,0001. Cac nhén té glucose, tryptone
va CMC déu c6 gia tri p-value < 0,05. Bén canh do,
gid tri Lack of Fit > 0,05 chting minh khong c6 y nghia
thong ké. Phuong trinh thuc nghiém dugc phan mém
phén tich thé hién & Phuong trinh (1).
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»

Bacills velesensis (MGE45804)

Bacillus velezensis (MT184862)
Bacillus amyioliquefaciens (NRI17946)
Bacills ichengformis (KFS79276)
Baclus firmus (FJ607062)
Bacillus kochi (NR117050)
Bacilius marisflavi (KX495251)
Bacilus hatkouensis (KV933460)

Peeudomonas boreopolis (NRO40S01)

(A)

®)

©

Hinh 2: Hinh thai vi khuan B. velezensis. A: Khuan lac trén moéi trudng LB sau 24 gid; B: B. velezensis trén kinh hién

vi d6 phong dai 1000 lan; C: Cay phat sinh loai dua trén trinh tu gen 16S- rRNA.
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Hinh 3: Diéu kién nu6i cdy chang B. velezensis. A: Tuong quan gilfa thai gian tdng trudng va AODgg ., trong méi
trudng LB clia B. velezensis; B: Tuong quan gita dudng cong tang truéng, dudng cong hoat tinh theo thai gian cta
B. velezensis; C: Anh huéng ctia mat d6 giéng dén hoat tinh CMCase; D: Anh huéng ctia gia tri pH ban dau ctia moi

trudng dén hoat tinh cellulase.

HEA B
a5 5 1393
gis g -
M 8 R
2.2 32
= 8 0,900 0852
g 7 g £ =
Zoo b 0,764 ou gv o e
b = 055 := i 3 ¥ oser osm -

06 . 0,498 i £ = i £3
H g F = o361 0,255

H E % =

LS ELH

L = P 3

' : : F & & & o &

N & & s & & &
S & & 8 F &£ 5 5SS & & & §F §
& A o & o & o K & o 5 & &
i & o [ S
-4 .
Ngubn carbohydrate Ngudn nitrogen

Neubn khodne

Hinh 4: Anh hudng clia cac chat dinh dudng dén hoat tinh cellulase
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Hogt tinh CMCase (ULmL)

.5 1397
g 1,333 i

067
. 053

Ning 4§ ghucose (%)

(a)

Niing 0§ tryplonc (%)

®) (©

1.5 H 25 o 05 1 1.5
Ning 8§ CMC (%)

Hinh 5: K&t qua khao st yéu t6 bién thanh phan méi trudng thu nhan CMC

Bang 2: Hoat tinh CMCase ctia nghiém thuc méi trudng dugc phan mém Design Expert dé xuat

Nghiém thiic Nong d¢ glucose Nong d6 tryptone Nong d6 CMC Hoat tinh CMCase
(%) (%) (%) (UI/mL)
1 0,75 1,50 1,00 0,546
2 0,25 1,50 1,00 0,733
3 0,50 1,00 1,00 2,245
4 0,25 0,50 1,00 0,691
5 0,50 0,50 1,50 0,309
6 0,50 0,50 0,50 1,069
7 0,50 1,00 1,00 2,198
8 0,25 1,00 0,50 2,086
9 0,75 1,00 1,50 1,029
10 0,75 0,50 1,00 0,371
11 0,25 1,00 1,50 0,655
12 0,50 1,00 1,00 2,148
13 0,50 1,50 0,50 1,477
14 0,75 1,00 0,50 1,502
15 0,50 1,50 1,50 0,569
Hoat tinh CMCase = - 9,199 Glucose? - 4,148 day, nghién ctiu ctia Zhi Cai va cong sy ghi nhan

Tryptone? - 1,215 CMC? + 0,265 Glucose. Tryptone
+ 1,916 Glucose.CMC - 0,147 Tryptone.CMC + 6,660
Glucose + 8,531 Tryptone + 0,726 CMC (1).

bép tng bé mat clia cdc nhan t6 moi trudng anh
huéng dén hoat tinh CMCase dugc trinh bay &
Hinh 6.

