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Tom tat:

Pit van dé: Tinh dau bac ha (-menthol) ¢ nhimg dic tinh lam mat tt va huong thom doc déo, chinh vi
vay ma no dugc sir dung rong réi trong cac nganh cong nghiép huong lidu va cong nghé san xuat -menthol
bang quy trinh xuc tac sinh hoc duge cac nha khoa hoc trén thé gidi chu y. Muc tiéu nghién ctru ciia ching
t6i 1a phan l4p tir dat ching vi khuédn c6 thé tong hop /-menthol tir d/-mentyl benzoate v&i cac hoat dong
thity phan va tinh chon loc d6i quang (enantioselectivity) cao. Pdi twgng va phuwong phap: Tir moi truong
dat, chung t61 da phan 1dp va chon loc dugc dong vi khuén hién thi hoat tinh va tinh chon loc dbi quang
t6t hon so v6i cac dong vi khuan khac. Dong vi khuan nay da duoc dinh danh thudc loai Acinetobacter sp.
va dit tén 1a Acinetobacter sp. ECU2040. Qua trinh 1én men duoc tién hanh nghién ctru so bo va két qua
clia qua trinh 1én men thu dwoc 130 g té bao, tiép tuc dem di siy kho thu dugc 18 g té bao khd. Anh huong
ctia pH va nhiét d6 1én qua trinh phan tng ciing duogc tién hanh khao sat, két qua cho thdy pH va nhiét do
t61 wu pht hop cho dong vi khuan nay thyc hién phan tng lan luot 1a 7.5 va 37°C. Két qua va két luén:
Dong vi khuan Acinetobacter sp. ECU2040 da cho thay kha ning tong hop dugc tinh chat bac ha véi higu
suét va tinh chon loc dbi quang cao.

Tir khéa: I-menthol, chon loc doi quang, phan ldp vi khudn
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Background: Menthol and mint oils are widely used in the flavor industry and biocatalytic
processes for production of /-menthol. Due to the pleasant flavor and aroma as well as
cooling-anesthetic effect. We attempted to develop a biocatalytic process for production of
[-menthol through enantioselective hydrolysis of d/-menthyl benzoate using a strain newly
isolated from soil. Methods: From soil samples, we isolated one strain exhibited the best
hydrolytic activity and excellent enantioselectivity as compared to others. It was selected
as the best enzyme producer and subsequently identified as Acinetobacter sp. based on the
99% similarity of its 16S rDNA sequence, and named Acinetobacter sp. ECU2040. The
fermentation process was studied and the fermentation gave about 130 g wet cell, which
was equivalent to 18 g dry cell. The catalytic properties of Acinetobacter sp. ECU2040
were also studied. The results showed that the optimum pH and temperature of reaction
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were 7.5 and 37°C, respectively. Results and conclusion: The strain Acinetobacter sp.
ECU2040 strain exhibited the production of /-menthol ability with the best hydrolytic activity

and excellent enantioselectivity.

Key words: [-menthol, enantioselective, isolated strain.

1. PAT VAN PE

[-menthol, (1R, 2S, 5R) - (-)-menthol hoac
I-methyl-4-(1-metyletyl) cyclohexan-3-ol, 1a mot
trong nhitng mono-terpenes rat phd bién, no la
thanh phan chil yéu va dic trung cia tinh dau cay
bac ha (Mentha x piperita) [1]. Cong thirc phan tir
ctia /-tinh dau bac ha 1a C, H, 0.

I-menthol 1a mot chét tao huong cuc ky phd bién
va quan trong. Nho dac tinh lam mat tuyét voi va
hwong thom doc dao, tinh dau bac ha dugc st dung
rong rai trong cac nganh cong nghiép dugce pham,
thyc pham, san pham thudc 14, my pham va cac san
pham riang miéng?.

