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QUY TRINH SAN XUAT CHE PHAM VI SINH TAO MANG SINH HOC XU'LY
NUGC BI NHIEM DAU VA CHE PHAM VI SINH TAO MANG SINH HOC THU
PUCC BANG QUY TRINH NAY

(57) Gidi phdp hitu ich dé cap dén quy trinh san xuét ch€ phdm vi sinh tao mang

sinh hoc d€ xir Iy nudc bi nhiém déu, trong d6 quy trinh nay bao gém céc budc:

(a) nhan gioéng vi sinh vat; (b) thu sinh khéi vi khudn; (c) thu sinh kh6i ndm men;

(d) thu dich vi sinh goc; (e) thu san phadm phéi tron; va thu ché phdm vi sinh tao

mang sinh hoc, trong dé khéc biét & chd cic ching vi sinh dugc sir dung bao

gobm muoi ching vi khudn Azospirillum sp. DG7, Bacillus sp. BS, Bacillus sp.

C2, Microbacterium sp. B15, Paracoccus sp. DG25, Pseudomonas sp. B6,
Ochrobactrum sp. DGP2, Rhodococcus sp. B2, Rhodococcus sp. BN5 va

Rhizobium sp. DG22, va 2 ching ndm men Candida sp. TH1 va Candida sp.

TH4. Ngoai ra, giai phdp hitu ich con d€ cap dén ché€ phdm vi sinh tao mang sinh

hoc d€ xir Iy nu6e bi nhiém dau thu dugc bing quy trinh nay.
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Linh vuc ky thuét dwoc dé cap

Giai phéap hitu ich thudc linh vuc xr 1y 6 nhiém méi trudng bing cong nghé
sinh hoc, cu thé 1a d& cap dén quy trinh san xuét ché phdm vi sinh tao mang sinh hoc
Xt 1y nude bi nhiém diu va ché phim vi sinh tao mang sinh hoc thu dugc bang quy

trinh nay.
Tinh trang ky thuat cia giai phap hiru ich

Hién nay, trén thé gidi nganh cong nghiép khai thac va ché bién diu dang la
nganh céng nghiép mang lai loi ich kinh té - x4 hoi rt 16n. Cung véi sy phat trién
khong ngimg, vin dé 6 nhidm méi truong nude do diu va cac san phim cta n6 gy ra
dang & mic bao dong. Cu thé 1a, nudc nhiém dau c6 thé do hai nguyén nhan: tir khu
vuc kho chira bao gém céc hoat dong nhu stic rira, lam mét bdn chira, vé sinh may méc
va thiét bi 1am roi vai xdng diu xudng ngudn nudc, nudc mua chay tran qua khu vuc
kho v.v. hodc tir khu vuc cang tiép nhan bao gém cac hoat dong nhu nuée din tau,
nude vé sinh tau, nude dng dan diu (khi kéo tir bién 1én boong), ro i trén dudng bng
dan dau tir tau vé& kho chtra v.v.. Dau thudng c6 chira hang ngan cac phén tir khac nhau,
nhung phan 16n 1a cac hydrocacbon no c¢6 sé cacbon tir 2 dén 26 va cac hydrocacbon
thom nhu hydrocacbon da vong, phenol, benzen, v.v.. Do do, dau thuong c6 doc tinh
cao va tuong d6i bén ving trong mdi trudng nude. Poc tinh va tac dong cua diu dén
hé sinh thai nudc khong gidng nhau ma phu thudc vao loai dau (Yin va cong su,
2009). Dé giai quyét van dé trén, cac quy trinh xr Iy da duoc 4p dung nhu co hoc, vat
ly, héa hoc, sinh hoc v.v.. Trong d6, quy trinh sinh hoc 1a mot trong nhitng quy trinh xir
Iy triét dé, than thién v6i moi trudng va c6 chi phi thip. Trong sb cac quy trinh phén
huy sinh hoc, mang sinh hoc 1a mét trong nhiing quy trinh xtr Iy ddu 6 nhiém hiéu qua,
chi phi thap, nén tir lau da dugc nhiéu nudc trén thé gidi quan tim nghién ciu va tng

dung.

Mang sinh hoc 1a mot cau tric lién két phire tap cta céc t€ bao va cac san pham
cta chung, chiang han nhu cac polyme ngoai bao tao thanh céc hat lo ling trong moi

truong nudi cdy hodc duge gin trén mot bé mat vat thé ran (Morikawa va cdng su,

-2-



1942

2006; Perumbakkam va cong su, 2006). Céc té bao vi sinh vit trong mang sinh hoc ¢6
mét do cao, lién két v6i nhau mot cach chit ché, tao thanh mot ciu tric bén viing. Vi
thé ching c6 kha ning ddng héa, trao ddi chét, phan huy cic hydrocacbon xay ra
nhanh va manh m& hon té bao ¢ dang don 1¢é. Mat khéc, khu h¢ vi sinh vat trong mang
sinh hoc ¢6 kha ning chdng chiu cac diéu kién khic nghiét ctia mdi trudng t&t hon, hd
tro trao dbi chét tot hon va han ché su canh tranh cta céc vi sinh vat khac (O’Toole va

cong su, 2000).

Hién nay, trén thé gidi da ¢6 nhidu nghién ciru vé céc ching vi sinh vt tao
mang sinh hoc nhim tng dung trong xu 1y cac hydrocacbon thom nhu benzen,
naphthalen, phenol, toluen, xylen, v.v., (Yamaga va cong su, 2010; Shimada va cdng
su, 2012; Meliani, Bensoltane, 2014). Kay va cong su (1991) di chirng minh vai trd
ctia mang sinh hoc do céc chung vi khuan tao thanh trong viéc phan huy céc polyme
polyurethan. Cac chiing vi khuan nay da st dung polyurethan lam ngudn cacbon va
ning lugng cho qua trinh sinh truéng va phat trién ctia ching. Nhitng thay ddi trong
tuong tac vat ly ctia polyurethan da duge xac dinh va sy dut gay lién két cua hop chét
nay dugc quan sat dudi kinh hién vi quang hoc. Kim va Kim (1998) da cong bd cac vi
khuan trong mang sinh hoc ¢6 thé d& dang st dung polyeste polyurethan 1am nguén
ning lugng nho enzim esteraza c6 chirc ning phén cét cac gdc alkyl cua nhitng hop

chét nay.

El-Masry va cong su (2004) da ching minh tai 16p bé mit tuong tac gitra dau va
nudc s€ tao ra 16p mang sinh hoc cda céc vi sinh vét. Lép rhe‘lng nay c6 kha nang phan
cit dau thanh cac hat nhé hon, nho d6 ching c6 thé d& dang phan hay va chuyén hoa
cac thanh phan diu mo. Cac nhom vi sinh vét nay thudng 13 Bacillus, Mycobacterium,
Neurospora, Pseudomonas, Vibrio, Acinetobacter, Trametes, v.v., ¢c6 kha nang su
dung hydrocacbon cé trong diu mé nhu phenol, benzen, v.v. lam ngudn cacbon va
ndng luong. Do do6, cac nhom vi sinh vat nay da dugc Ung dung trong x 1y nudce

nhiém dau.

Shimada va cong su (2012) di st dung ching vi khudn Pseudomonas stutzeri
T102 phan lap tir cac mAu dit nhiém dau dé tao mang sinh hoc va ching minh kha
nang phan hiy t6t naphthalen cta ching nay & dang tao mang sinh hoc hon & dang té
bao ty do. Chung vi khuén Acinetobacter calcoaceticus P23 duge phan 1ap tir khu hé

ré béo Lemna aoukikusa c6 kha ning tao mang sinh hoc va phan huay t6t phenol

-3-



1942

(Yamaga va cong su, 2010). Hai chung vi khuan thudc chi Vibrio va Acinetobacter da
dugc phan 1ap tir cac mau dat nhiém dau thd & Vinh Bohai, Trung Qubc (Lin va cong
su, 2014). Hai chiing nay c6 kha ning sinh truéng t6i uu trén NaCl 1én t6i 70 g/lit voi
dai pH tr 5,6 — 8,6 va & dang tao mang sinh hoc thi kha ndng phén hdy cac
hydrocacbon no cao hon 30 % so véi té bao & dang tw do. Mot s& ching nidm méc
phan 1ap tir kho xing ciing ¢6 kha nang phan hiy tt cac hop chét hydrocacbon tir Cy,-
C,4. Déc biét, cac loai Hormoconis resinae va Aspergillus fumigatus phan 14p tr cac
méiu nhiém dau diezen ciing dugc ghi nhan kha nang sinh truéng tét cua ching trén
ngudn co chét nay. Hettige va Sheridan (1989) ciing chirng minh cac loai H. resinae,
Penicillium corylophilum va Paecilomyces variotii sinh trudong tét trén dau diezen va
c¢6 kha ning tao mang sinh hoc rét tdt. Cac loai nay da dwoc @ng dung trong céc hé

thong mang sinh hoc & cac kho xang dau.

Dic biét, mang sinh hoc do hdn hop céc vi sinh vt tao thanh dd dugc xac dinh
tir cac mau ldy & Béc cuc. Mang sinh hoc nay c6 kha ning phan hay 1én t&i 20 pg/ml
pyren va 39 pg/ml phenanthren sau 60 ngay nudi ciy. Bang quy trinh sinh hoc phan ti
phén tich trinh ty gen 16S rRNA da xéc dinh dugc 5 chi khic nhau, bao g@)m:
Polaromonas, Sphingomonas, Alcaligenes, Caulobacter va Variovorax ¢6 mat trong
mang sinh hoc. Bang quy trinh nudi cdy vi sinh thong thuong, 2 chang vi khudn thudc
chi Pseudomonas c6 kha ning phan huy pyren rat tot da duoc phén 1ap (Eriksson va

cong su, 2002).

Céc nghién ciru cling d4 ching minh ring, dang mang sinh hoc da ching thuong
chiém wu thé trong hdu hét cic méi trudng, con mang sinh hoc don ching thuong
duoc sir dung trén cac bd phan cdy ghép gia trong co thé va la nguyén nhan giy nén
cac bénh vé nhidm trung. Sinh khdi ctia mang sinh hoc da chiing thudng tdt hon so véi
mang sinh hoc don ching. Theo nghién ciru ciia Burmolle va cdng su, sinh khdi mang
sinh hoc da ching cia 4 loai Microbacterium phyllosphaerae, Shewanella japonica,
Dokdonia donghaensis va Acinetobacter Iwoffii cao hon 167 % so véi cac chung don
tuong tmg (Burmolle va cong su, 2006). Tuy nhién, hién nay van chua c¢6 ché phim vi
sinh da chiing nao duoc ding phd bién va hiru hiéu trong viée xtr Iy nude bi nhiém dau

& Viét Nam ciing nhu trén thé gioi.
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Do d6, y€u cau cip bach dugc dit ra 1a phai c6 quy trinh sdn xuat ché pham vi
sinh tao mang sinh hoc x®r 1y nudc bi nhiém dau va ché phém vi sinh tao mang sinh
hoc xtt Iy nuéc bi nhiém dau.

