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Sang loc moi trwong nudi cdy va diéu kién Ién men toi wu
cho sinh tong hop transglutaminase cua chung Streptomyces sp. TG1G1
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Tom tat:

Transglutaminase tir vi sinh vat (MTGase) xiic tic tao ra lién két isopeptide giita nhom y-carboxamide ciia géc glutamine 1a chét
cho acyl va nhém c-amine ciia cac hop chit khac nhau nhw I3 chit nhin lam thay ddi cdu tric protein. Muc tiéu ciia nghién
ciru 1 Iya chon mdi trwomg nudi cAy phit hop va ti wu héa diéu kién 1én men nhim ting hoat tinh transglutaminase ciia chiing
Streptomyces sp. TG1G1. Nghién ciru tién hanh theo cic cong thirc méi truong khac nhau, sau d6 cac gia tri toi wu diéu kién 1én
men bao gf)m pH, nhiét do va th0'1 gian ciing dwge khio sat. Két qua cho théy, hoat tinh MTGase cao nhit duge ghi nhin & moi
trwong chira peptone (1%), cao niAm men (0,2%), MgSO,.7H,0 (0,2%), KH,PO, (0,4%), Na,HPO, (0,5%), bot ddu nanh (1,5%),
tinh bot khoai tay (1,5%), glucose (0,5%). Hoat tinh MTGase dat murc cao nhat (43 6 mU/ml) v0'1 dleu kién nu01 & pH 7,5, nhiét do
30°C trong 4 ngay. Hoat tinh MTGase tang 1én khi moi tru’o’ng nudi cay chlra hon hgp ba nguon carbon gom bot diu nanh, tinh
bt khoai tiy va glucose. Trong nghién ciru da dwa ra diéu kién nuéi cay va yeu t6 méi truong phu hgp cho chiing Streptomyces sp.
TG1G1 sinh tong hgp transglutaminase.

Tir khéa: méi trwedng 1én men, phwong phap dap ting bé mit, Streptomyces, t6i wu héa diéu kién, transglutaminase tir vi sinh vat.
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Abstract:

Microbial transglutaminase (MTGase) catalyses the creation of isopeptide bonds between the y-carboxamide group of the
glutamine residues as acyl donors and the e-amine group of different compounds as a receptor that modifies protein structure.
This research objective was to improve the transglutaminase activity produced by a strain of Streptomyces sp. TG1G1 by choosing
an appropriate medium and optimising fermentation conditions. The study started with screening different media formulations
and then various fermentation conditions, including pH, temperature, and time for optimal MTGase production. The findings
of these studies revealed that the maximum MTGase activity was shown in the medium composed of peptone (1%), yeast extract
(0.2%), MgSO,.7H,0 (0.2%), KH,PO, (0.4%), Na,HPO, (0.5%), soybean powder (1.5%), potato starch (1.5%), and glucose
(0.5%). MTGase activity reached the highest level (43.6 mU/ml) under the following culture conditions: pH 7.5, temperature of
30°C, for 4 days of culture. In addition, MTGase activity increased when the culture medium contained three carbon sources,
including soybean meal, potato starch, and glucose. These results propose appropriate culture conditions and medium factors for
transglutaminase biosynthesis of Streptomyces sp. strain TG1G1.

Keywords: conditions optimisation, fermentation environment, microbial transglutaminase, response surface methodology,
Streptomyces.
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1. Dt van de

Transglutaminase (EC 2.3.2.13; protein-glutamine
y-glutaminyltranferase) 1a mot nhom enzyme xuc tac cho
phan @mg chuyén acyl, hinh thanh lién két cong hod tri gitta
nhom e-amino cia lysine gin véi protein hodc peptide va
nhém y-carbonxamide ctia glutamine gan véi protein hogc
peptide [1]. Tir d0, cdu tric cua protein dugc cai thién thong
qua cac lién két ngang dugc hinh thanh trong hoic giita cac
phan tu, gitip thay ddi cac dic tinh cua protein [1, 2]. Do do,
transglutaminase dugc ing dung rong rai trong nganh cong
nghiép ché bién thuc pham, véi muc dich phat trién va cai
tién ddc tinh chirc ning protein ¢ trong cac san pham nhur
tang thoi han st dung, tang gia tri dinh dudng cling nhu cai
thién d6 nhét, do dan hoi va kha nang gilt nuéce [1, 2].

