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ABSTRACT

Biofilm has recently been proposed as the dominant lifestyle of bacteria in nature (Makin
& Beveridge, 1996). Despite important contributions to modern life, this mode of living
has gained more attention only recently. In this study, we employed the Differential
Fluorescence Induction (DFI) strategy, utilizing a FACS screening to isolate biofilm
inducible promoters in Salmonella Typhimurium biofilms as the first time. The strategy
was designed with alternative positive/negative sorting rounds to get rid of constitutive
promoters as well as to enrich for biofilm induced promoters. The screening was
performed using a S. Typhimurium SL1344 promoter-probe library which contained
around 20500 clones. The strategy was proven to be fit to the idea aiming and showed to
be a promising technique used in analysis the genetics of biofilm communities.

Keywords: Salmonella Typhimurium, biofilm, Differential Fluorescence Induction
(DFI), promoter probe library

Title: Genome-wide analysis of genes involved in Salmonella Typhimurium biofilm
formation by the Differential Fluorescence Induction (DFI) technique

TOM TAT

Biofilm (mang sinh hoc) gan ddy dwoc phdt hién la dang ton tai phé bién cia vi khudn
trong moi truong (Makin & Beveridge, 1996). Tuy c6 vai tro quan trong trong doi song
ciia vi khudn ciing nhie anh hwong cia né lén hoat dong cua con nguoti, hién tirgng nay
chi nhén dwoc nhiéu sw chii y ciia cdc nha khoa hoc gan day. Trong dé tai nay, lan dau
tién chiing t6i sir dung ky thudt phdn biét cam g huynh quang irng dung may FACS dé
sang loc cac promoter dwoc hoat hoa trong qua trinh tao ldp biofilm cua S. Typhimurium.
Qua trinh sang loc duoc thuc hién trén thu vién cdac promoter (promoter-probe library)
cua S. Typhimurium dong SL1344 chira khoang 20500 dong. Qui trinh sang loc dwoc
thiét ké véi nhitng lan chon loc dwong tinh va dm tinh xen ké nhau dé logi bé nhiing
promoter co dinh va lam giau cac promoter chi dwoc hogt hoa trong quda trinh thanh Igp
biofilm.

Tiv khéa: Salmonella Typhimurium, biofilm, cim bién huynh quang, thw vién
promoter

1 GIOI THIEU

Vi khuan Salmonella Typhimurium cé tén khoa hoc day du 13 Salmonella enterica
loai phu enterica kiéu huyét thanh Typhimurium. Vi khudn nay 1a mét trong nhirng
nhan t6 gdy cac bénh nhiém doc thuyc pham thuong gip nhat. Nguy co gdy bénh
ctia vi khuan nay cang duoc ting cuong voi kha nang tao biofilm (mang sinh hoc)
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trén bé mat sinh hoc va vé co. Mang sinh hoc dugc dinh nghia 1a nhitng cong déng
vi khudn sdng trong cac cdu trac duoc tao boi cac hop chat cao phan tir do vi
khuén tiét ra trong do6 cac vi khuan bam vao nhau va ca khoi két tap bam vao mét
bé mat vo sinh hodc hitu sinh (Costerton ez al., 1999). Vi khudn séng trong mang
sinh hoc di dugc chimg minh 13 duoc bao vé tét hon trong cau tric boi chung co
kha ning chdng chiu véi cac tac nhan gay hai nhu thude khang sinh hodc cac thanh
phan cua hé thong mién dich tét hon so véi trang thai planktonic (ton tai riéng 1¢
cta vi khuan). Ciu triic viing chic ciia mang sinh hoc giup ngin can su tham nhap
clia cac sinh vat gy hai d6i véi vi khuan bén trong, dong thoi lam giam nong do
ctia khang sinh khi chung tham vao mang sinh hoc (Costerton ef al., 1999). Trang
thai sinh 1y khac nhau cua cac vi khuan (hau hét vi khudn & trung tim mang sinh
hoc & trang thai “ngt” (dormant)) ciing gop phan lam han ché tac dong cua cac
chit khéang sinh (Stewart & Franklin, 2008). Ngoai ra, mat sb cao cta vi khuan
trong mang sinh hoc dan dén viéc bién nap cua cac gen khang khang sinh trong
quan thé vi khuan. Kha nang khang nay giap cho vi khuén ton tai lau dai va gay
nhlem tring ca co thé dan dén nhiém tring mén tinh. ‘baéy cuing la mt trong nhitng
van dé chinh cua viéc chira tri cac bénh lién quan dén nhiém tring ngay nay. Dbi
v6i S. Typhimurium, kha ning tao mang sinh hoc gitip vi khuin nay chdng choi tot
hon vdi cac tac dong ciia moi truong trong qua trinh luan chuyén giita cac vét cha
(Okamura et al., 2001; Brandl & Mandrell, 2002; Werber ef al., 2005) va do dé
lam ting nguy co gy nhiém doc thuc pham ciing nhu giam hiéu qua diéu tri.

