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[ Abstract] : To study the inhibition of germf ree extract s derived f rom milk fermented by lactic acid bacteria (LAB)

on virulence gene f l aA expression of foodborne pathogen bacteria Cam p y lobacter jej uni ,a luminescent phenotype fu2
sion between the f l aAσ28 promoter and a promoterless l uxCDABE cassette carried on the plasmid p R YluxCDABE in

Cam p y lobacter jej uni was used. Through evaluation of the bioluminescence , the effect of germf ree extract s derived

f rom milk fermented by lactic acid bacteria (LAB) (5 B i f i dobacteri um st rains and 6 Lactobacillus st rains) was as2
sessed on f l aAσ28 promoter activity. The result s showed that gremf ree extracts of milk fermented by LAB were found

to have a significant ( P < 0. 05) inhibitive effect on the expression of f l aAσ28 promoter ,and down2regulate virulence

gene f l aA expression.
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[摘 　要 ] 　为了研究益生菌发酵乳无菌提取物对食源性有害微生物 (空肠弯曲杆菌) 有毒基因表达的抑制作用 ,以利用

空肠弯曲杆菌的有毒基因 f l aAσ28启动子和无启动子的质粒 p R YluxCDABE 联结构建的生物冷光转基因模型为试验材料 ,通

过检测生物发光特性的方法 ,研究了空肠弯曲杆菌有毒基因 f l aA 表达与益生菌 (5 种双岐杆菌 ,6 种乳酸杆菌)发酵乳无菌提

取物之间的关系。结果表明 ,益生菌发酵乳无菌提取物对空肠弯曲杆菌 f l aA σ28 启动子的活性有显著的抑制作用 ( P <

0. 05) ,并可显著抑制空肠弯曲杆菌有害基因 f l aA 的表达。

[关键词 ] 　f l aA 基因 : 启动子 , 生物冷光 , 发酵乳无菌提取

　　The concept of p robiotics has been around for

almost a cent ury , yet t he science behind it is still

sparse[124 ] . The much of the research into t he effica2
cy of p robiotics has been questioned (or goes un2

p ublished because of commercial secrecy) [ 528 ] ; t heir

impact on human nut rition and t herapeutic t reat2
ment is still only vaguely understood[9212 ] ;t he selec2
tion of desirable microbial st rain is an uncertain
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process and the necessary tools to monitor their

performance in vivo are still being developed[13215 ] .

Therefore ,methods to assess the efficacy of p robi2
otics and to help understand t heir mode of action

are urgently needed.

Cam p y lobacter s p p . possesses a single polar

flagellum at one or bot h ends of t he cell . The fla2
gellum consist s of two proteins , f l aA and f l aB ,

with significantly more f l aA being incorporated in2
to t he flagellar filament [16 ] . Correspondingly , nu2
merous studies have identified t he flagella as a vir2
ulence determinant [17 ] . A classicalσ28 flagellar p ro2
moter cont rols t ranscrip tion of t he f l aA gene. The

effect s of environmental stimuli and chemotactic ef2
fectors on t he activity of t he Cam p y lobacter jej uni

f l aAσ28 have been determined[ 18 ] .

The goal of our st udy was to assess t he effect

of milk fermented by different LAB st rains effec2
tors on f l aA σ28 promoter activity. A luminescent

p henotype in Cam p y lobacter jej uni A TCC33291

and A TCC35921 ,generated by a t ranscriptional f u2
sion between the C. j ej uni f l aA σ28 promoter and

luxCDAB E genes of Xenorhabdus luminecens on

plasmid p R YL ux CDAB E was used to st udy t he in2
teraction of lactobacilli and bifidobacteria with the

pathogen. We report here t hat Cam p y lobacter j ej u2
ni f l aA σ28 promoter responds to p robiotics.

1 　Materials and Met hods

1 . 1 　Growth of Campylobacter

Cam p y lobacter. J ej uni A TCC33291 and

A TCC35921 were human isolates. The st rains were

grown at 37 ℃ on Blood Agar Base No2 (BAB)

(Oxoid , Nepean , ON , Canada) supplemented wit h

100 g/ mL of kanamycin (BAB K) . A microaerophilic

environment was created using the CampyPak Mi2
croaerophilic system (BBL ,Cockeysville ,MD ,USA) .

1 . 2 　Construction of pRYLuxCDABE

The const ruction of p R YL uxCDAB E was de2
scribed previously ( Fig 1) [19 ] .

1 . 3 　Milk fermentation and fractionation

St rains of lactic acid bacteria (LAB) used in

t his study are documented in Table l .

