Nghién ctru khoa hoc c6ng nghé

KHA NANG TAO CHAT HOAT PONG BE MAT SINH HQC
CUA VI KHUAN GORDONIA PHAN LAP TU MOI TRUONG
O NHIEM DAU TAI PHIA NAM VIET NAM
NGUYEN VAN THANH NAM ) MAI THI DIEM KIEU @, TRAN VAN TIEN @

1. PAT VAN PE

Trong nhitng nam gan ddy, tim kiém va tng dung chat hoat hoa bé mit sinh
hoc do vi khuan tao ra (CHHBMSH, microbial surfactant) dang dugc quan tim
trong nhiéu linh vyc nhu cong nghé sinh hoc, hod sinh va vi sinh vat. CHHBMSH
c6 cau tric ludng cuc gdm dudi ky nudc va dau va nude. Theo khdi lugng phan ti,
CHHBMSH chia 1am hai nhém chinh: Nhém CHHBMSH c6 khéi lugng phan t
thap dudi 1500 dalton (Da) nhu glycolipid, lipopeptide, phospholipid, acid béo tu
do; nhéom CHHBMSH cao phan tu nhu liposaccharide, lipoprotein, polysaccharide.
bé phan bi¢t hai nhém trén, thuong dua vao hoat tinh bé mit va kha nang nhii hoa.
CHHBMSH thudc nhom khéi lugng phan tu thép ¢ hoat tinh bé mat cao va kha
nang tao nhil hoa véi cac chat 1ong it tan hodc khong tan trong nude. Nguoc lai
nhém CHHBMSH cao phén tir ¢6 kha ning tao nhii héa cao va bén virng, nhung c6
thé khong c6 kha nang 1am giam stc cing bé mit giita pha long - khi va stic cing
giita hai pha long - 1ong, long - rdn [18]. Hién nay, glycolipid va lippopeptid 1a
nhimg CHHBMSH dugc nghién ciru va cong bd phd bién nhit. Dua trén ciu tric
duong trong phan tu, glycolipid chia nhu sau: rhamnolipid (chtra duong rhamnose),
sophorolipid (sophorose), trehalolipid (trehalose), mannosylerythrytol lipid (MEL,
mannosylerythrytol). Cac gidng vi sinh vat san sinh ra glycolipid 1a khac nhau va
dac thu. Cac chung Pseudomonas san sinh rhamnolipid, cac vi sinh vat thuoc ho
Actinomycete, dién hinh 12 Rhodococcus - trehalose lipids, ndm Candida - sophorolipid,
nam Pseudozyma - MEL. Lippopeptide do Bacillus sinh ra, c6 hoat tinh khang sinh
cao, trong d6 surfactin ¢ cau trac dién hinh va duoc ung dung rong rai nhat [13].