Hién nay, viéc tong hop /-menthol thudng theo
ba hudng chinh: chiét xuét tir thuc vét tu nhién, téng
hop hoa hoc va tong hop théng qua con duong sinh
hoc. Su chiét xuat huong liéu dic biét 1a tinh dau
bac ha tir nguén thue vat tu nhién da bat dau tir thoi
cd dai. Bén khoang nam 1970, do su mat mua cla
cdy bac ha dong thoi nhu cau st dung ciing ngay
cang ting cao tao nén sy thiéu hut nghiém trong
va dy gia tinh dau bac ha 1én rét cao [3]. Ciing
trong thoi gian nay nho sy tién bo nhanh chong
ctia nganh cong nghiép téng hop hoa hiru co, hai
nha san xuat 16n Haarmann and Reimer (H&R) va
Takasago International Co. dat dugc budc dot pha
trong viéc san xuit /-menthol bang phuong phap
téng hop hoa hoc va da dau tu dang ké dé san xuat
huong li€u nay trén quy mo 16n [3].

Tuy nhién, do sy thiéu 6n dinh cta ngudn cung
cap ty nhién va sy 6 nhiém méi truong do qua
trinh téng hop bang phuong phap héa hoc giy ra,
thi viéc san xuat cac chat bang phuong phéap xanh,
sach — tong hop bang phuwong phap xtc tac sinh hoc
(biocatalytic methods) dugc cac nha khoa hoc trén
thé gioi chu y, nghién ctru va sir dung ngdy cang
rong rii [3,4]. Tong hop bang phuong phap xuc tac
sinh hoc v6i nhimg ddc diém nhu than thién voi
moi truong, tiéu thu nang lugng thép hon, chi phi
thap hon, it chét thai, 16 trinh don gian hon va chon
loc hoa hoc cao di 1am cho phuong phép nay chiém
loi thé hon hin va ngay cang thu hat dwoc sy cha y

ctia gidi khoa hoc ciing nhu cac nha san xuét [4-6].

Céac phuong phap thuong ding dé téng hop
I-menthol bang trong téng hop xuc tac sinh hoc
la este hoa chon loc chit dong phan ddi hinh
(enatioselective esterification), chuyén este chon
loc chat dong phan d6i hinh (enatioselective
transesterification) ctia hop chit bac ha trién
quang (racemic menthol) hodc bang phuong
phap thuy phan chon loc chit dong phan déi hinh
(enantioselective hydrolysis) tir cac menthyl este
trién quang (racemic menthyl esters). Cac nghién
clru vé nhimg phuong phap nay di dugc cong bd
v6i sb luong kha 16n va mot s6 d3 duoc dua thanh
quy trinh san xuat [7-11].

Muc tiéu nghién ctru ctia chung t6i 1a dé tim ra
ching vi khuan c6 thé xtc tac cho qué trinh thuy
phan ctia d/-mentyl benzoate cho ra [-menthol
v6i cac hoat dong thity phan va tinh chon loc ddi
quang (enantioselectivity) cao. D& tai nghién ctru
ctia chung toi ciing mong mudn tim ra cac thong
s6 phan tng khac nhau anh huéng dén qua trinh
thity phan chon loc d6i quang dl-mentyl benzoate,
bao gém ca do pH, nhiét do, chét hoat dong bé mat,
nong do chat nén va quy mo ctia qua trinh xic tac.

2. POI TUQNG VA PHUONG PHAP NGHIEN
cuu

2.1. Poi twgng nghién ciru

La cac dong vi khuén duoc phan 1ap tir dét co
kha nang thiy phan chon loc ddi quang dbi véi hon
hop menthyl benzoate trién quang

