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NGHIEN U0 T bW O BIED IEN NOOICAY CHUNG VI KAUAN SHEWANELLA
BALTICA W37 SAN SINH TETRODOTONIN PHANLAP TU A NOG DOC WET NAM

Ths BUI THI THU HIEN

Vién Nghién ciu Hai sén

PGS.TS KHUAT HUU THANH
Truong Pai hoc Bach khoa Ha Noi

Toi wu héa kha ning sinh tetrodotoxin (TTX) ctia chiing Shewanella baltica M37 dugc
thuc hién theo phuong phap quy hoach thuc nghiém nhiéu yéu td, st dung két qua khao
sat si anh hudng clia cac yéu to don Ié. Trong bai toan tdi uu, cac yéu td dugc khao
sat dong thai 6 cac khoang bién thién nhat dinh, gom: pH madi trudng, nhiét do nudi
cay, thdi gian nudi cay, ndng dd chat bd sung. VGi ham muc tigu 12 kha ndng sinh TTX
clia chiing Shewanella baltica, diéu kién nudi cdy tdi wu dugc xac dinh nhu sau: pH =
6,3; nhiét do 24,6°C; thdi gian 1én men 89 gid; nong dd chat bd sung 13 7,3% thi ham
lwgng TTX thu dugc cao nhat (tang 11,6% so vdi khi chua tdi wu héa diéu kién nudi).

Tir khéa: TTX, Shewanella baltica, t6i uu héa, vi khuan sinh TTX.

STUDY ON OPTIMIZATION OF CULTURE
CONDITIONS FOR TETRODOTOXIN PRODUCING
BACTERIUM STRAIN SHTWANELLA BALTICA M37

ISOLATED FROM TOXIC DUFFERFISHES IN VIETNAM

Summary

Optimizing tetrodotoxin (TTX) productivity of Shewanella
baltica M37 has been conducted under the multivariate
experimental planning method based on data recording the
impact of each factor. In the optimization topic, all factors
have been investigated simultaneously within the fixed
intervals, including pH of medium, temperature, duration of
cultivation, and concentration of supplemental substance.
For the best growth of Shewanella baltica M37, optimal
culture conditions are as follows: pH = 6.3, temperature =
24.6°C, duration = 3.7 days, concentration of supplemental
substance = 7.3%, so that the TTX concentration will be
obtained at the highest value (11.6% higher than the control
conditions do).

Keywords: Tetrodotoxin, Shewanella baltica, optimization,
pufferfishes, Vietnam.
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TTX Ia mdt ddc té sinh hoc cuc manh
dudc chiét xuat chd yéu ti ca noc doc,
dong vat bién va mét sé chling vi sinh vat.
Trong nhitng nam gan day, TTX da dugc
nghién clu sl dung lam thudc gay té,
gay mé... & nhiéu nuéc nhu Canada, My,
Trung Quéc... O nudc ta, Du Dinh Déng
va cbng sy nghién cutu thanh céng viéc
st dung TTX két hgp véi bai thuéc dan
toc 6 truyén dé lam thudc cai nghién, da
dudc tién hanh th nghiém trén cac bénh
nhan cho ké&t qua kha quan (Pao Cam
Tu, 2009).

Nhiing nam trudc day, dé dap ting nhu
cau cla thi trudng, mét sé nghién cltu da
sinh téng hop TTX theo phudng phap hoa
hoc. Tuy nhién, gia thanh ctia san pham
TTX t6ng hgp hda hoc cao, db tinh sach
thap, khéng kinh t& bang phuong phap
tach chiét TTX truc ti€p ti ca néc doc. Vi
vay, TTX dudgc tach chiét chi yéu ti ca
néc déc hoac dong vat bién, nhung trii
lugng cla cac loai ca néc doc ngay cang
giam, trong khi nhu cau tiéu thu TTX lai



ngay cang tang (Yu Chun-Fai et al, 2004).