Fig. 1 　Const ruction of Plasmid p R YL uxCDABE

Table 1 　Lactic acid bacteria used in the study

St rains Source or reference St rains Source or reference

B i f i dobacteriun longum A TCC15707 L actobacil l us aci dophi l us LA25

B i f i dobacteriun in f antis A TCC15697 L actobacil l us rhamnosus GR21

B i f i dobacteriun breve A TCC15700 L actobaci l l us M G21

B i f i dobacteriun bi f i dum A TCC15696 L actobacil l us f ermentum RC214

B i f i dobacteriun adolescentis A TCC15703 L actobacil l us aci dophi l us A TCC13648

L actobacil l us rhamnosus GG

　　B i f i dobacteri um st rains were grown in Cm149

( Oxoid , Nepean , ON , Canada ) and L actobaci l l us

st rains in MRS (Oxoid ,Nepean ,ON ,Canada) . Bot h

were incubated in anaerobic jars under an at mos2
p here developed using GasPak anaerobic system

envelopes (BBL ,Cockeysville ,MD) at 37 ℃for 16

h. Pasteurized , reconstit uted skim milk ( 10 % ,

V/ V ) was inoculated wit h each of t hese L AB

st rains separately and fermented at 37 ℃for 24 h.

B i f i dobacteri um and L actobaci l l us were added at a

dose rate of 4 % , just like the processing of yo2
ghourt . Fermented milk samples were cent rif uged

wit h MC cent rif uge (Beckman Inst rument s) at 28

000 g for 5 min at 25 ℃. Following cent rif ugation ,

t he suspension was filtered t hrough a 0. 22μm pore

size filter (Millipore Nepean ,ON ,Canada) ,and t he

p H was adjusted to approximately 7. 0 wit h 1 M

NaO H. Cent rif ugal ult ra filt ration f ractionated

t hese ext ract s crudely by molecular weight . Sam2
ples f rom each successive step of f raction were as2
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sayed for C. jejuni flaA s28 promoter activity.

1 . 4 　Quantif ication of bioluminescence output

Bot h st rains possessing p R YL ux CDAB E were

incubated in BAB K for 24 h at 37 ℃and harvested

in 1. 5 mL of M HB. In a test t ube ,t he optical den2
sity at 600nm (OD600 ) was adjusted to 1. 0 and 100

μL were sp read on BAB plates containing 10 %

concent ration of ext ract s of milk fermented by dif2
ferent L AB st rains. Plates were grown anaerobical2
ly for 24 h at 37 ℃ and were harvested in 1ml of

M H brot h (one plate = one replicate) . The OD600

was adjusted to 0. 6. From each replicate ,1 mL of

adjusted bacterial suspension was placed into a cu2
vet te ,vortexed for 10 s and placed into a Multi2Lite

luminometer (Biot race , Bridgend , U K) to deter2
mine t he relative light unit s ( RL U) .

As a cont rol ,unfermented ,pasteurized and re2
constit uted skim milk was cent rif uged under the

same conditions described above ,and supernatant s

were filter ( Supernatant filtered wit h 0. 22 mm

pore Fisher ) . p H was adjusted to approximately

7. 0 with 1 M NaO H. BAB plates were p repared

containing 10 % of t he unfermented milk ext ract s.

1 . 5 　Data analysis

The statistical significance of differences a2
mong t reat ment s was determined by variance anal2
ysis ,and by eit her Fisher’ s p rotected least signifi2
cant difference ( L SD ) test or Dunnet ’ s t test .

Differences were considered statistically significant

when P ≤0 . 05 . Each experiment was repeated in

t riplicate.

2 　Result s and analysis

By adjusting t he p H level of t he experimental

and cont rol set s ,t he effect of the gremfree ext ract s

of milk fermented by L AB on promoter activity

was st udied independent of p H. The L AB was all

able to modulate light p roduction of bot h Cam p y2
lobacter const ructs ( Tables 2 & 3) . A statistically

significant difference in light outp ut was observed

for bot h Cam p y lobacter const ructs in the p resence

of gremf ree milks fermented by all L AB compared

with cont rol milks wit h p H adjusted to t he same

value as t he experimental group wit h lactic acid.

RL U in the cont rol samples were 17 425 to 30 041

for C. j ej uni A TCC35921 and 12 388 to 24 678 for

C. jej uni A TCC33291. The corresponding values

for t he experimental group were 3 433 to 9 989 and

2 646 to 9 472 ,respectively. Overall ,bot h C. j ej uni

st rains responded to all LAB in a similar manner

wit h bot h st rains significantly suppressing t he

f l aA s28 promoter .