Transglutaminase c6 trong cac mo té bao dong vat, thuc vat
va vi sinh vat. Do quy trinh thu nhan va tinh sach enzyme tir t&
bao dong vat, thyc vat kha phirc tap va chi thu dugc lugng nho
san pham nén ngudn transglutaminase tir vi sinh vat (microbial
transglutaminase, MTGase) duoc nghién cru nhu mét nguon
thay thé tiém nang [1, 2]. Qué trinh nudi cdy vi sinh vat gitip san
xuat MTGase v6i s6 lugng 16n tir cac thanh phan méi trudng co
chi phi thap [3]. Theo do, t6i uu hoa qua trinh 1én men 1a can thiét
bdi vi cac thanh phdn méi truong nudi cdy hay cac diéu kién 1én
men déu anh huong dén quy trinh san xuat cong nghiép [4].

Ky thuat duoge su dung dé t8i wu hoa moi truong dua trén
viéc toi ru timg nhan t (one-at-a-time) c6 wu diém la don gian
va dé thyc hién, trong d6 mirc do cua mot yéu t6 dugc thay
ddi trong khi gitr nguyén cac yéu t6 khac dugc trinh bay trén
d6 thi ma khong can phai phéan tich théng ké [2, 5]. Dong thoi,
phuong phap dap mg bé mit (RSM) va mé hinh thuc nghiém
duoc thiét ké theo phuong phéap Box-Behnken, mé ta bang
thuat toan cac mdi quan hé ton tai gitra cac diéu kién nudi (pH,
nhiét do va thoi gian) mot cach doc 1ap va thu nhén ham muc
tiéu 1a hoat tinh MTGase. Tir d6 danh gié tic dong ciia cac bién
khéc nhau, dong thoi thiét 1ap cac diéu kién t6i wu ciia mot hé
thong da bién dé dat dugc cac phan tng c6 ¥ nghia [5]. Trong
nghién ciru nay véi muyc tiéu thuce hién 1a t6i wu hoa qué trinh
1én men cta chung Streptomyces sp. TG1G1 c6 kha nang sinh
transglutaminase dé thu nhan t&i da hoat tinh enzyme.

2. Déi tuong va phuong phap nghién ciiu
2.1. Poi twong

Chung Streptomyces sp. dugc su dung trong nghién
ctru ¢ ky hiéu la TG1GI1, dugc cung cap tur by ching
Streptomyces sp. cua Phong Coéng ngh¢ Sinh hoc Thuc
pham Trung tdm Cong nghé Sinh hoc TP Ho6 Chi Minh.

2.2. Phwong phap nghién cvru

2.2.1. Sang loc méi trong t6i wu sinh MTGase

~ Chung khao sat duoc c;”iy vao moéi truong tang sinh
cap 1 (peptone 2%, cao nam men 0,2%, KH,PO, 0,2%,
MgSO,.7H,0 0,1%, tinh bot tan 2%, glucose 0,5%), dugc
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nudi lic & 30°C 250 vong/phiit trong 3 ngay. Sau do, sinh
khéi cdp 1 duge chuyén vao méi truong khao sat (ty 1é ciy
10%) va 1én men trong 4 ngay voi cung diéu kién. Sau do
tién hanh ly tam (7.500 vong/phut) trong 15 phut & 4°C thu
dich ndi chira enzyme thd. Xéac dinh hoat tinh enzyme cing
diéu kién dé lya chon moi truong thich hop dé thu duogc
MTGase co6 hoat tinh cao. Nam moi truong khac nhau duoc
khao sat, thay d6i ngudn carbon va nito voi muc dich tim ra
cong thie phi hop dé tong hop transglutaminase véi ning
suat cao. Cac thanh phan ctia méi truong 1én men duoc tham
khao tir cac nghién ctru dugc trinh bay ¢ bang 1.

Bang 1. Thanh phan ctia cac méi trwéng khao sat.

