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(54) QUY TRINH SAN XUAT CHE PHAM VI SINH TAO MANG SINH HQC TREN CHAT
MANG THAN SINH HOC BE XU LY PAT O NHIEM HIDPROCACBON THOM VA
CHE PHAM VI SINH THU BUQC BANG QUY TRINH NAY
(57) Giai phap hitu ich d& cap dén quy trinh san xuit ché phim vi sinh tao mang sinh hoc
trén chat mang than sinh hoc de XU ly dat nhiém hidrocacbon thom, trong d6 quy trinh nay
bao gdm cac budc: (a) nhan gidng vi sinh vat; (b) thu sinh khéi vi khuan; (c) thu san pham
phéi trén; va thu ché pham vi sinh tao mang sinh hoc trén chat mang than sinh hoc, trong
d6 khac biét & chd cac ching vi sinh dugc sit dung bao gdm bén chung vi khudn
Rhodococcus sp. BQNL11, Pseudomonas sp. BQN21, Stenotophomonas sp. QNDS,
Klebsiella sp. VTD8. Ngoai ra, giai phap hitu ich con dé cap dén ché pham vi sinh tao
mang sinh hoc trén chit mang than sinh hoc thu duoc bang quy trinh nay.
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Linh vuc ky thuat dwgc dé cap

Giai phap hitu ich thudc linh vuc xt ly 6 nhim moi trudong bing cong nghé
sinh hoc, cu thé 1a dé cap dén quy trinh san xudt ché phém vi sinh tao mang sinh hoc
trén chit mang than sinh hoc dé xtr ly dat nhiém céc hidrocacbon thom va ché phim vi

sinh thu dugc bang quy trinh nay.
Tinh trang ky thuit cia giai phap hiru ich

Trong nhitng ndm gin day, cac khu cong nghiép ¢ Viét Nam dugc xay dung mot
cach nhanh chéng. Tuy nhién theo théng ké cua Bo K& hoach va Pau tu, hién nay méi
chi ¢6 74/171 khu cdng nghiép c¢6 nha may xi ly nudc thai tdp trung. Chinh viéc xay
dung céac khu cdng nghiép mot cach d at va thiéu kiém soat nhu vay da khién moi
treong tai nhitng khu vuc nay va cac khu vuc xung quanh bi 6 nhiém nghiém trong.
Trong thanh phin nudc thai cdng nghiép, ngoai cac hop chét gay 6 nhiém nhu metan,
cac kim loai nang, cac hop chAt ammoni, xianua, v.v. thi hdn hop céac hop chat
hidrocacbon thom 12 nhimng hop chét hitu co c6 cAu tric bén viing, kho phan hay trong
diéu kién tw nhién va anh hudng tdi sttc khoe con nguodi ngay ca ¢ ndng do rat thap
dic biét no6 cling la tac nhin tiém 4n gdy ung thu. Bén canh d6, ching thuong ton tai &
dang hon hop, it thiy & dang don 1¢ do vy ddc tinh clia chiing ngay cang cao. Vi vay,
viéc loai bd hidrocacbon thom ra khoi nguén nudce thai 1a mot viéc lam can thiét va

cép bach.

Dé xit 1y cac hop chét nay, cac quy trinh vat Iy, hoa 1y da dugc sir dung va cho
két qua kha quan. Cac quy trinh nay c6 wu diém 1a xir ly nhanh, tuy nhién qua trinh xir
ly khong duogc triét dé va thuong tao ra cac san pham phu thir cip anh huéng t6i moi
truomg xung quanh. Quy trinh phan hiy sinh hoc sir dung céc ching vi sinh vat va cac
chét ¢c6 hoat tinh sinh hoc do vi sinh vét san sinh ra da dugc st dung ngdy cang rong

rdi do hiéu qua, ré, than thién voi moéi truong. Nguoi ta ude tinh ¢6 hon 60 chi vi
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khuin c6 kha nang phan hiy cac hidrocacbon thom nhu naphtalen, antraxen,
phenantren, piren, benzo[a]piren va ching chu yéu thudc cac chi: Achromobacter,
Acidovorax, Escherichia, Pseudomonas, Rhodococcus, Bacillus, Flavobacterium,
Clostridium, v.v. (Whyte va cong sy, 1996). Nam 2009, tdc gia Bayoumi déd phén lap
thanh cong mot s6 loai vi khudn thudc chi Bacillus ¢6 kha ning phan hay cac
hidrocacbon thom bao gdm: Bacillus subtilis, Bacillus licheniformis, Bacillus firmus,
v.v.. Khong chi ¢6 kha nang phan hiy cac hidrocacbon thom c6 khéi lugng phan tir
thdp nhu naphtalen, antraxen, phenathren, ma mot s6 ching vi khudn thudc chi
Bacillus con c6 thé phan hiy cac hidrocacbon thom c¢6 khdi lugng phan tir twong a6i
16n nhu benzo[a]antraxen, piren, benzo[b]fluoranthen ciing nhu nhiéu hop chét doc

khac.

Viéc dua cac chung vi sinh vat co kha nang phan huy céac hidrocacbon thom ra
cac ving 6 nhiém doi khi gdp mot s6 kho khan khi xtr Iy ngoai hién trudng tai nhiing
khu vuc ¢6 ham luong 6 nhiém cao, nhiét d9, pH thuong xuyén thay dbi. Nhung khi vi
sinh vat dugc bao vé béi 16p mang sinh hoc ki nudc (do 16p polysacarit ngoai bao do
chinh ching san xuét ra) s& giup ching lién két chat ch& v6i nhau, chdng duge cac
diéu kién ngoai canh bét lgi (Morikawa va cong su, 2006; O’Toole va cong su, 2000).
Bén canh do, 16p polysacarit c6 tinh két dinh cao, s& giup vi sinh vat d& tiép can véi
ngudén 6 nhiém va st dung chinh cac hidrocacbon trong ngudn 6 nhiém 4 ngudn
cacbon giap chung sinh truong va phat trién tir d6 ting cuong hidu qua xu ly.

Hién nay, trén thé gi6i da co nhiéu nghién ciru vé& cac ching vi sinh vat tao
mang sinh hoc nhim tng dung trong xt 1y cac hidrocacbon thom nhu benzen,
naphtalen, phenon, toluen, xilen, v.v. (Yamaga va cong sy, 2010; Shimada va cong su,
2012; Meliani, Bensoltane, 2014). Chung vi khuin Acinetobacter calcoaceticus P23
duoc phan 1ap tir khu hé r€ béo Lemna aoukikusa c6 kha néng tao mang sinh hoc va
phan hiy phenon tdt hon dang té bao tu do (Yamaga va cong su, 2010). Shimada va
cong su, 2012 da stir dung ching vi khuan Pseudomonas stutzeri T102 phan 14p tur cac
m3u dit nhidm diu dé tao mang sinh hoc va chimg minh kha nang phén huy t6t
naphtalene cta ching nay ¢ dang tao mang sinh hoc hon ¢ dang té bao tu do. Dic biét,
mang sinh hoc da chung duoc tao thanh tur 5 chi vi khudn Polaromonas,

Sphingomonas, Alcaligenes, Caulobacter va Variovorax phan 1ap tir cac méu 1y & Bic
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cuc c6 kha niang phan hiy 20 pg/ml piren va 39 pg/ml phenantren sau 60 ngay nuoi
ciy (Erikssonet va cong su, 2003). Bing quy trinh nudi ciy vi sinh théng thuong, 2
chung vi khuan thudc chi Pseudomonas c6 kha ning phin huy piren rat tot da duoc
phan 1ap tir mang sinh hoc nay (El-Masry va cong su, 2004).