Nhiéu k¥ thuat da dugc ung dung dé nghién ctru mang sinh hoc ctia cac vi khuan
nhu tao thu vién dot bién bang bién nap transposon hay DNA micrroarrays. Tuy
dat dugc nhimg két qua nhét dinh nhung cac phuong phap nay gap rat nhiéu han
ché do tinh khong dong nhit cia céc vi khuan trong cdu tric mang sinh hoc
(Lazazzera, 2005; An & Parsek, 2007). Trong dé tai nay, ching t6i ing dung k¥
thuat cam bién hu}‘lnh quang (Differential Flourescence Induction technique-DFI)
(Valdivia & Falkow, 1996) dé phan tich di truyén cua cac gen dugc hoat hoa trong
qué trinh tao 1ap mang sinh hoc ¢ S. Typhimurium. DFI stt dung cac doan DNA
ving nhan d3 dugc cit nho, chén vao vi tri promoter cua gen GFP (gen qui dinh
protein phat huynh quang) khong mang promoter cua chinh n6 (promoterless GFP
gene). Cac promoter hoat dong chi trong qua trinh tao biofilm dugc chon bang
may FACS (FACS-Fluoresence-Activated Cell Sorter) dua vao d6 phat huynh
quang ctia cac dong vi khuan.

2 PHUONG TIEN VA PHUONG PHAP
2.1 Nubi cdy vi khuin

Vi khuén S. Typhimurium dong SL1344 dugc nudi trong trong mdi trudng Luria-
Bertani (LB) (Sambrook et al., 1989) hodc trén mdi truong LB chira 1,5% agar.
Trong mot sO truong hop, chat khang sinh dugc thém vao véi ham luong
Ampicilin (Amp), 100 pg/ml va Streptomycine (Sm) 25 pg/ml.

2.2 Tao thw vién promoter cia S. Typhimurium

Plasmid pFPV25 co c4u tao nhur hinh 1 trong d6 rpsM 1a promoter co dinh (biéu
hién trong moi di€u kién) (Valdivia & Falkow, 1996).
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Random SL1344 DNA

. 0.4-1.6 kb

Total DNA  S3U3A -
SL1344

EcoRI.Sacl.Kpnl.Smal.BamHI.Xbal

Scal 4247,

gfpmut3
Pstl 4010 Hindlll 788
pFPV25 EcoRV 950

4764bp ™Mob

SL134d Pooled libraries

electroporation (20000 clones)

Hinh 1: So dd ciu tao ctia plasmid pFPV25

DNA cua S. Typhimurium di dugc cit bang Sau3A va phan doan dwa vao kich
thudc bang ky thuat dién di. Poan DNA tir 0.4-1.6 kb dwogc thu hdi va ndi vao vi
tri BamHI ngay truéc gen gfpmut3 khong co6 promoter (promoterless) trong
pFPV25. Thu vién plasmid duoc chuyén vao S. Typhimurium bang xung dién sau
khi nhén 1én trong E.coli TransforMax EC100, tao ra thu vién chita 20.500 dong
trong 41 quan thé (pool). Véi kich thudc trung binh ciia doan chén 1a 1 kb, bd gen
ctia Salmonella dugc lip lai khoang 4.1 lan véi gia dinh ring bo gen cia S.
Typhimurium SL1344 khoang 5Mb. Véi ti 1 nay, xac suat dé c6 bat ky trinh ty
DNA hién dién trong thu vién 1a 98.5% (Clarke & Carbon, 1976).