Mai N . N Tiilidu
g Nguon carbon  Nguon nito Nguon khoéng tham khiio
Tinh bot khoai MgS0,.7H,0 0,19
Moi hm gl Peptone 1,5%, 850, 7H,00,1%
ruome A tay 2%, glucose bt diu nanh 2% KH,PO, 0,5% [6]
u
8% Lsw e " NaHPO,0.5%
Peptone 1,05% MgS0,.7H,0 0,05%
Mo Glyeerol 3,12%, g "0 82wl B BT
wuone B tinh bat tan 2% cao nam men 0,25%  KH,PO, 0,2% [7]
& ; casein 3,84% Na,HPO, 0,5%
o Tinh bot khoai ~ Bot dau nanh 1,5%,  Mg80,.7H,0 0,2%
- tay 2% glucose  peptone 1%, KH,PO, 0,4% [2]
€ 0,2% cao nm men 0,2% Na,HPO, 0,5%
M .TH,0 0,29
- Peptone 2%, g50,7H,0 0.2%
Mai o B KH,PO, 0,2%
) Tinh bot tan 2%  cao nam men 0,5%, R [8]
truong D (NH.).80, 2% K,HPO, 0,2%
SR CaCl, 0,1%
. MgS0,.7H,0 0,2%
Moi o Peptone 2%, e ’
ruimg E Tinh bot tan 2% cao nkm men 0.2% KH,PO, 0,2% [9]
¢ R HPO, 0%

2.2.2. Téi wu héa diéu kién nuéi cdy sinh MTGase

Phuong phap dép ung bé mat (RSM) va thiét ké thir
nghiém Box-Behnken dugc sir dung dé danh gia anh huong
clia cac thong s didu kién nuéi cay 1én qua trinh sinh tong
hop MTGase tir ching TG1G1. 3 yéu t6 dugc chon 1am bién
doc 1ap 1a pH (A), nhiét d6 (B), thoi gian (C), mdi yéu td
duoc khao sat ¢ 3 muc (-1, 0, 1) voi 15 nghiém thtc, trong
d6 c6 3 thi nghiém ¢ tam, 3 lan 1ap lai, ham muc tiéu 1a hoat
tinh enzyme MTGase (Y).

Gia tri ma hoa cua cac bién doc 1ap cho thiét ké Box-
Behnken dugc thé hién ¢ bang 2.

Bang 2. Gi&i han va cac mirc d6 ma hoéa cua 3 yéu t6 khao sat
thwe nghiém.

A pH 6,5 75 8,5 [10]
B Nhiét d¢ (°C) 26 30 34 [2]
C Thoi gian (ngay) 2 4 6 [10]

Chi tiéu theo dbi: hoat tinh MTGase (Y).
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2.2.3. Phuong phap do hoat tinh MTGase

Hoat tinh MTGase duoc x4c dinh bang phuwong phép so
mau stir dung N-carbobenzoxy-L-glutaminylglycine (Z-Gln-
Gly) lam co chat theo mé ta cua J. Folk va cs (1996) [11].
Hdn hop phan tng chira 0,2 ml co chat (Z-Gln-Gly, tris
buffer 1M, hydroxylamine 200 mM, CaCl, 1 M) u ¢ 37°C,
b6 sung 0,03 ml MTGase thu dugc, tron deu vau ¢ 37°C
trong 10 phut. Sau d6, nging phan u'ng bang cach thém 0,5
ml dung dich TCA 12% tron déu, tiép tuc bo sung 0,5 ml
dung dich FeCl, 5%, tron déu va ly tam & toc do 5.000 vong/
phut trong 5 phut do do hap thu & budce song 525 nm, si
dung L-glutamic acid y-monohydroxamate lam chat chuan.
Hoat tinh chung cia MTGase dugc dinh nghia la mdt don
vi MTGase tuong Gng lugng enzyme gy ra sy hinh thanh
1 uM L-glutamic acid y-monohydroxamate trong mot phut
0 37°C, pH 6,0. Ham luong protein cua MTGase thu nhan
dugc xac dinh bang phwong phéap Bradford [12] va hoat tinh
riéng ctia enzyme 1a s6 don vi hoat tinh cua enzyme trong
1 mg protein.

