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Abstract 

Four selected isolates of K. pneumoniae subsp. pneumoniae were tested for 

adhesion and the results revealed that isolates MK20, MK1, MK2, MK6 

displayed adhesive capability with means (76.25 ± 6.0),(75.88 ± 5.13), (69.83 ± 

8.43), (27.4±4.65) bacteria/ epithelial cell, respectively. Agarose gel 

electrophoresis was performed to detect plasmid profile for the four selected 

isolates. Results showed that all isolates exhibited two bands of small plasmid 

DNA with molecular size ranged from less than 4kb for the smaller one to more 

than 12kb for the larger one as compared with DNA molecular size marker 

)lambda phage restricted with EcoRІ & Hind). Besides two bands of large 

plasmid DNA were obtained from the  isolates MK20, MK1, MK6, but the isolate 

MK2 didn’t show any band of large plasmid DNA. Transformation of plasmid 

DNA was performed using standard genetically modified E. coli HB101 strain as 

the recipient for plasmids of the selected isolates, while E. coli HB101with 

pBR322 plasmid was used as a positive control. In respect to the adhesion test, it 

was observed that the transformants, designated as (T1, T2, T6, T20), showed 

adherence capability of: (54.37±5.38), (48.33±4.475), (43.46±0.625), (33.0±6.71) 

for the transformants T2, T20, T1, T6, respectively. However, these 

transformants showed no significant differences in the adherence capability, 

however, the mean of adhesion capabilities of the transformants were less than 

that of the wild type isolates.  

 اٌّسخخٍص

ولذ    K.pneumoniae subsp. pneumoniae اسبع عضلاث حابعت ٌبىخشَا  ٌخحشٌ عٓ لابٍُت اٌخصاقاحُ  

بّخىسظ  وأج    MK20    ،MK1   ، MK2 ،MK6بُٕج إٌخائج  بأْ اٌمابٍُت الاٌخصالُت  ٌٍعضلاث 

( خٍُت بىخُشَت ٍِخصمت / خٍُت 27.4 ± 4.65) ،  (±8.43   69.83، )  75.88) ± (5.13 ،  (6.0 ± 76.25)

عًٍ اٌخىاٌٍ . حُ اٌمُاَ باٌخحشٌ عٓ اٌّحخىي اٌبلاصُِذٌ ٌٍعضلاث الأسبعت ولذ اظهشث إٌخائج اِخلان   طلائُت

صوج لاعذٌ ٌصغشاهّا و  4Kbحجاِها بُٓ الً ِٓ جُّع اٌعضلاث ٌحضِخُٓ بلاصُِذَخُٓ صغُشحُٓ ار لذسث ا

 Іِمطع بىً ِٓ إٔضَّـٍ اٌخمُُـذ  lambdaسخخذاَ دٔا اٌعارٍ صوج لاعذٌ ٌٍحضِت الاوبش  با Kb 12اوبش ِٓ 

EcoR و Hind    ، ٍّحُ  احخىاء رلاد عضلاث عًٍ دٔا حضِخُٓ بلاصُِذَخُٓ وبُشحُٓ . فضلا عٓوذًٌُ حج

أٌّحىسة وسارُا اٌخاٌُت ِٓ اٌبلاصُِذاث  E. coli HB101رٌه بخحىًَ اٌسلاٌت اٌمُاسُت اجشاء حجشبت اٌخحىي و

فضلا إٌّخخبت  K.pneumoniaeواٌحساست ٌجُّع اٌّضاداث اٌحُىَت وحأهٍُها لإسخمباي بلاصُِذاث عضلاث 

ٌّضاد  وسُطشة ِىجبت . ٌمذ أظهشث إٌخائج بأْ أعًٍ ٔسبت ححىي وأج pBR322ححىٍَها ببلاصُِذ  عٓ

10×2.91ِعذي حىشاس اٌخحىي ٌهزا اٌّضاد) واْاٌىٍىساِفُُٕىىي ٌجُّع اٌعضلاث اٌّخحىٌت  حُذ 
-6

، اِا ألً  ( 
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10×0.33حىشاس ححىي ٌٍعضلاث اٌّخحىٌت واْ ٌّضاد اٌسُفاٌىرُٓ  بّعذي )
-6

بإلإضافت اًٌ رٌه فمذ حُ اخخباس  .(

بٍغج إر  لأشخاص أصحاء ، اٌفُُت اٌّأخىرة ِٓ حجىَف لابٍُت اٌّخحىلاث عًٍ إلإٌخصاق عًٍ اٌخلاَا اٌطلائ

