Nghién ctru khoa hoc cong nghé
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1. PAT VAN PE

Enzyme o-L-rhamnosidase (EC 3.2.1.40) (Rha) xtc tac phan cat dic hiéu dau
o-L-rhamnose ctia nhiéu hop chit tw nhién nhu naringin, rutin, quercitrin, hesperidin
va céc glycoside khac chira a-L-rhamnose [1]. Rha dugc sir dung trong nhiéu nganh
cong nghiép, dic biét 1a cong nghiép thuc pham. Trong sb cac loai nam, Aspergillus
niger dugc coi 12 ngudn vi sinh vat tiém ning cho qué trinh sinh tong hop enzyme
Rha khong chi boi kha nang sinh enzyme cao ma con do duoc liét ké trong danh
muc vi sinh vat an toan cho thuc phém va duoc phém [2]. Qua trinh 1én men chim
san xuat Rha ngoai bao bi anh huéng boi nhidu yéu t6 nhu thanh phan méi trudng,
néng d6 cac chat cam ung, pH ban dau, ion kim loai, thoi gian va nhiét do 1én men.
Vi vay, dé qua trinh 1én men duoc hiéu qua va on dinh, viéc t6i uu hoa cac diéu kién
1a can thiét. Phuong phap t6i wu hoa truyén thdng thue hién véi ting yéu tb, tuy don
gian, dé thuc hién nhung tdn kém chi phi va thoi gian do doi hoi bd dir liéu thwr
nghiém 16n. Ngoai ra, do khao sat don 1¢ khong phan anh twong tac giita cac yéu to,
phuong phap t6i wu truyén thdng thudng c¢é su sai 1éch 16n giita thue nghiém va mo
hinh. Dé khic phuc nhuoc diém ctua phuong phap tbi vu truyén théng, trong nghién
ctru nay chung toi st dung thiét ké t6i wu da yéu t6 theo Plackett - Burman nhim
sang loc cac yéu td anh huong [3, 4] toi kha ning sinh tong hop Rha béi 4. niger
DPH51. Sau budc sang loc ban dau, phuong phép dép tmg bé mit theo mo hinh Box -
Behnken dugc thuc hién dé xac dinh gia tri tdi uu.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

Chiing vi sinh vt va méi trueong nudi ciy

Chung A. niger DPH51 sir dung trong nghién ctru duoc tiép nhan tir bo suu tip
cua Phan vién Cong nghé sinh hoc, Trung tam Nhiét do1 Viét - Nga ¢ dang 6ng dong
kho. Sau khi hoat héa trén mi truong dinh dudng, bao tir ndm dugc thu hdi va nudi
cdy trén moi truong sinh tong hop Rha (thanh phan (g/L): KCI - 0,5; KH,POy, - 15;
NH4CI - 4; yeast extract - 5; dung dich Vishniac - 1 mL; MgS04.7H,0 10 % (w/v) -
5 mL; rhamnose - 1%; rutin 0,5%; pH 5,5 [5]) ¢ nhiét do 30°C, tbc do lac 250
vong/phut trong 7 ngay.

Xac dinh hoat do enzyme Rha

Hoat d¢ enzyme dugc xéac dinh dya trén phuong phap cua Romero va cs. [6]
v6i mot s6 cai tién. Cy thé, hit 1an lugt 0,4 ml p-nitrophenyl-a-L-rhamnopyranoside
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(pNPR) (Sigma) 3,5 mM; 0,5 ml dém axetat 0,1 M; 0,1 ml dich enzyme thé vao éng
nghiém 5 ml. U hdn hgp nay ¢ 50°C trong 10 phut. Sau d6 bd sung 3 ml NaOH 0,5
M dé dimg phan tmg. MAu dbi chimg st dung 13 dich enzyme thé duoc bit hoat &
95°C trong 30 phut. Hon hop phan tng cia miu thi nghiém va d6i ching dugc do
mat do quang tai budc song 400 nm. Dya vao dudng chuin p-nitrophenolat tinh
duoc hoat do enzyme a-L-rhamnosidase trong dich tho. Mot don vi hoat d§ cua
enzyme 1a lugng enzyme can thiét dé thuy phan co chit pNPR tao thanh 1 pmol p-
nitrophenol trong mot phit & diéu kién thi nghiém.