2.2. Phuong phap nghién ctru

2.2.1. Thiét ké nghién ciru: La phuong phap
nghién ctru phong thi nghiém

2.2.2. Héa chit va trang thiét bi nghién ciru

- Hoéa chét: dl-menthol, dl-menthyl benzoate,
dl-menthyl dl-menthyl acetate,
dl-menthyl propionate, d/-menthyl butyrate and

chloroacetate,

dl-menthyl succinate, Acetic anhydride, peptone,
Dimethyl sulfoxide (DMSO), KH,PO,, NaCl,
MgSO,, Na2S0,, tryptone, yeast extract va mot )
hoéa chét khac.
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- Trang thiét bi chu yéu: Sic ki ban mong
(Thin layer chromatoraphy (TLC)); Sic ki khi (Gas
chromatography (GC)); dién di, hé thong Real-time
PCR, pha v& té bao bang song siéu am va mot sb
thiét bi khéc.

2.2.3. Cdc buéc tién hanh nghién ciru

(1) Thu thap mau dat: mau dat duoc thu thap tir
nhiéu ving, nhiéu diéu kién méi truong khac nhau,
mau dat phai dugc lay & dudi bé mit dat khoang
20 cm.

(2) Xéc dinh mau dét c6 vi khuan c6 kha ning thuy
phan dl-menthyl benzoate tao /-menthol. Mau dit sau
khi dugc thu thap vé s& duoc lic trong méi trudng
chon loc, trong d6 dl-menthyl benzoate 13 ngudn
cacbon. Qua trinh nay dugc lap lai 2 vong dbi véi mdi
mau dat. San pham dugc tach chiét bang ethyl acetate
va kiém dinh bang phwong phap sic ki ban méng TLC
(51, Dya vao mau sic va do dam nhat cta diém menthol
trén ban sic ki s& két luAn mau dét nao c6 vi khuin c6
kha nang tong hop tinh chat bac ha. Méi truong chon
loc: dl-menthyl benzoate 10 mM, (NH,),SO, 2 g/L,
KH,PO, 2 g/L, MgSO, 0.5 g/L, NaCl 1 g/L, DMSO
5% (v/v), trace element 1 mL/L, pH 7.0. (3)

(3) Phan 1ap vi khuan bang phuong phap hop trai:
Mau dét sau khi dugc kiém dinh c6 ¢6 kha nang thity
phan dl-menthyl benzoate tiép tuc sir dung ki thuat
hop trai dé phéan lap cac dong vi khuan don. Dya
trén mau sic, do 16n bé cua khuén lac dé lua chon
nhiéu dong vi khuin don khac nhau. Nhitng dong
vi khuan don nay dugc tiép tuc ciy 1én dia agar dé
kiém tra d6 thuan ciia dong vi khudn va sau cling s&
duogc nudi trong moi trudng gia pha dé thu sinh khoi.
MBoi truong gia pht cua dia agar va binh tam giac thu
sinh khdi: Tryptone 15 g/L, Yeast extract 5 g/L, NaCl
1 gL, KH,PO, 0.5 g/L, MgSO, 0.2 g/L, Agar agar
1.5g/L pH 7.0, hap trong noi ap suat & 121°C trong
20 phut 121,

(4) Chon loc so cap: Sau khi thu sinh khdi, tiép
tuc su dung mdi truong chon loc dé thuc hién phan
tmg chon ra nhitng dong vi khuan don c6 kha ning
thily phan d/-menthyl benzoate tao /-menthol. Két
qua dugc kiém dinh bang sic ki ban moéng TLC.

(5) Chon loc thur cép: Sau khi xac dinh duoc
dong vi khuan nao c6 hoat tinh d6i véi dl-menthyl
benzoate, san phém s& dugce tach chiét ra khoi moi
trudng nudi ciy bang ethyl acetate va kiém tra hiéu
suat ciing nhu c6 lugng du ddi quang ctia san pham