Két qua du doan hoat tinh CMCase tii mdi trudng dé
xudt ctia ph4n mém Design Expert va két qua thuc
nghiém dugc 13p lai 5 1dn dugc thé hién & Bang 4.
Nhén thdy ring moi trudng thuc nghiém (glucose
0,397%, tryptone 1,087%, CMC 0,509%) cho két qua
hoat tinh CMCase thu dugc 1a 2,342 4 0,005 (UI/mL)
khong c6 su khac biét nhiéu hon 5% so v6i méi truong
du doadn 14 2,254 UI/mL. So sanh vdi cac bdo cdo trude

hoat tinh cellulase ti chung B. velezensis Z72.6 dat
3,03 UI/mL; trong khi chiing ASN-1 ghi nhan 2,42
UI/mL%.

nghién ctu trén va khao sat nay, hoat tinh enzyme

Mot trung hgp ngau nhién 13 trong cac

dugc ghi nhén sau qua trinh t6i uu héa déu xdp xi gap
3 14n so vdi trudc t6i vu.

Két qua khao sit da xac dinh chung B. velezensis mot
chting vi khuén thich hgp san xuét cellulase trén quy
md cong nghiép véi uu thé thanh phan moi trudng
chi phi tiét kiém cung thdi gian tang trudng nhanh,
dac biét quan trong la hoat tinh cellulase ghi nhan &

muc cao.
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Bang 3: Gié tri théng ké ciia mé hinh trong thiét ké Box - Behnken

Source Sum of df Mean
Squares Square
Model 7,01 9 0,7789
A (Glucose) 0,0642 1 0,0642
B (Tryptone) 0,0979 1 0,0979
C (CMC) 1,6 1 1,6
AB 0,0044 1 0,0044
AC 0,2294 1 0,2294
BC 0,0054 1 0,0054
A? 1,22 1 1,22
B2 3,97 1 3,97
€’ 0,3406 1 0,3406
Residual 0,0482 5 0,0096
Lack of Fit 0,0435 3 0,0145
Pure Error 0,0048 2 0,0024
Cor Total 7,06 14

F- value p- value

80,75 <0001  C6y nghia théng ké
6,65 0,0495
10,15 0,0244

165,39 < 0,0001

0,455 0,5299

23,78 0,0046

0,5621 0,4872

126,53 < 0,0001

411,58 < 0,0001

35,31 0,0019
6,07 0,1446 Khong c6 y nghia théng ké

Hoat tinh CMCase (U/mL)

) Tryptone (% (/.
oy & TYPLO® (% (WAD)
A Glucose (% (wA))

G

®)

Hoat tinh CMCase {Ul/mL)

€ CMC (% twivh) BeTryptome (6w € CMC (% twivi)

©

Hinh 6: M6 hinh dap ting bé mat

Bang 4: Két qua thu nhan hoat tinh CMCase tir méi truéng du doan va méi trudng thuc nghiém

Két qua Nong d6 glucose Nong d¢ tryptone  Nong do CMC  Hoat tinh CMCase
(%) (%) (%) (UI/mL)
Moi trudng du doan 0,397 1,087 0,509 2,254
Mbi trudng thic nghiém 0,397 1,087 0,509 2,342 + 0,005
L. . 200 rpm trong 15 gi6. Khéao sat mdi trudng téi uu
KET LUAN trong diéu kién nudi cdy trén ghi nhin 6 méi truong

Chung vi khuén N9 cho két qué vong phan gidi cao
nhét (13 mm) trong cac chiung vi khuén dugc phéan
lap. Sau khi dinh danh, xdc dinh chung vi khuén
la Bacillus velezensis dua trén phan tich trinh ty
gene 16S rRNA sau khi so sanh v6i NCBI. Chuang B.
velezensis thu nhan cellulase thich hop ting trudng
trong diéu kién pH 5 ban dau, mét d¢ giong l1a 1,5
x 107 CFU/mL (néng do cudi), 37°C, t6c do lic

c6 thanh phan bao gém glucose 0,397%, tryptone
1,087%, CMC 0,509% thi hoat tinh CMCase dat két
qua cao nhat la 2,342 + 0,005 (UI/mL), ting khodng
2,8 14n so véi trude khi t6i vu.