Xac dinh va téi wu héa cac yéu t6 anh hwéng dén sinh tdng hop Rha

Ham muc tiéu theo thiét ké Plackett-Burman dugc sit dung dé thuc hién 12 thi
nghiém vé6i su thay doi cua 11 yéu t6 bao gém cac diéu kién va thanh phan moi
truong nham xéac dinh yéu t6 anh huéng téi sinh tong hop Rha [4]. Thiét ké Box-
Behnken va phuwong phéap dap ting bé mit dugc ap dung dé xay dung cac thi nghiém
xéc dinh gid tri toi wu cho cac thong sb lua chon [5].

Ham déap tmg dugc chon hoat tinh enzyme Rha (U/ml): y = by + bjA + b,B+
b3C + b12 AB + b23 BC + b13AC + b11A2 + b22B2 + b33C2. TI'OIlg dé, bl, bz, b3 la cac
bac hé s6 1; b1, by, baz 12 cac bac hé s6 2; by, bas, bys 1a cac hé sd twong tac; A, B,
C, AB, BC, AC la cac bién doc 1ap (cac yéu t6 tdi wu). S6 liéu dugc phan tich bang
phan mém Design Expert 12.0.0.6 (Stat-Ease Inc., Minneapolis, USA).

Anh huwéng toc dd cip khi

Thi nghiém trén thiét bi 1én men 10 lit (chtra 5 lit mdi truong) voi véi cac tde
d6 cép khi khac nhau (0,2; 0,4; 0,6; 0,7; 0,8; 1; 1,2 thé tich khi/thé tich moi
truong/phat (vvm)). Cac diéu kién 1én men khac ¢ dinh theo thong sé di duoc tdi
uu trén binh tam giac nhu moi trudng thich hop, ty 1 tiép gidng 5%; nhiét do 1én
men 30°C; pH = 5,7; thoi gian 1én men 7 ngay.

Anh huéng ciia téc dd khuiy

Thi nghiém trén thiét bi 1én men 10 lit (chta 5 lit mdi trudng) véi cac toe do
khqu khac nhau (50; 100; 150; 200; 250; 300 rpm) & thé tich moi truong ban dau la
5 lit. Cac diéu kién 1én men khac duge c¢b dinh nhu méi truong thich hop; ty 1¢ tiép
gidng 5%; nhiét d6 1én men 30°C; d6 suc khi ban dau 1a 100% thé tich; toc d6 cap
khi 0,8 vvm; pH bat du 1én men 14 5,7.

3. KET QUA VA THAO LUAN

3.1. Sang loc cac yéu té anh hwéng dén qua trinh sinh tong hop Rha
Nghién ctru anh hudng cua cac yéu t6 vé& diéu kién va thanh phan méi trudng nudi
ciy chung nim Aspergillus niger DH51 dén sinh tong hop enzyme Rha di lya chon
11 yéu té voi cac gia tri khac nhau thé hién trong bang 1.
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Bang 1. Mirc d6 anh hudng cta cac yéu tb thiét ké trong ma tran Plackett-Burman

. Gia tr} cﬁ? cac Mirc d§ anh huéng
Bién A £ X Pon yeu to
56 Ten yeu to vi | Thép | Cao Anh .
(D | (1) | huing | DT
X1 KClI g/L 0,1 1,0 -0,12 0,0413
X2 Rutin % 0,1 1,0 0,535 0,0099
X3 NH,4CI g/L 1,0 10 -0,458 0,0116
X4 Yeast extract g/L 1,0 10 0,528 0,01
X5 Rhamnose % 0,5 1,5 0,645 0,0082
X6 | Dung dich Vishniac | ml/L 0,5 1,5 -0,008
X7 KH,POy4 g/L 5 20 0,32 0,0165
X8 | MgS04.7H,0 10% | ml/L 1 15 -0,155 0,0342
X9 Ty 1¢ gidng % 3 7 -0,178 0,0297
X10 Nhiét do °C 28 32 -0,44 0,012
X11 pH 4,5 6 0,61 0,0086