2.2.4. Phirong phap phdn tich va xu ly

Thi nghiém dugc thiét ké va phén tich thong ké bang phan
mém Design Expert® 12.0.3 (Stat-Ease, Inc., Minneapolis,
MN, M¥). M6 hinh dugc kiém dinh thong qua kiém dinh
ANOVA.

3. Két gua va ban luan
3.1. Sang loc méi trwong toi wu sinh MTGase

Ching TG1G1 ¢6 kha ning sinh MTGase véi cac nong
dd protein, hoat tinh chung va riéng khac nhau tuy thudc vao
diéu kién moi truong nudi cdy (bang 3). Cu thé, moi truong
C cho hoat tinh cao hon so vdi cac moi truong con lai. Qua
bang 3, mdi truong A va C c6 sy phdi hop giita hai ngudn
carbon la tinh bot khoai tay va glucose cho hoat tinh MTGase
t6t hon nhitng moi truong chi st dung moét loai carbon (tinh
bot tan) nhu D va E. Dong thoi, ngudn carbon 1a glycerol
phdi hop véi tinh bot tan khong mang lai hiéu qua twong tu
nhu khi phéi hop giira tinh bot khoai tay va glucose. Tir su
khéc biét nay, c6 thé thiy, ngudn carbon tir tinh bot va ngudn
nito 1a peptone giit vai trd quan trong trong qua trinh 1én men
va thu nhan MTGase, dé nang cao hi¢u qua thu nhan enzyme
viéc phdi hop giita cac ngudn carbon khac nhau vé cing
quan trong. Két qua tuong ty nhu nghién ctru ciia G. Bahrim
va ¢s (2010) [13], mdi truong cd st dung bot khoai tay va
glucose kich thich sinh MTGase tét hon cac ngudn carbon
don 1¢ khac, va peptone 1a yéu t6 anh huong dén qua trinh
sinh enzyme. Ngoai ra, moi truong C phu hop cho qua trinh
thu nhan MTGase v6i hoat tinh va do tinh sach ctia enzyme
cao hon ¢ cac moi truong khao sat khac, duoc thé hién qua
ham lugng protein tuong dbi it, gitip cho san pham MTGase
thu nhan ¢6 hoat tinh riéng cao hon.
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Bang 3. Hoat tinh MTGase cua chiing TG1G1 trén cac moéi trweong
khao sat.

Mobi truong Hoat tinh chung (mU/ml)  Nong df protein (ng/ml)  Hoat tinh riéng (mU/mg)
Moi truomg A~ 38,683°+0,286 483,23"+4,01 80,054°+0,556
Moi truong B 36,754°40,078 485,50°+3,88 75,709°0,385
Moi truomg C -~ 40,77940,058 396,37:+2,88 102,940,120
Moi truong D 38,374°+0,073 557,72%45,59 68,809+0,614
Moi truong E- 32,8884+0,656 492,36"3,01 66,7974+0,594

Cac chi¥ cai trén cling mot cot biéu thi sy khac biét cé y nghia thdng
ké p<0,05.

3.2. Toi wu hoa diéu kién nuéi cay sinh MTGase

Theo phuong phap dap tmg bé mit, diéu kién nudi cdy
sinh tng hop MTGase tir ching TG1G1 dugc thuc hién ti
wu hoa bang cach quy hoach thuc nghiém véi ba yéu t6 anh
hudng 1a pH (A), nhiét d6 (B), thoi gian (C) dé xac dinh gia
tri tdi wu. Cac thi nghiém khao sat dugc bd tri theo phuong
phap Box-Behnken gom 15 nghiém thirc, trong d6 co 3
nghiém thic & tdm, mdi thi nghiém dugc tién hanh 3 lan
lap lai va 1§y Kkét qua trung binh, ham muc tiéu 1a hoat tinh
MTGase (Y). Trong nghién ctru, khoang t6i vu dwoc chon
sau khi tham khdo tai li€u 1a pH 6,5-8,5, nhiét d6 nudi 26-
34°C va thoi gian nudi cdy 2-6 ngay, két qua khao sat cta cac
nghiém thirc dwoc trinh bay chi tiét trong bang 4.

Bang 4. Hoat tinh MTGase ctua TG1G1 thu nhan tir cac nghiém
thire bé tri.