Ban chit ky thuit ciia giai phap hiru ich

Muc dich ctia giai phap hitu ich 1a nhdm giai quyét cac ton tai néu trén. Theo do,
giai phap hiru ich d& xudt quy trinh san xuét ché pham vi sinh tao mang sinh hoc dé xir
Iy nuée bi nhidm dau va ché pham vi sinh tao mang sinh hoc thu dugc bing quy trinh
nay.

Theo khia canh thir nhét, giai phap hitu ich d& cap dén quy trinh san xuét ché
phdm vi sinh tao mang sinh hoc dé xir 1y nuéc bi nhidm dau, trong d6 quy trinh nay

bao gdm cac budc:

(a) Nhan giéng vi sinh vét bing cach 1én men mudi ching vi khudn bao gdm:
Azospirillum sp. DG7, Bacillus sp. B8, Bacillus sp. C2, Microbacterium sp. B15,
Paracoccus sp. DG25, Pseudomonas sp. B6, Ochrobactrum sp. DGP2, Rhodococcus
sp. B2, Rhodococcus sp. BN5 va Rhizobium sp. DG22, va 2 chiing nAm men Candida
sp. TH1 va Candida sp. TH4 ¢6 sb luu giit tai Vién Cong nghé sinh hoc, Vién Han 14m
va Cong nghé Viét Nam véi s6 luu gitr tir CNSHMT 01 dén CNSHMT 12, twong tng
trong moi truong 1én men thé dich thu dugc cac dich 1én men vi khuén va dich 1én men

nam men;

(b) Thu sinh khéi vi khuin bang cach ly tAm ting dich 1én men vi khudn thu
duoc tir budce a) riéng biét vai toe do 4000 vong/phat & nhiét do 4 °C trong thoi gian
10 phut, sau d6 dugc rira hai lan bang nudc cat da khir tring va phdi tron cac sinh khéi
v6i ty 18 bang nhau, bd sung dung dich mudi sinh 1y dé thu duoc sinh khéi vi khudn c6

ndng d6 10’ CFU/ml;

(¢) Thu sinh kh6i ndm men bang cach ly tdm tirng dich 1én men nidm men thu
duoc tr budce a) rieng biét vaoi tbe d6 6000 vong/phit & nhiét do 4°C trong thoi gian 10
phit, sau d6 duge rira hai 1an bang nudc cat da khir tring va phdi tron cac sinh khéi
v6i ty 18 bang nhau, bd sung dung dich mudi sinh 1y dé thu dwgc sinh khéi nAm men ¢6

ndng d 10’ CFU/ml;
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(d) Thu dich vi sinh gbdc bang cach phdi tron sinh khoi vi khuén thu duge & bude
(b) v6i sinh khdi ndm men thu dugc tir bude (c) theo ty 1& 5:1 (thé tich:thé tich) thu
duoc dich vi sinh géc co néng do khoang 107 CFU/ml;

(¢) Thu san pham phdi tron bang cach phdi tron dich vi sinh gde, hdn hop moi
treong LB:Hansen c6 ty 18 4:1 (thé tich/thé tich) va cam gao theo ty 1& tuong tmng
1:10:20 (thé tich/thé tich/trong lugng), sau khi tron déu, thu duoc san phém phéi tron;

va

(f) Thu ché pham vi sinh tao mang sinh hoc bing cach 1én men san phim phéi
tron trong diéu kién nhiét do tir 28 dén 32°C, dao tron theo chu ky 6 gid, thoi gian 1én
men trong 48 gid, sau d6 sy san phdm 1én men & nhiét do tir 40 dén 45°C trong thoi

gian tir 3 dén 4 gio dé thu duge ché pham vi sinh tao mang sinh hoc ¢6 d6 4m 15%.

Theo khia canh th@ hai, giai phap hiru ich d& cip dén ché phadm vi sinh vit tao
mang sinh hoc xi Iy nudc bi nhidm dau thu duge tir quy trinh san xuét ché phdm vi
sinh tao mang sinh hoc xt Iy nudc bi nhidm diu, trong d6 ché phdm nay chua cac
chung vi khudn bao gdm Azospirillum sp. DG7, Bacillus sp. B8, Bacillus sp. C2,
Microbacterium sp. B15, Paracoccus sp. DG25, Pseudomonas sp. B6, Ochrobactrum
sp. DGP2, Rhodococcus sp. B2, Rhodococcus sp. BNS va Rhizobium sp. DG22, va cac
chung ndm men bao gdm Candida sp. TH1 va Candida sp. TH4 ¢6 sd luu giir tai Vién
Cong nghé sinh hoc, Vién Han lam va Cong nghé Viét Nam véi sd luu gitr tir

CNSHMT 01 dén CNSHMT 12.
Mo ta vén tit cac hinh vé kém theo

Fig.1 12 hinh thai khuén lac cta 10 ching vi khuén, trong d6 (A) 1a Azospirillum
sp. DG7, (B) 1a Bacillus sp. B8, (C) 1a Bacillus sp. C2, (D) la Microbacterium sp. B15,
(E) 1a Paracoccus sp. DG25, (F) 1a Pseudomonas sp. B6, (G) 1a Ochrobactrum sp.
DGP2, (H) la Rhodococcus sp. B2, (I) 1a Rhodococcus sp. BNS, (J) 1a Rhizobium sp.
DG22.

Fig.2 1a hinh thai 2 chung niam men, trong d6 (A) 1a Candida sp. TH1 va (B) 1a
Candida sp. TH4.

Fig.3 1a cay phat sinh chang loai cta 10 chiing vi khuan.

Fig.4 1a cay phat sinh ching loai cta 2 ching nim men.
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Fig.5 1a ché pham vi sinh theo giai phap hitu ich.
Fig.6 1 ché phdm vi sinh theo giai phap hitu ich 6d6 phong dai 5.000 1an.

Fig.7 1a biéu db thé hién hiéu suét phan hity cac thanh phin hydrocacbon cia
ché phém vi sinh tao mang sinh hoc sau 14 ngay nudi tinh. Trong d6, 1: anthracen; 2:
benzen; 3: 4-(2-butenyl)-1,2-dimethyl-benzen; 4: (1,4-dimethylpent-2-enyl) benzen; 5:
1-methyl-4-(1-methyl-2-propenyl)-benzen, 6: heptadecan; 7: hexadecan; 8: hexacosan;
9: naphthalen; 10: 1,2,3,4-tetrahydro-6-methyl-naphthalen; 11: decahydro - 4,4,8,9,10—
pentamethyl naphthalen; 12: phenanthren; 13: pyren.

M6 ta chi tiét giai phap hiru ich
Sau day, giai phap hitu ich mo ta chi tiét cac phuong an cu thé, tuy nhién, cac
phuong an nay chi nhim muc dich nham mo ta chi tiét giai phap hiru ich cht khong

nham muc dich han ché pham vi y€u cau bao ho cua giai phap hitu ich.

Giai phap httu ich dé cép dén quy trinh san xuat ché pham vi sinh tao mang sinh
hoc xir Iy nuéc bi nhiém dau va ché pham vi sinh tao mang sinh hoc thu dugc bang

quy trinh nay.

Theo khia canh thi nhit quy trinh san xudt ché phim vi sinh tao mang sinh hoc
xtr ly nude bi nhidm dau.

Trong budc nhéan gidng vi sinh vét bing cach lén men hai clp, cac ching vi sinh
duoc st dung bao gdm céac ching vi khuan: Azospirillum sp. DG7, Bacillus sp. B8,
Bacillus sp. C2, Microbacterium sp. B15, Paracoccus sp. DG25, Pseudomonas sp. B6,
Ochrobactrum sp. DGP2, Rhodococcus sp. B2, Rhodococcus sp. BNS va Rhizobium
sp. DG22, va 2 ching ndm men Candida sp. TH1 va Candida sp. TH4, tuong tng
trong mdi trudng 1én men thé dich thu duge céc dich 1én men vi khuan va dich 1én men
niam men.

Chung vi khuén Azospirillum sp. DGT7 1a chiing thuan dugc phan 1ap tir mau dat
nhiém dau 14y tr mau nuéc nhiém dau 14y tai Kho xing dau Puc Giang, Gia Lam, Ha
No6i. Mau sau khi thu thap dugc 1am giau trong mdi truong khoang Gost dich sau 7
ngdy nudi lac véi toe do 200 vong/phat & 30°C véi dau diezen 14 ngudn cacbon va
nang lugng duy nhét. Vi khudn dugc phan 1ap va tuyén chon dua trén kha ning phén
hay dau diezen va kha nang tao mang sinh hoc. Sau khi tuyén chon, thu dugc ching vi

khudn c¢6 kha nang phan huy dau diezen, phenol, anthracen, pyren vuot trdi, chiing nay
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dugc ky hi€u 1a Azospirillum sp. DG7 va dugc luu giit tai Vién Cong nghé sinh hoc,
Vién Han 1am va Cong ngh¢ Viét Nam voi sb luu gitr ]a CNSHMT 01.

Dé dinh danh chung Azospirillum sp. DG7, tién hanh giai trinh tu voi cap moi
sir dung bao gdm:

Mdi xudi (341f): 5°- CCTACGGGAGGCAGCAG-3’

Mdi nguoc (907r): 5°- CCGTCAATTCMTTTGAGTTT-3’

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

qua cho thdy ching Azospirillum sp. DG7 theo giai phap hitu ich thudc chi
Azospirillum va day 1a mot bién ching méi gan loai largomobile va day dugc xac dinh

12 mdt chiing méi duge ding ky tren Genbank v6i ma sé truy cap KJ608355.