CHHBMSH c6 nguén géc tlr vi sinh vat c6 nhiéu dic diém wu viét so v4i chat
hoat hoa téng hop hoé hoc, nhu tinh chét hoat dong bé mat (gidm suc cang bé mat
giita chat 1ong - khong khi, giam stic cang gitta hai bé mat chét 16ng - chat 1ong, chét
16ng - chét ran) va kha ning nhii hod cao, it doc hai, than thién véi méi trudng, kha
nang tuong hop sinh hoc cao [11]. Dya trén nhiing tinh chat ¢6, CHHBMSH dugc
str dung trong nhiéu linh vuc nhu: Cong nghé thyc phdm, hoa - m§ phim, céng nghé
duogc, nghién ctru y - sinh hoc, str dung trong khai thac ddu mo, cai tao méi trudng 6
nhidm do cac chat thai doc hai... Trong tuong lai, CHHBMSH c6 thé thay thé chat
hoat hoa tong hop hoa hoc dya trén danh gia céc yéu td gy 6 nhiém méi truong
toan cau va phuong hudng giai quyét thich hop nhu tai sir dung ngudn nguyén vét
lidu, tang cuong ché bién va str dung “thuc pham xanh”, phat trién cong nghé “hoa
hoc xanh” theo hudng than thién v6i méi trudng va giam thiéu nguy co 6 nhidém chét
thai doc hai dén stc khoé con nguoi [10].
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Hién nay, cac cong trinh cong b6 vé thanh phéan, cdu trc, tinh chit cua
CHHBMSH do vi khuan Gordonia tao ra, ciing nhu nhimg tmg dyng cia ching con
han ché. Franzetti cong bd két qua nghién ctru dau tién vé kha nang tao CHHBMSH
(glycolipid) cia Gordonia sp. va vai trd cua ching trong phan huy n-hexadecan [4].
Tuong tu, tac gid [6] phan ldp va danh gia kha nang phan huy paraffin ctia chung
Gordonia amicalis LH3, nhom tac gia Nga cong bd kha nang phan huy dau cua
Gordonia sp., c6 kha nang chiu nhiét d0 cao, phan lap tor mot sb vung d4t bi 6 nhidém
dau tai Nga [21]. Matsuura danh gia kha ning tao lippopeptide ctia G. amicalis phan
lap tir dat 6 nhidém dau tai Brazil [9]. Ngoai tmg dung trén, cong trinh nghién ciru
ciia Sowani budc dau danh gia hoat tinh sinh hoc cua cac hat nano bac va vang tao
thanh véi glycolipid do G. amicalis sinh ra trong méi trudng nghéo dinh dudng bd
sung hexadecan v&i muc dich tng dung trong y hoc [15]. Silva chitng minh kha
nang vi khuan G. alkanivorans 1B tao carotenoid nham sir dung trong héa my pham,
cong nghé thyc pham [14].

Trong nghién ctru nay, kha nang tao CHHBMSH cua chung vi khuan 3.7 dugce
danh gia thong qua chi s6 nhi hoa va sirc cang bé mit ctia moi truong nudi cay vi
khuan. Phan tich dinh tinh mot s6 nhom chirc va xac dinh thanh phan acid béo trong
CHHBMSH tho nhim bd sung vao co sé dit liéu vé thanh phan, tinh chit cua
CHHBMSH cua Gordonia sinh ra. Trén co s¢ do, dua ra dinh hudéng uing dung
chung 3.7 trong cac qua trinh cong nghé sinh hoc va xtr [y méi truong.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

Poi twong: Cac ching vi sinh vat dugc phan 1ap tir méi truong dat va nude bi
nhidm dau trén moi truong khoang Bushnell Haas (BH) [1] co b6 sung 2% n-
hexadecan 1a ngudn carbon duy nhét va cung cip ning luong.

Phwong phap: Cac vi khuan tao CHHBMSH duogc nudi cdy trong binh giac
500ml chira méi truong BH c6 pH = 7, ¢6 bd sung 2% (v/v) n-hexadecan, duoc lic
v6i tde d6 180 vong/phit & nhiét do phong trén may Titramax 1000 (Heidolph,
Germany). Sau 6 ngdy nudi cy, dich vi khuan duoc ly tim & téc d6 10 000 g trén
may Mikro 22R (Hettich, Germany) dé loai bo té bao. Tach chiét CHHBMSH tir
dich ly tam, xac dinh chi sb nhil hoa va ham lugng duong. Stc cang bé mit cta dich
ly tim do bang phuong phap vong Du Nouy trén thiét bi Surface Tensiometer 20
(Cole-Parmer) tai Vién Khoa hoc Vat liéu ung dung (Vién Han 1am KH&CN Viét
Nam). Chi sb nhii hoa hexadecan cua dich ly tim duoc xé4c dinh theo phuwong phap
cua Cooper va Goldenberg [2] bang cach iy 4ml dich ly tim va 4ml hexadecan cho
vao dng nghiém, lic ¢ toc do cao trong hai phit, dé 0 nhiét do phong. Sau 24 gid, do
chiéu cao cot chit 16ng, chidu cao cot nhii hoa, chi s6 nhii hoa sau 24 gior (E24) duoc
tinh theo cong thuec:

H(E)

E24 = HO)

X 100%

Trong do: H(E): chiéu cao cot nhii héa (mm).
H(0): chiéu cao cot chat long (mm).
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_ Ham luong duong trong dich ly tam dugc xac dinh theo Dubois [3]. Trong
mau doi chimg su dung nudc cat thay cho dich ly tam. Chat sir dung dé xay dung
duong chuan la trehalose.