Gan day, cac nghién clu thu nhan TTX tl vi sinh
vat da mé ra mot trién vong méi trong cong nghé
sinh hoc. Hudng nghién cliu cho phép chi dong
san xudt TTX trong phong thi nghiém hoac & quy
mo6 cbéng nghiép, dé tinh sach cao, gidm dudgc gia
thanh... Xuat phat ti y nghia khoa hoc va y nghia
thuc tién, dé tai “Nghién ciu céng nghé nuébi cdy va
thu nhan TTX t&r mét sé ching vi khudn phéan lap to
c4 néc déc Viét Nam” dudc trién khai. Tuy nhién,
dé nang cao kha nang sinh TTX cla vi khuén, can
nghién clu t6i uu hdéa cac diéu kién nudi cay. Bai
bao nay la két qua nghién ctu t6i uu héa cac diéu
kién nudi cdy vi khudn Shewanella baltica sinh TTX.

Doi tugng

Chulng vi khuén Shewanella baltica M37 c6 kha
nang sinh TTX dugc phén lap tu ca néc Takifugu
oblongus.

Phuong phap nghién cuu

Phuong phdp xdc dinh TTX bdng HPLC: phéan
tich déc t6 TTX bang séc ky 16ng cao ap (HPLC) vdi
cac diéu kién sau (Masaaki Kodama, Shigeru Sato,
2005): Detector huynh quang, c6t C18, pha dong la
HFBA 0,06 M/Amoni acetat 0,05 M (bam 1), t6c do
dong la 0,4 ml/phut, NaOH 4N (bom 2), reaction coil:
0,5 mm x 2 m/130°C, budc séng: kich thich 365 nm;
phat xa: 510 nm.

T6i uu héa diéu kién nudi vi khuén sinh TTX theo
dudng doéc cia Box - Wilson: sau khi khdo sat cac
yé&u t6 &nh hudng dén qué trinh 1én men vi khuén,
ti€n hanh nghién ctu t6i uu héa diéu kién nudi vi
khu&n dé tdng ham lugng TTX. Thi nghiém dudc tién
hanh theo phudng phap quy hoach truc giao cép 2,
t6i Uu héa kha nang sinh doc t6 clia chlng vi khuén
Shewanella baltica M37 theo phudng phap lén doc
clia Box - Wilson (Nguyé&n Doan Y, 2009). Cac yéu
t6 bi€n d6i can t6i uu gém: pH, nhiét do, thai gian va
néng do chat bé sung.

Tai cac diéu kién t6i uu da xac dinh theo mé hinh
ly thuyét, ti€n hanh thi nghiém nudi vi khuén sinh
TTX. Kiém tra ham lugng TTX ti dich nuéi vi khuan
bang HPLC. So sanh véi ham lugng TTX ti mo hinh
t6i uu héa dé tinh dugc hiéu suét thuc té.

Két qua va thao luan

Chon mién khao sat

Pé t6i uu héa kha nang sinh TTX clia chlng
Shewanella baltica M37 theo phudng phap quy
hoach thuc nghiém nhiéu yéu 0, s dung két qua
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khéo sat anh hudng cla cac yéu td dan 1& (Bui Thi
Thu Hién va cs, 2012). Trong bai toan tdi uu, cac
yéu t6 dugc khao sat dong thdi & cac khoang bién
thién nhat dinh, gom: pH moi trudng, nhiét dé nudi
cdy, thdi gian nudi cdy, néng do chat bé sung. Ham
muc tiéu la kha nang sinh doc t6 TTX cla chdng
Shewanella baltica M37 trong qua trinh nudi cy. Ma
tran thuc nghiém dugc bé tri nhu sau:
Cac yéu t6 anh hudng t6i kha nang sinh TTX cla
chung Shewanella baltica dugc mé ta theo sa dé:
Cac yéu t6 &nh hudng Ham muc tiéu

PHX: 58 Khé niing sinh TTX Ham lugng
ctia chiing Shewanella TTX
Nhiét d6 Xy: 20-30°C > baltica
- Moi trudng ORI > (M)

L
|_,

Vi 4 yéu t6 can t6i uu (k = 4), s6 thi nghiém can
tién hanh la

N=2<P4+2k+1=2+8+1=25
Thiét Iap mé hinh

| Thai gian Xs: 2-5 ngay - Dém phosphate

- Nudi lic

| Chat bo sung X,: 3-10% - Chat b6 sung: mo triing cd

Pua thém vao ma tran trén cot bién ao X,=+1ta
c6 bang ma tran thuc nghiém véi bién 4o (bang 1).