Chung vi khudn Bacillus sp. B8 1a chung thudn dugc phan 1ap tir mAu dat nhidém
dau 1ay tai Khu cong nghiép vira va nho Tir Liém, Ha No6i. Mau sau khi thu thap dugc
lam gidu trong moi trudng khoang Gost dich sau 7 ngay nudi lic véi tde do 200
vong/phit & 30°C vé6i dau diezen 1a ngudn cacbon va ning lugng duy nhit. Vi khuin
dwoc phan 1ap va tuyén chon dya trén kha ning phan huy diu diezen va kha ndng tao
mang sinh hoc. Sau khi tuyén chon, thu duoc ching vi khuén c6 kha nang phan hiy
dau diezen vuot troi, ching nay dugc ky hiéu la Bacillus sp. B8 va dugc Ivu gitt tai
Vién Cong nghé sinh hoc, Vién Han 1am va Cong nghé Viét Nam véi s6 luu gitr 12

CNSHMT 02.

Pé dinh danh chiing Bacillus sp. B8, tién hanh giai trinh tw v6i cip mdi st dung
bao gbém:

Moi xubi (3411): 5°- CCTACGGGAGGCAGCAG-3’

Mbi nguge (907r): 5°- CCGTCAATTCMTTTGAGTTT-3’

Két qua giai trinh ty thu dwoc trinh ty néu trong SEQ IP NO.1, két qua nay
dwoc ding dé dinh danh loai bang cich sir dung chuong trinh BLAST

(http://ncbi.nlm.nih.gov/) dé so sanh cac doan gen 16S rARN trén ngan hang gen. Két
qua cho thdy chung Bacillus sp. B8 theo giai phap hitu ich thudc chi Bacillus 12 mot
bién chiing mé&i gan 2 loai foraminis va flexus va ddy dugc xac dinh 1a mot chung mai

duoc dang ky tren Genbank v6i ma sd truy cip JQ764732.
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Ching vi khuan Bacillus sp. C2 1a ching thuan dugc phan 14p tir mau dit nhiém
diu lay tir mau nudc nhidém dau l4y tai bo bién Hoing Hoéa, Thanh Hoa. Mau sau khi
thu thap duoc lam gidu trong moi trudng khoang Gost dich sau 7 ngay nudi lic véi tde
do 200 vong/phat & 30°C véi ting ngudn co chét 14 phenol, diu diezen, benzen la
ngudn cacbon va ning lugng duy nhat. Vi khudn duge phén 14p va tuyén chon dya trén
kha nang phan hiy nhitng ngudn co chit nay va kha ning tao mang sinh hoc. Sau khi
tuyén chon, thu dugc chiing vi khuin ¢6 kha nang phén hity nhitng ngudn co chét nay
vuot troi, chung nay dwogc ky hiéu 1a Bacillus sp. C2 va dugc luu gilt tai Vién Cong

nghé sinh hoc, Vién Han 1am va Céng nghé Viét Nam vai sb luu giir 14 CNSHMT 03.

Dé dinh danh ching Bacillus sp. C2, tién hanh giai trinh ty v6i cap mdi sir dung
bao gdm:

Moi xudi (341f): 5’- CCTACGGGAGGCAGCAG-3’

Moi nguge (907r): 5°- CCGTCAATTCMTTTGAGTTT-3’

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

qué cho thay ching Bacillus sp. C2 theo giai phap hitu ich thudc chi Bacillus va day 1a
mdt bién ching mai gin loai altitudinis va day duge xac dinh 13 mot ching méi duge

dang ky tren Genbank vdi ma sb truy cap JQ910954.

Chung vi khudn Microbacterium sp. B15 1a ching thuan dugc phan 1ap tir mau
d4t nhidm dau 14y tai Khu cong nghiép vira va nhé Tir Liém, Ha No6i. MAu sau khi thu
thap dugc lam gidu trong moi truong khodng Gost dich sau 7 ngay nudi lac véi toe do
200 vong/phut & 30°C v6i diu diezen 1a ngudn cacbon va ning luong duy nhit. Vi
khudn duoc phan 1ap va tuyén chon dua trén kha niang phan hay dau diezen va kha
~ nang tao mang sinh hoc. Sau khi tuyén chon, thu duoc chung vi khuin c6 kha nang
phan hay dau diezen vuot troi, ching nay duge ky hiéu 1a Microbacterium sp. B15 va
duogce luu gilr tai Vién Cong nghé sinh hoc, Vién Han 1am va Cong ngh¢ Viét Nam véi

s6 Iuu gitt 1a CNSHMT 04.

Pé dinh danh ching Microbacterium sp. B15, tién hanh giai trinh ty voi cap mdi
st dung bao gom:

Mdi xudi (341f): 5’- CCTACGGGAGGCAGCAG-3’
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Moéi ngugce (907r): 5°- CCGTCAATTCMTTTGAGTTT-3°

K ét qua gidi trinh tu thu dugc trinh ty néu trong SEQ IP NO.1, két qué nay dugc
ding dé dinh danh loai bang cich st dung chuong trinh BLAST
(http://ncbi.nlm.nih.gov/) dé so sanh cic doan gen 16S rARN trén ngan hang gen. Két

qué cho thay ching Bacillus sp. B8 theo giai phap hitu ich thudc chi Microbacterium
va day dugc xéac dinh 1a mot chiing méi duoc ding ky tren Genbank véi ma sb truy
cap JX073564.

Chung vi khuan Paracoccus sp. DG25 1a chung thuan dugc phan 1ap tir mau dat
nhiém dau ldy tir mau nude nhidm dau 13y tai kho xing du Puc Giang, Gia Lam, Ha
Noi. Miu sau khi thu thap duoc lam giau trong méi trudong khoang Gost dich sau 7
ngay nudi lac véi toe d6 200 vong/phut & 30°C v6i hdn hop céc hydrocacbon thom da
vong la ngudn cacbon va nang lugng duy nhét. Vi khudn dugc phan 1ap va tuyén chon
dua trén kha ning phan hity dau diezen va kha ning tao mang sinh hoc. Sau khi tuyén
chon, thu dugc chiing vi khuan c6 kha ning phan huy cic hydrocacbon da vong vugt
trdi, chung nay dugc ky hi¢u la Paracoccus sp. DG25 va dugc luu giit tai Vién Cong
nghé sinh hoc, Vién Han l1am va Céng nghé Viét Nam véi s6 luu gift la CNSHMT 05.

Pé dinh danh ching Paracoccus sp. DG25, tién hanh giai trinh tu véi cip mdi
sir dung bao gdm:

Moi xudi (341f): 5°- CCTACGGGAGGCAGCAG-3’
Moi nguge (907r): 5°- CCGTCAATTCMTTTGAGTTT-3’

Két qué giai trinh tu thu dugec trinh tu néu trong SEQ IP NO.1, két qué nay dugc
ding d& dinh danh loai bing cach si dung chuong trinh BLAST
(http://ncbi.nlm.nih.gov/) dé so sanh cac doan gen 16S rARN trén ngén hang gen. Két

qué cho thiy ching Paracoccus sp. DG25theo giai phap hitu ich thude chi Paracoccus
va diy 1a mot bién chung mai gin loai ferrooxidans va diy dugc xac dinh 1a mot
chung méi duge dang ky tren Genbank véi ma s truy cap KJ608354.

Chung vi khuan Pseudomonas sp. B6 1a ching thudn dugc phan lap tir méu
nude nhiém dau 1y tai bo bién Hoang Hoa, Thanh Héa. Mau sau khi thu thap duoc
lam giau trong moi truong khoang Gost dich sau 7 ngay nudi lic véi tbe do 200
vong/phit & 30°C véi ting ngudn co chat 12 dau diezen, dau thd, pyren, naphtalen 1a
ngudn cacbon va ning lugng duy nhat. Vi khuén dugc phén l4p va tuyén chon dua trén
kha ning phan hiy dau diezen, du tho, pyren, naphtalen va kha ning tao mang sinh

hoc. Sau khi tuyén chon, thu dugc ching vi khuan c6 kha ning phan huy nhiing hop
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“chét 6 nhiém nay vuot trdi, chiing nay dugc ky hiéu 1a Pseudomonas sp. B6 va dugc
luu gifr tai Vién Cong nghé sinh hoc, Vién Han 1am va Cong ngh¢ Viét Nam véi )
luu gitr [a CNSHMT 06.

Dé dinh danh chiing Pseudomonas sp. B6, tién hanh giai trinh ty v6i cap mdi st
dung bao goém: |

Mdi xudi (27f): 5~ AGAGTTTGATCCTGGCTCAG-3’

Mdi nguogc (1492r): 5-GGTTACCTTGTTACGACTT-3'

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

qua cho thay ching Pseudomonas sp. B6theo giai phap hitu ich thudc chi
Pseudomonas 13 mot bién chung mdi thudce loai aeruginosa va dy duge xac dinh 1a

mot ching mai duge dang ky tren Genbank voi ma sb truy cap X06684.

Chang vi khudn Ochrobactrum sp. DGP2 1a chung thuan dugc phan lap tir miu
dit nhim dau iy tir mau nude nhidém dau 14y tai kho xing dau Pac Giang, Gia Lam,
Ha Noi. Mau sau khi thu thap duoc lam giau trong mdi truong khoang Gost dich sau 7
ngay nudi lic vai toe do 200 vong/phut & 30°C véi phenol 1a ngudn cacbon va ning
luong duy nhat. Vi khuan dugc phan 1ap va tuyén chon dua trén kha ning phan huy
phenol va kha ning tao mang sinh hoc. Sau khi tuyén chon, thu dugc chung vi khudn
c6 kha ning phan hiy vuot trdi, ching nay dugce ky hiéu 1a Ochrobactrum sp. DGP2
va dugc luu gilr tai Vién Cong ngh¢ sinh hoc, Vién Han lam va Cong nghé Viét Nam
v6i s6 luu gitr 1a CNSHMT 07.

Pé dinh danh chang Ochrobactrum sp. DGP2, tién hanh giai trinh tu v6i cip
mdi st dung bao gdm:

Mdi xudi (341f): 5’- CCTACGGGAGGCAGCAG-3’

Mdi nguoc (907r): 5°- CCGTCAATTCMTTTGAGTTT-3

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

qua cho thdy ching Ochrobactrum sp. DGP2 theo giai phap hiru ich thudc chi
Ochrobactrum va ddy 1a mot bién ching méi gan loai intermedium va ddy duogc xac

dinh 14 m6t ching méi duoc dang ky tren Genbank v6i mé s truy cip AM114411.
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Chung vi khuan Rhodococcus sp. B2 1a chiing thuan duoc phan lap tir miu dét
nhiém dau 14y tai kho xing D3 Xa, Ha Noi. Miu sau khi thu thap duoc lam giau trong
mdi trudng khodng Gost dich sau 7 ngay nudi lic véi tde do 200 vong/phut & 30°C véi
diu diezen 1a ngudn cacbon va ning lwong duy nhét. Vi khuén duoc phan 1ap va tuyén
chon dya trén kha ning phan hiy dau diezen va kha ning tao mang sinh hoc. Sau khi
tuyén chon, thu duge ching vi khuin ¢6 kha ning phan huy diu diezen (can chi rd bao
nhiéu mg/ml) vuot trdi, ching nay dugc ky hi€u 1a Rhodococcus sp. B2 va duoc luu
gilt tai Vién Cong ngh¢ sinh hoc, Vién Han 1am va Cong nghé Viét Nam véi s6 luu
gitr la CNSHMT 08.