2.3 Thi nghiém tao mang sinh hoc

Mang sinh hoc duoc tao trong 2 hé thong: dia petri khi me vi khuan duoc st dung
cho cic vong chon loc va dia microtiter 96 giéng véi nip co cac coc (peg-lid
system, Nunc no. 269789) khi phén tich phé dién huynh quang va xéac dinh lugng
biofilm tao thanh. Vi khuan nudi qua dém dugc pha lodng véi ti 16 1/100 trong
1/20 Tryptic Soy Broth ¢ bd sung Amp'®. Biofilm dugc tao & day dia petri trong
khi chiing duoc tao trén bé mat ciia cac coc trong dia peg. Céac dia vi khuan tao
biofilm dugc o (khong lic) & 16°C (hay 25°C) trong 24 (hay 48 h) tiy yéu cau cua
tung thi nghiém.

i voi thi nghiém xac dinh sé‘ lwong biofilm, lugng biofilm tao thanh trén cac coc
cua dia peg dugc udc lugng bang cach nhuom ching véi crystal violet va do mét
ddé quang & OD570 nm.

2.4 Phan tich phd dién huynh quang bing may FACS

Huyén phu vi khuan dugc phan tich bang may FACSCalibur (Beckton Dickinson).
Céc thong sb ky thuat dwoc diéu chinh dé tuong thich v6i yéu cu cia thi nghiém
cua ching toi trong d6 plasmid pFPV25 (Hinh 1) khong c¢6 promoter va pFPV25.1
chtra promoter co dinh rspM nam trudc gfpmut3, da dugc st dung lam d01 chung
am va duong twong ung. Té bao vi khuan dugc phéan biét voi cac manh té bao va
cac hat trong moi truong nudi cdy bang cach sir dung thong sb vé kich thude nhu
la gi6i han bac 1 va huynh quang nhu 1a gigi han bac hai.
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2.5 Chién lwgc 1am gia ting viing khéi dong chuyén biét cho qua trinh tao lap
mang sinh hoc voéi ki thuat DFI

O vong chon loc duong tinh, biofilm dugc tao ¢ 25°C trong cac dia petri bé“mg
polystyrene véi ti 1¢ pha loang 1/100 cia mé 0 qua dém, trong mdi truong 1/20
Tryptic Soy Broth dugc bd sung Amp'®. Sau 48h kich thich, biofilm dugc phan
tich bang may FACS. Cac vi khuan phat huynh quang 16n hon gi tri ciia mau dbi
ching am (SL1344/pFPV25) duoc thu nhan lai (chon loc duong tinh). 10.000 té
bao da duogc tach ra va cho 1én mang loc 0.22 um (dé tép trung vi khuan) va sau do
duoc nudi trong 10 ml mdi truong LB bd sung Amp'® va Sm™. Thu vién vi khuin
tao ra ¢ giai doan nay sau do dugc pha loang 1/100 trong 5 ml méi truong 1/20
TSB+ Amp'®. Sau khi u qua dém (25°C, hiéu khi, Amp'®), 10.000 t& bao vi
khuén & dang planktonic va khong biéu hién huynh quang di duoc thu lai (chon
loc am tinh). Quan thé vi khuén khong biéu hién huynh quang nay lai dwoc nudi
qua dém va kich thich tao biofilm; vi khuan biéu hién huynh quang dwoc thu nhan
lai nhu mo ta bén trén (chon loc duong tinh). Qui trinh chon loc dugc thuc hién
véi 2 1an chon loc duong tinh va 3 lan 4m tinh. Sau lan chon loc cudi cung, quﬁn
thé vi khuén d3 duoc lam giau duoc @ qua dém va cdy ra dia dé thu dugc nhiing
khuén lac riéng r&. Nhimng khuan lac nay duogc cdy chuyén qua dia microtiter 96
giéng dé trir hodc phan tich di truyén nhu mo ta bén dudi. Qui trinh trén cho phép
chon loc nhitng gen/promoter dwoc hoat hda trong qua trinh tao mang sinh hoc.