Bén canh d6, dé ting cuong hidu qua xtt ly 6 nhiém va dé co6 thé dé dang 4p
dung trong nhiéu diéu kién dia hinh khac nhau, viéc st dung chét mang lam gia thé
cho cdc vi sinh vét tao mang sinh hoc gén 1én da va dang dugc ing dung rong rai. Cac
gia thé dé vi sinh vt bam dinh can ¢6 nhitng tinh chét dic trung gitp vi sinh vat c6 thé
dé dang bam dinh nhu tai trong nho, dién tich bé mat tiép xuc trén mot don vi thé tich
16n, dd nham cao, c6 dd bén phi hop (khong bi an mon, hoa tan, phan tng...) véi cac
hop chét hoa tan trong nudc. Gia thé vi sinh c6 tai trong bé mit cang 16n, bé mit tiép
xuac cang nhiéu thi cang tao diéu kién tdi wu cho qué trinh sinh trudng phat trién va tao
mang cia vi sinh vat, tir d6 1am tang hiéu qua xtt ly. Trong sd cac loai gia thé nay, than
sinh hoc dugc xem 1a mot chit mang tiém nang trong xtr 1y mdi trudng ciling nhu xir 1y
6 nhidm dAt va nude nhidm céc hidrocacbon thom da vong c6 trong dau do c6 chi phi
thép, da dang va céc kha nang hép thu tuong ddi tét hon than hoat tinh (Kearns et al.,
2014). Than sinh hoc 1a mot chit x6p co cac gdc cacbon va co ngudn gbc tir qua trinh
nhiét phan sinh khdi céc loai chét thai, xac dong, thuc vat, v.v. dudi diéu kién han ché
oxy ho#c khong c6 oxy (Ahmad et al., 2014).

Trong xu ly dit 6 nhiém, than sinh hoc c6 dién tich bé mat tiép xuc 16n, ¢6 kha
nang trao ddi dién tich duong, va dugc tao ra tir nhiéu loai nguyén vat liéu khac nhau
v6i cac gia tri nhiét o nhiét phan khac nhau, nho d6 ¢6 thé tang cuong kha nang hép
thu cac chit 6 nhiém hitu co va vo co lén bé mat cia cac loai vat liéu nay déng thoi
gitt lai cac chét 6 nhiém (Ahmad et al., 2012). Cac hi¢u img bay dinh hodc nha cacbon
vao dat c6 thé 1am ting kha ning hép thu cac kim loai ndng nhu asen do d6 n6 duy tri
cac chat dinh dudong cho thuc vat; su két hop cua cac loai phadn bén sinh hoc
(compost), phdn bon hoa hoc va cac chéit xur 1y khac cing véi than sinh hoc ¢6 thé lam
tang t6i da hidu qua xtr 1y cac loai dét.

Dic biét, than sinh hoc tao ra tu triu gao nho qué trinh nhiét phan nhanh &
450°C va véi tbe do 1 tin/h c6 dién tich bé mit dic hiéu 1a 34 1n2/g, ham lugng tro

42% va mot luong 16n cac nhom C-O, vi du phenolic, hydroxin va ete moieti lam cho
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chung thich hop dé hip thu cac hop chét hitu phan cuc nhu cic hidrocacbon thom c6
trong cac thanh phan cta diu va dau mo (Liu et al., 2012).

Tuy nhién, cho téi nay chua co nhiu céng bd ¢ Viét Nam vé hidu qua xt 1y 6
nhiém diu bang than sinh hoc. Trong khi d6, da c6 nhidu cong bd trén thé gidi vé kha
nang hip thu cac hop chét hidrocarbon trong diu mo c6 trong dit va nudc nhiém dau
b&i than sinh hoc. Ching han nhu than sinh hoc dd dugc chimg minh c6 kha nang tng
dung trong xtr ly mot sb loai hidrocarbon thom da vong kho phan hiy nhu naphtalen
(Chen va Chen, 2009), phenantren (Kong et al., 2011), piren (Hale et al., 2011) v.v..
Péi v6i dat nhidm dau, viée st dung than sinh hoc con tdn nhiéu thoi gian va con
nhiéu han ché do hé théng dét va chét thai rén c6 tinh chit phirc tap. Pong thoi chua
¢6 nhiu cong bd vé viéc sir dung than sinh hoc 1am chit mang cho céc vi khuén tao

mang sinh hoc d& ting hidu qua xir Iy dat nhiém dau.

Do doé, tir nhitng yéu ciu cdp bach dugc dit ra 1a phai c6 quy trinh san xuét ché
phim vi sinh tao mang sinh hoc trén chit mang than sinh hoc dé xt Iy d4t 6 nhiém
hidrocacbon thom va ché phdm vi sinh thu dugc bang quy trinh nay nhim tng dung
xir Iy nhitng ving dit 6 nhiém tuong tu.

Ban chit ky thuit ciia giai phap hiru ich

Muc dich cua giai phéap hiru ich la nhim giai quyét cac ton tai néu trén. Theo do,
giai phap hitu ich dé xuét quy trinh san xuét ché phdm vi sinh tao mang sinh hoc trén
chit mang than sinh hoc d8 xt Iy d4t nhiém cac hidrocacbon thom va ché pham vi sinh

thu dugc bang quy trinh nay.

Theo khia canh thir nhit, giai phap hitu ich dé cap dén quy trinh san xuét ché
phim vi sinh tao mang sinh hoc trén chit mang than sinh hoc dé xtr Iy dit 6 nhiém

hidrocacbon thom, trong d6 quy trinh nay bao gdm cac budc:

(a) nhan gidng vi sinh vat bing cach 1én men bbn ching vi khuén bao gom:
Rhodococcus sp. BQN11, Pseudomonas sp. BQN21, Stenotophomonas sp. QNDS,
Klebsiella sp. VID8 va c6 s6 luu gitt tai Vién Cong nghé sinh hoc, Vién Han lam
Khoa hoc va Coéng nghé¢ Viét Nam v6i s6 luu gift lan lugt tr CNSHMT 15 dén
CNSHMT 18, twong ting trong moi trudong 1én men thé dich thu dugc cac dich 1én men

vi khuan;
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(b) thu sinh khdi vi khudn bing cach ly tim timg dich 1én men vi khuin thu dugc
tr budce a) voi tde dd 4000 vong/phit & nhiét do 4°C trong thoi gian 10 phut, sau d6
dugc rira hai 1an bang nude cit da khir tring va phéi tron cac sinh khdi véi ty 1é bang
nhau, bd sung dung dich mubi sinh 1y dé thu sinh khéi vi khudn c6 ndng do 10’

CFU/ml;

(c) thu san pham phdi tron bing cach phdi tron sinh khdi vi khuén c6 ndng do 10’
CFU/ml, mdi truong LB va than sinh hoc theo ty 1€ twong ung 1:10:15 (thé tich/thé

tich/trong lugng), sau khi tron déu, thu dugc san phém phéi tron; va

(d) thu ché pham vi sinh tao mang sinh hoc trén chét mang than sinh hoc bang
cach 1&n men san phdm phdi tron trong didu kién nhiét do tir 28 dén 30°C, déo tron
theo chu ky 6 gid, thoi gian 1én men trong 48 gio, sau do6 sdy san phim 1én men & nhiét
d6 tir 40 dén 45°C trong thoi gian tir 3 dén 4 giy dé thu dugc vi sinh tao mang sinh hoc

trén chét mang than sinh hoc ¢6 do am 40 %.