eep (enantiomeric excess of product) bang phuong
phap sic ki khi (GC) 31,

(6) Pinh danh dong vi khuan: Khao sat ving gen
16S rDNA dé dinh danh dong vi khuan. Ving gen
16S rDNA sau khi duoc tich xuat ra khoi té bao bang
“genomic DNA extraction kit” s€ duoc khuéch dai
bang phuong phép PCR va chuyén vao E. coli DH5a.
Trinh tg ving 16S rDNA dugc phéan tich boi cong
cu Basic Local Alignment Search Tool trén website
National Center for Biotechnology Information
(NCBI). Céc trinh tir gen tham khao duoc lay tir co
s¢ dit lidu GenBank va duoc tién hanh so sanh bang
phén mém CLUSTAL W phién ban 1.81. Cay pha h¢
dugc xay dung boi MEGA phién ban 3.1 114,

(7) Tbi wu hoa phan tng: Anh huéng cia pH (5.0 -
8.5) vanhiét do (20-50°C) 1én d9 phan giai dl-menthyl
benzoate dugc khéo sat dé xac dinh méi truong phan
{mg t6i wu ddi v6i dong vi khuan d chon.

2.3. Xir Iy s6 liéu: Bing phuong phap thong ké va
str dung phan mém SPSS.

3.KET QUA
3.1. Phén 1ap vi khuén tir dt va chon lgc so
cép

H Do hoat dong cao
| D0 hoat dong trung binh
LB0 hoat dong thap

U Khéngxac dinh

Téng s6 341 dong vi khuan
Hinh 1. Két qua phan 18p vi khuan dong don
va chon loc so cap

Tir hon 200 mau dit lay & nhiéu ving khac
nhau, thong qua hai vong nuéi ciy bang méi truong
gia phu chung t6i da phan 1ap dugc 341 dong vi
khuén. Sau khi chon loc so bd bing méi trudng
chat nén 1a 10 mM d/-menthyl benzoate va xac dinh
hoat d9 bang phwong phép sic ki ban mong (TLC),
dua vao diém dam nhat trén ban sic ki dé xem xét
kha nang thuy phéan d/-menthyl benzoate ctia cac
dong vi khuan trén. Két qua cho thay rang chung toi
da phat hién ra 129 ching c6 kha nang thuy phan
dl-mentyl benzoate cho ra tinh dau bac ha trong dé:
Do hoat dong cao (32 dong), hoat dong trung binh
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(41 dong), hoat dong thip (56 dong); Khong xac
dinh (212 dong).

3.2. Chon loc thir cip va xac dinh dong dich

Twr 129 dong c6 kha nang thuy phan d/-menthyl
benzoate da qua chon loc so bg, ching t6i tiép tuc
chon loc 1an 2 dé chon ra cac dong vi khuén dich
t6t nhat. Chiing t6i sir dung sac ki khi (GC) dé lam
cong cu cho viée xac dinh luong du di quang cta
san phim ee va hiéu xuit. Két qua cho thay chi co
13 dong c6 luong d}r doi quang cua san pham ee,
trén 80% va hiéu suat khoang 8%.

Sau khi thu dugc 13 dong vi khuan trén, chiung

t6i tién hanh tach chiét enzyme tho tir 13 dong nay
va tiép tuc 1ap lai phan tmg cho dén khi tim duoc
dong vi khuan ung y nhat. Phan tmg duoc tién hanh
v6i 10 mM dl-menthyl benzoate va 25 g/L enzyme
thd trong moi truong dém sodium phosphate (2
mL, pH 7.0, 100 mM) trong éng nghiém 10 mL
& diéu kién 180 rpm, 30°C, 24 h. Két qua cho thay
dong vi khuan dugc danh dau sb hiéu 40 co hiéu
suat va kha nang chon loc d6i quang tot nhat so vai
nhimg dong khac. Dong vi khuan nay dugc ching
t61 dat tén ECU2040 dé phuc vu cho viéc nghién
cliru sau nay.