2.6 Phin tich phé di¢n huynh quang va trinh ty ciia cic promoter tham gia
vao qua trinh thanh 13p mang sinh hoc

Phé dién huynh quang cua ting dong vi khuén dugc ghi nhan trong diéu kién séng
ty do va trong ciu trac biofilm bang may FACSCalibur (Becton Dickinson).
Chuong trinh CELLQuestTM Pro (phién ban 4.0.2.; Becton Dickinson) da duogc st
dung trong qua trinh do s6 lugng cling nhu so sanh (overlay) dé xac dinh nhiing
dong nao chira cac gen/promoter dugc hoat hoa (hay hoat ddng manh hon) trong
qua trinh tao l4p biofilm. Cac dong da cho thiy su biéu hién huynh quang khac biét
trong hai diéu kién sdng dugc chon dé phan tich trinh ty cua doan chén. Nhing
trinh ty ndy duoc so sanh vdi trinh ty da dugc giai ma cta S. Typhimurium bang
chuong trinh BLASTn (Altschul et al., 1990).

3 KET QUA VA THAO LUAN

3.1 Chién lugc phén 1ap gen duwgc hoat héa trong qua trinh tao 13p mang sinh
hoc ciia Salmonella

DFI dugc tmg dung dé xac dinh promoter/gen dugc hoat hoa trong qua trinh tao
1ap biofilm trong ca b gen. Vi nhitng lan chon loc duong tinh, nhitng dong chira
plasmid “réng” (khong c6 doan chén chira trinh tu promoter cia GFP) duoc loai
b6 va nhirng dong vi khuan c6 biéu hién huynh quang cao nht (khoang 0.3-5% sb
lugng vi khuan ca quﬁn thé) duoc thu nhan lai. Quﬁn thé vi khuan duoc thu nhan
lai nay duogc cho la mang ca cac dong vi khuén chua promoter co dinh hoac hoat
ddng trong qua trinh thanh 14p biofilm. Tiép sau do, trong vong chon loc am tinh,
méay FACS cho phép luu lai nhimng vi khuan khong biéu hién huynh quang va nhur
thé cac dong vi khuén chira cac promoter co dinh hodc promoter bi bat hoat trong
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qué trinh tao biofilm loai bo. Qui trinh chon loc duong tinh/am tinh xen k& nhau
nay gitip 1am giau s6 vi khuan/ dong mang cac ving khoi dong chi duge hoat hoa
trong lac thanh 1ap biofilm. Ngoai ra, voi ng dung ctia may FACS va ky thuat
cam bién huynh quang nhu trén, qui trinh chon loc 1a mdt qua trinh lién tuc tir thu
vién promoter ban dau. DPiéu nay gitp luu giit duoc nhiéu nhat cac dong vi khuan
mong mudn va tiét kiém thoi gian.

3.2 Thi nghiém chirng minh nguyén ly ciia k§ thuit cim bién huynh quang

csgD duge dé xuat boi nhiéu tic gia vé cac vai tro ciia né trong hinh thirc song
thanh tap doan (multicellular behaviour) cta vi khuin thudc nhom enterobacteria
nhu E.coli (Gualdi ez al., 2007) va S. Typhimurium ATCC14028 (Rémling e? al.,
2000). Nhimg nghién ctru tiép theo trén gen nay cho thdy no hoat dong nhu mot
nhan t6 diéu hoa co ban (master regulator), thuc day su biéu hién gen cia ca hé
thong dan dén biéu hién cua kiéu hinh rdar (Red, Dry And Rough, dang kiéu hinh
cia Salmonella khi song thanh tap doan, ciing dugc tim thiy trong biofilm
(Romling, 2005)). Cac nghién ctru cho thdy csgD va kiéu hinh rdar dugc biéu hién
trong moi truong nghéo dinh dudng va nhiét do dudi 30°C (Romling et al., 2000;
Gerstel & Romling, 2001). Boi vi khoang cach di truyén rat gan gitra E.coli, S
Typhimurium ATCC 14028 va SL1344, chung t6i gia dinh csgD ciing dong vai tro
quan trong trong qua trinh tao lap biofilm cua S.Typhimurium SL1344 (dong
Salmonella dugc sut dung dé tao thu vién).

