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PHAN TICH DI TRUYEN KHA NANG DI CHUYEN THEO
PHENANTHRENE CUA VI KHUAN Pseudomonas stutzeri E1
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ABSTRACT

Pseudomonas stutzeri strain E1 shows a two-time accelerated swarming behavior in minimal medium
with sprayed phenanthrene in swimming assays and a five-time higher chemotaxis towards dissolved
phenanthrene in capillary assays. A mutant bank of strain E1 was constructed using the pTnMod-
OGm plasposon mutagenesis system. 82 out of 2639 electroporants screened showed an altered
phenotype of phenanthrene-driven motility and/or phenanthrene degradation. 16 representative
mutants were selected for sequencing the genes flanking the plasposon insertion. Mutations in flhA
resulted in abolished swimming and swarming phenotype, and in flgK resulted in abolished swimming
and diminished swarming phenotype. A mutation in cheY performed abolished swimming and reduced
swarming activity while a gidA mutation resulted in decreased phenanthrene degradation and both
decreased swimming and swarming behavior. A mutation in gene encoding a Zn dependent protease
and in a gene encoding capsular polysaccharide biosynthesis protein resulted in abolished swarming
suggesting that these proteins also play a potential role in the swarming activity of P. stutzeri E1.

Keywords: Pseudomonas stutzeri, polycyclic aromatic hydrocarbon, phenanthrene,
chemotaxis, plasposon pTnMod-OGm, swimming, swarming

Title: Genetic analysis of phenanthrene-driven motility by the phenanthrene-degrading
soil isolate Pseudomonas stutzeri E1

TOM TAT

Pseudomonas stutzeri dong EI ¢é khd ndng di chuyén bé mat tang gap déi khi nudi trong mdi
trieong t6i thiéu dwoc phii phenanthrene. Thi nghiém mao dan ciing cho thdy E1 di chuyén nhanh
gdp nam lan vé huéng cé phenanthrene. Plasposon pTnMod-OGm dugc ding dé tao thur vién dot
bién dong E1. Trong sé 2639 dot bién da khao sdt, 82 dot bién biéu hién nhitng thay doi vé kha
ning di chuyén theo phenanthrene va/hodc phin hiy phenanthrene. 16 dét bién dwoc chon dé
giai trinh ty cua cac gen dot bién tuwong ung. Dot bién gen flhA lam EI mat kha nang boi va di
chuyén bé mat, dgt bién gen S1gK lam mdt kha nang boi va giam kha nang di chuyen bé mat ciia
El. D¢t bién gen cheY lam mdt kha ndng boi va giam kha ning di chuyén bé mdt trong khi dgt
bién gen gidA lam giam kha ning phan huy phenanthrene va giam ca kha nang boi va di chuyén
bé mat ciia EI. D¢t bién gen tong hop protein Zn-dependent protease va gen tong hop vo
polysaccharide lam cho E1 mat kha nang di chuyén bé mdt chirng t6 cdc protein nay ciing giik vai
tro tiem nang trong hoat dong di chuyén bé mdt cia P. stutzeri E1.

Tir khod: Pseudomonas stutzeri, hydrocarbon da vong thom, phenanthrene, hdéa hudng
dpng, plasposon pTnMod-OGm, boi, di chuyén bé mt

1 GIOI THIEU

Cac hydrocarbon da vong thom (polycyclic aromatic hydrocarbons: PAHSs) la
thanh phan ty nhién trong cac nhién li¢u hoa thach va dugc tao ra do sy dot chay
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khong hoan toan cac vat liéu hitru co. PAHSs ¢6 thé khuéch tan vao méi trudng chi
yéu tir cac phuong tién giao théng qua qua trinh dbt chay xang dau (Kanaly &
Harayama, 2000). Su 6 nhlem PAHs tai chd c6 thé _do chay rura dau hodc cac hoat
dong cong nghiép nhu san xuét khi dt, bao quan gd va hoéa dau (Cerniglia, 1992).
Nhiéu PAHs va cac dang oxi hoa ctia chung rat doc c6 thé gay dot bién va ung thu
(Samata et al., 2002). Trong dat, vi sinh vat c6 vai trd chinh trong qua trinh phan
huy PAHs (Bastiaens et al., 2000). Vi khuadn Pseudomonas, Sphingomonas va
Mycobacterium dugc xem 1a nhitng vi sinh vat phan hity PAHs quan trong nhat
trong dat bi 6 nhiém (Uyttebroek, 2005). Tuy nhién, PAHs luu ton trong hé sinh
thai do chung it tan trong nudc va bam vao cac phan tir chit ran 1am cho vi sinh vét
rat kho tiép xuc va phan hiy (Habe & Omori, 2003).