Dé dinh danh ching Rhodococcus sp. B2, tién hanh giai trinh tu véi cip moi sur

dung bao gdm:

Mdi xudi (341f): 5°- CCTACGGGAGGCAGCAG-3’

Mdi nguoc (907r): 5°- CCGTCAATTCMTTTGAGTTT-3’

Két qua giai trinh tu thu dugc trinh tu néu trong SEQ ID NO.1, két qua nay
duoc ding dé dinh danh loai bing cach swr dung chuong trinh BLAST
(http:/ncbi.nlm.nih.gov/) dé so sanh cac doan gen 16S rARN trén ngén hang gen. Két

qua cho thdy ching Rhodococcus sp. B2 theo giai phap hiru ich thudc chi
Rhodococcus 1a mdt bién ching mai thudce loai aetherivorans va day dugc xac dinh la

mdt ching méi duoc ding ky tren Genbank v6i ma sb truy cap JQ657804.

Chang vi khudn Rhodococcus sp. BN5 1a ching thudn duoc phan lap tir mau dét
nhiém dau lay tir mau nude nhiém diu l4y tai bo bién Hodng Hoa, Thanh Hoa. MAu
sau khi thu thap dugc lam giau trong moi truong khoang Gost dich sau 7 ngay nubi lic
vai toe do 200 vong/phiit & 30°C véi phenol 14 ngudn cacbon va ning luong duy nhét.
Vi khudn dugc phén 1dp va tuyén chon dya trén kha ning phan hily dau diezen va kha
ning tao mang sinh hoc. Sau khi tuyén chon, thu dugc ching vi khuin c6 kha nang
phan hty phenol vugt trdi, ching nay duoc ky hi¢u 1a Rhodococcus sp. BN5 va dugc
luu gitt tai Vién Cong nghé sinh hoc, Vién Han lam va Cong nghé Viét Nam véi s6

luu gitr 1a CNSHMT 09.

Dé dinh danh chang Rhodococcus sp. BNS, tién hanh giai trinh tu v&i cip mdi
str dung bao gom:

Mbi xuéi (341f): 5°- CCTACGGGAGGCAGCAG-3’
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Moi ngugce (907r): 5°- CCGTCAATTCMTTTGAGTTT-3’

Két qua giai trinh ty thu duogc trinh ty néu trong SEQ IP NO.1, két qué nay
duoc dung dé dinh danh loai bang cach st dung chuong trinh BLAST

(http://ncbi.nlm.nih.gov/) dé so sanh cac doan gen 16S rARN trén ngan hang gen. Két
qua cho thiy ching Rhodococcus sp. BN5 theo giai phdp hitu ich thudc chi
Rhodococcus va ddy 1a mot bién ching méi gan loai ruber va ddy dugc xac dinh la
mdt ching méi duoce ding ky tren Genbank véi ma s6 truy cap JQ073291.

Chang vi khuan Rhizobium sp. DG22 14 chung thudn duoc phén 1ap tir mau dét
nhiém dau lay tir mau nuéc nhidm dau ldy tai bo bién Hodng Héa, Thanh Hoa. Mau
sau khi thu thap duoc lam giau trong mdi trudng khodng Gost dich sau 7 ngay nubi lic
vai tde d6 200 vong/phit & 30°C v6i hdn hop cac hydrocacbon thom da vong 14 ngudn
cacbon va ning luong duy nhit. Vi khuan dwoc phan 1ap va tuyén chon dua trén kha
nang phan hiy dau diezen va kha ning tao mang sinh hoc. Sau khi tuyén chon, thu
dwoc ching vi khuan c¢6 kha nang phan hay hdn hop cac hydrocacbon da vong vuot
troi, ching nay duoc ky hiéu la Rhizobium sp. DG22 va dugce luu giir tai Vién Cong
ngh¢ sinh hoc, Vién Han 1am va Cong ngh¢ Viét Nam véi s6 luu gilt la CNSHMT 10.

Dé dinh danh ching Rhizobium sp. DG22, tién hanh giai trinh tw v6i cp moi sir
dung bao gom:

Mdi xubi (27f): 5>~ AGAGTTTGATCCTGGCTCAG-3’

Mdi ngugce (1527r): 5°-AGAAAGGAGGTGATCCAGCC-3’

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

qué cho thiy chung Rhizobium sp. DG22 theo giai phap hitu ich thudc chi Rhizobium
va ddy la mot bién ching méi gan loai pusense va day duge xac dinh 1a mot ching

méi duge dang ky tren Genbank voi ma s6 truy cap KI748400.

Chung ndm men Candida sp. TH1 1a ching thuan duoc phan 14p tir dwoc phan
lap tir cic miu dat nhidm dau ldy tai ving ven bién Nghi Son, Thanh Héa. MAu sau
khi thu thap dugc lam giau trong mdi trudng khoang Gost dich sau 7 ngay nudi lic véi
toc do 200 vong/phit ¢ 30°C véi dau diezen 1 ngudn cacbon va nang luong duy nhat.
N4m men duoc phan 14p va tuyén chon dua trén kha ning phan hiy du diezen va kha

nang tao mang sinh hoc. Sau khi tuyén chon, thu dugc ngoai dau diezen, chiing nam
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men con c6 kha nang phan hiy phenol, phenanthren vuot trdi, ching nay dugc ky hiéu
la Candida sp. TH1 va dugc luu gilr tai Vién Cong ngh¢ sinh hoc, Vién Han 1am va
Cong nghé Viét Nam véi s6 luwu gitr a CNSHMT 11.

Dé dinh danh ching Candida sp. TH1, tién hanh giai trinh tu v6i cip mdi si
dung bao gdm:

Moi xubi (ITS1): 5°-TCCGTAGGTGAACCTGCGG-3’

Mbi nguoc (ITS4): 5°- TCCTCCGCTTATTGATATGC-3’

Két qud giai trinh tu thu dugc trinh ty néu trong SEQ IP NO.1, két qua nay dugc
ding dé dinh danh loai bing cach st dung chuwong trinh BLAST
(http://ncbi.nlm.nih.gov/) dé so sanh cac doan gen ITS1-5,8S rARN-ITS2 trén ngan

hang gen. Két qua cho thiy chung Candida sp. THI theo giai phap hitu ich thudc chi
Candida va day 1a mot bién ching méi gan loai viswanathii va diy duoc xac dinh 1a

mdt chung maéi duoc dang ky tren Genbank vdi ma sb truy cap JX129175.

Chung nim men Candida sp. TH4 1a ching thudn duoc phan lap tir duoc phén
lap tir cac mAu dit nhiém dau ldy tai ving ven bién Nghi Son, Thanh Héa. MAu sau
khi thu thap duoc lam gidu trong mdi trudng khoang Gost dich sau 7 ngay nudi lic véi
tée do 200 vong/phut & 30°C va6i dau diezen 1a ngudn cacbon va nang lwong duy nhét.
N4m men duoc phén lap va tuyén chon dua‘trén kha nang phan hiy diu diezen va kha
ning tao mang sinh hoc. Sau khi tuyén chon, thu dugc ngoai dau diezen, ching nim
men con c6 kha ndang phan hiy phenol, phenanthren vugt trdi, ching nay dugc ky higu
la Candida sp. TH4 va dugc luu gilr tai Vién Cong ngh¢ sinh hoc, Vién Han 1am va
Cong nghé Viét Nam véi s luu gitr a CNSHMT 12.

Pé dinh danh ching Candida sp. TH4, tién hanh giai trinh ty v&i cip mdi st
dung bao gdm:

Moi xubi (ITS1): 5°-TCCGTAGGTGAACCTGCGG-3’

Moi nguoc (ITS4): 5°- TCCTCCGCTTATTGATATGC-3

Két qua giai trinh tu thu duoc trinh tu néu trong SEQ IP NO.1, két qua nay dugc
ding dé dinh danh loai bang cich st dung chuong trinh BLAST
(http://ncbi.nlm.nih.gov/) dé so sanh cac doan gen ITS1-5,8S rARN-ITS2 trén ngéan

hang gen. Két qua cho thy ching Candida sp. TH4 theo giai phap hiru ich thudc chi
Candida va day 12 mot bién ching mdi gan loai tropicalis va day duogc xac dinh 1a mot

ching méi duoc dang ky tren Genbank véi ma sb truy cap JX129176.
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Hinh thai khuén lac ctia cac chung vi sinh vat dugce thé hién trén Fig.1. Cay phat
sinh ching loai cta cac ching 10 ching vi khudn va 2 ching nim men nay duoc thé
hién tuong Ung trén Fig.2 va Fig.3.

Céc quy trinh, k¥ thuat nhan gidng vi khudn va nim men thuan ching 1a da biét
va dugc ngudi ¢6 hicu biét trung binh trong linh vuc k§ thuét nay hiéu rd va c6 thé ap
dung dé dang.

Lén men cép 1: Cac dich ching giéng tuoi sau khi duoc nhén tir nhitng khuén
lac riéng r& qua dém duoc cdy chuyén sang 12 binh tam giac thuy tinh 100 ml riéng r&
chtra 9 ml mot trong hai méi truong sau: Luria Bertani (LB) dung cho vi khuén hoic
Hansen ding cho ndm men véi ty 18 dich ching giéng tuoi:mdi truong 13 1:9 (ml/ml) —
nghia la cho 1 ml dich ching giéng tuoi vao 9 ml méi trudng. Binh duge lic 180
vong/phat & nhiét do nam trong khoang tir 28 dén 30°C trong thoi gian 24 gid. Cac
thanh phan mai trudng ¢ cong thire nhu sau:

Thanh phin méi truong LB nudi cdy vi khudn (g/1): 10 g/l NaCl, 10g/1 trypton, 5
g/1 cao men, pH = 7-7,2.