Table 2 　Effect of LAB on f laAσ28

promoter activity in C. j e j uni ATCC 35921

LAB
Cont rol group

bioluminescence RL U
C. jej uni A TCC 35921
bioluminescenceRL U

A TCC15707 23 054 ±3 974 3 4 478 ±2 183 ab

A TCC15697 17 425 ±2 087 3 3 538 ±1 486 a

A TCC15700 19 464 ±2 810 3 7 116 ±4 056 ab

A TCC15696 18 498 ±2 263 3 7 671 ±1 093 b

A TCC15703 20 411 ±3 252 3 8 243 ±1 847 b

GG 24 971 ±1 515 3 3 433 ±123 a

LA25 29 633 ±4 846 3 8 769 ±1 854 c

GR21 24 098 ±1 515 3 3 994 ±221 b

M G21 20 073 ±1 658 3 6 241 ±716 c

RC214 27 976 ±3 269 3 7 547 ±772 c

A TCC13648 30 041 ±2 080 3 9 989 ±1 593 c

　　Note : 3 means RL U values of t he cont rol group are significant2

ly different f rom experimental group ( P < 0 . 05) ;different

let ter means t he differences are significant ( P < 0 . 05) ;

Next table is similar .

　　However ,some differences were observed. The

effect of B i f i dobacteri um i n f antis A TCC15697 ,

B i f i dobacteri um bi f i d um A TCC15696 and

B i f i dobacteri um adolescentis A TCC15703 on light

p roduction by Cam p y lobacter jej uni A TCC35921

differed significantly ( P < 0 . 05 ) . Similarly for

Cam p y lobacter j ej uni A TCC33291 , light outp ut

was significantly different ( P < 0 . 05) in t he p res2
ence of germf ree f ractions of milks fermented by

B i f i dobacteri um long um A TCC15707 , B i f i dobac2
teri um bi f i d um A TCC15696 and B i f i dobacteri um

adolescentis A TCC15703.

Similarly , for L actobaci l l us spp . significant

differences resulted in light p roduction when C. je2
j uni A TCC35921 was exposed to milk fermented by

L . rham nosus GG and L . aci dop hi l us A TCC13648

( P < 0 . 05 ) . These two organisms also affected

light p roduction by C. j ej uni A TCC33291 in a dif2
ferent ways ( P < 0 . 01) .

Furt her , in L actobaci l l us spp . modulation of

t he light outp ut of light by the two Cam p y lobacter
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const ruct s was st rain dependent , wit h significant

differences ( P < 0 . 05) being seen for L . aci dop hi2
l us st rains L A25 and A TCC13648 and L . rham nosus

GG and GR21. Light outp ut by C. j ej uni

A TCC33291 was consistently higher than C. j ej uni

A TCC 33291.

Table 3 　Effect of LAB on f laAσ28 promoter activity in

in C. j e j uni ATCC 33291

L AB
Cont rol group

bioluminescence RL U
C. j ej uni A TCC 33291
bioluminescenceRL U

A TCC15707 13 486 ±2 371 3 2 946 ±1 189 a

A TCC15697 12 332 ±1 824 3 3 903 ±917 ab

A TCC15700 14 003 ±1 290 3 4 762 ±203 ab

A TCC15696 14 111 ±1 275 3 4 994 ±54 b

A TCC15703 15 217 ±4 463 3 5 672 ±83 6b

GG 17 162 ±2 253 3 2 941 ±272 a

LA25 19 944 ±4 590 3 7 043 ±1 534 d

GR21 18 476 ±1 302 3 3 017 ±112 ab

M G21 16 432 ±3 716 3 4 177 ±260 c

RC214 19 465 ±4 777 3 4 417 ±543 c

A TCC13648 20 004 ±6 024 3 9 472 ±1 787 e

3 　Discussion

For an enteric pat hogen to be successf ul , it

must be able to survive , grow and ultimately exert

pathogenicity in a highly competitive environment .

This requires that the pathogen identify environ2
mental factors so t hat appropriate genes are ex2
pressed and/ or rep ressed. Current research on the

healt h benefit s of p robiotics mostly focus on the

mechanisms of anti2infection , competitive at tach2
ment and colonization and immunomodulation.

The improvement of host acquired immunity ,

especially immunocompetence , has been proven to

inhibit t ranslocation , survival and proliferation in

ext ra2intestinal tissues ( such as t he liver and

spleen ) and prevented bacterium. These effect s

have been established mainly by measuring immu2
nological parameters and correlating these parame2
ters wit h pat hogen count s in visceral tissues. It has

been established t hat p robiotics exert t heir immu2
noenhancing effect s by augmenting both non2spe2
cific (e. g. p hagocyte f unction ,nat ural2killer2cell ac2
tivity) and specific (e. g. antibody production ,cyto2
kine production ,lymp hocyte p roliferation , delayed2
type hypersensitivity) host immune responses[20 ] .

Alt hough recent report s have revealed some immu2

noenhancing mechanisms , t he p recise mechanisms

by which L AB act on t he immune system are not

f ully understood[21 ] .