  T1,T2,T6, T20  ( :54.37 ± 5.38( ، )48.33اٌّخحىٌت واٌخٍ اطٍك عٍُها  خلاَاإلإٌخصاق ٌٍ ِخىسطاث

عًٍ اٌخىاٌٍ ،  T2  ،T20  ، T1 ،  T6( ٌٍّخحىلاث 6.71 ±  33.0(،  ( 0.625  ±  43.46( ، ) 4.475 ±

بُٓ لابٍُت الإٌخصاق ٌخٍه اٌّخحىلاث  ولذ ٌىحع بأْ  ِخىسظ اٌخصاق اٌّخحىلاث  ٕىٌوٌُ َلاحع وجىد فشق ِع

  . واْ الً ِٓ ِخىسظ اٌخصاق اٌعضلاث الْاصٍُت

Introduction 

Type 1 pili adhesion organelles mostly predominance among Klebsiella pneumoniae 

[1] it is, responsible for the adherence of the bacteria to intestine, urogenital and 

respiratory tracts of human and animal [2, 3, 4].This considered first step which play a 

critical role in bacterial pathogenesis by allowing bacteria to attach and colonize 

specifically to host cell surface and subsequently initiate a disease [5]. It was observed 

that type 1 pili of K. pneumoniae mediate the attachment of these bacteria to bladder 

epithelial tissue causing cystitis [6]. 

It was found that the adhesion capability of K. pneumoniae is plasmid – encoded and 

they noticed that when this plasmid transformed to E. coli K12 strain, the adhesion 

indices raised two – fold  than that the indices of the wild type K. pneumoniae isolates 

[7]. In  many studies [7, 8] found that the genes encoding for pili mediated adhesion 

of K. pneumoniae strain to the intestinal epithelium and a non fimbrial protein CF29 

were  located on conjugative plasmid called "R – Plasmid " with molecular size 

approximately 180 kb . 

Multiple gene products were observed to be necessary for the phenotypic expression 

of K. pneumoniae fimbriae; and the fimbrial expression is similar to that in 

Escherichia coli; and at least four genes constituted the fimbrial gene cluster of K. 

pneumoniae [9]. In cloning experiment it was found that fim A genes encoding type 1 

major fimbrial subunits of two isolates of K. pneumoniae could be phenotypically 

expressed in Escherichia coli HB101 [3]. K. pneumoniae fim H gene is found in 90% 

of strains from various environmental and clinical sources. FimH is a minor 

component of type 1 pili that is required for the pili to bind and agglutinate guinea pig 

erythrocytes in a mannose-inhabitable manner [10].  

Expression of type 1 fimbriae in K. pneumoniae was found to be phase variable. By 

use of a PCR-based assay, the orientation of the fim switch during colonization and 

infection was investigated and was found to be all “off” in the intestine and lungs but 

all “on” in the urinary tract. It was suggested that during colonization and infection, 

there is pronounced selective pressure in different host environments for selection of 

either the type1 fimbriated or nonfimbriated phenotype of K. pneumoniae [11].  

The aim of the present study is to designate the variation in type 1 pili expression 

among the wild type isolates of K. pneumoniae from different sources in comparison 

with that that transformants. 

Materials and Methods 

Bacterial isolates and strain: four local isolates of K. pneumoniae pneumoniae and 

modified standard strain E. coli HB101 were used Table (1). All isolates and strain 
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were maintained in screw-caped universal tubes containing nutrient agar (Acumedia, 

U.S.A.) and stored at 4
ο
C.  

Table (1) :Isolates and standard bacterial strains 

Bacteria *Sources and characteristic of bacteria 

MK1 UTI specimen With type-1 fimbriae 

MK2 Wound specimen With type-1 fimbriae 

MK6 Blood specimen With type-1 fimbriae 

MK20 Sputum specimen With type-1 fimbriae 

Modified 

standard strain     

E. coli Hb101 

(1)(rec- , F- ,hsdR-, hsdM-), plasmidless with no 

adhesive ability 

standard strain     

E. coli HB101 
(2)With pBr322 (AMPr,TEr) 

                               * 
The isolates and the standard strains are provided by [12] 

(1)
 rec

- 
, F

-
, HsdR

-
, HsdM

-  
 = loss of recombination, loss of fertility factor, loss of restriction and   

modification systems respectively. 
 (2)

Amp
r
,
 
Te

r
 = resistant to ampicillin and tetracycline respectively.  