Thanh phin méi truong Hansen nudi cdy ndm men (g/1): 3 g/l K,HPO,, 5 g/
NaCl, 1 g/l MgCl,, 2 g/l MgSOy, 50 g/l glucoza, 10 g/l pepton, pH = 5,5

Méi truong nudi cdy thach duge bd sung 10 % thach agar.

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

30 phut.

Lén men cip 2: Dich nudi cdy sau khi 1én men cép 1 dugc cdy truyén sang cc
binh tam giac thay tinh 500 ml cha 90 ml mot trong hai mo6i trudng sau: Luria
Bertani (LB) ding cho vi khuén hodc Hansen ding cho ndm men véi ty 18 dich 1én
men cdp 1: moi truong 1a 1:9 (ml/ml) - nghia 14 cho 10 ml dich 1én men cdp 1 vao 90
ml mdi truong. Binh duoc lic 180 vong/phut ¢ nhiét dd nim trong khoang tir 28 dén

30°C trong thoi gian 24 gio.

Trong budc thu sinh khéi vi khuan bang cach ly tim ting dich 1én men vi khuén
thu duoc riéng biét véi tée do 4000 vong/phat & nhiét dd 4 °C trong thoi gian 10 phit,
sau do duoc rira hai 14n bang nudc cat da khi tring va phéi tron cac sinh khéi vai ty 18
béng nhau, bd sung dung dich mudi sinh ly dé thu duoc sinh khdi vi khuin c6 ndng do

10" CFU/ml.
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Trong budce thu sinh khéi ndm men bang cach ly tdm ting dich 1én men nam
men thu duoc riéng biét véi tbe do6 6000 vong/phit & nhiét d6 4 °C trong thoi gian 10
phut, sau d6 duoc rira hai lan bang nude cit da khir tring va phdi trén cac sinh khéi
v6i ty 1& bang nhau, bd sung dung dich mudi sinh ly dé thu dugc sinh khdi ndm men c6

ndng d6 10" CFU/ml.

Trong budc thu dich vi sinh gbc bang cach phdi tron sinh khéi vi khuén véi sinh
khdi ndm men theo 5:1 (thé tich:thé tich) thu dugc dich vi sinh gbc co ndéng do 10’

CFU/ml.

Trong budc thu san pham phdi tron bang cach phdi tron dich vi sinh gdc, hdn
hop moi truong LB:Hansen c6 ty 18 4:1 (thé tich/thé tich) va cam gao theo ty 18 tuong
ung 1:10:20 (thé tich/thé tich/trong lugng), sau khi tron déu, thu duoc san phém phéi

tron.

Cam gao duge st dung lam co chit khong nhitng ¢6 vai trd gin cac vi sinh vat
¢6 kha nang phan hay diu va tao mang sinh hoc cao ma con 12 ngudn dinh dudng cho
ching dé 1én men x6p tao ché pham sinh hoc. Cam gao dugc khir tring w6t & 121°C

trong 30 phut dé loai cac nhom vi sinh vat ngoai lai.

Trong budc thu ché phim vi sinh tao mang sinh hoc bing cach 1én men san
phim phdi trén trong didu kién nhiét do tir 28 dén 32°C, dao tron theo chu ky 6 gid,
thoi gian 1én men trong 48 gid, sau d6 sdy san phdm 1én men & nhiét do tir 40 dén 45°C
trong thoi gian tir 3 dén 4 giv dé thu dugce ché phdm vi sinh tao mang sinh hoc c¢6 do

am 15%.

Ché phém nay c6 dang bdt min, mau vang nau, kich ¢& hat tir 0,1-0,3 mm, ¢é
mat do vi sinh vat dat > 10’ CFU/g (ml), ¢6 nang luc phan hdy trén 95 % cac thanh
phén CH, trong dau; khai thac on dinh trong thoi gian > 6 thang; an toan cho moi
truong va dat do am 15 %.

Ché pham vi sinh tao mang sinh hoc s& dugc dong goi trong tui k&m va dugc
kiém dinh mat do vi sinh vat cling nhu kha ning phén hiy cic thanh phin
hydrocacbon trong dau sau 1 tuan, 2 tuan, 1 thang, 3 thang va 6 thang.

Theo khia canh thi hai, giai phap hiru ich dé& cdp dén ché phim vi sinh vat tao
mang sinh hoc xir Iy nudc bi nhidm dau thu duge tir quy trinh san xuit ché phim vi

sinh tao mang sinh hoc xtt Iy nudc bi nhiém dau, trong d6 ché pham nay chira cac
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chung vi khuan bao gom Azospirillum sp. DG7, Bacillus sp. B8, Bacillus sp. C2,
Microbacterium sp. B15, Paracoccus sp. DG25, Pseudomonas sp. B6, Ochrobactrum
sp. DGP2, Rhodococcus sp. B2, Rhodococcus sp. BN5 va Rhizobium sp. DG22, va céac
chung ndm men bao gdm Candida sp. TH1 va Candida sp. TH4 c¢6 s6 luu giir tai Vién
Cong nghé sinh hoc, Vién Han 14m va Cong nghé Viét Nam véi sb luu gitr gitt tir
CNSHMT 01 dén CNSHMT 12.

Co ché xr Iy nude nhidm dau cta ché pham vi sinh tao mang sinh hoc theo giai
phap hitu ich nay dugc thé hién nhu sau: khi bd sung ché phidm vao nudc thai nhifm
diu, cac vi sinh vét tao mang sinh hoc ¢6 tr»ong ché phim dang & trang thai tinh s&
nhanh chong sinh truéng va phat trién trén ngudn co chét 1a cac nhom hydrocacbon va
tao mang sinh hoc véi nhau trén cac bé mat vat thé 16ng va rén. Trong mang sinh hoc,
cac vi sinh vat ¢ mat do cao va lién két véi nhau thanh mét clu tric bén vitng. Nho
do, chung c6 kha ning hd trg trao ddi chat va dé dang phan huay cac hop chét
hydrocacbon. Pong thoi, nho kha ning tao mang sinh hoc nén ching c6 kha néng
chéng chiu lai cac diéu kién khic nghiét ciia moi trudng nude nhiém dau t6t hon &

dang cac té bao don 1¢ va han ché dugc su canh tranh ctia cac vi sinh vét khéc.
Vi du thwe hi¢n gidi phap hirua ich

Vi du 1: Quy trinh san xudt 30 kg ché pham vi sinh tao mang sinh hoc dung xt Iy nudce

bi nhi€ém dau

Nhan gidng 12 chang vi sinh vat bang cach 1én men hai cap cac ching nay. Cu
thé 1a: muoi ching vi khuén Azospirillum sp. DG7, Bacillus sp. B8, Bacillus sp. C2,
Microbacterium sp. B15, Paracoccus sp. DG25, Pseudomonas sp. B6, Ochrobactrum
sp. DGP2, Rhodococcus sp. B2, Rhodococcus sp. BNS va Rhizobium sp. DG22, 2
chiung ndm men Candida sp. TH1 va Candida sp. TH4.

Lén men cip 1: lay mdi dich ching gidng twoi voi lugng 1ml sau khi dugc nhan
tir nhitng khudn lac riéng ré qua dém duoc ciy chuyén sang 12 binh tam giac thuy tinh
100 ml ri€ng r€ chira 9 ml mot trong hai mdi trudong sau: Luria Bertani (LB) dung cho
vi khudn hodc Hansen dung cho ndm men. Binh duoc lac 180 vong/phit & nhiét do
30°C trong thoi gian 24 gid. Cac thanh phan moi truong c6 cong thire nhu sau:

Thanh phan méi truong LB nudi cdy vi khuén (g/1): 10 g/l NaCl, 10g/1 trypton, 5
g/l cao men, pH = 7.
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lhanh phan mo1 trueong Hansen nuoi cdy ndm men (g/l): 3 g/l K,HPO,, 5 g/l
NaCl, 1 g/l MgCl,, 2 g/l MgSOy,, 50 g/1 glucoza, 10 g/l pepton, pH =5,5.

Moi truong nudi cdy thach dugc bd sung 10 % thach agar.

Céc thanh phin méi truong duoc can cén than va duge khu trang & 115°C trong

30 phat.

Lén men cip 2: 1y 10 ml dich nudi cdy sau khi 1én men cép 1 dugc chy truyén
sang cac binh tam giac thdy tinh 500 ml chira 90 ml mgt trong hai moi trudng sau:
Luria Bertani (LB) dung cho vi khudn hodc Hansen dung cho nim men. Binh dugc lic

180 vong/phut & nhiét dd 30°C trong thoi gian 24 gid.

Cac ching vi khudn nuéi cdy riéng ré duge ly tdm véi tée do 4000 vong/phut &
nhiét do 4°C trong thoi gian 10 phut dé thu sinh khéi vi khudn. Cac ching nim men
nudi cdy riéng ré duoc ly tim voi tde do 6000 vong/phit ¢ nhiét do 4°C trong thoi gian
10 phut dé thu sinh khdi nAm men. Sinh khdi cta vi khudn va nAm men thu duogc, s€
duoc rira hai 1an bang nudc cit da khir tring. Bb sung 100 ml dung dich mudi sinh ly

vao céc binh chira sinh khoi vi khuan va nam men sau ly tdm va thu dich nay.

Thu 1 lit dich chtra vi sinh ¢6 ndng do khoang 10" CFU/ml biang cach phdi tron
sinh khdi vi khuan, sinh kh6i nim men, va pha long dé ¢6 ndng do khoang 10’

CFU/ml.

Phéi tron 80 ml dich cua ting loai vi khudn ta c6 duoc 800 ml dich cta hdn hop
10 ching vi khuén st dung lam ché phim va 100 ml dich cta ting loai ndm men ta c6
dugc 200 ml dich ctia hdn hop 2 ching nim men, va pha lodng dé ¢6 ndng do khoang
10’ CFU/ml — goi 1a dich chia vi sinh. Dich thu duoc s& duge pha loang dé thu dich
chtura vi sinh dat néng do cudi cung khoang 107 CFU/ml. Dich thu duoc s€ dugce xac
dinh mat do vi sinh vét c6 trong hdn hop dich sinh khéi bang cach do ODjg.

Phéi tron 1 lit dich chira vi sinh c6 ndng d6 khoang 10" CFU/ml, 10 lit hdn hop
mdi truong va 20 kg cam gao dé thu san phdm phdi tron, trong d6 hdn hop moi trudong
1a 8 1it moi truong LB va 2 lit Hansen, thu duoc 31 kg san phdm phéi tron.