Quy trinh tach chiét CHHBMSH thyc hién theo Kuyukina [8] tai Phong Phan
tich moi truong/Chi nhanh Phia Nam. Dé x4c dinh so bd6 CHHBMSH do chung vi
khuan tao ra, str dung k¥ thuat sic ky gidy ban mong (TLC). Pha dong 1a hdn hop
dung moi chloroform: methanol: nudc theo ty 1€ 65:15:2, chat hién thi mau nhan biét
gbc duong 1a a-naphtol va acid sulfuric lodng (10%), nhan biét gbc amin bang
nynhydrin (pha 0,25g trong 100ml acetone), gbc phosphat 1a dung dich amonium
molybdat, xac dinh acid béo khong no la dung dich potassium manganat (KMnOy).
Mau chira gbc duong s& xuét hién vét mau tim xanh, chira goc amin - hong tim, goc
phosphat - xanh. Ban mong sau khi tra mau (5ul), xit thude thtr, thoi kho va say &
110°C trong 5+10 phut (nhan biét dudng va nhém amin), rira dudi voi nudc cho hét
KMnOy dé x4c dinh acid béo khéng no.

Xéac dinh acid béo trong thanh phan CHHBMSH bang phuong phép sic ky khi
khdi phd (GC-MS) trén may sac ky Agilent 7890A (Agilent Technologies Inc., USA)
gian dau do MS, cot HP (30m x 25 mm x 25 pm) tai Trung tim Cong nghé Moi trudng
tai thanh phd H6 Chi Minh (Vién Han 1am KH&CN Viét Nam). Liy 30mg
CHHBMSH tho tao phan tng este hda voi1 methanol, véi sy c6 mat cta acid sulfuric
(H,S04) dam dic. Pun ¢ 80°C trong vong 3h, dung nude rira H,SO4 dén pH = 7, sau
d6 tach dan xuat acid béo bang dimethyl ether, co quay dén kho. Pinh danh acid béo
bang phan mém AMDIS va co sé dit liéu NIST/EPA/NIH Mass Spectral library [22].

3. KET QUA VA BAN LUAN
3.1. Pic diém phan loai va kha ning tao CHHBMSH ciia chiing vi khuén 3.7

Tong cong dd phan 1ap dugc 6 ching vi sinh vét c6 kha ning sinh truéng manh
trén moi truong khoang b sung hydrocarbon (hexadecan, diesel oil) la ngudn carbon
va cung cap nang lu:orng (bang 1). Mot trong nhimg thong so dé danh gia kha ning tao
CHHBMSH cua vi khuan ra méi trudng 1a xac dinh chi s6 nhii hoa cua dich ly tim
voi hydrocarbon (hexan, xylen, hexadecan). Trén co s6' do lwa chon chung co kha
nang nhii hoa cao nhét lam di twong cho cac nghién ctu tiép theo.

Bang 1. Chi s nhil hoa ciia cac chiing c6 kha ning
sinh trudng trén hexadecan

Ki hi¢u chiing Chi s6 nhii hoa E24, %
1.1 16
1.4 33
1.6 20
2.4 46
3.1 11
3.7 67
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Chung vi khuén 3.7 (hinh 1) duoc phan 14p tir mau dét tai Khu vuc tram rira xe
Cang Cét Lai - Thanh ph HO Chi Minh, vi khuan thudc nhém Gram (+), khuén lac
mau d6 cam, hinh tron 16i, bé mat khuan lac bong wét, vién nhin. Quan sat dudi
kinh hién vi thy té bao hinh cau, dimg don 1é hoic timg déi, khong sinh bao tir.