LO1 CAM ON

Nghién ctiu nay dugc tai trg bdi Trudng Pai hoc Khoa
hoc tu nhién, PHQG-HCM théng qua dé tai ma s6
T2021-16. Tac gia tran trong cam on.
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XUNG POT LOI iCH
Ciéc tac gia dong y khong co bat ky xung dot lgi ich

ndo lién quan dén cac két quéa da cong bé.

PONG GOP CUA CAC TAC GIA

Nguyén Tién Dung thuc hién céc thi nghiém, thu

thép, xtt Iy cac dit liéu va viét ban thao.

Tran Qudc Tudn dinh huéng cta nghién ciu, gép

phén thao luan cac két qua cua nghién ctiu va hoan
chinh ban thao.

TAI LIEU THAM KHAO

1.

. Siqueira JGW, et al.

. Pramanik SK, et al.

. Ye M, et al.

Ejaz U, Sohail M, Ghanemi A. Cellulases: From bioactivity to
a variety of industrial applications. Biomimetics. 2021;6(3):44.
Available from: https://doi.org/10.3390/biomimetics6030044.
Current advances in on-site cellulase
production and application on lignocellulosic biomass con-
version to biofuels: a review. Biomass and Bioenergy.
2020;132:105419. Available from: https://doi.org/10.1016/j.
biombioe.2019.105419.

. Singhania RR, et al. Cellulases. In Current developments in

biotechnology and bioengineering. Elsevier. 2017;p. 73-101.

. Liu L, et al. Diversity of cellulolytic microorganisms and mi-

crobial cellulases. International Biodeterioration & Biodegra-
dation. 2021;163:105277. Available from: https://doi.org/10.
1016/j.ibiod.2021.105277.

. Mafa MS, Pletschke BI, Malgas S. Defining the frontiers of syn-

ergism between cellulolytic enzymes for improved hydroly-
sis of lignocellulosic feedstocks. Catalysts. 2021;11(11):1343.
Available from: https://doi.org/10.3390/catal11111343.

. Singh A, et al. An overview on the recent developments in

fungal cellulase production and their industrial applications.
Bioresource Technology Reports. 2021;14:100652. Available
from: https://doi.org/10.1016/j.biteb.2021.100652.

. Malik WA, Javed S. Biochemical characterization of cellulase

from Bacillus subtilis strain and its effect on digestibility and
structural modifications of lignocellulose rich biomass. Fron-
tiers in Bioengineering and Biotechnology. 2021;9:800265.
Available from: https://doi.org/10.3389/fbioe.2021.800265.
Fermentation optimization of cellulase
production from sugarcane bagasse by Bacillus pseudomy-
coides and molecular modeling study of cellulase. Current Re-
search in Microbial Sciences. 2021;2:100013. Available from:
https://doi.org/10.1016/j.crmicr.2020.100013.

. Yang G, etal. A novel thermostable cellulase-producing Bacil-

lus licheniformis A5 acts synergistically with Bacillus subtilis
B2 to improve degradation of Chinese distillers’ grains. Biore-
source Technology. 2021;325:124729. Available from: https:
//doi.org/10.1016/j.biortech.2021.124729.

. Ruiz-Garcia C, et al. Bacillus velezensis sp. nov., a surfactant-

producing bacterium isolated from the river Vélez in Mélaga,
southern Spain. International Journal of Systematic and Evo-
lutionary Microbiology. 2005;55(1):191-195. Available from:
https://doi.org/10.1099/ijs.0.63310-0.

. Rabbee MF, et al. Bacillus velezensis: a valuable member of

bioactive molecules within plant microbiomes. Molecules.
2019;24(6):1046.  Available from: https://doi.org/10.3390/
molecules24061046.

Characteristics and application of a novel
species of Bacillus: Bacillus velezensis. ACS Chemical Biology.
2018;13(3):500-505. Available from: https://doi.org/10.1021/
acschembio.7b00874.

. Tién HTC, Thé HV. Phan 1ap va dinh danh mét s6 chiing Bacillus

spp. c6 hoat tinh cao trong tang dat mat dugc thu thap tirtinh
Binh Thuén, Tap chi Khoa hoc Bai hoc Cong Thuong. Tap chi
Khoa hoc Dai hoc Cong Thuong. 2019;18(2):48-62.