Phéi tron 1 lit dich chira vi sinh c6 ndng do khoang 10" CFU/ml, 10 lit hdn hop
moi truong va 20 kg cam gao dé thu 31 kg san pham phdi trén. Cam gao duge khir

trang w6t & 121°C trong 30 phut dé loai cac nhom vi sinh vét ngoai lai.
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Lén men 31 kg san phdm phoi trdn trong td 1€én men c6 nhiét do 32°C, cach 6
gio lai ddo tron nhe hdn hop ndy, sau thoi gian 48 gid thu dugce 31 kg san phim 1én
men. Td 1én men ¢6 dung tich 5x1x1,5 (m), st dung khay inox vé&i dd day cia co chét
1én men 6 cm.

Séay 31 kg san phdm 1én men ¢ nhiét o 40°C trong thoi gian 4 gio dé thu duge
30 kg ché pham vi sinh tao mang sinh hoc ¢6 d6 4m 15%.

Ché phém nay c6 dang bt min, mau vang nau, kich ¢& hat tir 0,1-0,3 mm, cé
mat do vi sinh vat dat > 10° CFU/g (ml), c6 nang luc phan hdy trén 95 % cac thanh
phan CH, trong dau; khai thac On dinh trong thoi gian > 6 thang; an toan cho mdi

truong va dat do dm 15 %.
Ché pham vi sinh tao mang sinh hoc s& duoc dong g061 trong tai kém.

Vi du 2. Panh gi4 kha ning tao mang sinh hoc ctia ché phdm vi sinh theo giai phép
hitu ich

Danh gia kha nang tao mang sinh hoc ctia ché phdm vi sinh theo giai phap hiru
ich bang cach hoa tan 10 g ché phdm vi sinh trong 90 ml nudc mubi sinh ly, lac véi toe
do 180 vong/phit & nhiét do 30°C trong thoi gian 1 gid, sau d6 ly tdm thu sinh khéi va
hoa sinh khdi trong nudc cit vo trung thu hdn dich. Xac dinh mat do té bao cua hdn
dich nay & budce song 600 nm (OD) dé pha lodng hén dich dat duge OD = 0,3. Hat 1%
hén dich OD=0,3 vao falcon chta 2,5 ml moi truong LB va 0,5 ml moi trudng
Hansen, thu mau 1, miu 2 va méu 3 sau 1, 2 va 3 ngay dé tinh & nhiét d6 30°C.

Danh gid kha ning tao mang sinh hoc ctia cdc mau theo quy trinh ctia Morikawa
va cong su (2006) bang cach dung pipet hit bo dich & cic miu tranh khong lam v
mang. Bom 5 ml nuégc cit vao cac mau chira mdi mang, hut ra nhe va ldp lai mot lan
nita. Tiép tuc bom 3 ml dung dich tim tinh thé 0,1 % vao cac miu nay, dé tinh trong
thoi gian 10 phtt & nhiét do phong dé c¢b dinh dung dich tim tinh thé bam vao mang.
Hut dich tim tinh thé ra, rira bang nudc cit hai 1n. Bom 3 ml axit axetic 33 % vao cc
mau va lac déu. Po OD cta cac miu & bude song 590 nm. Ching A. calcoaceticus P23
(Yamaga va cong su, 2010) dugc 1ay tir bd suu tap chung gidng cua Truong Dai hoc
Hokkaido, Nhat Ban dé st dung lam ddi ching duong. Két qua thir nghiém thu duoc
thé hién trong Bang 1 dudi day.
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Bang 1. Gi4 tri do OD ¢ cdc mau

Mau OD

(budc song 590 nm)
Déi chimg dwong 17,5+ 1,2
Maiu 1 352+ 1,5
Mau 2 36,1+ 1,4
Mau 3 35,7+ 1,7

Két qua ¢ Bang 1 cho thiy, ché phim vi sinh thu duoc theo gidi phap hitu ich c6

kha nang tao mang.

Vi du 3: Xt ly 50 lit nuée bi nhiém dau mo bang ché phdm vi sinh tao mang sinh hoc
theo giai phap hitu ich

Nudc thai nhiém dau duge 14y tai kho xang DS X4, Ha Noi dugc phan tich céc
chi tieu nhu BOD, COD, SS, ham lugng cac thanh phén hydrocacbon tai Vién Hoa
Cong nghiép, BO Cong Thuong. Dua trén két qua thu dugc, cac chi tiéu da duoc trung
hoa bang cach s dung moi truong khodng Gost dé dua vé cac gia tri do vé: pH=5,5-8;
COD: 500-600 mg/l; BODs: 400-500 mg/l (BODs/COD > 0,5 va BODs < 1000 mg/1);
ham lugng chét ran lo ling (SS) < 50 mg/l; ham luong dau tdng s6 6000-7000 (mg/l),
cac kim loai nang < 2 mg/l; ham lugng phenol va hop chét chtra phenol < 140 mg/l;
ham lugng céc mudi cyanuar < 60 mg/l. Thanh phan moi truong khoang Gost bao g06m
(NHy4),HPO, (3,5 g/), KH,PO, (0,5 g/1), MgSO, (0,5 g/), MgCl, (1 g/l), NaCl (5 g/l),
pH 7-7.2.

Thi nghiém duoc thiét ké nhu sau:

Mau sb 1: phéi tron 5 g ché phim vi sinh tao mang sinh hoc va 50 lit nuéc thai
nhiém diu da dugc xir Iy nhu trén.

Mau s6 2: chi st dung 50 lit nu6e thai nhiém dau da dugc x1r ly nhu trén, khong
b6 sung ché pham.

Suc khi & mau s6 1 va miu s6 2 d& hd trg oxi cho céc vi sinh vat c6 trong cac
mau c6 thé d& dang nhanh chéng sinh trudng va phat trién trén cac ngudn co chit la
cac thanh phan hydrocacbon c6 trong nuée thai nhiém diu. Sau 7 ngay, chudn bi hdn

hop dung méi hitu co bao gdm 3 lit axeton va 9 lit etyl axetat. Mau s& 1 va mau sb 2 s&
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dugc tach chiet vo1 hon hgp dung mo1 nay, cu thé 1a cho 3 lit hon hop dung méi vao 1
lit mau dé tach chiét. Qua trinh tach chiét duoc thuc hién 3 1an. Dich tach chiét dugc
lam khan bang Na, SOy, loc, ¢b quay dung mdi duéi p sudt giam dén khi con 10 ml va
duoc phan tich ham lugng dau trude va sau xir 1y bing phan tich sic ky khi va phan
tich dau tong sb theo tiéu chudn TCVN 4582 — 88. Két quéa cho thdy, & miu s6 1 hon
95 % ham lugng dau diezen da dugc phén hiy sau 7 ngdy véi ham luong dau diezen
ban diu 1a 6755 mg/l. Pdng thdi, miu con duogc ding dé phan tich cac thanh phén
hydrocacbon thom ¢6 trong nudc thai nhiém dau trén co s& quy trinh US EPA method
610. Dua trén phin mém excel, kha ning phan huy cia mot sd thanh phin
hydrocacbon thom c¢6 trong nudc thai nhim dau da dugc tinh toan nhu anthracen,
benzen, 4-(2-butenyl)-1,2-dimethyl-benzen, (1,4-Dimethylpent-2-enyl) benzen, 1-
methyl-4-(1-methyl-2-propenyl)-benzen, heptadecane, hexadecane, hexacosan,
naphthalen;  10:  1,2,3,4-tetrahydro-6-methyl-naphthalen, decahydro-4,4,8,9,10—
pentamethyl naphthalen, phenanthren, pyren. Két qua cho thy cac thanh phan nay &
mau s6 1 da bi phan hay trén 95 % sau 7 ngdy thtr nghiém. Trong khi d6, mau sb 2 cac

thanh phan nay chi bi phan huy tir 2-17 % sau 7 ngay thtr nghiém (Fig.7)
Hi¢u qua dat dwgc cda giai phap hiru ich

Quy trinh theo giai phép hitu ich da tao duoc ché phdm vi sinh tao mang sinh
hoc va thir nghiém c6 hiéu qua trong xtr 1y nuée thai nhidm dau. Viée st dung hdn hop
cic chiing VSV bao gdm vi khuin va nAm men phan 13p tir c4c kho bé chira xing dau,
céc ving ven bién bi nhiém diu da gitp tan dung dugc ngudn sinh vat phong phu cua
Viét Nam ciling nhu gitp lam giam chi phi cho viéc xir Iy nudc thai nhiém dau tir cac
kho, bé chira diu. Nuéc thai nhiém dau sau khi dugc xir Iy bang cac ché phim mang
sinh hoc da ching da loai hon 95 % céac thanh phan hydrocacbon ¢6 trong nudc thai.

Nudc thai nhiém dau dau ra dat loai B QCVN24:2009/BTNMT.

Quy trinh theo giai phap hitu ich don gian, d€ thuc hién va phi hop véi cac didu
kién thuc té, c6 thé Urng dung trong cac cong nghé xur ly dau tai mot s6 kho, bé chira

xang dau & Viét Nam.
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YEU CAU BAO HO
1. Quy trinh san xuit ché phim vi sinh tao mang sinh hoc dé xi Iy nuéce bi nhiém dau,
trong d6 quy trinh nay bao gdm céc budc:

(a) Nhan gibéng vi sinh vét bing cach 1én men mudi ching vi khudn bao gbm:
Azospirillum sp. DG7, Bacillus sp. B8, Bacillus sp. C2, Microbacterium sp. B15,
Paracoccus sp. DG25, Pseudomonas sp. B6, Ochrobactrum sp. DGP2, Rhodococcus
sp. B2, Rhodococcus sp. BN5 va Rhizobium sp. DG22, va 2 ching ndm men Candida
sp. TH1 va Candida sp. TH4 ¢6 s6 luu giit tai Vién Cong nghé sinh hoc, Vién Han 1am
va Cong nghé Viét Nam véi sb luu gitt tr CNSHMT 01 dén CNSHMT 12, twong tmg
trong méi trudng 1én men thé dich thu duoc céc dich 1én men vi khuin va dich 1&én men

nam men;

(b) Thu sinh khéi vi khudn bing cach ly tim ting dich 1&én men vi khuin thu
dugce tir budc a) riéng biét véi tde dd 4000 vong/phit & nhiét d6 4 °C trong thoi gian
10 phut, sau d6 dwgc rira hai 1an bang nuéc cit da khi tring va phéi tron cac sinh khdi
Vv6i ty 1¢ bing nhau, bd sung dung dich mudi sinh Iy @& thu dugc sinh khéi vi khuin c6
néng d6 10’ CFU/ml ;