Theo khia canh tht hai, giai phap hitu ich dé cap dén ché phdm vi sinh thu dugc
bing quy trinh san xuét ché phdm vi sinh tao mang sinh hoc trén chit mang than sinh
hoc dé xur Iy dit 6 nhiém hidrocacbon thom, trong dé ché phdm nay chira cac ching vi
khudn bao gbm Rhodococcus sp. BQNI11, Pseudomonas sp. BQN2I,
Stenotophomonas sp. QND8, Klebsiella sp. VID8 va c6 s6 luu gitr tai Vién Cong nghé
sinh hoc, Vién Han 14m Khoa hoc va Cong ngh¢ Viét Nam véi 6 luu gitt tt CNSHMT
15 dén CNSHMT 18.

Mo ta van tat cac hinh vé

Fig.l la hinh thai khudn lac cia bdn ching vi khudn, trong d6 (A) la
Rhodococcus sp. BQN11, (B) la Pseudomonas sp. BQN21, (C) la Stenotophomonas
sp. QNDB, (D) la Klebsiella sp. VTDS.

Fig.2 1a cAy phat sinh chung loai ciia 4 ching vi khuén.
Fig.3 1a ché pham vi sinh thu dugc bang quy trinh theo giai phép hitu ich.

Fig.4 1a ché phim vi sinh thu dugc bing quy trinh theo giai phap hitu ich & do
phong dai 5.000 1an.
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Fig.5 1a biéu dd thé hién hiéu sut phan huy antraxen (a), naphtalen (b),
phenantren (c) va piren (d) cua ché phdm xir Iy d4t 6 nhiém hidrocacbon thom tlr cac

chung vi khuan tao mang sinh hoc trén chit mang than sinh hoc sau 10 ngdy nuéi tinh.
MO t chi tiét giai phap hiru ich
Sau day, giai phap hitu ich mo ta chi tiét cac phuong 4n cu thé, tuy nhién, cac

phuong 4n nay chi nhim muc dich nhim mo ta chi tiét giai phap hitu ich chir khong

nhim muc dich han ché pham vi yéu cau bao ho cua giai phap hitu ich.

Giai phap hiru ich dé cap dén quy trinh san xuét ché phdm vi sinh tao mang sinh
hoc trén chit mang than sinh hoc dé xtt Iy dit 6 nhiém hidrocacbon thom va ché phdm

vi sinh thu duoc bing quy trinh nay.

Theo khia canh thir nhat, giai phap hitu ich dé cap dén quy trinh san xuét ché
phém vi sinh tao mang sinh hoc trén chét mang than sinh hoc dé xu ly d4t nhiém cac

hidrocacbon thom.

Trong budc nhan gidng vi sinh vat bang cach 1én men hai clp, cac ching vi
khuidn dugc st dung bao gdm cac ching vi khudn: Rhodococcus sp. BQNII,
Pseudomonas sp. BQN21, Stenotophomonas sp. QND8, Klebsiella sp. VTD8 trong

moi truomg 1én men thé dich thu duge cac dich 1én men vi khuén.

Chung vi khudn Rhodococcus sp. BQN11 la ching thudn duoc phan lap tir mau
nuée nhidm dau iy 13y tai dit 6 nhim dAu tai Quang Ninh. MAu sau khi thu thap
duge 1am giau trong mdi trudng khoang Gost dich sau 7 ngay nudi lic vai tbe dd 200
vong/phat & 30°C voi hén hgp céac hidrocacbon thom la naphtalen, antraxen,
phenantren, piren la ngudn cacbon va ning lugng. Vi khuén dugc phan lap va tuyén
chon dya trén kha ning phan huy cac hidrocacbon thom nhu naphtalen, antraxen,
phenantren, piren va kha nang tao mang sinh hoc. Sau khi tuyén chon, thu dugc chiing
vi khudn c6 kha ning phan huiy cdc hidrocacbon thom nhu naphtalen, antraxen,
phenantren, piren vuot trdi, ching nay dugc ky hiéu 18 Rhodococcus sp. BQN11 va
duoc luu gitt tai Vién Cong nghé sinh hoc, Vién Han 1am va Cong nghé Viét Nam voi

$6 Iuu gitt 1a CNSHMT 15.

Pé dinh danh chung Rhodococcus sp. BQN11, tién hanh giai trinh ty v6i cap

moi st dung bao gom:
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Moi xudi (271): 5°-AGAGTTTGATCCTGGCTCAG-3’

Mobi nguoc (1527r): 5°>~-AGAAAGGAGGTGATCCAGCC-3’

Két qua giai trinh ty thu duoc trinh tu néu trong SEQ IP NO.1, két qua nay duoc
ding dé dinh danh loai bing cach st dung chwong trinh BLAST
(http://ncbi.nlm.nih.gov/) d& so sanh cac doan gen 16S rARN trén ngan hang gen. Két
qué cho thdy ching Rhodococcus sp. BQN11 theo giai phap hitu ich thudc chi
Rhodococcus va day 1a mot bién ching méi gan loai ruber va day dugc xac dinh 1a

mdt ching mai duge ding ky tren Genbank véi ma s6 truy cap KC151262.

Chung vi khun Pseudomonas sp. BQN21 1a chung thuin dugc phan 1ap tir mau
dat nhidm du l4y tai Kho xang dau B12, Quang Ninh. MAu sau khi thu thap dugc lam
giau trong moi truong khodng Gost dich sau 7 ngay nudi lic véi tée dd 200 vong/phut
& 30°C v6i dau thd 13 ngudn cacbon va ning luong duy nhét. Vi khuin duge phan 1ap
va tuyén chon dua trén kha ning phén hiy t6t cac hidrocacbon thom cé trong dau tho
nhu naphtalen, antraxen, phenantren, piren va kha nang tao mang sinh hoc. Sau khi
tuyén chon, thu dugce chung vi khuin c6 kha niang phéan huy t6t naphtalen, antraxen,
phenantren, piren, ching nay dugc ky hiéu la Pseudomonas sp. BQN21 va dugc luu
gilt tai Vién Cong ngh¢ sinh hoc, Vién Han 1am va Cong nghé Viét Nam vai sb luu

git 1a CNSHMT 16.

Pé dinh danh chiing Pseudomonas sp. BQN21, tién hanh giai trinh tuy véi cap
mdi str dung bao gom:

Mbi xudi (27f): 5’-AGAGTTTGATCCTGGCTCAG-3’

Moi nguoc (1527r): 5°-AGAAAGGAGGTGATCCAGCC-3’

Két qua giai trinh tu thu duoc trinh ty néu trong SEQ IP NO.1, két qua nay
duoc dung d& dinh danh loai bing cach st dung chuong trinh BLAST
(http://ncbi.nlm.nih.gov/) d& so sanh cac doan gen 16S rARN trén ngan hang gen. Két

qua cho thdy ching Pseudomonas sp. BQN21 theo giai phap hitu ich thudc chi
Pseudomonas 1a mot bién ching méi gan loai mendocina va day dugc xac dinh 1a mot

chiing méi dugc dang ky tren Genbank v4i ma s6 truy cap KC151263.