Bang 1: bang ma tran thuc nghiém véi bién X

N X, X, X, X, X, Y
1 1 1 -1 1 -1 0,387
2 1 1 -1 1 -1 0,436
3 1 1 1 1 -1 0,474
4 1 1 1 1 -1 0,451
5 1 1 -1 1 -1 0,537
6 1 1 -1 1 -1 0,495
7 1 1 1 1 -1 0,578
8 1 1 1 1 -1 0,521
9 1 -1 -1 1 1 0,645
10 1 1 -1 1 1 0,585
11 1 1 1 1 1 0,645
12 1 1 1 -1 1 0,609
13 1 1 -1 1 1 0,738
14 1 1 -1 1 1 0,697
15 1 1 1 1 1 0,789
16 1 1 1 1 1 0,730
17 1 0 0 0 0 0,725
18 1 1,41 0 0 0 0,178
19 1 -1,41 0 0 0 0,465
20 1 0 1,41 0 0 0,212
21 1 0 -1,41 0 0 0,716
22 1 0 0 1,41 0 0,778
23 1 0 0 -1,41 0 0,724
24 1 0 0 0 1,41 0,771
25 1 0 0 0 -1,41 0,726
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Tinh cdc hé sé cua phuong trinh hoi quy:

b, = 0,584; b, = -0,034; b, = -0,022; b, = 0,047
b,= 0,081

Phuong trinh héi quy tuyén tinh dang rat gon la:

Y = 0,584 - 0,034X, - 0,022X, + 0,047X, +
0,081X,

Pé viét phuong trinh héi quy day dd, can xac
dinh céc hiéu tng tuong tac déi va ba gilia cac yéu

t6 va tinh cac hé sé b,,;; b, ; b,

b,, =-0,136; b,,=- 0,005, b,, = 0,008;
b,=-0,015;b,,=-0,065 b, = 0,002; b,, = -
0,004; b,, = 0,079; b,, = 0,005; b,, = 0,078

Kiém dinh tinh y nghia cia cdac hé sé trong
phuong trinh héi quy: b6 tri 3 thi nghiém song song
trong cing mot diéu kién, theo cac diéu kién & tam
phuong an. K&t qua thé hién & bang 2.

Bang 2: ma tran thuc nghiém & tam phuong an

No Y, (TTX) Y v.Y

26 0,681 0,719 -0,038

27 0,758 0,719 0,038

28 0,691 0,719 -0,028

29 0,747 0,719 0,027
Phuong sai tai hién: 82 = 0,0015
=S, = 0,038; S, = 0,0078; S, = 0,087; S, =

0,0097; S, = 0,0137

Tra bang tiéu chuén student vGi o = 0,05, bac
tu do f = 4 ta co: t° . = 2,35. Ung vGi do tin cay la
95%, cac hé so tuong tac clia cac yéu to bi loai khoi
phuang trinh héi quy. Phuang trinh héi quy tuyén

tinh day da cé dang:
Y =0,584-0,034X, - 0,022X, +0,047X_+ 0,081X,
- 0,136X,2 - 0,065X 2 + 0,079X.2 + 0,078X 2 (*)

Kiém dinh su tuong thich cta phuong trinh héi quy
(*) theo tiéu chudn Fisher:

Taco: S, ,2=0,012,5,2=0,0015vay F = 7,998

Tra bang t|eu chuén Fisher véi p = 0,05; f, = 16;
f,=3co:F =8,6 >F =7,998.

Nhin vao phudng trinh héi quy (*) ta co:

-Hé s6 b, =-0,034,b,=-0,022 < 0, trong ving
quy hoach, pH va nhiét do clia moi trudng nudi cay
ty 1& nghich véi ham lugng TTX, khi nhiét dé va pH
clia moi trudng nudi cdy tang cao, kha nang sinh
TTX cla ching M37 sé giam. Do pH mdi trudng

(0,05; 16; 3)
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tang cao, moi trudng cé tinh kiém sé& han ché kha
nang hoat ddng clia chling M37; nhiét dé cang tang,
kha nang hoat dong clia M37 giam, kha nang sinh
téng hop TTX gidm.