Nghiém B: nhi¢td) C:thoigian Hoat tinh MTGase ~Gia tri dw doan

SOTT e APH g (ngay) (mU/ml) (mU/ml)
s 10 1 357918 261
9 7 0 1 1 34 2.9
09 0 + 1 2 2997
6 13+ 0 1 441574 440
T VA 0 702716 90
305 1 4 0 229194 129
36 0 0 0 53,6782 13,08
41 0 0 0 12,9982 13,08
15 4 0 0 0 12,559 13,08
28 q 0 105 115
43 A 4 0 4,14702 2,17
7 2 10 + 3,265 3,6
o100 1 +1 4 39,03
o1 0 + + 1 2501
§ 12+ 0 + 38783 484

Biéu d6 3D cua ham muc tiéu hoat tinh MTGase thuc
nghiém theo phuong phap dap tmg bé mat duoc thé hién &
hinh 1. M5 hinh 3D thé hién anh hudng va twong tac cua cac
bién doc 1ap dén qué trinh sinh téng hop MTGase, gitip thu
nhan hoat tinh MTGase cao hon. Hinh 1 va 2 cho théy, cal
yéu t6 pH, nhiét do va thoi gian déu c6 anh huong dén qua
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Hinh 1. Biéu d6 3D vé anh hwéng cta hai yéu té dén hoat tinh MTGase. M&i vong tron mé cho biét cac gia tri dw doan dwoc wéc tinh tir
phuwong trinh thu dwoc. Khi tac dong clia hai yéu té dwoc vé, yéu té con lai dwoc dt & cac gia tri trung binh nhw sau: 4 ngay, 30°C va pH 7,5).
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Hinh 2. Dy doan si thay ddi hoat tinh MTGase khi thay déi cac yéu t6 nudi cay.

trinh sinh tong hgp MTGase. Hinh 1 biéu d6 A-B va A-C ¢6
dang mat cong 16i, ddc va c6 dinh cuc dai rd rang & diéu kién
khao sat pH cho thidy mirc d anh huong chu yéu dén hoat
tinh MTGase thu nhan. Hai yéu t6 nhiét do va thoi gian cho
thiy su it twong tac va anh hudng 1an nhau (biéu dd B-C).

Két qua thyc nghiém trén cho gié tri R>=0,9947, R? du
doan 1a 0,9177 phu hop véi R? hiéu chinh la 0,9852; véi
chénh 1éch nhé hon 0,2. BJ chinh xac phu hgp do ty 1¢ tin
hiéu trén nhiéu véi gia tri 24,3416, 16n hon 4 1a mong muén,
cho thiy mot tin hidu thich hgp. M6 hinh nay c6 thé dwoc st
dung dé diéu hudng khong gian thiét ké (bang 5).

Bang 5. Théng ké mirc dd phu hop cta thi nghiém.

Dolgch  Giatritrung Hésobién R*higu  Ridr  D§ chinh xic phit hop
chuin  binh thién (%) chinh  doin  (Adeq precision)
2,10 19,69 10,68 09947 09852 09177 243416

Két qua phén tich ANOVA mé hinh béc hai ctia ham muc
tiéu da duoc danh gia bang cac chi sé F-value va R? trong
g (bang 6). Chi s6 F-value va p-value cia m6 hinh lan luot
1a 104,74 va p<0,05 (<0,0001) cho thdy mé hinh c6 ¥ nghia
théng ké voi dd tin cay la 99,99%. Muc do khong tuong
thich (F) ciia mé hinh 13 22,51 (p>0,05) thé hién su khong
tuong thich khong déng ké vé mat thong ké.
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Bang 6. Két qua phan tich hdi quy hoat tinh MTGase thu nhan.