Céc chat 6 nhiém nhu PAHs thuong khong phan bd déu trong dat. Kha nang di
chuyén theo cac chat 6 nhiém (hoa huéng dong) co 1& 1a mot dic tinh thuan loi cia
cac vi sinh vét co kha nang phan huy cac hop chat nay. Hoéa hudng dong giup vi
sinh vat ¢ thé phat hién va di chuyén vé cic ngudn 6 nhiém trong dat (Grimm &
Harwood, 1997). That vy, cac vi sinh vat c6 kha nang phan huy cac hop chét hitu
co khac nhau ciing thé hién kha ning hoa hudng dong theo cic chat 6 nhiém nhu
hydrocarbon mét vong va da vong, alkan, nitroaromatics, va cac thude trir su géc
chlor (Pandey & Jain, 2002).

Cac nghién ctru hién nay cho thay cac dong vi khuan c6 kha ning phan hity PAHs
nhu P. stutzeri E1, Pseudomonas sp. E7 va Novosphingobium subarcticum EG6,
(Bijdekerke, 2004; Sniegowski, 2005) ciing thé hién kha ning hoa hudng dong véi
phenanthrene. Tuy nhién, co ché di truyén lién quan chua duoc nghién ctu.

Muc dich ctia nghién ctru nay 1a khao sat co ché di truyén cua kha ning hoa huéng
dong theo phenanthrene & P. stutzeri E1 bang cach su dung plasposon pThMod-
OGm dé tao thu vién dot bién. Cac dot bién sau d6 duoc chon loc bao gém cac
dang bi anh hudong kha ning boi va/hoic di chuyén bé mit, va/hoic phan hiy
phenanthrene. Mot sd dot bién dai dién vé cac kiéu hinh trén duoc giai trinh ty dé
xéac dinh cac gen lién quan dén cac chirc ning nay.

2 PHUONG TIEN VA PHUONG PHAP
2.1 Céac dong vi khuin va plasmid

P. stutzeri E1 da dugc phan lap tir dat bi 6 nhiém PAHS c6 kha nang di chuyén
theo phenanthrene (Bijdekerke, 2004; Sniegowski, 2005) dugc nudi trong moi
truong t6i thiéu co phenanthrene hoic moi truong Trypticase Soy Broth (TSB).
Escherichia coli GM2163 dugc nudi trong moéi trudong Luria-Bertani Broth (LB).

Plasposon 1a mot mini-Tn5 transposon c6 stra ddi va duoc dung dé gay dot bién ¢
vi khuan Gram am (Dennis & Zylstra, 1998). Dic trung cua plasposon 1a chiing
dugc thiét ké dé co thé phuc hdi kiéu hinh dot bién va giai trinh ty ADN & hai phia
plasposon d3 chén vao (Leveau et al., 2006). Plasposon bao gom diém khéi dau
sao chép (oriR), diém khoi dau trao d6i (oriT), cac gen khang khéng sinh va gen
Tn5 transposase (tnp) (Dennis & Zylstra, 1998).
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Trong nghién ctru nay, anMod-OQm mang gen khang geqtamicin (Dennis &,Zylstra,
1998) (Hinh 1) dugc bién nap vao t€ bao cam bién ctia E1 dé tao thu vién dot bien.
Repeat Region 1

g ' "—?":’-:‘\.m- Ai-722

__pMB1 oriR

tnp___ 47

H pTnModO-Gm

| ity

~

b KE sy

Repeat Region 2

RP4 oriT
Hinh 1: So' @b ciia pTnMod-OGm (Dennis & Zylstra, 1998)

tnp: transposase. PMBLOriR: diém khoi dau sao chép. Gm®: gen khéng gentamicin. RP4 oriT: diém khoi ddu trao
doi. ECORI: diém cat gioi han cua ECORI. Cdc primer Pseu864 va Pseu865 (P. Estrada de los Santos, chwa xuat
ban), Rhi-721 va Rhi-722 (Dennis & Zylstra, 1998) hudng vao va hudng ra cac doan repeat region, theo thir tir.