- Hé s6 b, = 0,047, b, = 0,081 > 0: trong vung
quy hoach, cac yéu to thdl gian nudi cdy, nong do
chat b6 sung tang ty 1& thuan véi kha ndng sinh
téng hgp TTX cla ching M37. Khi tdng ham lugng
chat bé sung, kha ning hoat déng clia chliing sé
manh, lugng doc t6 TTX sinh ra cang nhiéu. Kéo
dai thoi gian nudi cdy, dong thdi tang ndng do chat
b8 sung thich hgp lam tang kha n&ng sinh téng hop
TTX cla chling M37, ham lugng TTX thu dugc tang
theo thgi gian nudi cay.

Trong 4 yé&u t6 anh hudng dén kha nang sinh
TTX, yéu t6 néng do chat bé sung cé anh hudng
manh nhat, ti€p theo la yéu t6 thdi gian, nhiét dé va
pH méi trudng nudi cdy. Tuy nhién, tang néng do
chat b6 sung sé& anh hudng dén hiéu qua kinh t&
clia qua trinh 1én men thu TTX cla ching M37.

Té6i uu hoa kha nang sinh déc t6 TTX cuda ching
Shewanella baltica M37 theo phuong phap 1én déc
cua Box - Wilson

Pé thuc hién dugc qua trinh t6i uu hoa theo Box
- Wilson, can tinh dudc cac gid tri Ib Al va tim ra gia
tri I6n nhat: Ib, Al = 0,051; Ib, A | = 0 109; Ib, Al =
0,07; Ib,A,l = 0,284 (dat gia tr| Idn nhat) Chon X4
lam bién cd s& va chon cho bién ¢ s mot bude
nhay thich hop l1a 84 = 0,2%. Buéc chuyén dong cla
cac yéu to con lai dugc tinh theo cong thic:

8, = bA * 5. /b A

Cs Cs
B4 tri cac mau nudi cdy véi cac diéu kién & muic
¢ sé va cac budc nhay da tinh va chon & trén ta thu
dugc két qua ghi trong bang 3.

Béng 3: t6i uu héa theo dudng déc cla Box - Wilson

Tén pH X, Nhiét d6 | Thoigian | Néng do mé TTX
X,00) | X, (ngay) | "qedfo® | G

Mtic cd sd 6,5 25 3,5 6,5

Hé s6 bj -0,034 -0,022 0,047 0,081

Khodang bién thién 1,5 5 1,5 3,5

bj.#j -0,051 -0,109 0,070 0,284

Budc #j -0,0356 -0,0764 0,0491 0,2

Lam tron -0,05 -0,1 0,05 0,2

TN 30 6,45 24,9 3,55 6,7 0,703

TN 31 6,4 24,8 3,6 6,9 0,734°

TN 32 6,35 24,7 3,65 71 0,785°

TN 33 6,3 24,6 3,7 7,3 0,787¢

TN 34 6,25 24,5 3,75 7,5 0,750¢

TN 35 6,2 24,4 3,8 7,7 0,723¢

TN 36 6,15 24,3 3,85 7,9 0,693




K&t qua bang 3 cho thay, c6 su sai khac dang ké
gilia cac mau khi t6i uu theo dudng déc. Phan tich
ANOVA cho thay gitia cip mau TN32 - TN33 khong
c6 sy khac biét vé ham lugng TTX thu dugc ti diéu
kién nudi cdy. Cac thi nghiém con lai cé sy khac
biét dang ké vé ham lugng TTX thu dugc ti cac moi
trudng nuodi cay.

VG6i ham muc tiéu la kha nang sinh TTX cla
chling Shewanella baltica, di€u kién nudi cay téi uu
dugc xac dinh nhu sau: pH = 6,3; nhiét dé 24,6°C;
thoi gian 89 gid; néng dé6 mé ca néc déc bb sung
la 7,3% thi ham lugng TTX thu dugc cao nhéat, theo
mé hinh ly thuyét c6 thé tang 25,9% so véi khi chua
t0i uu hoa diéu kién nudi, tir 0,548 uM 1én 0,690 uM
(da tri di ham lugng TTX bé sung ti mé tring ca
noc).