Dinh danh vi khuan duoc thuc hién tai cong ty Nam Khoa bang phuong phap
giai trinh ty 16S rRNA. So sanh két qua giai trinh tw v6i co s& dit liéu trén Genbank
cho thay ching vi khuan 3.7 c6 ty 1& twong ddng 100% véi vi khuan Gordonia
amicalis LH3 (Accession no. EF42458]1. 1)

Hinh 1. Khuén lac ching vi khuan 3.7 trén moi truong thach BH chira
2% hexadecan (a), dich mo6i truong vi khuan 3.7 (b) sau 6 ngay
nudi cay trong moi truong BH chira hexadecan

Pé danh gia kha ning tao CHHBMSH cua
chung vi khuédn 3.7 théng qua xac dinh stc cing bé
mit va chi s6 nhii hoa E24 ciia dich ly tAm sau 6 ngay
nudi cay. Két qua do strc cing bé mit 1a 56mN/m,
giam khong dang ké so vdi stic cing bé mit ciia nude
(72 mN/m). Tuy nhién, chi s nhil héa cua dich ly tim
sau 24h dat 67% (hinh 2), c0t nhii hoa 6n dinh & nhiét
d6 phong sau 120h (E khong thay d6i). Dang nhii héa
phu thudc vao sy cin bang giita ddu wa nude va dudi
ky nude (hydophilic-lipophilic balanc, HLB). Buéi ky
nudc cang 16n thi HLB cang nhd, khi d6 dang nhi
hoa & dang nudc trong dau (water in oil, w/o). Day la
tinh chét quan trong dé lya chon CHHBMSH phu hop
v6i muc dich sir dung trong cong nghiép va doi song
[5]. Trong nghién ciru vé CHHBMSH do Gordonia
tong hop, nhom tac gia [4] xac dinh chi s6 nhil hoa hexedecan cua dich ly tAm mai
truong sau 7 ngay nudi cay ¢ nhiét do 30°C 1a 40% (Gordonia sp. BS29), 41.5%
(Gordonia sp. BS25), va 52.5% (Gordonia sp. M22). Két qua thu duoc khi nudi cay
Gordonia sp 3.7 tuong ddi cao (67%) so véi két qua cua cac nghién ctiu khac. Sy
chénh lenh nay co thé do ba nguyén nhan chinh, thu nhat: kha ning tao CHHBMSH
ctia mdi chung 1a khac nhau; thu ha1 su khac biét vé phuong phap nudi cay (lién tuc
hay gian doan), diéu kién nudi cdy (luong oXy cung cap, diéu kién da t6i wu hoa,
nhiét d6); thtr ba: thanh phan CHHBMSH do mdi chung tao ra khac nhau.

E24

Hinh 2. Kha nang nhii
hoa hexaecan cua dich
ly tdm vi khuan 3.7
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Két qua xac dinh ham lugng duong do chung 3.7 tao ra mdi truong nudi cdy 1a
63 mg/l, chimg té thanh phan CHHBMSH do vi khuan nay sinh ra ¢6 chtra nhom
duong. So véi vi sinh vat khac trong cung nhoém xa khuan (Actinobacteria), vi du
Rhodococcus, vi khuan dic thu tao trehalolipid ra méi truong khi nuéi cdy trén alkan,
thi ham luwong duong do Gordonia amicalis 3.7 tao ra thép hon rét nhiéu (63 mg/l so véi
250 mg/1) [12, 19]. Tuy véy, két qua nay, mot mat khang dinh CHHBMSH do chung
3.7 sinh ra c¢6 chura goc duong, mit khac, phan nao giai thich duoc su khac biét vé
kha nang nhil hoa, sirc cing bé mat da néu & trén. Ngoai gia tri dinh luong, nhom
chirc chita trong CHHBMSH thé c6 thé phan tich dinh tinh bang TLC.