100

ee, (%)

Conversion (%)

60 80 100

Hinh 2. Két qua chon loc thir cap

Conversion (%): hiéu sudt, ee, (%): heong duw doi quang ciia san phdam

3.3. Khio sat viing gen 16S rDNA dé dinh danh dong vi khuin

@

@ i gi ECLFRo

1 acinetobacter sp. SMCC BO20S 165 Abosomal RMA gene, parial sequence
*acinetobacter calcoaceficus strain PUCHM1001 165 ribosomal RAA gene, parfial sequence
* Acinetobacter sp. MR4(2010) 165 ribosomal RMA gene, parfial sequence
@ Uncubured bacterium partial 165 rRMA gene, clone FADZO03
[+ 2 acinetobacter sp. 11-02 165 ibosomal RRA ene, parfial sequence
Acinetobacter sp. ¥1401-1 165 ribosomal RMA 9ene, parfial sequence
@ 2 & acinetobacter sp. PHD- 4 165 ibosomal RMA qene, partiel sequence
uncultured bacterivm partial 165 FRMA 9ene, clone FADZFO3

2 Acinetobacter calcoaceticus shein PUCK1002 165 Hbosomal RiA gene, parfial sequence

- i acinetobacter calcoaceticus shein THPSE-D12 165 ribosomal RMA gens, parfial sequence

& 1 Acinefobacter sp. RRI1ES ibosomal RA gene, parfial sequence

=Y Acinetobacter calcoaceticns PHEA- 2, complete genome

& Acinetobacter calcoacedicus stain PUCM1008 165 ibosomal
9
Eactetium DX 194 E 165 ribosomal RHA

1 acinetobacter sp. DS 7324

Hinh 3. Cy pha hé
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Ving gen 16S rDNA sau khi dwoc tach xuét ra
khoi té bao dugc khuéch dai bang phuong phap
PCR va chuyén vao E. coli DH50. Trinh ty ving
16S rDNA duogc phén tich bdi cong cu Basic Local
Alignment Search Tool trén website National
Center for Biotechnology Information (NCBI). Cac
trinh ty gen tham khao dugc léy tr co s& dir liéu

3.4. Lén men

GenBank va trinh ty 16S rDNA cua vi khuan dong
ECU2040 dugc tién hanh so sanh bang phin mém
CLUSTAL W phién ban 1.81.

Dong ECU2040 da dugc xac dinh la loai
Acinetobacter sp. dua trén su gidng nhau 99% cta
trinh tu 16S rDNA v&i mét s6 loai Acinetobacter da
dugc dang ky tai co sé dir licu NCBI.
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Hinh 4. Qua trinh 1én men & ndi 1én men 5L ciia Acinetobacter sp. ECU2040
DO: oxy hoa tan, OD600: chi s6 OD dudng cong sinh truong

Qua trinh 1én men ciing dugc tién hanh nghién
ctru so by nham muc dich tim ra méi truong phu
hop va diéu kién nuéi ciy & quy mé 16n dé co thé
tang sinh khoi, giam gia cta thanh pham.

Moi truong bd sung phu hop cho qua trinh
1én men 1a hon hop gdom Tryptone 60 g/L, Yeast
extract 30 g/L, Glycerol 50% (w/v), dugc bd

sung sau 4 gio 1én men. Qua trinh 18n men s& két
thac sau 14h 1én men, luc nay vi khuan di sinh
truong dén muc tdi da trong ndi 1én men loai
5 lit. Sau khi ly tdm thu sinh khdi, két qua thu
duogc 130 g té bao, tiép tuc dem di séy kho thu
duoc 18 g té bao kho. Hoat d6 enzyme esterase
khoang 2400 U/L.