Chung vi khudn Stenotophomonas sp. QNDS 14 chung thuin dugc phan lap tir
mAu dét nhiém dau iy tir mau nudc nhidm dau l4y tai bo bién tinh Quang Ngai. Mau

sau khi thu thap dugc lam giau trong mdi trudng khodng Gost dich sau 7 ngay nudi lac

-8



2558

v6i te do 200 vong/phit & 30°C véi ngudn co chét 1a du thé 13 ngudn cacbon va
nang luong duy nhét. Vi khuin dugc phén lap va tuyén chon dua trén kha ning phan
hay diu thdé chira mot sb hop chét hidrocacbon thom nhu naphtalen, antraxen,
phenantren, piren va kha ning tao mang sinh hoc. Sau khi tuyén chon, thu dugc ching
vi khuén c6 kha nang phan huy nhitng ngudn co chat nay vuot trdi, ching nay dugc ky
hiéu 1a Stenotophomonas sp. QND8 va dugc luu gilt tai Vien Cong nghé sinh hoc,

Vién Han 1am va Cong nghé Viét Nam véi s6 luu gitr 12 CNSHMT 17.

Pé dinh danh chung Stenotophomonas sp. QNDS, tién hanh giai trinh ty v&i cip
mdi sir dung bao gdm:

Mbi xudi (27f): 5>-AGAGTTTGATCCTGGCTCAG-3’

Mbi ngugc (1527r): 5’-AGAAAGGAGGTGATCCAGCC-3

Két qua giai trinh ty thu dugc trinh tu néu trong SEQ IP NO.1, Kkét qué nay duoc

ding dé dinh danh loai bang cach st dung chuong trinh BLAST
(http://ncbi.nlm.nih.gov/) d so sanh cac doan gen 16S rARN trén ngan hang gen. Két

quéa cho thdy ching Stenotophomonas sp. QNDS theo giai phap hitu ich thudc chi
Stenotophomonas va day 1a mot bién ching méi gan loai maltophilia va ddy dugc xac

dinh 14 mot chung mdéi dugc dang ky tren Genbank véi ma sd truy cap LC034303.

Chung vi khuan Klebsiella sp. VIDS8 1a chiing thuan duoc phan l4p tir mau dat
nhi®m dau l4y tai Viing Tau. MAu sau khi thu thap duoc 1am gidu trong mdi truong
khoang Gost dich sau 7 ngay nudi lic voi tbe dd 200 vong/phut & 30°C vé6i dau diezen
1a ngudn cacbon va nang lugng duy nhit. Vi khuén duoc phan 1ap va tuyén chon dua
trén kha niang phin hiy mot sd hidrocacbon thom nhu naphtalen, antraxen,
phenantren, piren c6 trong diu tho va kha ning tao mang sinh hoc. Sau khi tuyén chon,
thu dugc chung vi khuan c6 kha ning phan hity nhitng hidrocacbon thom vuot troi,
ching nay dugc ky hiéu 1a Klebsiella sp. VID8 va dugc luu gift tai Vién Cong nghé
sinh hoc, Vién Han 1am va Cong nghé Viét Nam véi sb luu giit 1a CNSHMT 18.

Pé dinh danh ching Klebsiella sp. VTDS, tién hanh giai trinh tw véi cip moi sir
dung bao gdm:

Mbi xubi (27f): 5’-AGAGTTTGATCCTGGCTCAG-3’

Mbi ngugce (1527r): 5’-AGAAAGGAGGTGATCCAGCC-3’
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Két qua giai trinh tu thu dugc trinh tw néu trong SEQ IP NO.1, két qua nay dugc
ding d& dinh danh loai bing cach st dung chuong trinh BLAST
(http://ncbi.nlm.nih.gov/) dé so sanh cic doan gen 16S rARN trén ngan hang gen. Két

qua cho thiy ching Klebsiella sp. VTD8 theo gidi phap hitu ich thudc chi preumoniae
va diy dugc x4c dinh 1a mot ching méi duge ding ky tren Genbank voi ma sb truy
cap LC381758.

Hinh thai khuan lac ciia cac ching vi khudn duge thé hién trén Fig.1. Cay phat
sinh chiing loai ctia cac chiing 4 chung vi khudn nay dugc thé hién tuong Ung trén
Fig.2.

Cac quy trinh, k§ thuat nhan giéng vi khuin thudn ching 13 d3 biét va duoc
ngudi c6 hiéu biét trung binh trong linh vuc nay hiéu ro va c6 thé ap dung dé& dang.

Lén men cap 1: Cac dich ching giéng twoi sau khi dugc nhén tir nhitng khuin
lac riéng ré qua dém dugc cdy chuyén sang 4 binh tam gic thiy tinh 100 ml riéng ré
chita 9 ml méi truong Luria Bertani (LB) véi ty 1& dich chiing gidng tuoi:mdi truong 1a
1:9 (ml/ml) — nghia 1 cho 1 ml dich ching giéng tuoi vao 9 ml méi truong. Binh dugc
lic 180 vong/phut & nhiét do nim trong khoang tir 28 dén 30°C trong thoi gian 24 gio.
Céc thanh phan moéi trudng c6 cong thirc nhu sau:

Thanh phan méi trudng LB nudi cy vi khuin (g/): 10 g/1 NaCl, 10g/1 trypton, 5
g/l cao men, pH = 7-7,2.

Moi trudng nudi céy thach duogc bd sung 2 % thach agar.

Céc thanh phan modi trudng dugc can cin than va duge khi trung & 115°C trong
30 phut.

Lén men cip 2: Dich nudi cdy sau khi 1én men cép 1 duoc ciy truyén sang cic
binh tam gidc thuy tinh 500 ml chira 90 ml mdt trong hai moi trudng sau: Luria
Bertani (LB) v6i ty 1¢ dich 1én men cdp 1: méi trudong 1a 1:9 (ml/ml) - nghia la cho 10
ml dich 1&n men cip 1 vao 90 ml méi truong. Binh dugce ldc 180 vong/phut & nhiét do

nam trong khoang tir 28 dén 30°C trong thdi gian 24 gid.

Trong budc thu sinh khdi vi khuén bang cach ly tim tirng dich 1én men vi khudn
thu duoc riéng biét véi tdc dd 4000 vong/phit & nhiét do 4°C trong thoi gian 10 phat,

sau d6 dugc rura hai lan bang nudc cat da khir truing va phoi tron cac sinh khoi véi ty 18
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bang nhau, b6 sung dung dich mubi sinh 1y dé thu sinh khéi vi khuén c¢6 ndng do 10’

CFU/ml.

Trong budc thu san pham phdi tron bang cach phdi tron sinh khéi vi khudn c6
noéng do 10" CFU/ml , méi truong LB va than sinh hoc theo ty 16 tuong tmg 1:10:15

(thé tich/thé tich/trong lugng), sau khi tron déu, thu dugc san phém phéi tron.

Than sinh hoc dugc st dung lam co chat khong nhiing c6 vai tro gan cac vi sinh
vat c¢6 kha nang phén hiy céc hidrocacbon thom va tao mang sinh hoc cao ma con la
ngudn co chét gitip thAm hut mot phan cac hgp chat thom tao ché phdm sinh hoc. Than
sinh hoc duoc khir tring w6t & 121°C trong 30 phat dé loai cac nhém vi sinh vat ngoai

lai.

Trong budc thu ché phdm vi sinh tao méang sinh hoc bang cach 1én men san
phém phéi tron trong diéu kién nhiét do tir 28 dén 30°C, dao tron theo chu ky 6 gio,
thoi gian 1€n men trong 48 gi¢, thu duoc ché phdm xtr 1y d4t nhiém céc hidrocacbon

thom c6 do 4m 40-45 %.