2.2 Tao thw vién ddt bién bang plasposon
2.2.1 Bién nap bang dién (Electrotransformation)

Plasposon pTnMod-OGm dugc trich tir E. coli GM2163 bang Invisorb® Spin
Plasmid Mini Kit, Invitek. Céc té bao dang hoang dai cua P. stutzeri E1 dugc rira
nhiéu 1an bang magnesium electroporation buffer (MEB) lanh dé tao té bao cam
bién (Dennis & Sokol, 1995). pTnMod-OGm dugc bién nap bang dién (2,5kV,
25uF va 200Q) vao cac té bao cam bién cua E1 (theo BioRad). ADN genome cua
10 @6t bién ngiu nhién va dang hoang dai dugc ly trich bang Puregene DNA
Purification Kit, Gentra va sau d6 lai bang phuong phap Southern Blot dé kiém tra
su bién nap ngau nhién ciia plasposon vao E1.

2.2.2 Chon loc dét bién

Cac dot bién dugc nudi trong mdi trudng TSA (TSB co agar) duoc phi 0.2%
phenanthrene dé cam tng kha ning phan huy va héa huéng dong véi
phenanthrene. Cac microtiter plate 12 giéng (Greiner Bio- -one) duoc str dung dé
chon loc cac dot bién bi anh hudng kha nang di chuyen theo va phan huy
phenanthrene. Cac dot bién dai dién dugc nudi cdy va khang dinh kiéu hinh trong
cac dia Petri. Kha nang phan huy phenanthrene cua cac dot bién nay ciing duoc
theo ddi khi nudi trén moi trudng t6i thidu c6 bo sung phenanthrene.

2.2.3 Phan tich trinh tw

Trinh ty gen cua céc dot bién & hai phia noi plasposon dé gin vao dugc phan tich nho
cac primer Rhi-721 va Rhi-722 (Dennis & Zylstra, 1998) (Hinh 1). ADN genome cta
cac dot bién dugc trich va chuan bi theo ABI PRISM BigDye terminator v3.1 cycle
sequencing kit (Applied Biosystems, Applera). Trinh ty ADN dugc giai bang ABI
PRISM 3100-AvantGeneticAnalyzer (Applied Biosystems, Applera) va phan tich theo
phan mém Sequence Analysis 3.7. Su twong ddng cta céc trinh ty ADN va protein
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duoc so voi co so dit lidu ctua Trung Tam Qudc Gia vé Thong Tin Cong Ngh¢ Sinh Hoc
(National Center for Biotechnology Information: NCBI) bang BlastN va BlastX
(http://Awww.ncbi.nIm.nih.gov/BLAST).

3 KET QUA VA THAO LUAN
3.1 Tao thw vién ddt bién bang plasposon & P. stutzeri E1

Két qua phan tich Southern blot cho thay Tn Mod-OGm di gan ngiu nhién vio céc
vi tri khac nhau trén ADN cua tung dot bién (Hinh 2).
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Hinh 2: Phan tich Southern blot ciia 10 dt bién ngiu nhién (1-10), wild type: hoang dai
3.2 Chon loc dét bién

82 trong s& 2639 dot bién duoc khao st trong cic microtiter plate 12 giéng cho
thdy co sy thay ddi vé kha ning héa huéng dong véi va/hodc phan hay
phenanthrene. Tuy vao cach di chuyén, boi trong agar hodc di chuyén bé mat va
phan huy phenanthrene, cac dot bién duoc xép vao cac nhém: tdng, gidm hodc mét
kha ning di chuyén bé mat va/hodc boi, va giam kha ning phan huy phenanthrene
so voi dang hoang dai (Bang 1).