3.2. Xac dinh nhom chirec trong CHHBMSH

Két qua phan tich TLC cho thiy trong qua trinh 1én men, chiing 3.7 tao ra moi
truong CHHBMSH chtra cdc nhom chirc khac nhau (hinh 3). Trén ban mong nhan
biét dudng xuat hién 8 vét, gia tri Re tir 0,3+0,9; cuong do tir ddm dén nhat, cudng
d6 (46 ddm) manh nhét tai vét co Ry, Rp nén cé thé xac dinh day 1a thanh phan
chinh trong CHHBMSH chtta nhom duong. Trén tAm nhan biét géc amin, xuat hién
2 vét co Ry tuong duong Rg, Ry ciia tAm nhan biét duong (hinh 3, tdm 1, tam 2).
Nhan dinh ching 3.7 sinh séng trong moéi trudng chira hexadecane tao ra
CHHBMSH c6 ban chat lipopeptide glycolipid, hoéc 1a hop chit cao phan tu
(bloemulszf er) ma trong thanh phan cua no c¢6 chira gbe ducyng va nhom amin. Mdt
s6 nghién ctru trude day cong bd két qua rang, khi nudi ciy Gordonia trén alkan thi
c6 kha nang tao ra glycolipid [4, 16], lipopeptid [9].

Két thic
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Rf6 ——

Rs ——=

Rl'i —
R ——
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Rn

Bit diu
1 2 3 4
Hinh 3. Hinh anh sic ky 16p mong cua hop chat hiru co duge tach chiét
tr moi truong nudi cay G. amicalis 3.7 (1- a-naphtol;
2- ninhydrin; 3- ammonium molybdat; 4- KMnQO,)
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Két qua xac dinh nhom phosphat trong dich ly tdm cho thdy xuat hién vét
duong véi gbc phosphat, trong d6 1 vét chinh (ddm) va 5 vét phu (mo). Dé xac dinh
cu thé chung 3.7 ¢6 tao phospholipid nhu CHHBMSH ra méi trudng hay khong, can
¢6 cac nghién ctru khac rd rang hon. Nhu di biét, phospholipid 14 thanh phan khong
thé thiéu trong mang té bao vi khuan. Do d6, sau 6 ngay nudi cdy, té bao co thé da
dén giai doan chét, phan hiy va phat tan phospholipid ctia mang té bao ra moi
truong. Dén thoi diém nay chua c6 nghién ctru nao khang dinh vi khuan Gordonia
tao ta phospholipid ngoai té bao. Hon nita vi sinh vat dic thu tao ra phospholipid
dugc cho 1a Acinetobacter, Aspergillus, Corynebacterium lepus [13]. Trén tdm nhén
biét acid béo khong no, cho thay hodc trong dudi ky nudc cia CHHBMSH chira acid
béo khéng no, hodc ching 3.7 ¢6 thé tao acid béo khéng no tu do qua qua trinh oxy
hoa hydrocarbon ra méi truong. Dé xac dinh cy thé thanh phan cia acid béo tién
hanh phan tich cac mau da este hoa bang k§y thuat GC-MS.

3.3. Thanh phin acid béo trong CHHBMSH

Két qua phan tich GC-MS cho thay trén sic ky d6 xuat hién 04 pic chinh c6
thoi gian luu 1an lugt 14 12,577; 14,334; 15,192 va 15,296 phit (hinh 4).

99,6 -

" Hexadecanoic acid, methyl ester
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wl ®  9-Octadecenoic (Z)-. methyl ester
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Hinh 4. Sic ky do dan xuit acid béo do chung 3.7 sinh ra trong méi trudng nudi cay

Chat c6 thoi gian luu 12,577 phut ¢6 chita cac nhom nguyén t6 c¢é trong luong
phan t&r (m/z): 57, 71, 85, 99,..., 226; khoang cach gitra cic m/z 1a 14 Da, tuong duong
lién két (-CH,), dac trung cho alkane manh théng, no. So sanh véi thu vién chit chuan
va sdc ky d6 cua n-hexadecan... cho thiy day 1a n-hexadecan con lai trong mau do qua
trinh tach chiét CHHBMSH tir mdi trudng nudi cdy vi khuan khong sir dung hexan dé
loai bé chiing.
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Phén tich pic c6 thoi gian luu 14,334 phut cho thdy, chit nay c6 chua céac
nhém nguyén t6 co trong lwong phén tir (m/z) twong tmg: 55; 74; 87; 97; 111; 129;
143; 171; 185; 213; 227 va 270 (hinh 4). So sanh véi thu vién chat chuan, day 1a
methyl ester cia acid hexadecanoic véi d6 tuong dong 93,7%.