Ché phém nay co dang xép, mau den, kich ¢& hat tr 1-3 mm, c6 mat do vi
khuén dat > 10° CFU/g (ml), c¢6 kha nang loai bo trén 92 % tung loai hidrocacbon
thom 1a naphtalen, antraxen, phenantren, piren v6i ham luong ban dau 1a 200 mg/l;
khai thac 6n dinh trong thoi gian > 6 thang; an toan cho méi trudng va dat dd am 40-

45 %.

Ché phim vi sinh nay s& dwoc déng goi trong tii kém va duge kiém dinh mat do
vi sinh vat cling nhu kha ning phan huy hidrocacbon thom sau 1 tuan, 2 tuén, 1 thang,

3 thang va 6 thang.

Theo khia canh thir hai, giai phap hitu ich dé cap dén ché pham vi sinh tao mang
sinh hoc trén chit mang than sinh hoc dé xir ly dit nhiém cic hidrocacbon thom thu
dugc bang quy trinh san xuét ché phim vi sinh tao mang sinh hoc trén chit mang than
sinh hoc dé xt Iy dt nhiém cac hidrocacbon thom, trong d6 ché phidm nay chta céac
ching vi khuin bao gdbm Rhodococcus sp. BQN11, Pseudomonas sp. BQN2I,
Stenotophomonas sp. QNDS, Klebsiella sp. VTD8 c6 s6 Iuu giit tai Vién Cong nghé
sinh hoc, Vién Han 14m Khoa hoc va Céng nghé Viét Nam véi sb luu gitlt 1an luot tir

CNSHMT 15 dén CNSHMT 18.
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Co ché xir Iy d4t nhiém cac hidrocacbon thom ciia ché phdm vi sinh dé xtr 1y dét
6 nhiém hidrocacbon thom tir vi khuén tao mang sinh hoc trén chét mang than sinh
hoc theo giai phap hiru ich nay duoc thé hién nhu sau: khi b6 sung ché phim vao dét
nhi®m cac hop chat hidrocacbon thom, cac chiing vi khuan tao mang sinh hoc c6 trong
ché phim dang & trang thai tinh s& nhanh chéng sinh truéng va phat trién trén ngudn
co chét 1a cc hidrocacbon thom va lién két v6i nhau tao mang sinh hoc bam trén céc
bé& mit vat thé long va ran. Trong mang sinh hoc, cdc ching vi khudn c6 mat do cao
lién két v6i nhau va duge bao phu béi 1 16p polysaccarit ngoai bao tao thanh mot chu
tric bén virg. Nho do, chung c6 kha ning hd trg trao ddi chit va dé dang phan huay
cac hidrocacbon thom. Pdng thoi, nho kha ning tao mang sinh hoc nén ching c6 kha
ning chbéng chiu lai cac didu kién khic nghiét cia méi truong dat nhim cac
hidrocacbon thom t6t hon & dang céc té bao don 1& va han ché dugc sy canh tranh cia

cac vi sinh vt khac.
Vi du thwc hién gidi phap hiru ich

Vi du 1: Quy trinh san xuét 50 kg ché phim vi sinh tao mang sinh hoc trén chit mang
than sinh hoc dé xir Iy dit 6 nhiém hidrocacbon thom.

Nhan giéng 4 chung vi sinh vat bing cach 1én men hai cdp cac chung ndy. Cu
thé 1a: Rhodococcus sp. BQN11, Pseudomonas sp. BQN21, Stenotophomonas sp.
QNDB8, Klebsiella sp. VTDS.

Lén men cip 1: 14y mdi dich chiing gidng tuoi voi lugng 1 ml sau khi duge nhan
tir nhitng khuan lac riéng ré qua dém dugc ciy chuyén sang 4 binh tam gidc thiy tinh
100 ml riéng ré& chtra 9 ml mot trong hai moi trudng sau: Luria Bertani (LB) dung cho
vi khudn. Binh duoc ldc 180 vong/phit & nhiét 6 30°C trong thoi gian 24 gio. Céac
thanh phan moi trudng c6 cong thire nhu sau:

Thanh phin mdi truong LB nudi cdy vi khuan (g/1): 10 g/l NaCl, 10 g/l trypton,
5 g/l cao men, pH = 7.

Mdi trudng nudi ciy thach dugc bd sung 2 % thach agar.

Céc thanh phan méi truong duge can cin than va duoc khir tring & 115°C trong

30 phut.
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Lén men cép 2: 14y 10 ml dich nudi cdy sau khi 1én men cép 1 dugc cdy truyén
sang cac binh tam giac thiy tinh 500 ml chra 90 ml mdi truong Luria Bertani (LB).
Binh duoc lic 180 vong/phit & nhiét dd 30°C trong thoi gian 24 gid.

Céac chung vi khuan nudi cdy riéng ré duoc ly tAm véi tdc d6 4000 vong/phut &
nhiét do 4°C trong thoi gian 10 phit dé thu sinh khéi vi khudn. Sinh khéi ctia vi khuén
thu duoc, s& dugc rira hai 1in bing nuéc cit da khu tring. B6 sung 100 ml dung dich
mudi sinh 1y vao cac binh chira sinh khéi vi khudn sau ly tdm va thu dich nay.

Thu 1 1it dich chira vi sinh ¢6 ndng d6 khoang 10’ CFU/ml bang cach phdi tron
sinh khdi vi khudn va pha loang dé c6 ndng do khoang 10’ CFU/ml.

Phéi tron 500 ml dich cta ting loai vi khuén ta ¢6 duoc 2 lit dich ctia hdn hop 4
ching vi khuan st dung lam ché pham, va pha lodng dé c6 ndng d6 khoang 10
CFU/ml — goi 1a dich chira vi sinh. Dich thu dugc s&€ dugc pha lodng dé thu dich chira
vi sinh dat néng dd cubi cung khoang 107 CFU/ml. Dich thu dugc s& dugc xac dinh
mat do vi sinh vat ¢ trong hdn hop dich sinh khéi bang cach do ODjgy.

Phéi tron 2 lit dich chra vi sinh ¢6 ndng d6 107 CFU/ml, 20 lit hdn hgp moi
trueong va 30 kg than sinh hoc, thu dugce 52 kg san pham phdi tron. Than sinh hoc dugc
khur trung w6t & 121°C trong 30 phut dé loai cac nhom vi sinh vét ngoai lai.

Lén men 52 kg san phdm phdi tron trong ti 1én men c6 nhiét do 30°C, cach 6
gio lai ddo tron nhe hon hop nay, sau thoi gian 48 gio thu duge 62 kg san phém lén
men. Tu 1én men c6 dung tich 5x1x1,5 (m), sit dung khay inox vé6i do day cua co chét
1én men 6 cm. San phdm 1én men dat do am 45 %.

Ché phém nay c6 dang xép, mau den, kich ¢& hat tir 1-3 mm, c¢6 mat do vi
khudn dat > 10° CFU/g (ml), c6 ning luc phan hiy tir 92 — 100% tung loai
hidrocacbon thom 14 naphtalen, antraxen, phenantren, piren v6i ham lugng ban dau
mdi loai 12 200 mg/l; khai thac 6n dinh trong thoi gian > 6 thang; an toan cho moi
truong va dat do Am 40 %.