Kiém dinh mé hinh t6i uu kha nang sinh TTX
clua chiing M37 bang thuc nghiém

Chung téi ti€n hanh kiém dinh kha nang sinh TTX
clia chling M37 vGi cac thi nghiém trong thiét bj 1én
men 5 lit/mé. Céac thong s6 cong nghé: moi trudng
ORI, pH = 6,3 8n dinh bang dém phosphat, nhiét
dé nuodi cdy 24,6°C, thdi gian nudi 89 gid, nong do
mo triing ca néc bé sung 7,3% (khoang 31,05 pg/lit
TTX), toc d6 khudy 200 v/phut, ty 1& clp gidng 2%.
Sau mbi 10 gid Ién men 148y mau phan tich ham
lugng TTX.

Bang 4: thir nghiém Ién men sinh téng TTX

Théi gian Ham lugng doc 6 (ug/lit)
I1én men
(gid) TTX | Epi-TTX | Anhy-TTX | Tong TTX
0 30,92 0,02 0,11 31,05
10 54,85 0,13 0,25 55,23
20 98,81 0,19 0,31 99,31
30 12514 | 0,28 0,55 125,97
40 137,97 | 0,32 0,61 138.,9
50 155,82 1,19 0,77 157,78
60 163,78 | 2,38 1,02 167,18
70 170,97 | 3,19 2,08 176,24
80 184,48 | 3,33 2,21 190,02
90 219,92 | 3,65 2,55 226,12
100 219,52 | 3,68 3,03 226,23

K&t qua bang 4 cho thay, tai diéu kién toi uu,
chling M37 sinh téng hgp TTX bét dau ting manh
tai thoi gian 20 gid va dat nong do cao nhat la 90
gi¢ 1én men, sau dé 6n dinh khong tang. Vi pH luén
dudc 6n dinh trong qua trinh 1&n men nén khéng
anh hudng t6i sy chuyén hoéa cac dan xuat cla
TTX. Kha nang tich Iiy ham lugng TTX cang nhiéu
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khi cang kéo dai thai gian 1én men. Tuy nhién, dé
qua trinh 1én men dat hiéu qua cao, can ding thi
nghiém tai th&i diém ham lugng TTX cao nhat dé
gidm chi phi lén men. Ham lugng TTX thu dugc sau
89 gid Ién men la 226,12 - 31,05 = 195,07 pg/lit.

Hiéu qua t6i uu hoa diéu kién nudi ching M37 thu
dugc ham lugng TTX cao han 20,27 pg/lit (195,07
ug/l - 174,8 pug/l = 20,27 ng/l) so vai thi nghiém nudi
cdy chling chua t6i uu héa. Sau toi uu hdéa, ham
lugng TTX tu dich nudi chiing M37 tang 11,6% so
vGi khi chua t6i uu héa. Tuy nhién, ham lugng TTX
thu dugc trong mo hinh t6i uu héa thuc nghiém chi
dat 88,7% so v6i md hinh ly thuyét (thuc nghiém
195,07 pg/l, ly thuyét 220 pg/l).

Sau qua trinh quy hoach thuc nghiém, cac diéu
kién t6i uu hoa nudi cdy cla ching Shewanella
baltica M37 dudc xac dinh nhu sau: pH = 6,3; nhiét
do 24,6°C; thgi gian 89 gid; nong dé mo ca noc doc
b& sung la 7,3%, t6¢c do khudy 200 v/phut, ty 1é cap
giéng 2% thi ham lugng TTX thu dugc cao nhat.
Theo md hinh ly thuyét cé thé ting 25,9% so VGi
khi chua t6i uu hoa diéu kién nudi. Tuy nhién, khi
kiém dinh mé hinh ly thuyé&t, mé hinh t8i uu hoa thuc
nghiém dat 88,7%, nghia la tang 11,6% ham lugng
TTX so véi khi chua t6i uu =
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