Dot bién gen csgD ¢ dong SL1344 da duoc tao béng protocol duogc dé xuét boi
Datsenko va Wanner (Datsenko & Wanner, 2000). Dot bién duoc xac nhan béng
PCR va phan tich trinh ty (két qua khong dugc thé hién). Sau d6, dot bién nay
duogc kiém tra kha nang tao biofilm ¢ 16°C va 25°C trong méi truong 1/20 TSB, sir
dung cac dia peg (Hinh 2). Két qua cho thiy dot bién csgD tao biofilm rét it chung
td nd that sy dong vai tro quan trong trong qua trinh tao 1dp biofilm & dong
SL.1344.
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Hinh 2: Két qua xéc dinh lugng biofilm tao thanh cia S.Typhimurium dang hoang dai
(SL1344, ¢t xam) va dot bién gen csgD (SL1344, A csgD; ¢t den) ¢ 16°C va 25°C
Nhu vay, csgD co thé duoc st dung nhu mét vi dy dé kiém tra tinh hiéu qua cua
ky thuat DFI trong viéc phan lap cac promoter (gen) co6 lién quan trong qua trinh
tao biofilm ¢ S. Typhimurium SL1344. Dau tién, promoter cia csgD dugc chén

49



Tap chi Khoa hoc 2010:15a 45-53 Truong Dai hoc Can Tho

vao trudc trinh ty cia gfpmut3. Plasmid nay sau do dugc blen nap bang xung dién
vao S.Typhimurium dang hoang dai va tron 1an mot cach ngau nhién vao cic quan
thé vi khuan (pool) khac ciia thu vién vi khudn. O cudi qui trinh chon loc ca thu
vién, chung t6i da co thé thu lai csgD nhu mot trong cac gen dugc hoat hoa trong
qua trinh thanh 1ap biofilm (Hinh 3). Trong hinh ta thay trong diéu kién tao lap
mang sinh hoc, vi khuan tao nhiéu GFP protein hon nén phd dién huynh quang
trong diéu kién nay léch vé bén phai hon so véi trong mdi trudng séng tu do.
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Hinh 3: Phd dién,huynh quang ciia vi khuan S. Typhimurium SL1344 chira promoter csgD
¢ dang song tw do (den) va trong mdi trudng tao biofilm. Tryc Y biéu dién s0 lugng
té bao twong ng voi lwgng huynh quang (FL1-H) do dwgrc trén truc X

3.2.1 Chitng minh sw lam giau quan thé vi khudn phat hupnh quang bang két qua
phan tich tir may FACS
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Hinh 4: Phé dién huynh quang ciia quén thé vi khuén khi phén tich bing may FACS: (A) &
lan chon lgc dwong tinh diu, (B) lan chon lgc dwong tinh thi 2 (C) lan chon lgc
dwong tinh thi 3. Truc Y biéu dién kich thuwéc cia (khéi) vi khuén (theo ti 18 log);
truc X biéu dién d9 huynh quang. Ving R5 chira nhitng vi khuin cé kich thwéc
tuong ty nhu Salmonella nhung khong ¢6 huynh quang trong khi ving R8 chira cic
vi khuén c6 kich thwéc va d¢ phat huynh quang mong muon

O dau cua qui trinh chon loc, thu vién vi khuan chira nhiéu loai trinh ty doan chén
khac nhau: promoter co dinh, promoter dugc hoat hoa hay tc ché trong qua trinh
thanh 1ap biofilm va cac doan DNA khéng mang trinh ty ctia promoter. O giai
doan nay, ta thdy sé lugng vi khudn phat huynh quang khong nhiéu (ving RS,
Hinh 4A). Bang viéc thiét ké nhitng vong chon loc duong tinh va am tinh xen k&
nhau, s6 lugng cac vi khuan chira promoter hoat dong trong qua trinh tao biofilm
ngay cang duoc lam giau. Didu nay c6 thé dugc thay 16 khi so sanh qua sb lugng
vi khuan phat huynh quang qua cac lan chon loc duwong tinh (ving RS, Hinh 4A,
4B va 4C). Diéu nay giup tang kha néng chon dugc cac dong chira promoter mong
mudn dé phén tich di truyén ¢ cudi qui trinh sang loc.
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3.2.2 Chimg minh sy lam giau quan thé vi khuan phdt hupnh quang bang phén
tich ket qua cat dogn DNA chen