Ché pham vi sinh tao mang sinh hoc trén chit mang than sinh hoc s& duoc déng
g0i trong tai kém.

Vi dy 2. Ung dung clia ché pham vi sinh tao mang sinh hoc trén chit mang than sinh
hoc trong xr ly d4t 6 nhiém hidrocacbon thom nhu naphtalen, antraxen, phenantren,

piren.
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DPit dugc giy 6 nhiém nhan tao v6i cac thanh phén hidrocacbon thom nhu
naphtalen, antraxen, phenantren, piren, ndng d6 mdi loai hop chét 1a 200 mg/l. Ham
luong naphtalen, antraxen, phenantren, piren con lai sau cac thi nghiém da dugc phan
tich tai Vién Cong nghé méi, Vién KH-CN Quén sy. Thi nghiém xu ly d4t nhiém
hidrocacbon thom cta ché pham vi sinh tao mang sinh hoc trén chit mang than sinh
hoc dugc thiét ké nhu sau:

M3u sb 1: chung vi khuin Rhodococcus sp. BQN11 tao mang sinh hoc khong c6
chit mang than sinh hoc va b sung 100 g dat 6 nhiém.

Mau s6 2: chang vi khudn Pseudomonas sp. BQN21 tao mang sinh hoc khong
c¢6 chit mang than sinh hoc va bd sung 100 g dat 6 nhiém.

Mau s 3: chung vi khuin Stenotophomonas sp. QND8 tao mang sinh hoc
khong c¢6 chit mang than sinh hoc va bd sung 100 g dat 6 nhiém.

Mau s6 4: ching vi khuan Klebsiella sp. VTD8 tao mang sinh hoc khong c6 chat
mang than sinh hoc va bd sung 100 g dat 6 nhiém.

MAu s6 5: hdn hop bdn chiing vi khuén tao mang sinh hoc khong ¢6 chit mang
than sinh hoc va bd sung 100 g dét 6 nhiém.

Mau sb 6: phdi trén 1 g ché pham vi sinh tao mang sinh hoc trén chit mang than
sinh hoc va bd sung 100 g dét 6 nhiém.

Mau sb 7: phéi tron 100 g d4t 6 nhiém thu thap & trén voi 1 g than sinh hoc
khong c6 chira vi khuén.

Mau sb 8: st dung 100 g dét 6 nhiém khong bd sung vi khuan hay than sinh hoc.

Pit 8 khay chira cdc mAu nhu trén vao ti 4m nhiét do tir 28 dén 30°C, sau moi 6
gio dao tron mot lan. Sau 10 ngay, chuén bi dung modi hitu co etinaxetat, cac mau s&
dugc tach chiét bang dung méi nay, cu thé 1a cho 20 ml dung moi vao 10 g mau mdi
loai, hdn hop miu va dung moi duge l4c dé dao tron trén may lac trong 30 phit & nhiét
d6 phong dé tach chiét. Qua trinh tach chiét dugc thuc hién 3 1an. Dich tach chiét duoc
tién hanh quay c6 chan khong va lam khan bang Na,SOy. Sau d6 bd sung 1 ml metanol
vao dich tach chiét. Tién hanh phan tich bing may sac ky léng cao ap (HPLC). So
sanh vé&i thu vién chét chudn c6 sin trong may, két qua cho thiy, & cac miu sir dung
mang sinh hoc tir don ching vi khudn nhu miu s 1, 2, 3 va 4 thi c6 78, 75, 74 va 76%
ham lugng antraxen da dugc phén hiy sau 10 ngay v6i ham lugng ban dau 1a 200

mg/l. Trong khi d6, hi¢u suit phan huy antraxen & mau s6 5 12 83%; mau sd 6 (c6 st
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dung ché pham) 13 100%; miu s6 7 (chi chura than sinh hoc, khong ¢6 vi khuin) 1a
32% va mau sd 8 1a 0% (Fig. 5a).

Tuong tu v6i naphtalen, hiéu suét phan hity & cac mau tir s6 1 dén sd 8 lan luot
1a 62, 67, 64, 62,74, 92,3, 12 va 0% (Fig.5b).

Tuong tu v6i phenantren, hiéu suit phan hily & cac mau tir s6 1 dén s6 8 1an luot
la 74, 76, 78, 73, 89, 100, 22 va 0% (Fig.5c).

Tuong tu v6i piren, hiéu suat phan hily & cdc mau tir s6 1 dén sd 8 1an luot 14 74,
71,72,75,79,99, 21 va 0% (Fig.5d).

Nhu vay, sau 10 ngay thit nghiém voéi dAt nhi®m cac thanh phan hidrocacbon
thom nhu naphtalen, antraxen, phenantren, piren, ché phdm da cho thiy hidu qua phan
hiy dat twong tng 1a 100; 92,3; 100 va 99%. Viéc sur dung ché phém tao thanh c6 hiéu

qué cao hon rat nhiu so voi cac thi nghiém con lai (dat tir 0-83%).
Hiéu qua dat dugc ciia gidi phap hiru ich

Quy trinh theo giai phap hitu ich di tao dugc ché phim vi sinh tao mang sinh
hoc trén chit mang than sinh hoc va thir nghiém c6 hiéu qua trong xu ly d4t nhiém céc
hidrocacbon thom. Khi str dung hdn hop cac chung vi khuén c6 kha ning tao mang
sinh hoc s& ho trg nhau chéng lai sy canh tranh cda cac nhom vi sinh vat khac va ting
hiéu sudt xt 1y 6 nhiém céc hidrocacbon thom. Pét nhiém céc hidrocacbon thom sau
khi duge xir Iy bang cac ché phdm mang sinh hoc da chung trén chit mang than sinh
hoc da loai bo trén 92 % céc hidrocacbon thom vé6i ham lugng ban dau 12 200 mg/l.
Bén canh do, viéc dung than sinh hoc lam chit mang gitip cho mang sinh hoc da ching
duoc bén ving, 4n dinh hon khi st dung cac ching vi khuin don 1& dic biét xu ly

ngoai hién truong.

Quy trinh theo giai phap hitu ich don gian, dé thuc hién va phu hgp voi cac didu
kién thuc té, c6 thé ing dung trong cic cong nghé xir ly cac hidrocacbon thom c6

trong dau tai cac viung dat nhiém dau & Viét Nam.
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YEU CAU BAO HO
1. Quy trinh san xuit ché phdm vi sinh tao mang sinh hoc trén chit mang than sinh
hoc dé xt Iy dAt nhiém hidrocacbon thom, trong d6 quy trinh nay bao gbm céc budc:
(a) nhan gibng vi sinh vat bang cach 1én men bén ching vi khuin bao gdm:
Rhodococcus sp. BQN11, Pseudomonas sp. BQN21, Stenotophomonas sp. QNDS,
Klebsiella sp. VID8 c¢6 sd Iuu gilr tai Vién Cong nghé sinh hoc, Vién Han 1am Khoa
hoc va Cong nghé Viét Nam véi sb luu git 1an lugt tir CNSHMT 15 dén CNSHMT

18, trong tng trong moi truedng 1én men thé dich thu dugc cac dich 1én men vi khuén;

(b) thu sinh khéi vi khudn bang cach ly tdm timng dich 1én men vi khuén thu dugc
tir bude a) riéng biét vai tde dd 4000 vong/phit & nhiét 4o 4°C trong thoi gian 10 phut,
sau d6 duoc rira hai 14n bing nude cit da khir tring va phdi tron cac sinh khéi véi ty 1¢
bang nhau, b6 sung dung dich mudi sinh 1y dé thu dugc sinh khdi vi khuin c6 ndng do

10’ CFU/ml;

(c) thu san pham phéi tron bing cach phéi tron sinh khéi vi khudn c6 ndng do
10’ CFU/ml, méi truong LB va than sinh hoc theo ty 1€ twong tmg 1:10:15 (thé tich/thé

tich/trong luong), sau khi tron déu dé thu duoc san phém phéi tron; va

(d) thu ché phdm vi sinh tao mang sinh hoc trén chét mang than sinh hoc bing
cach 1én men san phém phéi tron trong diéu kién nhiét do tur 28 dén 30°C, dao tron
theo chu ky 6 gi®, thoi gian 1én men trong 48 giv, sau do6 sdy san pham 1én men & nhiét
o tir 40 dén 45°C trong thoi gian tir 30 phat dén 1 gio dé thu dugce ché pham vi sinh

tao mang sinh hoc trén chét mang than sinh hoc c6 do Am tir 40 dén 45 %.