20.

21.

22.

23.

w

24,

25.

26.

27.

28.

29.

. Wita A, et al.

. Narkthewan P, Makkapan W.

The influence of temperature and nitro-
gen source on cellulolytic potential of microbiota isolated
from natural environment. Polish Journal of Microbiology.
2019;68(1):105-114. Available from: https://doi.org/10.21307/
pjm-2019-012.

. Tamura K, Stecher G, Kumar S. MEGA11: molecular evolution-

ary genetics analysis version 11. Molecular Biology and Evo-
lution. 2021;38(7):3022-3027. Available from: htttps://doi.org/
10.1093/molbev/msab120.

DPai Nghiép N. Ky thuat Sinh hoa, . Viét Nam: Nha xuét ban
Gido duc Viét Nam; 2019.

Maravi P, Kumar A. Isolation, screening and identification of
cellulolytic bacteria from soil. Biotechnology Journal Inter-
national. 2020;24(1):1-8. Available from: htttps://doi.org/10.
9734/bji/2020/v24i130092.

Cellulase activity
of Bacillus velezensis isolated from soil in a dairy
farm. IOP Conference Series: Earth and Environ-
mental Science. 2019;346(1):012040. Available from:
htttps://doi.org/10.1088/1755-1315/346/1/012040.

. MalL, etal. Screening of cellulolytic bacteria from rotten wood

of Qinling (China) for biomass degradation and cloning of
cellulases from Bacillus methylotrophicus. BMC Biotechnol-
ogy. 2020;20(2):1-13. Available from: https://doi.org/10.1186/
$12896-019-0593-8.

Maharsiwi W, et al. Screening and characterization of sponge-
associated bacteria from Seribu Island, Indonesia producing
cellulase and laccase enzymes. Biodiversitas Journal of Bio-
logical Diversity. 2020;21(3). Available from: https://doi.org/
10.13057/biodiv/d210317.

Li F, et al. Screening of cellulose degradation bacteria from
Min pigs and optimization of its cellulase production. Elec-
tronic Journal of Biotechnology. 2020;48:29-35.  Available
from: https://doi.org/10.1016/j.¢6t.2020.09.001.

Cai Z, et al. Introduction of Cellulolytic Bacterium Bacillus
velezensis Z2.6 and Its Cellulase Production Optimization. Mi-
croorganisms. 2024;12(5):979. Available from: https://doi.org/
10.3390/microorganisms12050979.

Stanbury PF, Whitaker A, Hall SJ. Culture preservation and in-
oculum development. In: Principles of Fermentation Technol-
ogy. Oxford, UK: Elsevier; 2017. p. 335-399.

Djelid H, et al. Production of a halotolerant endo-1, 4-
B-glucanase by a newly isolated Bacillus velezensis H1 on
olive mill wastes without pretreatment: purification and
characterization of the enzyme. Archives of Microbiology.
2022;204(11):681.  Available from: https://doi.org/10.1007/
500203-022-03300-2.

Thakkar A, Saraf M. Application of statistically based exper-
imental designs to optimize cellulase production and iden-
tification of gene. Natural Products and Bioprospecting.
2014;4(6):341-351. Available from: https://doi.org/10.1007/
$13659-014-0046-y.

Hungate RE. Studies on cellulose fermentation: I. The cul-
ture and physiology of an anaerobic cellulose-digesting bac-
terium. Journal of Bacteriology. 1944;48(5):499-513. Avail-
able from: https://doi.org/10.1128/jb.48.5.499-513.1944.
Ramana KV, Tomar A, Singh L.  Effect of various carbon
and nitrogen sources on cellulose synthesis by Acetobacter
xylinum. World Journal of Microbiology and Biotechnology.
2000;16:245-248. Available from: https://doi.org/10.1023/A:
1008958014270.

Areeshi MY. Microbial cellulase production using fruit wastes
and its applications in biofuels production. International Jour-
nal of Food Microbiology. 2022;378:109814. Available from:
https://doi.org/10.1016/j.ijfoodmicro.2022.109814.