P. Stutzerl El c6 kha ning di chuyén bé mat nhanh gip d6i khi nubi trong moi
treong toi thiéu cé phu ‘phenanthrene so voi dbi chimg, thi nghiém mao dan cing
chtrng minh E1 di chuyén vé huéng c6 phenanthrene hoa tan nhanh gip nam lan so
v6i d6i ching (Fredslund, trao doi c4 nhan). O nghién ctru nay, chiing toi nhan
thay ngay ca trong moéi truong giau dinh dudng nhu TSA c6 phu phenanthrene, El
van thé hién kha ning di chuyén bé mit theo phenanthrene. Két qua quan sat cho
thay E1 c6 hai hinh thtc di chuyén: boi trong agar va di chuyén trén bé mat agar,
ddng thoi di chuyén theo phenanthrene 14 dic tinh vén c6 cua P. stutzeri E1.

Céac dot bién bi mat kha nang boi s€ anh huong dén hoat dong di chuyen bé mit.
Céac d6t bién mét kha ning boi s& giam hodc mat han kha niang di chuyén bé mit
nhu dot bién 25A8, SA10 va 19A7. That vay, ¢ E. coli va Samonella typhimurium,
phtc hé chién mao dung cho hoat dong boi va kha nang hoa hudng dong rat cén
thiét cho hoat dong di chuyén bé mit (Harshey & Matsuyama, 1994). Hon nita,
dot bién SH5 bi giam kha ning boi ciing mat kha niang di chuyén bé mat. Tuy
nhién & cac dot bién 11C3 va 28E9, kha nang di chuyén bé mit khong bi anh
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huong khi kha nang boi giam. Nhu vay, hoat dong boi va di chuyén bé mit theo
phenanthrene & E1 dudng nhu ¢6 lién quan véi nhau & ching muc nao do.

Bang 1: Kiéu hinh ciia cac ddt bién dai dién khi nudi ciy trong cic microtiter plate 12 giéng
v6i méi treong TSA (0.3% agar) c6 phi phenanthrene

Vi tri trén microtiter plate Ki hi¢u Khaning Di chuyén Phan hay
Dia Giéng dotbién  boi bé mat phenanthrene
13 H10 13H10 1 wt wt

11 C3 11C3 ! wt wt

28 E9 28E9 ! wt wt

5 H5 5H5 ! - wt

24 G8 24G8 ! ! !

25 A8 25A8 - ! wt

5 Al0 5A10 - ! wt

19 A7 19A7 - - wt

20 Cl1 20C11 wit 1 wt

24 A8 24A8 wit ! wt

3 F7 3F7 wit - wt

5 G11 5G11 wit - wt

13 B4 13B4 wit - wt

19 H9 19H9 wt - wt

20 El 20E1 wit - wt

20 F10 20F10 wit — wt

1: tang khd ning boi hodic di chuyén bé mat
12 giam kha néng boi, di chuyén bé mdt hodc phdn hity phenanthrene
—: mdt khd nang boi hodc di chuyén bé mdt

wt: kiéu hinh hoang dai

Hinh 3: Kiéu hinh ciia cic dot bién dai di¢n ciia E1 bi anh hwéng kha ning di chuyén theo
phenanthrene so véi dang hoang dai. E1 dwgc nudi trong méi trwong TSA (0,3%
agar) c6 phi (+ phe) hoiac khong phi phenanthrene (- phe) 6 25°C sau 3 ngay

A. hoang dai (Wt), B. 20C11: gidm khd ndng di cﬁuyén bé mat, C. 5610:‘ma"t kha nang boi va giam khad nang di
chuyén bé mat, D. 5H5: giam khad nang boi va mat kha nang di chuyén bé mat.
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Hinh 4: Kiéu hinh ciia cac dt bién dai dién ctia E1 bi anh huéng kha ning di chuyén theo va
phan hily phenanthrene so véi dang hoang dai. E1 dwgc nudi trong méi treong TSA
(0,3% agar) c6 phi (+ phe) hoiac khong phi phenanthrene (- phe) & 25°C sau 2 ngay

A. hoang dai (wt), B. 13H10: tang khd nang boi, C va D. 11C3 va 28EY: giam kha nang boi, E va F. 3F7 va 5G11:
mat khd ndng di chuyén bé mat, G. 19A7: mat kha ndng boi va di chuyén be mat, H. 24G8: giam kha nang phdn hiy
phenanthrene va giam kha nang boi va di chuyén bé mat
Mat khéc, gidm hoac mat kha nang di chuyén bé mat khong phai luén luén anh
huong dén kha nang boi. Cac dot bién 20C11, 24A8, 13B4, 19H9, 20E1 va 20F10
bi gidm hodc mat kha ning di chuyén bé mat trong khi kha nang boi khong bi anh
huong. Do vay, cac gen lién quan dén kh4 nang di chuyén bé mdt theo
phenanthrene c6 1€ it nhiéu khac vdi cac gen tham gia vao hoat dong boi ¢ El.