2. Ché pham vi sinh tao mang sinh hoc trén chit mang than sinh hoc dé xtr ly dat &
nhidm hidrocacbon thom thu duoc bing quy trinh theo diém 1, trong d6 ché phdm nay
chita cac chung vi khudn bao gdm Rhodococcus sp. BQNI11, Pseudomonas sp.
BQN21, Stenotophomonas sp. QNDS8, Klebsiella sp. VTD8 co sb Iuu gitt tai Vién
Cong nghé sinh hoc, Vién Han 1lam Khoa hoc va Cong ngh¢ Viét Nam voi s6 luu gilt

1an lugt tt CNSHMT 15 dén CNSHMT 18.
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Fig.1
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Fig.2

100 | Kigbsislin planticola ATCC33331 T [AF120443)
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Klebsiella sp. VIDE (LC381758)
99 K pneumoniae (X8T176)
89 Pseudomonas sp. BQN21 (KC151263)
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96
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Burkholderia gladioli NCIMB 9898 (AB021384)

65

Bacillus cereus ATCC 14379 (AEDIGETT)
Rhodococrus fascians DEW 20669 (X70188)
100 | Rhodococcus ervihireus DSM 43066 2X70289)

100 ‘ Rhiodococcus degradans CCM 4446 (JQTT6649)
Rhodococcus soli DED31W (KI930314)
100 Rhodococecus sp. BOQNLL (KC151262)
51 Rhodococcus ruber DSMA3338T (X80623)
92 Rhodoroscus pyridinoverans {AFLIT3005)
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| | 100 'Rhodococcus bipheryivorans TGS (KI546452)
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Fig.5
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DANH MUC TRINH TU

Vién Cé6ng nghé sinh hoc

Quy trinh san xudt ché phdm xu 1y d4t 6 nhiém hidrocacbon thom

tir vi khudn tao mang sinh hoc trén chdt mang than sinh hoc va
ché phdm thu dugc bdng quy trinh nay

<130>
<160> 4
<170>

<210> 1

<211>
<212>
<213>

1381
ADN

<220>
<223>

<220>

<400>

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381

1381

gggcattcga
gacgggtgag
gtctaatacc
ggatgggccc
gtagccggcc
gggaggcagc
gggatgacgg
ggtacagaag
gcgttgtccg
aaacccgcag
agactggaat
aaggcgggtce
ttagataccc
gggatccgtg
aaaactcaaa
gcaacgcgaa
ccctgtggtc
agtcccgcaa
aggagactgc
tatgtccagg
tggagcgaat
aagtcggagt
tacacaccgc
gtgggaggga

Rhodococcus sp.

ttaaccatgc
taacacgtgg
ggataggacc
gcggcctatc
tgagagggcg
agtggggaat
ccttcgggtt
aagcaccggc
gaattactgg
ctcaactgcg
tcctggtgta
tctgggcagt
tggtagtcca
ccgtagctaa
ggaattgacg
gaaccttacc
ggtgtcaggt
cgagcgcaac
cggggtcaac
gcttcacaca
cccttaaagce
cgctagtaat
ccgtcacgtc
gccgt

BON11

agtcgaacga
gtgatctgcc
tcgggatgca
agcttgttgg
accggccaca
attgcacaat
gtaaacctct
caactacgtg
gcgtaaagag
ggcttgcagg
gcggtgaaat
aactgacgct
cgccgtaaac
cgcattaagc
ggggcccgca
tgggtttgac
ggtcatgctg
ccttgtcctg
tcggaggaag
tgctacaatg
cggtctcagt
gcagatcagc
atgaaagtcg

-22-

tgagcccagc
ctgcacttcg
tgttccgggg
tggggtaacg
ctgggactga
gggcgcaagc
ttcagtaccg
ccagcagccg
ctcgtaggcg
cgatacgggc
gcgcagatat
gaggagcgaa
ggtgggcgcet
gccccgcectg
caagcggcgg
atacaccgga
tcgtcagcectc
tgttgccagce
gtggggacga
gccggtacag
tcggatcggg
aacgctgcgg
gtaacacccg

ttgctgggtg
ggataagcct
tggaaaggtt
gcccaccaag
gacacggccc
ctgatgagca
acgaagcgcg
cggtaatacg
gtttgtcgcg
agacttgagt
caggaggaac
agcgtgggta
aggtgtgggt
gggagtacgg
agcatgtgga
ccgccccaga
gtgtcgtgag
acgtaatggt
cgtcaagtca
agggctgcga
gtctgcaact
gaatacgttc

aagccggggce

gattagtggc
gggaaactgg
ttccggtgceca
gcgacgacgg
agactcctac
cgccgcgtga
agtgacggta
tagggtgcga
tcgtctgtga
actgcagggg
accggtggcg
gcgaacagga
ttccttcecac
ccgcaaggct
ttaattcgat
gatggggttt
atgttgggta
ggggactcgc
tcatgcccect
taccgcgagg
cgaccccgtg
ccgggcecttg
ctaacccctc



<210> 2

<211>
<212>
<213>

1436
ADN

<220>
<223>

<220>

<400>

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381

1436

gcctaacaca
gtgagtaatg
taccgcatac
cctaggtcgg
gtctgagagg
agcagtgggg
gaaggtcttc
gcggttttga
atacgaaggg
ttaagttgga
agagtacggt
ggaacaccag
ggggagcaaa
ttggaatcct
cggccgcaag
ggtttaattc
gagatggatt
tgtcgtgaga
acgttatggt
cgtcaagtca
agggttgcca
gtctgcaact
tgaatacgtt
gaagtagcta

Pseudomonas sp.

tgcagtcgag
cctaggaatc
gtcctacggg
attagctagt
atgatcagtc
aatattggac
ggattgtaaa
cgttaccaac
tgcaagcgtt
tgtgaaagcc
agagggtagt
tggcgaaggce
caggattaga
tgagatttta
gttaaaactc
gaagcaacgc
ggtgccttcg
tgttgggtta
gggcactcta
tcatggccct
agccgcgagg
cgactgcgtg
cccgggectt
gtctaacctt

2558

BON21

cggatgacgg
tgcctggtag
agaaagcagg
tggtgaggta
acactggaac
aatgggcgaa
gcactttaag
agaataagca
aatcggaatt
ccgggctcaa
ggaatttcct
gactacctgg
taccctggta
gtggcgcage
aaatgaattg
gaagaacctt
ggaactcaga
agtcccgtaa
aggagactgc
tacggccagg
tggagctaat
aagtcggaat
gtacacaccg