 

In vitro adhesion test: four isolates of K.pneumoniae subsp. pneumoniae were 

examined for adhesion test according to the method described by [13]. The epithelial 

cells were obtained from the buccal cavity of healthy people and the number of 

attached bacteria was calculated to each 20 epithelial cells.  

Antibiotic selective medium: The medium was prepared according to method 

described by [14] and appropriate antibiotics Table (2) were added to the medium as 

selective markers.  

Table) 2(: Stock and final concentrations of antibiotic solutions: 

Types of Antibiotic 

Solutions 

Concentration of the 

Stock Solution (mg/ml) 

Final Concentration  

(µg/ml) 

Amoxicillin 50 50 

Cephalothin 50 50 

Gentamicin 50 15 

Streptomycin 50 15 

Chloramphenicol 50 1024 

Tetracycline 50 10 

 

Isolation of Plasmid DNA (Alkaline Method): plasmid DNA of the four selected 

isolates was extracted using the method described by [14].  

Agarose gel electrophoresis: Agarose gel was prepared using the method described by 

[14], this method included the addition of ethidium bromide at final concentration of 

0.5μg / ml to the 0.7% melted agarose.  

Transformation experiment: Modified standard strains of E. coli HB101 were 

transformed with plasmid DNA by the CaCl2 [14]. 

Statistical Analysis: Bacterial adherence to 20 epithelial cells was statistically 

analyzed by one-way analysis of variance (ANOVA). Least significant difference 

(LSD) was used to determine the significant difference between the mean of 
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adherence capability. Paired-samples T- test was used to test the significance between 

the mean of adherence capability for the transformants and wild types isolates. The 

statistical package used to determine the above statistical parameters was “Statistical 

Package for Social Science (SPSS)” version 12.0 for windows (2000) [15]. 

Results and Discussion 

Adhesion test: the isolates displayed differences in their adherence to human buccal 

cavity epithelial cells of healthy people. It was noticed that isolates MK20, MK1, 

MK2 displayed high adhesive capability with mean values of (76.25 ± 6.0), (75.88 ± 

5.13), (69.83 ± 8.43) bacteria/ epithelial cell respectively, while the isolate MK6 

displayed a lowest adhesive capability with mean value of (27.35 ± 4.65) bacteria/ 

epithelial cell. It was also found that there was no significant difference for adhesive 

capability among MK20, MK1, MK2 isolates Figure (1). There was variation in the 

adhesion capability of K. pneumoniae to epithelial cells of different animal species as 

indicated by the previous studies[6, 13, 16, 17]; besides it was observed that adhesive 

capacity is affected by many conditions such as growth phase, temperature, and 

incubation period [18].  

 

                                     A                                                         B 
Fig) 1(: Adhesion capability of K. pneumoniae isolates 

A: Epithelial cell control from human buccal cavity (100X). 

B: K. pneumoniae MK20 isolate adhered to human buccal epithelial cell (100X). 

                                                                                                                                   

Plasmid profile: Patterns of plasmid were studied. Results revealed that the four 

selected isolates (MK1, MK 2, MK 6, MK 20) have two bands of small plasmid; the 

smallest one with molecular size  less than 4 kb, and the other plasmid band seemed 

to be more than 12kb as compared with standard DNA of the Lambda phage restricted 

with both EcoRІ and HindШ as indicated in Figure (2), in addition to  the presence of 

two mega plasmids in MK1, MK6, MK20 isolates , whereas the MK2 didn’t show 

any mega plasmid and that may be attributed to the low DNA concentration or 

technical error during electrophoresis process Figure )2). 
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Fig (2):Agarose gel electrophoresis for DNA of K. pneumoniae isolates 

 (agarose concentration was 0.7%). 

A: Agarose gel electrophoresis for plasmid DNA of K. pneumoniae isolates with λ- phage DNA 

marker restricted with EcoRІ & Hind after one hour. 

B: Agarose gel electrophoresis of K. pneumoniae with the presence of two mega plasmid DNA 

bands in Lanes 2, 4 and5 after one and half an hour. 

Lane *1 represents DNA bands of λ - phage marker. 

Lanes 2, 3, 4, and 5 represent MK6, MK2, MK1, and MK20 isolates respectively. 