The role of p robiotics in disease p revention

may also involve antagonistic effect s on t he adhe2
sion , colonization , growt h and t ranslocation of

pat hogens ,such as S t a p hy lococcus aureus , S al mo2
nel l a Typ himurium , Yersi ni a enterocol i t ica , L iste2
ri a monocy togenes , Clost ri di um per f ri ngens , Esch2
erichi a col i O157 ∶H7 and rotavirus. To date ,t here

has been no direct evidence demonst rating competi2
tive attachment and colonization in vivo . However ,

recent st udies showed that p robiotics inhibited en2
teropathogenic E. col i adherence i n vi t ro by indu2
cing intestinal mucin gene expression to modulate

t he barrier effect of t he gut [22 ] .

L actobaci l l us aci dop hi l us and B i f i dobacteri a

also exert antagonistic effect s on t he growt h of

pat hogens such as S t a p hy lococcus aureus , S al mo2
nel l a Typ himurium , Yersi ni a enterocol i t ica and

Clost ri di um per f ri ngens In t his st udy , we found

t hat t he gremf ree ext ract s of milk fermented by

L AB L actobaci l l us aci dop hi l us and B i f i dobacteri a

have an inhibitory effect on t he growt h of t he

Cam p y lobacter , j ej uni , and this effect is genus ,

species and st rain dependent . These result s are

similar to t hose reporting t hat p robiotic bacteria

enhance resistance against intestinal pat hogens via

antimicrobial mechanisms. These include competi2
tive colonization and production of organic acids ,

such as lactic and acetic acids ,bacteriocins and oth2
er p rimary metabolites , such as hydrogen peroxide

carbon dioxide and diacetyl . A recent study using a

luminescent p henotype of S al monel l a Enteri t i dis

to monitor infection in live mice has demonst rated

t hat oral ingestion of fermented milks and germf ree

p reparations of fermented milk can prevent infec2
tion[23 ] .

Anti2infection mechanisms of L AB may in2
clude t he production of substances directly microbi2
cidal for pat hogens ,including organic acids ,bacteri2
ocins and ot her p rimary metabolites ( such as

H2 O2 , CO2 ) ; inter2microbial competition wit h

pat hogens for intestinal at tachment sites ;and effec2
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tive enhancement of host immunity against pat ho2
gen infection[24 ] .

In t his study ,we present evidence t hat p robi2
otics influence t he expression of virulence genes of

Cam p y lobacter. Light p roduction by a const ruct

carrying a t ranscriptional gene f usion between the

C. jej uni f l aA σ28 promoter and luxCDAB E genes

was influenced by L AB , indicating t hat t he f l aA

gene is suppressed in t he presence of germf ree ex2
t ract s of milk fermented by t he L AB. If pat hogens

cannot express t heir virulence genes ,t hen competi2
tive at tachment and colonization will be inhibited

and pathogenicity in t his highly competitive envi2
ronment will not be exerted.

In conclusion , the result s have indicated that

p robiotics suppress virulence gene expression in

pathogens ,which reveals an important and so far

relatively unknown aspect of t heir anti2disease

mechanisms. Furt hermore ,using t he reporting sys2
tem of L ux gene will p rovide a relatively simple

means of investigating f unctions of f unctional food

and selection of desirable microbial . However ,what

can be at t ributed to t he inhibitive effect of p robiot2
ics on virulence gene expression is yet to be ex2
plored in f ut ure st udies.
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可改善酒的色泽。但进一步试验得知 ,热处理会加速

甜橙干酒的氧化褐变 ,影响果酒的色泽而不宜采用。

3 　结　论

不同澄清剂对甜橙干酒的澄清效果不同 ,琼脂

的澄清效果最好 ,当其加量为 0. 15 g/ L 时 ,甜橙干

酒的透光率为 98. 8 % ,吸光度为 0. 032 ,酒体澄清透

明 ,色泽浅黄 ;明胶的加量为 1. 5 g/ L 时 ,甜橙干酒

的透光率为 94. 7 % ,吸光度为 0. 054 ;壳聚糖的澄清

效果也较理想 ,酒液色泽较好 ,澄清速度很快 ,最适

加量为 0. 4 g/ L 。但综合考虑澄清效果及速度 ,作

者建议以 0. 15 g/ L 琼脂作为甜橙干酒的首选澄清

剂。将甜橙干酒在 0～2 ℃冷处理 5 d 或在 40～45

℃热处理 5 d 均能大幅度提高酒的澄清度 ,且冷处

理还可改善酒的色泽 ,而热处理会加速酒液的氧化

褐变 ,使酒液色泽变深。故作者建议 ,在甜橙干酒的

生产中 ,可用冷处理来提高甜橙干酒的稳定性。
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