€ggggggacg

-23-

gagcttgctc
tgggggataa
ggaccttcgg
atggctcacc
tgagacacgg
agcctgatcc
ttgggaggaa
ccggctaact
actgggcgta
cctgggaact
gtgtagcggt
actgatactg
gtccacgccg
taacgcatta
acgggggcecc
acctggcctt
cacaggtgct
cgagcgcaac
cggtgacaaa
gctacacacg
cccataaaac
cgctagtaat
cccgtcacac
gtaccacggg

cctgatttag
cgttccgaaa
gccttgeget
aaggcgacga
tccagactcc
agccatgccg
gggctgtagg
tcgtgccagce
aagcgcgcegt
gcatccaaaa
gaaatgcgta
acactgaggt
taaacgatgt
agttgaccgc
gcacaagcgg
gacatgctga
gcatggctgt
ccttgtcctt
ccggaggaag
tgctacaatg
cgatcgtagt
cgtgaatcag
catgggagtg
agtgattcta

cggcggacgg
ggaacgctaa
atcagatgag
tccgtaactg
tacgggaggc
cgtgtgtgaa
ctaatatcct
agccgecggta
aggtggttcg
ctggcgagct
gatataggaa
gcgaaagcgt
caactagccg
ctggggagta
tggagcatgt
gaactttcca
cgtcagctceg
agttaccagc
gtggggatga
gtcggtacaa
ccggatcgca
aatgtcacgg
ggttgctcca
agcctc



<210> 3

<211> 1259
<212> ADN
<213>

<220>

<223>

<220>

<400> 1259

1 atgcagtcga
61 gaggaataca
121 ccgcatacga
181 cgatgtcgga
241 tctgagagga
301 gcagtgggga
361 aaggccttcg
421 ttgggatgac
481 tacgaagggt
541 taagtccgtt
601 gaatgtggta
661 gaacatccat
721 gggagcaaac
781 tgggtgcaat
841 cggtcgcaag
901 ggtttaatta
961 gagatggatt
1021 tgtcctgaga
1081 aagtaatggt
1141 cgtcaagtca
1201 agggctgcaa

Stenotophomonas sp.

acggcagcac
tcggaatcta
cctacgggtg
ttagctagtt
tgatcagcca
atattggaca
ggttgtaaag
ggtacccaaa
gcaagcgtta
gtgaaagccc
gagggtagcg
ggcgaaggca
aggattagat
ttggcacgca
acttatactg
gatgcaacga
ggtgccttcg
tgttcggtta
ggcaactcta
tcatgtcctc

gccggcgacg

2558

ONDS8

aggagagctt
ctctgtcgtg
aaagcaaggg
ggcggggtaa
cactggaact
atgggcgcaa
cccttttgtt
gaataagcac
ctcggaatta
tgggctcaac
gaattcctgg
gctacctgga
accctggtag
gtatcgaagc
aaaggaattg
gaagaacctt
ggaactcgaa
agtcccgcaa
aggagactgc
tacgtccagg
gtaagccaat

-24-

tcctctectgg
ggggataacg
gaccttcggg
aggcccacca
gagacacggt
gcctgatcca
gggaaagaaa
cggctaactt
ctgggcgtaa
ctgggaactg
tgtagcagtg
ccaacattga
tccacgcecctt
taacgcgtta
acgggggceccc
actgggcctt
cacaggtgaa
cgagtgcagc
cggagacaaa
gctacacacg
cccagaaacc

gtggcgagtg
tagggaaact
ccttgcgcga
aggcgacgat
ccagactcct
gccataccgc
tccagctggce
cgtgccagca
agcgtgcgta
cagtggatac
aaatgcgtag
cactgaggca
aaacgatgcg
agttctccgce
gcacaagcgg
gacatgtcaa
gcatttcggt
ccttgtcctt
ccggaggaag
tactacaatg
ctatctcagt

gcggacgggt
tacgctaata
ttgaatgagc
ccgtagctgg
acgggaggca
gtgggtgaag
taatacccgg
gccgcggtaa
ggtggtcgtt
tggatgacta
agatcaggag
cgaaagcgtg
aactggatgt
ctggggagta
tggagtatgt
gaactttcaa
tgtcagctcg
acaggccatc
gtggggatga
gtagggacag
ccggattgg



<210> 4

<211>
<212>
<213>

1428
ADN

<220>
<223>

<220>

<400>

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381

1428
ggcctaacac
ggacgggtga
agctaatacc
gatgtgccca
tagctggtct
ggaggcagca
tgtgaagaag
taaccttgtc
gcggtaatac
ggtctgtcaa
caggctagag
tctggaggaa
aagcgtgggg
ttggaggttyg
ggagtacggc
gcatgtggtt
tttccagaga
agctcgtgtt
gccagcggtt
gatgacgtca
tacaaagaga
ttggagtctg
tacggtgaat
caaaagaagt

Klebsiella sp. VTDS8

atgcaagtcg
gtaatgtctg
gcataatgtc
gatgggatta
gagaggatga
gtggggaata
gccttcgggt
gattgacgtt
ggagggtgca
gtcggatgtg
tcttgtagag
taccggtggc
agcaaacagg
tgcccttgag
cgcaaggtta
taattcgatg
tggattggtg
gtgaaatgtt
aggccgggaa
agtcatcatg
agcgacctcg
caactcgact
acgttcccgg
aggtagctta

2558

agcggtagcea
ggaaactgcc
gcaagaccaa
gctagtaggt
ccagccacac
ttgcacaatg
tgtaaagcac
acccgcagaa
agcgttaatc
aaatccccgg

gggggtagaa
gaaggcggcc
attagatacc
gcgtggcttce
aaactcaaat
caacgcgaag
ccttcgggaa
gggttaagtc
ctcaaaggag
gcccttacga
cgagagcaag
ccatgaagtc
gccttgtaca
accttcggga

-25-

cagagagctt
tgatggaggg
agtgggggac
ggggtaacgg
tggaactgag
ggcgcaagcc
tttcagcggg
gaagcaccgg
ggaattactg
gctcaacctg
ttccaggtgt
ccctggacaa
ctggtagtcc
cggagctaac
gaattgacgg
aaccttacct
ctgtgagaca
ccgcaacgag
actgccagtg
ccagggctac
cggacctcat
ggaatcgcta
caccgcccegt
gggcgtacca

gctctcgggt
ggataactac
cttcgggcecect
ctcacctagg
acacggtcca
tgatgcagcc
gaggaaggcg
ctaactccgt
ggcgtaaagc
ggaactgcat
agcggtgaaa
agactgacgc
acgccgtaaa
gcgttaaatc
gggcccgcac
ggtcttgaca
ggtgctgcat
cgcaaccctt
ataaactgga
acacgtgcta
aaagtatgtc
gtaatcgtag
cacaccatgg
cattgtga

gacgagcggc
tggaaacggt
catgccatca
cgacgatccc
gactcctacg
atgccgcegtg
gtgaggttaa
gccagcagcc
gcacgcaggc
tcgaaactgg
tgcgtagaga
tcaggtgcga
cgatgtcgat
gaccgcctgg
aagcggtgga
tccacagaac
ggctgtcgtc
atcctttgtt
ggaaggtggg
caatggcata
gtagtccgga
atcagaatgc
gagtgggttyg