Kha nang di chuyén theo va phan hity phenanthrene cuia P. stutzeri E1 dudng nhu
c6 lién quan. Dot bién 24G8 giam kha nang phan huy phenanthrene cling giam
kha nang boi va di chuyen bé mat. Twong tu, dot bién 22H9 giam kha ning phan
huy phenanthrene ciing mét kha ning di chuyén bé mat.

3.3 Phan tich trinh ty

Trinh ty ADN ¢ cac dot bién dai dién cua P. stutzeri E1 cho thay TnMod-OGm da
gan vao cac gen tong hop cac loai protein khac nhau. Hau hét cac dot blen cO cung
kiéu hinh mang plasposon ¢ cac gen giai ma cho cac protein khong giong nhau
(Bang 2). Phén 16n céc protein khong lién quan truc tiép dén kha ning di chuyén
cta vi khuén, chang han nhu two-component response regulator ¢ dot bién 13H10,
AMP-binding enzyme & dot bién 20C11, secreted protein containing DUF 541 ¢
dot bién 24A8, SbcC & dot bién 3F7, prefoldin & dot bién 19H9, FAD-dependent
oxidoreductase ¢ dot bién 20E1, PA4523 ¢ dot bién 20F10, probable outer
membrane protein precursor & dot bién 11C3, allantoicase & dot bién 28E9 va
TrmH & d6t bién SH5 (Bang 2).
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Tuy nhién, trong vai truong hop, dua theo tai liéu, mot s6 gia thuyét cé thé dat ra
dé giai thich mdi lién quan cua cac protein ndy véi kha ning boi va di chuyén bé
mit cta P. stutzeri E1. Su bt hoat Vé kha ning di chuyén bé mit & dot bién 5G11
la do TnMod-OGm chén vao gen tong hop Zn-dependent protease, enzyme c6
chirc nang cudn protein voi dau N co trinh ty giéng voi heat-shock protein HtpX ¢
vi khuan. O Myxococcus xanthus, protein tuong ty HtpX ciing lién quan dén kha
nang di chuyen bé mit (Yang et al., 1998). DOt bién 13B4 bi mat kha ning di
chuyén bé mit do dot bién xdy ra ¢ gen giai ma cho capsular polysaccharide
biosynthesis protein (CPS). O P. mirabilis, CPS déng vai trd quan trong trong
hoat dong di chuyén bé mat do chung lam tron bé mat moi truong. Cac dot bién
khong c6 16p polysaccharide c6 kha nang di chuyén giam (Gygi et al., 1995). Piéu
nay cho thay, ngoai chién mao 16p polysaccharide cling c6 chirc nang trong hoat
dong di chuyén bé mit ciia E1. Gen fInA bi bt hoat 1am cho dot bién 19A7 mét ca
kha ning boi va di chuyén bé mat. That vay, flnA ¢ Bacillus thuringiensis bi dot
bién 1am cho chung khong thé tong hop chién mao va do vdy mat kha ning di
chuyén (Ghelardi et al., 2002). Mic khac, dot bién 5A10 mang gen flgK dot bién
nén mat kha ning boi va giam kha ning di chuyén bé mat. O S. typhimurium,
HAP1 do flgK tong hop va HAP3 c6 chirc ning lién két cac vung trong cia noi
dinh chién mao véi cac soi (Ge et al., 1997). Cac két qua nay cho thay hoat dong
boi va di chuyén bé mit co lién hé nhau va ca hai déu do chién mao diéu khién.
Do vay, su di chuyén bé mit ctia E1 ciing 14 qua trinh do chién mao kiém soat.