Nair AS, et al. Waste office paper: a potential feedstock for cel-
lulase production by a novel strain Bacillus velezensis ASN1.
Waste Management. 2018;79:491-500. Available from: https:
//doi.org/10.1016/j.wasman.2018.08.014.

3423


https://doi.org/10.3390/biomimetics6030044
https://doi.org/10.1016/j.biombioe.2019.105419
https://doi.org/10.1016/j.biombioe.2019.105419
https://doi.org/10.1016/j.ibiod.2021.105277
https://doi.org/10.1016/j.ibiod.2021.105277
https://doi.org/10.3390/catal11111343
https://doi.org/10.1016/j.biteb.2021.100652
https://doi.org/10.3389/fbioe.2021.800265
https://doi.org/10.1016/j.crmicr.2020.100013
https://doi.org/10.1016/j.biortech.2021.124729
https://doi.org/10.1016/j.biortech.2021.124729
https://doi.org/10.1099/ijs.0.63310-0
https://doi.org/10.3390/molecules24061046
https://doi.org/10.3390/molecules24061046
https://doi.org/10.1021/acschembio.7b00874
https://doi.org/10.1021/acschembio.7b00874
https://doi.org/10.21307/pjm-2019-012
https://doi.org/10.21307/pjm-2019-012
htttps://doi.org/10.1093/molbev/msab120
htttps://doi.org/10.1093/molbev/msab120
htttps://doi.org/10.9734/bji/2020/v24i130092
htttps://doi.org/10.9734/bji/2020/v24i130092
htttps://doi.org/10.1088/1755-1315/346/1/012040
https://doi.org/10.1186/s12896-019-0593-8
https://doi.org/10.1186/s12896-019-0593-8
https://doi.org/10.13057/biodiv/d210317
https://doi.org/10.13057/biodiv/d210317
https://doi.org/10.1016/j.ejbt.2020.09.001
https://doi.org/10.3390/microorganisms12050979
https://doi.org/10.3390/microorganisms12050979
https://doi.org/10.1007/s00203-022-03300-2
https://doi.org/10.1007/s00203-022-03300-2
https://doi.org/10.1007/s13659-014-0046-y
https://doi.org/10.1007/s13659-014-0046-y
https://doi.org/10.1128/jb.48.5.499-513.1944
https://doi.org/10.1023/A:1008958014270
https://doi.org/10.1023/A:1008958014270
https://doi.org/10.1016/j.ijfoodmicro.2022.109814

Science & Technology Development Journal - Natural Sciences 2025, 9(3):3416-3424
8 Open Access Full Text Article Research Article

Optimization of the medium composition for CMCase production
from Bacillus velezensis using response surface methodology

Tien-Dung Nguyen'?”, Tuan-Quoc Tran'2

R
A \\g'e:} ABSTRACT

T In the context of modern industry characterized by a circular economy, there is growing interest in
research on the application of cellulases from microorganisms to convert by—products from fields
Use your smartphone to scan this and farms into highly economical substrates in the field of biofuel technology. Bacillus velezensis
QR code and download this article has recently emerged as a candidate with the ability to process lignocellulosic compounds with
CMCase activity. This paper presents the evaluation of the physical conditions in the culture pro-
cess and the optimization of the environment for cellulase collection from B. velezensis using the
response surface method according to the Box—Behnken design suitable culture conditions for
collecting CMCase activity from the B. velezensis strain was as follows: 8 hours of growth in LB
medium, 15 hours 8 hours of growth to collect cellulase, 1.5 x 107 CFU/mL of seed density, and an
initial pH5 for the induction medium. The CMCase activity obtained after optimization was 2.342
=+ 0.005 (UI/mL). The medium including glucose 0.397%, tryptone 1.087%, CMC 0.509% helped to
increase about 2.8 times compared to the former optimization. The obtained results would provide
a foundation for further in-depth studies, such as collecting, purifying, and evaluating cellulase ac-
tivity from B. velezensis strain with environmental agents, as well as applications of cellulase from
this bacterial strain in the treatment of agricultural by—products.
Key words: Bacillus velezensis, cellulase, CMCase activity, response surface methodology, opti-
mization
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