Bang 2. Ma tran thiét ké thi nghiém Plackett-Burman trén céc bién s6 anh huéng

] Bién s6 Rha (U/ml)
Thi

Thuc | Mo

nghiém| X1 | X2 | X3 [ X4 | X5 | X6 | X7 | X8 | X9 | X10 | X11 A N
nghiém | hinh

1 +1 -1 (+1]-1]-1]-1 |41 |+1|+1] -1 +1 0,27 10,262
2 +1 |+l | -1 [ +1 | -1 | -1 ]-1|+1]+1] +1 | -1 0,41 0,4
3 -1 | +1 | +1 -1 |+1|-1|-11]-1[+1] +1 | +1 0,97 (0,962
4 +1 | -1 |+1|+1 -1 |+1|-1}|-1]-1]+1 | +1 0,36 0,352
5 +1 | +1 -1 |+l |+1 | -1 |+1}|-1]-1] -1 +1 2,77 12,762
6 +1 |+l |+ -1 [ +1 | +1 | -1 |+1]-1]| -1 -1 0,68 0,67
7 S T e o = O S [ O A B o O A | -1 0,99 10,982
8 -1 -1 ({+1 | +1 | +1 | -1 |+1|+1|-1 | +1 -1 0,69 0,681
9 1| -1 -1 |+ | +1 | +1|-1|+1|+1] -1 +1 1,7 1,692
10 +1 -1 -1 -1 |+1]+1|+1]-1]+1] +1 -1 0,46 0,452
11 S [ o O s [ s I (O O O S I A O I | 1,12 1,112
12 -1{-1}-1-1|-1}-1}|-1]-11}-1] -1 +1 0,25 (0,241
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Két qua phan tich mtc do anh hudng trén 11 yéu t6 cho thay, 3 yéu t6 anh
huong 16n (gia tri duong) dén qud trinh sinh tong hop Rha 1a ndéng do rutin,
rhamnose va pH ban dau véi mirc ¥ nghia o = 0,05 (p-value < 0,05). Cin ctr vao hé
s6 anh huong, nhan théy rﬁng néng doé rhamnose c6 tac dong manh nhét dén hoat do
Rha (0,645), tiép dén 1a pH ban dau cua méi truong (0,61) va cubi cing 1a ndng do
rutin (0,535) (bang 1). Vi vdy ndng do rhamnose, rutin va pH 1a nhimg yéu t6 anh
hudng 16n nhat dén hoat d6 enzyme Rha cia chung 4. niger DPH51 theo phuong
phap dap mg bé mit Box-Behnken.

3.2. T6i wu héa cac yéu t6 anh hwéng dén qua trinh sinh tong hop Rha

Trén co s khao sat thuc nghiém cac yéu td anh huong dén kha ning téng hop
Rha cho thay néng d6 rhamnose, nong d6 rutin va pH ban dau 1a nhimng yéu t6 anh
huong déang ké dén kha ning sinh tong hop Rha. Nham lya chon céac théng s6 tdi uu
cho cac yéu t6 nay chung t6i chon quy hoach bac hai Box-Behnken, str dung tbi wu 3
yéu t6 voi 17 thi nghiém trong d6 5 thi nghiém 13p lai tai tim (bang 3).
Bing 3. Ma tran thyc nghiém Box-Benhnken ba yéu té va hoat d6 Rha trong céc
diéu kién khéc nhau