Dot bién 25A8 mang gen cheY bét hoat 1am mét kha ning boi va giam kha nang di
chuyén bé mat. Két qua cua chung toi mau thuan véi nghién ciu trude day, khi
cheY ¢ P. aeruginosa bi dot bién, chung van di chuyén nhung mét kha nang di
chuyén bé mit dong thoi méat kha nang hda hudng dong dbi vai peptone, methyl
thiocyanate va phosphate (Masduki et al., 1995). Dot bién ¢ gen gidA 1am cho dot
bién 24G8 giam kha niang phan huy phenanthrene, boi va di chuyén bé mat. Theo
Kinscherf & Willis (2002), gidA c6 tinh 6n dinh cao va hién dién & ca sinh vat so
hach va chan hach chtng t6 gidA lién quan dén mot vai qua trinh bién dudng chinh
ctia té bao. That vay, dot bién gidA anh hudong dén nhiéu tinh trang nhu tong hop
khang sinh, di chuyén bé mit, ... do vay gidA c6 I& lién quan dén co ché kiém soat
sau phién ma.

4 KET LUAN

Tao dot bién bang plasposon & P. stutzeri E1 gitp xac dinh vai loai protein c6 1&
lién quan dén kha ning di chuyén theo phenanthrene ciia E1 nhu Zn-dependent
protease with chaperone function, capsular polysaccharide biosynthesis protein,
FIhA, FIgK, CheY va GidA. Tuy nhién, cac gen qui dinh sy tong hop cac
protein ndy can dugc giai trinh ty clia ca gen (open reading frame) ciing nhu céac
gen lan can. biéu nay co thé thyc hién bé“mg cach tan dung dac tinh cua
plasposon, chung cho phép phuc hdi nhitng doan ADN dai ndm ¢ hai phia noi
plasposon da chen vao.
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Bang 2: Két qua BlastX ciia 16 dot bién dai dién bi anh hwéng kha ning di chuyén theo va

phan hiiy phenanthrene
Dot bién Kiéu hinh Tuong dong Identity  Genbank
Boi Di Phan huy Gen Protein Vi khuan [overlap]* identifier

cl}uyén phenan-
bé mat threne

13H10 1t wit wt Probable two- Pseudomonas 64% [84] 15600359
component response aeruginosa PAO1
regulator

11C3 | wit wit Probable outer P. aeruginosa PAO1 75% [109] 9949675
membrane protein
precursor

28E9 | wit wit Allantoicase Azotobacter 71% [83] 67153769

vinelandii AvOP

5H5 l - wit trmH  RNA methyltransferase, A. vinelandii AvOP  80% [123] 67156542
group 1

24G8 | l ! gidA  Glucose-inhibited P. syringae  pv.88% [124] 71554999
division protein A phaseolicola 1448A

25A8 - | wit cheY  Response regulator P.  syringae  pv.88% [78] 63257372
receiver syringae B728a

5A10 - l wit flgK Flagellar hook- P. aeruginosa PAO1 34% [81] 9947002
associated protein 1

19A7 - - wit flhA Flagellar  biosynthesis P. aeruginosa PAOL 85% [134] 9947403
protein

20C11 wt | wit AMP-dependent A. vinelandii AvOP 64% [73] 67157664
synthetase and ligase

24A8 wt | wit Similar to A. vinelandii AvOP 60% [107] 67158191
Uncharacterized protein
conserved in bacteria
Secreted proteiny  proteobacterium51% [81] 88704791
containing DUF541 KT 71

3F7 wt - wit sbcC  Exonuclease Pseudomonas 80% [80] 77383442

fluorescens PfO-1

5G11 wt - wit Zn-dependent protease P. aeruginosa90% [54] 46163862
with chaperone function UCBPP-PA14

13B4 wt - wit Capsular P. fluorescens Pf-5  75% [148] 68345858
polysaccharide
biosynthesis protein

19H9 wt - wt Conserved hypothetical A. vinelandii AvOP  75% [85] 67155841
protein

20E1 wt - wit FAD-dependent Pseudomonas 67% [59] 104781296
oxidoreductase entomophila L48

20F10 wt - wt PA4523 Hypothetical protein  P. aeruginosa PAO1 63% [36] 9950765

*. phan tram amino acid tirong dong. Céc s6 liéu trong ddu ngodc ld s6 lwong amino acid tiwong dong véi co s6 dik liéu.
1: tang kha ning boi hodc di chuyén bé mdt ; |: gidm kha ndng boi, di chuyén bé mdt hodc phdn hity phenanthrene

—: mat kha nang boi hodc di chuyén bémat; wt: kiéu hinh hoang dai
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