(c) Thu sinh khéi ndm men bang cach ly tAm ting dich 1én men ndm men thu
duge tir bude a) riéng biét véi tée d6 6000 vong/phit ¢ nhiét d§ 4°C trong thoi gian 10
phut, sau d6 duoc rtra hai l4n bing nude cit da khi tring va phdi tron cac sinh khéi
Vv6i ty 18 bing nhau, bd sung dung dich mudi sinh Iy dé thu dwogc sinh khéi ndm men c6
ndng d6 10’ CFU/ml;

(d) Thu dich vi sinh géc bang cach phéi tron sinh khéi vi khuén thu dwoge & bude
(b) v6i sinh khéi nAm men thu duogc tir buée (c) theo ty 1€ 5:1 (thé tich:thé tich) thu
dugc dich vi sinh gbc c6 ndng do khoang 10’ CFU/ml;

(e) Thu san phim phéi tron bang cach phdi tron dich vi sinh gbc, hdn hop moi
truong LB:Hansen c6 t 18 4:1 (thé tich/thé tich) va cam gao theo ty 1§ tuong tng
1:10:20 (thé tich/thé tich/trong lwgng), sau khi tron déu, thu dugc san phim phdi tron;

va

(f) Thu ché phdm vi sinh tao mang sinh hoc bing c4ch 1én men san phim phdi

tron trong didu kién nhiét do tir 28 dén 32°C, dao trdn theo chu ky 6 gio, thoi gian 1én
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men trong 48 gio, sau d6 sdy san phdm 1én men & nhiét do tir 40 dén 45°C trong thoi

gian tir 3 dén 4 gio @& thu duoc ché phdm vi sinh tao mang sinh hoc c¢6 d6 4m 15%.

2. Ché phim vi sinh vét tao mang sinh hoc xit Iy nw6c bi nhidm dau thu duge tir
quy trinh theo diém 1, trong d6 ché phdm nay chita cic ching vi khudn bao gdm
Azospirillum sp. DG7, Bacillus sp. B8, Bacillus sp. C2, Microbacterium sp. B15,
Paracoccus sp. DG2S, Pseudomonas sp. B6, Ochrobactrum sp. DGP2, Rhodococcus
sp. B2, Rhodococcus sp. BNS va Rhizobium sp. DG22, va céc ching ndm men bao
gdm Candida sp. TH1 va Candida sp. TH4 c6 s6 luu giir tai Vién Cong nghé sinh hoc,
Vién Han 14m va Céng nghé Viét Nam véi sb luu gitr tir CNSHMT 01 dén CNSHMT
12.
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Fig.1
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Fig.2

(A) (B)
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Fig.3
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Fig.4
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Fig.5
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Fig.6
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Fig.7
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DANH MUC TRINH TU

Vién Céng nghé sinh hoc

dugc bdng quy trinh nay

<130>

<160>

12

<170>

<210> 1

<211>
<212>
<213>

537
ADN

<220>
<223>

<220>
<400> 537

61

121
181
241
301
361
421
481

ttagttagtg
ggttgtaaag
aacttcgtgce
cgtaaagggc
aatagctttt
aggtgaaatt
actgacgctg
gccgtaaacg
ttaagcattc

Azospirillum sp.

cctgggcgcea
ctctttcgcea
cagcagccgc
gcgtaggcgg
gatactggca
cgtagatatt
aggcgcgaaa
atgaatgcta
cgcctgggga

DG7

gcctgatcca
cgcgacgatg
ggtaatacga
cctgtttagt
ggcttgagtt
gggaagaaca
gcgtggggag
gacgtcgggg
gtacggccgce
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gcaatgccgce
atgacggtag
agggggctag
cagaagtgaa
ccggagagga
ccggtggcga
caaacaggat
tgcatgcact
aaggttaaaa

gtgagtgatg
cgtgagaaga
cgttgttcgg
agccccggge
tggtggaatt
aggcggccat
tagataccct
tcggtgtege
ctaaaaggaa

Quy trinh san xuidt ché pham vi sinh tao mang sinh hoc xu 1y
nudéc bi nhiém ddu va ché phdm vi sinh tao mang sinh hoc thu

aaggccttag
agccccggcet
aattactggg
tcaacctggg
cccagtgtag
ctggacggac
ggtagtccac
cgctaacgca
ttgacgg



<210> 2

<211>
<212>
<213>

556
ADN

<220>
<223>

<220>

<400>

1
61
121
181
241
301
361
421
481
541

556

tcctacggga
ccgcgtgagt
aagagtaacg
agcagccgceg
cgcaggcggt
aaactgggga
gtagagatgt
ggcgcgaaag
tgagtgctaa
ccgectgggg

Bacillus sp. B8

ggcagcagta
gatgaaggct
tcttgtactt
gtaatacgta
tttttaagtc
acttgagtgc
ggaggaacac
cgtggggagc
gtgttagagg
agtacg

1942

gggaatcttc
ttcgggtcegt
tgacggtacc
ggtggcaagc
tgttgtgaaa
agaagagaaa
cagtggcgaa
aaacaggatt
gtttccgcececce
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cgcaatggac
aaaactctgt
taaccagaaa
gttatccgga
gcccacggcet
agcggaattc
ggcggctttt
agataccctg
tttagtgctg

gaaagtctga
tgttagggaa
gccacggcta
attattgggc
caaccgtgga
cacgtgtagc
tggtctgtaa
gtagtccacg
cagctaacgc

cggagcaacg
gaacaagtac
actacgtgcc
gtaaagcgcg
gggtcattgg
ggtgaaatgc
ctgacgctga
ccgtaaacga
attaagcact



<210> 3

<211>

1449

<212> ADN
<213> Bacillus
<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
1441

1449
cgtgactata
acgggtgagt
gctaataccg
cacttacaga
acgatgcgta
ctcctacggg
gccgcgtgag
caagagtaac
cagcagccgc
tcgcaggcegg
gaaactggga
cgtagagatg
aggagcgaaa
atgagtgcta
tccgectggg
agcggtggag
cctctgacaa
gttgtcgtca
atcttagttg
aaggtgggga
atggacagaa
agttcggatc
cagcatgccg
gtttgcaaca
caagcagca

sp. C2

catgcagtcg
aacacgtggg
gatagttcct
tggacccgceg
gccgacctga
aggcagcagt
tgatgaaggt
tgcttgcacc
ggtaatacgt
tttcttaagt
aacttgagtg
tggaggaaca
gcgtgggggyg
agtgttaggg
gagtacggtc
catgtggttt
ccctagagat
gctcgtgtcg
ccagcattta
tgacgtcaaa
caaagggctg
gcagtctgca
cggtgaatac
cccgaagtcg
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agcggacaga
taacctgcct
tgaaccgcat
gcgcattagc
gagggtgatc
agggaatctt
tttcggatcg
ttgacggtac
aggtggcaag
ctgatgtgaa
cagaagagga
ccagtggcga
cgaacaggat
ggtttccgcece
gcaagactga
aattcgaagc
agggctttcc
tgagatgttg
gttgggcact
tcatcatgcc
cgagaccgca
actcgactgc
gttcccggge
gtgaggtaac
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agggagcttg
gtaagactgg
ggttcaagga
tagttggtga
ggccacactg
ccgcaatgga
taaagctctg
ctaaccagaa
cgttgtccgg
agcccccggce
gagtggaatt
aggcgactct
tagataccct
ccttagtgct
aactcaaagg
aacgcgaaga
cttcggggac
ggttaagtcc
ctaaggtgac
ccttatgacc
aggtttagcc
gtgaagctgg
cttgtacaca
ctttatggag

ctccecggatg
gataactccg
tgaaagacgg
ggtaacggct
ggactgagac
cgaaagtctg
ttgttaggga
agccacggct
aattattggg
tcaaccgggg
ccacgtgtag
ctggtctgta
ggtagtccac
gcagctaacg
aattgacggg
accttaccag
agagtgacag
cgcaacgagc
tgccggtgac
tgggctacac
aatcccacaa
aatcgctagt
ccgcccgtea
ccagccgcaa

ttagcggcgg
ggaaaccgga
tttcggetgt
caccaaggcg
acggcccaga
acggagcaac
agaacaagtg
aactacgtgc
cgtaaagggc
agggtcattg
cggtgaaatg
actgacgctg
gccgtaaacg
cattaagcac
ggcccgcaca
gtcttgacat
gtggtgcatg
gcaacccttg
aaaccggagg
acgtgctaca
atctgttctc
aatcgcggat
caccacgaga

gtaaggtggg



<210> 4

<211>

544

<212> ADN
<213> Microbacterium sp.
<220>
<223>

<220>

<400>

1
61
121
181
241
301
361
421
481
541

544

actcctacgg
cgccgcgtga
agtgacggta
tagggcgcaa
tctgctgtga
gcggtagggg
accgatggcg
gcaaacaggc
gcctttccac
ccgce

ggggcagcag

gggatgacgg
cctgcagaaa

gcgttatccg
aatctggagg
agattggaat
aaggcagatc
ttagataccc
ggtctccgtg

1942

B15

tggggaatat
ccttcgggtt
aagcgccggc
gaattattgg
ctcaacctcc
tcctggtgta
tctgggeccegt
tggtagtcca
acgcagctaa

-34-

tgcacaatgg
gtaaacctct
taactacgtg
gcgtaaagag
agcctgcagt
gcggtggaat
aactgacgct
ccccgtaaac
cgcattaagt

gcggaagcct
tttagcaggg
ccagcagccg
ctcgtaggceg
gggtacgggc
gcgcagatat
gaggagcgaa
gttgggaact
tceceegectg

gatgcagcaa
aagaagcgtg
cggtaatacg
gtttgtcgcg
agactagagt
caggaggaac
agggtgggga
agttgtgggg
gggagtacgg



<210> 5

<211>
<212>
<213>

526
ADN

<220>
<223>

<220>

<400>

1
61
121
181
241
301
361
421
481

526

atgggggcac
tctttcaget
agcagccgcg
cgtaggcgga
aaactatcgg
gtagatattc
ggtgcgaaag
tgaatgccag
gcctggggag

cctgatctag
gggaagataa
gtaatacgga
ccggaaagtt
tctggagttc
ggaggagcac
cgtggggagc
tcgtecgggca
tacggtcgca

1942

Paracoccus sp. DG25

ccatgccgcg
tgactgtacc
gggggctagc
gggggtgaaa
gagagaggtg
cagtggcgaa
aaacaggatt
gcatgctgtt
agattaaaac