TN Rh?f,;‘o')‘ose Rutin (%) pH H"‘E‘Itj?r?ﬂl;ha
1 0,5 0,2 5,5 2,72
2 1,5 0,2 5,5 2,9
3 0,5 0,8 5,5 2,55
4 1,5 0,8 5,5 3,42
5 0,5 0,5 5 2,68
6 1,5 0,5 5 3,25
7 0,5 0,5 6 3,2
8 1,5 0,5 6 3,37
9 1 0,2 5 3,11
10 1 0,8 5 2,93
1 1 0,2 6 3,0
12 1 0,8 6 3,45
13 1 0,5 5,5 3,57
14 1 0,5 5,5 3,6
15 1 0,5 5,5 3,63
16 1 0,5 5,5 3,61
17 1 0,5 5,5 3,66
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Két qua cho thidy hoat d6 Rha trong méi trudng nudi cdy dat dugc trong
khoang 2,55 dén 3,66 U/ml, tuong tng véi thi nghiém sé 3 va 17. Két qua phén tich
phuong sai cua m6 hinh t61 wu bang phan mém DX 12.0.0.6 trinh bay trong bang 4
cing cho thay yéu t6 ndong do rhamnose va pH anh hudng manh dén qué trinh sinh
tong hop enzym. Gia tri F ctia mo hinh 13 68,55 v&i p < 0,0001 (p < 0,05) cho thay
dang mo6 hinh da lwa chon dung. Gia tr1 p cua “khong twong thich” la 0,0624
(p > 0,05) cho thidy mé hinh nay phu hop véi thuc nghiém.

Bang 4. Két qua phan tich phuong sai ciia mé hinh

Théng s6 Tong binh | Bic tw | Sai §6 Anh | Chuin | Mikc co
phuong do chuan | hudéng F nghia p
Mo hinh 2,11 9 3,61 68,55 | <0,0001
A-Rhamnose 0,4005 1 0,0207 | 0,2237 | 117,08 | <0,0001
B-Rutin 0,0480 1 0,0207 | 0,0775 | 14,05 0,0072
C-pH 0,1378 1 0,0207 | 0,1313 | 40,29 0,0004
AB 0,1190 1 0,0292 | 0,1725 | 34,80 0,0006
AC 0,0400 1 0,0292 -0,1 11,69 0,0111
BC 0,0992 1 0,0292 | 0,1575 | 29,01 0,0010
A? 0,5427 1 0,0285 | -0,357 | 156,88 | <0,0001
B? 0,5502 1 0,0285 [-0,3595 | 159,08 | <0,0001
C? 0,0756 1 0,0285 | -0,132 | 2145 0,0024
Residual 0,0213 7
Khong tuong thich | 0,0194 3 5,73 0,0624
Sai 56 0,0045 4
Tong 2,13 16

Phuong trinh hdi quy biéu hién a-L-rhamnosidase mo ta anh huéng cta céc
yéu té doc 1ap (A, B va C) va cac mdi tuong tac giira chiing dugc biéu dién nhu sau:
Rha (U/ml) = 3,61 + 0,2237A + 0,0775B + 0,1313C + 0,1725AB - 0,1AC +
0,1575BC - 0,357A% - 0,3595B” - 0,132C".

C

Hinh 1. Bé mit dap tng cua hoat d6 Rha. A - thay d6i nong d6 Rhamnose va rutin
moi truong (pH 5,5); B - thay d6i nong d6 rhamnose va pH cua moi truong (noéng do
rutin - 0,5%); C - pH va ndng d¢ rutin thay doi (nong d6 rhamnose - 1,0%)
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Mo hinh dugc kiém chung khi tién hanh thuc nghiém & gid tri toi wu, hoat tinh
Rha dat duoc 3,67+0,02 U/ml sau 7 ngay nudi cdy. Két qua thu nhan dugc co do
tuong thich cao so voi Iy thuyét va diéu nay cho thiy, phuong phap dap Gmg bé mit
duoc lua chon dé t8i wu cac diéu kién 1én men la phu hop, c6 do on dinh cao.
Phuong phap tuong tu (thiét ké Box-Behnken) di duoc sir dung dé t6i wu hoa qua
trinh 1én men ran sinh Rha boi 4. niger va gitp tang hiéu qua 1én 37% [7]. Yadav va
cong su st dung phuong phap Taguchi DOE dé tbi wu diéu kién san xuét o-L-
rhamnosidase tir Aspergillus flavus khi 1én men chim. Trong dé, 5 yéu t6 quan trong
bao gém chit cam ung (naringin), thoi gian 1én men, nhi¢t d§ 1én men, pH moi
trudong va ion kim loai dwge xdc dinh va & diéu kién téi wu hoat tinh o-L-
rhamnosidase dat 3,88 U/ml [1].