5. T6i wu héa qua trinh phan tng sinh hoc: dnh hwéng ciia pH va nhiét do

<<=+ conv. (%o}

<o gep (%)

80
o e
=~ 60 [ ] Rt 4
m .- ..
Y - -
= L J
= - R TN
2 40 . e,
< R R g
B 20 *’
=)
S
0 T T T 1
6 7 8 9
pH

Hinh 5: Anh huong cua pH 1én hoat tinh ciia vi khuan

Tap chi Y Dugc hoc - Truwong Pai hoe Y Duge Hué - S6 13

67



60 -
50 A
40 -

30

Conv. (%)

» - Conv. (%)

20 2

th

30

3

th

Temperature (°C)

40 45

th
th
=

Hinh 6. Anh hudng cua nhiét d§ 1€n hoat tinh ctia vi khuan

Anh hudng cua pH va nhiét do trén do phan giai
dl-mentyl benzoate ciing dugc nghién ctru (Hinh 5
va Hinh 6). Theo nhitng bo céo trudc diy vé su
phan giai cac menthyl este d6i quang, pH va nhiét
d6 c6 anh huong nghiém trong ddi voi hiéu suat va
lwong du dbi quang ee [5,13].

Theo Hinh 5, hiéu suét phan ung dat duoc rat
thap & pH <6,5 hoic pH> 8,0. Hiéu suat ctia phan
ung tang 1én rd rét (khoang 40%) khi pH ¢ pham
vi 7,0-8,0. O pH 7,0 higu Sut phan tng la cao nhét
(41,5%) nhung ee_kha thip (48%), tuy nhién, 6 pH
7,5, hi€u suat phan ung khoang 38,5% va ee, da dat
den 63%. Vi vay, pH 7,5 dugc chon Ia pH toi uu
cho cac nghién ctru vé sau.

Anh huong cta nhiét do dén phan tmg & nhiét do
khac nhau (25, 30, 35, 40 & 45°C) cling duoc nghién
ctru (Hinh 4). Theo bén trén cho thy hiéu suat d ting
gip 1,6 1an voi su gia tang nhiét do tir 25 dén 40°C.
Hiéu suat ting tir 35% dén 47% véi sur gia ting nhiét
do tir 25°C dén 35°C, va khong thay doi dang ké tir
35°C dén 40°C. Tuy nhién, n6 nhanh chéng giam véi
tang thém ctia nhiét do 1én dén 45°C. Bé han ché anh
huong ciia nhiét d6 1én cau tric ciia enzyme va phu
hop véi diéu kién hién tai cia phong thi nghiém, nhiét
d6 37°C dugc chon 1a nhiét d tdi wu cho hé thong
phan (g nay & cac nghién ciu tiép theo.

4. KET LUAN

Tir mdi trudng dat, chung t6i da phan lap dugc
341 dong vi khuan dong don, phét hién ra 129
ching c6 kha ndng thuy phan d/-mentyl benzoate
cho ra tinh dau bac ha trong d6: PO hoat dong
cao (32 dong), hoat dong trung binh (41 dong),
hoat dong thap (56 dong); Khong xac dinh (212
dong).

Sau khi tién hanh chon loc thir cip dong vi
khuan dugc danh s6 40 hién thi hoat tinh va tinh
chon loc ddi quang t6t hon so v&i cac dong vi khuan
khac. Dong vi khuan nay da dugc dinh danh thudc
loai Acinetobacter sp. va dat tén la Acinetobacter
sp. ECU2040.

Qua trinh 1én men duoc tién hanh nghién
ctru so b nhdm muc dich tim ra moi truong
pht hop va diéu kién nudi cdy ¢ quy mo 16n
dé c6 thé tang sinh khdi, giam gia cua thanh
pham. Két qua cta qua trinh 1én men thu dugc
130 g t& bao, tiép tuc dem di sy khé thu duoc
18 g té bao kho. Hoat do enzyme esterase khoang
2400 U/L. Anh hudng ctia pH va nhiét do 1én qua
trinh phan tng ciing dugc tién hanh khao sat, két
qua cho thiy pH va nhiét do t6i wu pha hop cho
dong vi khuan nay thuc hién phan ung lan lugt
la 7.5 va37°C.
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