Mot cach khac dé xac nhan sy lam giau nay 1a bang phan tich két qua cit DNA
(Hinh 5). Plasmid dugc phan lap trude 1an chon loc dau tién va sau lan chon loc
sau cung dugc cat voi enzyme cit gioi han thich hop dé tach lay doan chen. Nhu
hinh thé hién, & dau cua qui trinh chon loc (gleng 1, 3), do da dang vé kich thude
clia cac doan chén rét cao trong khi cang vé sau (gleng 2, 4) cac doan DNA voéi
kich thudc nhit dinh da dwoc 1am ting cuong. Diéu nay cho thiy qui trinh nay da
¢6 hiéu qua trong viéc chon loc c¢6 dinh hudng cac doan DNA 1a promoter dugc
hoat hoa trong qua trinh thanh lap biofilm. O cubi qui trinh nay, ching t6i chon
mét cach ngau nhién 96 dong dé klem tra pho dién huynh quang trong 2 diéu kién:
biofilm va dang song tu do (trong s6 500 dong & quan thé ban dau chwa sang loc).
Hau hét cac tmg vién cho promoter dugc hoat hoa chi trong qué trinh thanh 1ap
biofilm dé dugc thu nhan lai hon mét lan trong qua trinh sang loc. Diéu nay ching
chung t6 s6 luong dong/vi khuin dugc chon ngiu nhién dé kiém tra pho dlen
huynh quang ctia cac quan thé vi khuan da duoc 1am giau 1a hop 1y va cc “mau”

nay mot udc luong tot dé biét thong tin vé cac dong trong timg quan thé da duoc
lam giau.

Hinh 5: DNA-agarose gel cho thiy sw lam giau ciia cic doan DNA chén sau qua trinh sang

loc bing may F ACS. Gléng 1: thang (Eurogentec). Giéng 2, 4: két qui cit bing
EcoRI/Xbal ciia quén thé 0.5-1 va 1.5- 2 (twong ung); trudc khi sang loc. Gleng 3,5:

két qui cit bing EcoRI/Xbal ciia quan thé 0.5-1 va 1.5-2 (twong lmg), 6 cuoi qui

trinh sang loc. Giéng 2 va 4 cho thiy cic doan DNA chén véi nhiéu kich thuéc
(smear) trong khi & giéng 3 va 5, mot s6 doan chén (promoter) di dwoc 1am giau &
cudi qui trinh chgn lgc (a), (b), (¢)
3.3 Phén tich trinh tw ciia cac promoter dwgc hoat hoa trong qua trinh thanh
1ap mang sinh hoc cia Salmonella

Dbi voi cac dong vi khuan thé hién pho dién huynh quang khac nhau trong hai méi
truong, plasmid cua ching dugc ly trich va trinh ty ctia doan chén (ca trinh ty hoac
mot phan ddi véi nhitng doan chén cé kich thude 16n) dugc giai trinh ty va so sanh
v6i trinh ty da dugc cha giai S. Typhimurium LT2 (McClelland ef al., 2001) bang
phin mém BLASTn (Altschul ef al., 1990). Cac gen dugc phat hién trong qua trinh
nay sau do s€ duoc xac dinh vai tro thuc sy trong qua trinh tao biofilm béng cach
tao dot bién trén gen muyc ti€u ¢ S. Typhimurium dang hoang dai va kiém tra kha
nang tao biofilm ctia nhitng dong nay.
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4 KET LUAN

Phuong phap phén tich cam tmg huynh quang (DFI) dugc tng dung trong dé tai
ndy da chimg t0 nd la mot ky thuat méi vei nhiéu wu diém trong viéc phan tich di
truyén cua cic gen tham gia vao qua trinh tao lap biofilm. Vi thiét ké thi nghiém
nhu trinh bay trong bai, DFI ching t6 kha phan tich di truyén cia cac gen tham gia
vao trén toan b gen voi s6 lugng nhiéu (high- throughput capacity); phén tich di
tmyen cac té bao ¢ dang don 1¢ (single cell) giip khic phuc dugc tinh khong ddng
nhét (heterogeneity) ctia cic té bao trong biofilm. Viéc phan tich di truyén trén
toan bd gen ciling hira hen s& gitip tim ra dugc chiic ning cua cac gen chua dugc
chu thich (annotated).

TAI LIEU THAM KHAO

Altschul, S. F., W. Gish, W. Miller, E. W. Myers&D. J. Lipman (1990). "Basic local
alignment search tool." ] Mol Biol 215(3): 403-10.

An, D.&M. R. Parsek (2007). "The promise and peril of transcriptional profiling in biofilm
communities." Curr Opin Microbiol 10(3): 292-6.