-35-

tgagtgatga
agcagaagaa
gttgttcgga
tcccggggcet
agtggaattc
ggcggctcac
agataccctg
cggtgacaca
taaaaggaat

aggccctagg
gccccggcta
attactgggc
caaccccgga
cgagtgtaga
tggctcgata
gtagtccacg
cctaacggat
tgacgg

gttgtaaagc
actccgtgcc
gtaaagcgca
actgccttca
ggtgaaattc
ctgacgctga
ccgtaaacga
taagcattcc



1942

<210> 6

<211> 490

<212> ADN

<213> Pseudomonas sp. B6
<220>

<223>

<220>

<400> 490

1 atcctggctc agattgaacg ctggcggcag gcctaacaca tgcaagtcga gcggatgagt
61 ggagcttgct ccatgattca gcggcggacyg ggtgagtaat gcctaggaat ctgcctggta
121 gtgggggaca acgtttcgaa aggaacgcta ataccgcata cgtcctacgg gagaaagtgg
181 gggatcttcg gacctcacgc tatcagatga gcctaggtcg gattagctag ttggtgaggt
241 aaaggctcac caaggcgacg atccgtaact ggtctgagag gatgatcagt cacactggaa
301 ctgagacacg gtccagactc ctacgggagg cagcagtggg gaatattgga caatgggcga
361 aagcctgatc cagccatgec gegtgtgtga agaaggtctt cggattgtaa agcactttaa

421 gttgggagga agggcagtaa gttaatacct tgctgttttg acgttaccga cagaataagc
481 accggctaac

-36-



<210> 7

<211>

524

<212> ADN
<213> Ochrobactrum sp. DGP2
<220>
<223>

<220>

<400>

1
61
121
181
241
301
361
421
481

524

ggcgcagcct
ttcaccggtg
agccgcggta
aggcgggcta
ctgttagtct
gatattcgga
gcgaaagcgt
atgttagccg
tggggagtac

gatccagcca
aagataatga
atacgaaggg
ataagtcagg
tgagtatggt
ggaacaccag
ggggagcaaa
ttggggagtt
ggtcgcaaga

1942

tgccgcegtga
cggtaaccgg
ggctagcgtt
ggtgaaatcc
agaggtgagt
tggcgaaggce
caggattaga
tactcttcgg
ttaaaactca

-37-

gtgatgaagg
agaagaagcc
gttcggattt
cggggctcaa
ggaattccga
ggctcactgg
taccctggta
tggcgcagct
agggaattga

ccctagggtt
ccggctaact
actgggcgta
ccccggaact
gtgtagaggt
accattactg
gtccacgccg
aacgcattaa
cggg

gtaaagctct
tcgtgccage
aagcgcacgt
gcctttgata
gaaattcgta
acgctgaggt
taaacgatga
acattccgcc



<210> 8

<211>
<212>
<213>

565
ADN

<220>
<223>

<220>

<400>

1
61
121
181
241
301
361
421
481
541

565

gactgagaca
gcaagcctga
cagtaccgac
agcagccgcg
cgtaggcggt
atacgggcag
gcagatatca
ggagcgaaag
tgggcgctag
cccgectggg

Rhodococcus sp. B2

cggcccagac
tgcagcgacg
gaagcgcaag
gtaatacgta
ttgtcgcgtce
acttgagtac
ggaggaacac
cgtgggtage
gtgtgggttt
gagtacggcc

1942

tcctacggga
ccgcgtgagg
tgacggtagg
gggtgcgagce
gtctgtgaaa
tgcaggggag
cggtggcgaa
gaacaggatt
ccttccacgg
gcaag

-38-

ggcagcagtg
gatgacggcc
tacagaagaa
gttgtccgga
acccgcagcect
actggaattc
ggcgggtctc
agataccctg
gatccgtgcce

gggaatattg
ttcgggttgt
gcaccggcca
attactgggce
caactgcggg
ctggtgtagc
tgggcagtaa
gtagtccacg
gtagctaacg

cacaatgggc
aaacctcttt
actacgtgcc
gtaaagagct
cttgcaggcg
ggtgaaatgc
ctgacgctga
ccgtaaacgg
cattaagcgc



<210> 9
<211> 527
<212> ADN

<213> Rhodococcus sp. BN5

<220>
<223>

<220>
<400> 527

1
61
121
181
241
301
361
421
481

tactcctacg
acgccgcgtg
aagtgacggt
gtagggtgcg
gtcgtctgtg
tactgcaggg
caccggtggce
agcgaacagg
tttccttcca

gggagcagca
agggatgacg
aggtacagaa
agcgttgtcc
aaaacccgca
gagactggaa
gaaggcgggt
attagatacc
cgggatccgt

1942

gtggggaata
gccttcecgggt

gaagcaccgg
ggaattactg
gctcaactgc
ttcectggtgt
ctctgggcag
ctggtagtcc
gccgtagcecta

-39-

ttgcacaatg
tgtaaacctc
ccaactacgt
ggcgtaaaga
gggcttgcag
agcggtgaaa
taactgacgc
acgccgtaaa
acgcataagc

ggcgcaagcc
tttcagtacc
gccagcagcc
gctcgtaggce
gcgatacggg
tgcgcagata
tgaggagcga
cggtgggcge
gcccegce

tgatgcagcg
gacgaagcgc
gcggtaatac
ggtttgtcgc
cagacttgag
tcaggaggaa
aagcgtgggt
taggtgtggg



<210>
<211>
<212>

10
1443
ADN

<213> Rhizobium sp. DG22
<220>
<223>

<220>
<400> 1443

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441

gtgggggaaa
agtggcagac
aaactggaat
ccgcgttgga
tctgagagga
gcagtgggga
aaggccttag
agccccggcet
aattactggg
tcaactgcgg
ccgagtgtag
ctggtccatt
ggtagtccac
agctaacgca
ttgacggggg
cttaccagct
gccccagaac
cccgcaacga
actgccggtg
ggctgggcta
gctaatctcc
ggaatcgcta
caccgcccgt
ggcagctaac
tca

attcggatgg
gggttgagta
taataccgca
ttagctagtt
tgatcagcca
atattggaca
ggttgtaaag
aacttcgtgc
cgtaaagcgc
aactgccttt
aggtgaaatt
actgacgctg
gccgtaaacg
ttaaacattc
cccgcacaag
cttgacattc
aggtgctgca
gcgcaaccct
ataagccgag
cacacgtgct
aaaagccatc
gtaatcgcag
cacaccatgg

cacggtaggg

1942

aggcgctatt
acgcgtggga
tacgccectac
ggtggggtaa
cattgggact
atgggcgcaa
ctctttcacc
cagcagccgce
acgtaggcgg
gatactgggt
cgtagatatt
aggtgcgaaa
atgaatgtta
cgcctgggga
cggtggagca
ggggtatggg
tggctgtcegt
cgcccttagt
aggaaggtgg
acaatggtgg
tcagttcgga
atcagcatgce
gagttggttt
tcagcgtact

-40-

acactgcagt
acataccctt
gggggaaaga
aggcctacca
gagacacggc
gcctgatcca
gatgaagata
ggtaatacga
atatttaagt
atcttgagta
cggaggaaca
gcgtggggag
gccgtceggge
gtacggtcgc
tgtggtttaa
cattggagac
cagctcgtgt
tgccagcatt
ggatgacgtc
tgacagtggg
ttgcactctg
tgcggtgaat
tacccgaagg
ggggtgaagt

cgctctgtcecce
tcctgeggaa
tttatcgggg
aggcgacgat
ccaaactcct
gccatgccgce
atgacggtag
agggggctag
caggggtgaa
tggaagaggt
ccagtggcga
caaacaggat
agtatactgt
aagattaaaa
ttcgaagcaa
gatgtccttc
cgtgagatgt
tagttgggca
aagtcctcat
cagcgagaca
caactcgagt
acgttcccgg
tagtgcgcta
cgtaacaagg

tcacgcgggg
tagctccggg

aaggattggc
ccatagctgg

acgggaggca
gtgagtgatg
tcggagaaga
cgttgttcgg
atcccgcagce
aagtggaatt
aggcggctta
tagataccct
tcggtggege
ctcaaaggaa
cgcgcagaac
agttaggctg
tgggttaagt
ctctaagggg
ggcccttacg
gcgatgtcga
gcatgaagtt
gccttgtaca
accgcaagga
tagccgagat



<210>
<211> 478

<212> ADN

<213> Candida sp. TH1
<220>

<223>

11

<220>

<400> 478

1942

1 actgatttgc ttaattgcac cacatgtgtt tttcetggac agctgetttg gcggggggac
61 tcgtttccge cgccagaggt cacaactaaa ccaaactttt tattaccagt caaccatacg

121
181
241
301
361
421

ttttaatagt
gcgaaatgcg
acattgcgcc
cccgecgggtt
tattagcgac
cttttgacct

caaaactttc
atacgtagta
ctttggtatt
tggtgttgag
ttaggttcta
caatcaggta

aacaacggat
tgaattgcag
ccaaagggca
caatacgcca
ccaaaacgct
ggactacccg

-41-

ctcttggttc
atattcgtga
tgcctgtttg
ggtttgtttg
tgtgcagtcg
ctgacttagt

tcgcatcgat
atcatcgaat
agcgtcattt
aaagacgtac
gcccaccaca
ctaaaacaga

gaagaacgca
ctttgaacgce
ctccctcaag
gtggagacta
gcttttctaa
cgacgagc



1942

<210> 12

<211> 450

<212> ADN

<213> Candida sp. TH4
<220>

<223>

<220>
<400> 450

1 gatttgctta attgcaccac atgtgttttt tattgacaat ttctttggtg gcgggagcaa
61 tcctaccgcc agaggttata actaaaccaa actttttatt tacagtcaaa cttgatttat
121 tattacaata gtcaaaactt tcaacaacgg atctcttggt tctcgcatcg atgaagaacg
181 cagcgaaatg cgatacgtaa tatgaattgc agatattcgt gaatcatcga atctttgaac
241 gcacattgcg ccctttggta ttccaaaggg catgcctgtt tgagegtcat ttctccctca
301 aacccccggg tttggtgttg agcaatacge taggtttgtt tgaaagaatt taccgggaaa
361 actaatttta agcaacttag gttatccaaa accttaattt ggctatgggc ccccaatttt
421 atttcaaact ttaacctcaa atcaggtaga

-42-