St dung phuong phap ham ky vong dé t6i uu hoa hoat d6 Rha thu duoc trong
moi truong nudi cdy chung A.niger DPH51 bang phan mem Design-Expert (DX
12.0.0.6) cho thdy phuong an dé cuc dai ham muc tiéu la: ndng d6 rhamnose 1,15%,
néng dd rutin 0,59 % va pH 5,78. Khi do6 hoat do Rha dat dugc trong cac diéu kién
trén theo tinh todn 1a 3,697 U/ml (hinh 2).

| « | | | = 1L

05 15 02 08

ARhamnose = 1.15412 B:Rutin = 0.591654

] =1 | NNy

S 6 255 366

C:pH = 578126 Rha = 369721

Hinh 2. Ham ky vong va diéu kién t6i wu 1én men thu Rha tir 4.niger DH51
Thanh phan méi truong 1én men tdi wu MT3: KCI - 0,5 (g/L); KH,PO4 - 15
(g/L); NH4Cl - 4 (g/L); yeast extract - 5 (g/L); dung dich Vishniac - 1 mL;
MgS0,.7H,0 10% - 5 mL; Rhamnose - 1,1 (%); rutin - 0,6 (%); pH 5,7 va cac diéu
kién 1én men: nhiét d6 30°C; ty 1& gidng 5%; thoi gian nudi ciy 7 ngay.

3.3. T6i wu cac diéu kién sinh téng hop Rha trén thiét bi 1én men 10 lit
Khao sdt dj cap khi

Trong qué trinh 1én men hiéu khi, toc d0 cap khi dong vai tro quan trong doi
v61 kha ndng hoa tan oxi, kha ndng chay ro1 va toc do tuan hoan cua khoi dich, va do
do sé tac dong dén kha nang trao doi chat cua vi sinh vat.

Két qua khao sat cho thay toc do suc khi c6 anh huéng rat 16n dén kha ning
sinh tong hop Rha cua 4. niger DPH51. Hoat d6 enzym Rha ting nhanh khi ting toc
d6 cap khi tir 0,2 vvm 1én 0,8 vvm. Tuy nhién khi tiép tuc tang toc do cap khi (1,0 va
1,2 vvm) hoat t1nh Rha ¢ xu huéng giam dan (hinh 3). Vai két qua trén, ching t6i
Iwra chon tdc d6 cép khi 0,8 vvm cho cac nghién ctru tiép theo cua qua trinh 1én men.
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Hinh 3. Anh huéng cia toc do cap khi dén kha ning sinh Rha
Khao sdt toc d¢ khudy

Trong qua trinh sinh truéng cua ching nim A.niger DH51 trong hé thong 1én
men, toc do cap khi va tdc d6 khudy cung hd tro nang cao kha ning sinh tong hop
enzyme Rha. Két qua khao sat anh huong cua téc d6 khudy dugc mé ta trén hinh 4.
Véi tée d6 khudy 50 rpm, hoat d6 enzym thu duoc dat 0,65 U/ml. Khi toc do khuay
tang 1én 200 rpm, hoat d6 enzyme sinh ra cling tang manh va dat 3,82 U/ml. Tuy
nhién, khi tiép tuc tang tbc do khuay (250 ppm va 300 rpm) qua trinh sinh tong hop
Rha giam di dang ké (hinh 4). Piéu nay co the ly giai boi toc do khuay cao c6 thé
dan toi sy phan cit soi ndm va lam giam s luorng té bao sdng. Tdc do khudy 200
rpm, cap khi 0,8 vvim dugc lya chon lam thong s cho qua trinh 1€n men trén thiét bi
1én men 10 lit.
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Toc ao khua) (rpm)
Hinh 4. Anh huéng cia téc d6 khudy dén kha ning sinh Rha
So' d6 Ién men sinh Rha tiv chiing A.niger PHS51 trén thiét bi lén men 10 lit