Brandl, M. T.&R. E. Mandrell (2002). "Fitness of Salmonella enterica serovar Thompson in
the cilantro phyllosphere." Appl Environ Microbiol 68(7): 3614-21.

Clarke, L. and J. Carbon (1976). "A colony bank containing synthetic Col El hybrid plasmids
representative of the entire E. coli genome." Cell 9(1): 91-9.

Costerton, J. W., P. S. Stewart&E. P. Greenberg (1999). "Bacterial biofilms: a common cause
of persistent infections." Science 284(5418): 1318-22.

Datsenko, K. A.&B. L. Wanner (2000). "One-step inactivation of chromosomal genes in
Escherichia coli K-12 using PCR products." Proc Natl Acad Sci U S A 97(12): 6640-5.

Gerstel, U.&U. Romling (2001). "Oxygen tension and nutrient starvation are major signals
that regulate agfD promoter activity and expression of the multicellular morphotype in
Salmonella typhimurium." Environ Microbiol 3(10): 638-48.

Gualdi, L., L. Tagliabue&P. Landini (2007). "Biofilm formation-gene expression relay
system in Escherichia coli: modulation of sigmaS-dependent gene expression by the
CsgD regulatory protein via sigmasS protein stabilization." J Bacteriol 189(22): 8034-43.

Lazazzera, B. A. (2005). "Lessons from DNA microarray analysis: the gene expression
profile of biofilms." Curr Opin Microbiol 8(2): 222-7.

Makin, S. A.&T. J. Beveridge (1996). "The influence of A-band and B-band
lipopolysaccharide on the surface characteristics and adhesion of Pseudomonas
aeruginosa to surfaces." Microbiology 142 ( Pt 2): 299-307.

McClelland, M., K. E. Sanderson, J. Spieth, S. W. Clifton, P. Latreille, L. Courtney, S.
Porwollik, J. Ali, M. Dante, F. Du, S. Hou, D. Layman, S. Leonard, C. Nguyen, K. Scott,
A. Holmes, N. Grewal, E. Mulvaney, E. Ryan, H. Sun, L. Florea, W. Miller, T.
Stoneking, M. Nhan, R. Waterston&R. K. Wilson (2001). "Complete genome sequence of
Salmonella enterica serovar Typhimurium LT2." Nature 413(6858): 852-6.

Okamura, M., Y. Kamijima, T. Miyamoto, H. Tani, K. Sasai&E. Baba (2001). "Differences
among six Salmonella serovars in abilities to colonize reproductive organs and to
contaminate eggs in laying hens." Avian Dis 45(1): 61-9.

Romling, U. (2005). "Characterization of the rdar morphotype, a multicellular behaviour in
Enterobacteriaceae." Cell Mol Life Sci 62(11): 1234-46.

Romling, U., M. Rohde, A. Olsen, S. Normark&J. Reinkoster (2000). "AgfD, the checkpoint
of multicellular and aggregative behaviour in Salmonella typhimurium regulates at least
two independent pathways." Mol Microbiol 36(1): 10-23.

52



Tap chi Khoa hoc 2010:15a 45-53 Truong Dai hoc Can Tho

Sambrook, J., E. F. Fritsch&T. e. Maniatis (1989). Molecular Cloning. A Laboratory Manual,
Cold Spring Harbor Lab. Press, New York.

Stewart, P. S.&M. J. Franklin (2008). "Physiological heterogeneity in biofilms." Nat Rev
Microbiol 6(3): 199-210.

Valdivia, R. H.&S. Falkow (1996). "Bacterial genetics by flow cytometry: rapid isolation of
Salmonella typhimurium acid-inducible promoters by differential fluorescence
induction." Mol Microbiol 22(2): 367-78.

Werber, D., J. Dreesman, F. Feil, U. van Treeck, G. Fell, S. Ethelberg, A. M. Hauri, P.
Roggentin, R. Prager, 1. S. Fisher, S. C. Behnke, E. Bartelt, E. Weise, A. Ellis, A.
Siitonen, Y. Andersson, H. Tschape, M. H. Kramer&A. Ammon (2005). "International
outbreak of Salmonella Oranienburg due to German chocolate"BMC Infect Dis 5(1): 7.

53