Cic yéu tb F-value p-value
Mo hinh 104,74 <0,0001
A-pH 1,3 0,3061
B-Nhiét do 32,85 0,0023
C-Thoi gian 0,1306 0,7326
AB 0,148 0,7163
AC 0,0028 0,9596
BC 6,84 0,0473
A? 883,51 <0,0001
B? 17,37 0,0088
c? 38,25 0,0016
Khong tuong thich 22,51 0,0628

D6 thi biéu dién cac gia tri thuc nghiém so voi phan du
ctia hoat tinh MTGase thu nhan, chimg minh tam quan trong
clia md hinh khi toan b cac diém khao sat hau nhu tép trung
xung quanh cac duong chéo (hinh 3). Phuong trinh héi quy
béc hai dugc tinh toan cho hoat tinh MTGase tdi da, sau khi
loai bo cac hé s6 khong co ¥ nghia thong ké (p>0,05) la:

Y (mU/ml) = 43,0785 - 4,26*B - 2,75*B*C - 32,53*A?
-4,56*B2 - 6,77*C?

trong do6: Y 1a hoat tinh MTGase (mU/ml), A: pH, B: nhiét
do (°C), C: thoi gian (ngay).

2]



-1 Hoat tinh MTGase

Piém mau theo gia tri cla
=] Hoat tinh MTGase:
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Gia tri dy’ doan(mU/ml)
¥
1

T T T T T
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Gia tri thuc nghiém (mU/ml)
Hinh 3. Biéu db giira cac gia tri thwc nghiém va dw doan.

Phén tich phuong sai duoc trinh bay ¢ bang 5, cho thay,
mé hinh nay ¢ ¥ nghia. Kiém dinh R? thyc té gan tuong
duong véi R? du doan, chimg t6 rang hoi quy ndy ¢ y nghia
thong ké & do tin cay 95%. Ngoai ra, hé sé twong quan R? thu
dugce 13 <0,99 cho thiy muc d6 phu hop ciia mé hinh.

Bang 7. Diém dinh va gia tri dw doan cia mé hinh.

Che yéu tb Ky hiéu va gid trj tbi wu  Gid trj dw dodn ciia md hinh ~ Gi trj thure té
pH A=15
Nhiét d (°C) B=30 43,079 (mU/ml) 43,078+1,035 (mU/ml)

Thoi gian (ngay)  C=4

*Gia tri trung binh cda 5 lan thuc nghiém (n=>5).

Két qua bang 7 thu dugc tir m6 hinh cho thay, nong do toi
uu ctia 3 yéu t khao sat gidng véi gia tri tai diém trung tm
la: pH 7,5; nhiét do 30°C, thoi gian nudi 1a 4 ngay. Hoat tinh
MTGase t6i da ma mé hinh du doan duoc tinh toan 1a 43,079
mU/ml. DBé xac nhan két qua du doan va xac thuc phuong
trinh hi quy thu dugc, cac thi nghiém str dung diéu kién toi
uu da dugc thuc hién va thu dugc gia tri hoat tinh MTGase
43,078+1,035 mU/ml (n=5), két qua chig minh tinh phti hop
ctia md hinh duoc tao ra. Két qua twong tyr nhu nghién ciru ciia
D.H. Eshra va cs (2016) [10] trong 4 ngay nubi ddi véi ca 3
mdi trudng khao sat déu cho hoat tinh MTGase t6t nhét véi
diéu kién nuéi t6i vu 1a nhiét d6 30°C va pH 7,5.

4. Két luan

Nghién ctru d4 tim ra thanh phan méi truong va cac diéu
kién phu hop cho qua trinh 1én men chung Streptomyces sp.
TG1G! dé thu duoc hoat luc MTGase cao nht. Cu thé 1a
moi truong C cho hoat tinh va d6 tinh sach cia MTGase cao
hon so véi cac moi trudng khao sat khac (bao gdm: peptone

1%, cao ndm men 0,2%, MgSO,.7H,0 0,2%, KH,PO, 0,4%,
Na,HPO, 0,5%, bot ddu nanh 1 5%, tlnh bot khoa1 tay 1,5%,
glucose 0 ,5%). Dong thoi, nghién cliru da tim ra duoc cac
thong sb t6i wu hoa kha ning sinh tong hop MTGase cia
chung Streptomyces sp. TG1G1 trong qua trinh 1én men 4p
dung phuong phap dap ng bé mat Box-Behnken. Hoat tinh
MTGase tdi da dat dugc 1a 43,078+1,035 mU/ml khi 1én
men ¢ pH 7,5, 30°C va thoi gian 1én men 4 ngay.
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