Tuong ty, phan tich pic c6 thoi gian luu 15,192 phat cho thay, chit ndy c6
chtra cac nhom nguyén td ¢ trong luong phan tir (m/z): 55; 69; 83; 123; 180; 222;
264; 296 (hinh 4). So sanh v&i thu vién chat chuan, dy 1a methyl ester cua acid 9-
octadecenoic v6i do twong ddng 96,9%.

O pic co thoi gian luu 15,296 phiit cho thiy chéat ndy c6 chira cic nhom
nguyén tb co trong luong phan tir (m/z): 55; 74; 87; 97; 143; 157; 199; 255 va 298
(hinh 4). So sanh véi thu vién chat chuan, day 1a methyl ester cta acid octadecanoic
v6i d6 tuong dong 94,1%.

Két qua phan tich thanh phan cta acid béo trén sic ky d6 GC-MS do G. amicalis
3.7 tao ra cho thay phan 16n 1a acid hexadecanoic (53%), con lai 1a cac acid 9-
octadecenoic (15%), octadecanoic (32%). Acid hexadecanoic 1a chat chuyén hoa
trung gian cia té bao vi khuan trong qud trinh oxy hoa ting phan (partial B-
oxidation) hexadecan [17, 20]. Céc acid béo khac c6 thé 1 san pham trung gian
trong qua trinh oxy hoa acid hexadecanoic thanh dang Acetyl-CoA. Acid béo cé
mach carbon 16n hon C16 (trong truong hgp nay la C18:1n-9, CI18; trong do
C18:1n-9 thé hién acid béo khong no c6 18C, bao gdm 1 ndi ddi ¢ vi tri C thr 9) ¢6
thé 14 san pham trung gian ciia qua trinh oxy hoa hoan toan (complete B-oxidation)
acid hexadecanoic duéi dang Acetyl-CoA, r6i sau d6 theo con dudng tong hop de
novo dé tao ra mach méi dai hon C16 [7]. Két qua nghién ctru cho thdy, G. amicalis
3.7 c6 kha ning phan huy hexadecan cao va chuyén hoa ching thanh cac
CHHBMSH c6 ban chit khac nhau dugc giai phong ra méi trudng nudi cay.

4. KET LUAN

Két qua nghién ctru khang dinh: G. amicalis 3.7 dugc phan 1ap tir ¢4t nhidm
dau c6 kha nang sir dung hexadecan 1a ngudn carbon va ning luong. Trong qua trinh
chuyén hoa hexadecan, ching 3.7 tao CHHBMSH dang ngoai té bao c6 kha ning nhi
hoa hydrocarbon cao, c6 tac dung lam ting kha ning hap thu ngudn dinh dudng khé
tan hodc khong tan trong nudc cua vi khuan. Két qua nghién ctru bo sung vao co s&
dir liéu vé cac ching vi sinh vét c6 kha ning phan hiy dau tai Viét Nam va sir dung
chiing nhu ngudn vi sinh vt tao CHHBMSH cho cac nghién ctru tiép theo.
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SUMMARY

BIOSURFACTANTS PRODUCED BY A NOVEL GORDONIA
BACTERIUM ISOLATED FROM OIL-CONTAMINATED
SAMPLES TAKEN IN SOUTHERN VIETNAM

Novel bacterial strain 3.7 was isolated from oil-contaminated soil in Southern
Vietnam that is capable to grow on hexadecane as sole carbon and energy sources.
This isolate was identified as Gordonia amicalis (with related 100%) based on 16S
rRNA sequence analysis. The strain 3.7 produces at least two classes of biosurfactants
(glycolipid, lipopeptid) those possess high emulsifying activity (E24 = 67%). Fatty
acid composition in organic extract was determined by GC-MS, most of them are
hexadecanoic acid (53%). Thus, G.amicalis 3.7 could be used as component in
biopreparation for clean up of oil-contaminated areas and as potential producer of
surface active compounds.

Keywords: Gordonia, biosurfactant, fatty acid, oil-degrading bacteria, chdt
hoat héa bé mdt sinh hoc, acid béo, vi sinh vt phdn huy dau.
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