 

Transformation experiment: Transformation assay was performed so as to specify the 

role of plasmids in adhesion capability. Standard strain of E. coli HB101 was used as 

recipient host for the plasmids of K. pneumoniae isolates (MK20, MK1, MK2, MK6 ), 

besides pBR322 plasmid was used as positive control, and then the transformation 

mixture was spread onto antibiotic selective media so as to characterize the colonies that 

harbor the new plasmids and thus the new traits for antibiotic resistance. The results 

indicated that the highest transformation frequency with antibiotics was for 

chloramphenicol with average (2.91×10
-6

), while the lowest transformation frequency 

was for cephalothin with average (0.33×10
-6

). In order to detect whether the adhesion 

capability was transformed or not and whether this capability is plasmid encoded or not, 

some of these transformants were tested for adhesion capability Figure (3). Results 

showed adherence capability of: (54.37±5.38), (48.33±4.475), (43.46±0.625), 

(33.0±6.71) for the transformants T2, T20, T1, T6, respectively as indicated in Table (3). 

                     

   Table (3): Adherence capability of the transformants 

Transformant (T) 
* 
Mean 

**
SEM 

T2 54.37
 

5.38 

T20 48.33
 

4.475 

T1 43.46
 

0.625 

T6 33.0
 

6.71 
*
 No significant difference (P >0.05)  

** 
Each value is mean ± standard error for mean (n = 2) 

B    A 

      

      

      

      

      

      

      

      

      

  

21226 bp   

5148 bp+ 4973 bp 

4268 bp 

2027 bp +1904bp 

1584 bp 

1375 bp 
Two bands of small 

plasmid DNA 

Chromosomal DNA 

 

 

Two bands of mega 

plasmid DNA 

*1 2 5  *1 3 2 5
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However, these transformants showed no significant differences in the adherence 

capability, however, the mean of adhesion capabilities of the transformants were less 

than that of the wild type isolates. Transformants of streptomycin and pBR322 

transformants of tetracycline were then examined using agarose gel electrophoresis as 

the results demonstrated in Figure (4); from which it was obvious that the plasmids of 

the four selected isolates of K. pneumoniae , and pBR322 plasmid were transformed 

successfully but the large plasmid of wild type isolates was undetectable which may 

allow to conclude that not all genetic determinants have the ability to transform may 

be because of the size of the large plasmid and that explains the low transformation 

frequency of ß – lactam antibiotics or may be the genes encoding these antibiotics are 

weakly expressed in the recipient cell [19], or may be some genes that encode for 

some antibiotic resistance are chromosomally regulated [20,21,22] .  

It was reported that the adhesion capability is plasmid – encoded and they found that 

when this plasmid transformed in E. coli K12, the adhesion capabilities raised two – 

fold more than those of the wild type K. pneumoniae isolates and they attributed that 

the low expression of CF29 surface adhesin of K. pneumoniae may related to the 

capsule that shields the function of this surface adhesion. Concerning the difference in 

the level of expression of this protein between K. pneumoniae isolates and the 

transconjugants, this may attributed to some genes encoding CF29 might not transfer  

to the transconjugants and that’s why high adhesion indices found in the 

transconjugants rather than the wild type [7] .  

Another study [8] reported that clinical isolates of K. pneumoniae exhibit CF29 

surface adhesin and possess R – plasmid that harbors ß – lactam, aminoglycosides, 

and tetracycline antibiotics resistance, and when this plasmid transferred to E. coli 

K12 strain, high adhesion capabilities in the transconjugants were detected, whereas 

the isolates that didn’t express this surface adhesin showed, very low adhesin 

capability. In comparison with another study [23] which found that the transfer of 

ESBL- encoding plasmid to standard strain of E. coli K12 didn’t participate in the 

adhesion of these transconjugants to the epithelial cells. 

                          A                                                                                   B 
                    

Fig (3): Adhesion of E. coli HB101 transformant to human   buccal epithelial cell with epithelial 

cell control (100X) 

A: Epithelial cell control from human buccal cavity. 

B: Adhesion of E. coli HB101 transformant T20 to human buccal cavity epithelial cell. 
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Fig (4): Agarose gel electrophoresis of the transformants with pBR322 plasmid (agarose 

concentration (0.7%), voltage 5volt/cm, during 2.5hrs). 

Lanes 1, 2, 3, 4, 5, and 6 represent the modified E. coli HB101 standard strain, streptomycin 

transformants T20,T1, T2, T6, and pBR322  tetracycline transformant respectively. 
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