Véi nhitng diéu kién t6i wu da duogc thiét 1ap qua cac nghién ctru tdi wu, dé thu
dich enzyme tho Rha tir chung A4.niger PHS51 trén thiét bi Ién men 10 lit, nhém
nghién ctru da xay dung so d6 nhu sau:
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Ching Aspergillus niger
PHS51

30°C, 05 ngay;
MT PDA, dia thach Hoat héa chiing < Xac dinh so luong
. bao tir ~ 10° bao tir
5% dich bao tir
v
Méi trudng nhin gidng Nhan sib A
= > in giong cap 1 250rpm, 30°C, 03 ngay
MTI, pH = 5,7 & thé tich 300 ml
5% gibng cép 1
\ 4
Mbi truong 1én men MT3, R R Thé tich 05 lit, 200
pH 5,7 > L‘eAn men chim tren’ rpm, 30°C, 07 ngay
Thiét bi 1én men Winpact thiét bj 1én men 10 lit Suc khi 0,8 vvm
Bi sinh khéi
1én men
Xac dinh hoat do
enzyme Rha

So d6 1. So dd 1én men va thu dich enzyme a-L-rhamnosidase
tir ching Aspergillus niger DH51 trén thiét bi 1én men 10L Winpact

Hinh 5. Lén men trén thiét bi 1én men 10 lit Winpact
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4. KET LUAN

Tir 11 yéu t6 ban dau di sang loc va chon dugc 3 yéu t6 anh huéng chinh 1a
nong d6 rhamnose, nong do rutin va pH bang thiét ké ma tran Plackett-Burman. Su
dung phuong phap dap tng bé mit Box-Behnken di t6i uu duoc thanh phin méi
truong va diéu kién 1én men. Hoat tinh enzyme o-L- rhamnosidase cao nhat thu nhan
duogc 14 3,67 U/ml sau 7 ngay 1én men véi cac thong sb 1én men ban dau 1,1%
rhamnose; 0,6% rutin va pH 5,7. Két qua t6i uu trong diéu kién 1én men binh tam
gidc di duoc ap dung cho 1én men trén thiét bi 10 lit Winpact véi cac thong s6 phu
hop 1a téc do suc khi (0,8 vvm) va tc d6 khudy (200 rpm). Quy trinh cho hiéu qua
lén men cao, 6n dinh va tao tién dé cho nghién ciu thu nhan enzyme o-L-
rhamnosidase & quy mo6 cong nghiép.

Loi cam on: Cong trinh dwoc hé tro kinh phi tiv dé tai thugc Dé an phat trién
va ung dung Cong nghé sinh hoc trong linh vuc ché bién déen nam 2020, Hop dong
so 07/HD-DT.07.18/CNSHCB.
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Nghién ctru khoa hoc c6ng nghé

SUMMARY

OPTIMIZATION OF FERMENTATION PARAMETERS FOR PRODUCTION
a-L-RHAMNOSIDASE BY ASPERGILLUS NIGER BH51 USING
RESPONSE SURFACE METHODOLOGY

The Response Surface Methodology (RSM) was used to optimize the
fermentation condition for the production of a-L-rhamnosidase by Aspergillus niger
DPHS51. RSM reflects the interaction and impact of different variables at a given
moment. Among 11 surveyed factors by Plackett-Burman design, the concentrations of
rhamnose, rutin, and pH were identified as the 3 most influencing factors on the o-L-
rhamnosidase production (p < 0.05). The optimal conditions derived from Box-
Behnken design were: rthamnose = 1.1%, rutin = 0.6% and pH = 5.7. Under this
condition, the highest a-L-rhamnosidase activity obtained was 3.67 U/ml. When
switching to fermentation in the Winpact 10 L fermentor, a-L-rhamnosidase activity of
3.85 U/ml was obtained at an agitation speed of 200 rpm and aeration rate of 0.8 vvm.

Keywords: o-L-rhamnosidase, Plackett-Burman, isoquercetin, fermentation.
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