
CHAPTER 4

D IS C U S S IO N

Pentachlorophenol (PC P) degradation by Sphingomonas chlorophenolica leads 

to the fo rm a tion  o f  tetrachloro-p-hydroquinone (TeC H ) as the p rim ary  interm ediate. 

PCP is oxid ized  to TeC H  by PCP 4-m onooxygenase (PcpB) in  the presence o f  oxygen 

and N A D P H  (O rser et ah, 1993). U sua lly , oxygenase system requires its  reductase as a 

electron transfer p ro te in  fo r transferring  electron fro m  N A D (P )H  to an active site o f 

term ina l oxygenase. Recently, am ino acid sequence analysis o fpcpD  gene shows high 

s im ila rity  to  those o f  oxygenase reductases. Therefore, pcpD  should encode fo r PCP 4- 

monooxygenase reductase protein invo lved  in  transferring  electrons fro m  N A D P H , 

through the redox centers o f PcpD, to the F A D  prosthetic group o f  PCP 4- 

monooxygenase (Lange et ah, 1994). To  investigate the func tiona l o f  pcpD  and PCP 

degradation in  ร. chlorophenolica, in  th is w ork, m utant stra in  o f  ร. chlorophenolica 
containing m utated pcpD gene was constructed by gene replacem ent technique and 

studied the ro le  o f  these m utants in  PCP degradation. Lange et al. (1995) and Chanama 
and C raw ford (1997) were successful to use gene replacem ent technique fo r d isrup tion 

pcpB and pep A gene in  ร. chlorophenolica, respectively.

Gene replacement is a gene knockout too l fo r genomic analysis. Th is  technique 
is ve ry usefu l fo r genomic study in  m icroorganism s, plants and m am m alian cells. One 

o f the advantages o f th is technique is that it  can be carried ou t in  any w ild  type 

regardless o f genetic background. Since it  is not necessary to  use a stra in  that is recA, 
recBC sbcB o r recD deficient, thus useful fo r carrying ou t gene replacements in  enteric 

bacteria other than E. coli. The use o f a w ild  type genetic background also prevents
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any problems that m igh t occur when uncharacterized m utations o r de le tion  constructs 

are introduced in to  strains that are recA, recBC sbcB o r recD defic ient (H a m ilto n  et ah, 
1989). The on ly  requirem ent fo r host stra in  is that it  be recom bination p ro fic ie n t. The 

requirements fo r the gene o f interest are it  m ust be dispensable and m ust have been 

cloned. The strategy fo r the gene replacement was shown in  F ig  1.7.

The c rite ria  fo r op tim al transform ation as described by Saunders and Saunders, 

1988 are: firs t no endogenous plasmids should be present; second, the p o s s ib ility  o f 

any existing  restric tion  systems should be ru led  out; th ird , a com patib le rep licating  

plasm id m ust be found; and fo u rth , a selectable m arker m ust be know n to w o rk  fo r the 

specific h o s t F o r ร. chlorophenolica, it  possesses at least one p lasm id o f 

approxim ately 100 kb in  size. Second, ร. chlorophenolica D N A  is no t sensitive to 

certain restric tion  enzyme, and the se n s itiv ity  is independent o f  GC content o f  the 

restric tion  enzyme recognition sequence. Th is  indicates the presence o f  a D N A  
m od ifica tion  system  w hereby the D N A  m ay be m ethylated at certa in re s tric tion  

enzyme recognition sequence, preventing th e ir cleavage by re s tric tio n  enzym e. These 

systems are generally regarded as p rotection system fro m  fo re ig n  D N A . F in a lly , a 

plasm id capable o f  rep licating  in  ร. chlorophenolica has not been detected therefore no 

m arker fo r test the transform ation  cond ition and transform ation  e ffic iency. A nyw ay 

Lange et al. (1995) and Chanama and C raw ford  (1997) succeeded in  transfo rm a tion  o f 
recom binant plasm id in to  ร. chlorophenolica by electroporation.

The targeting vector was transform ed in to  ร. chlorophenolica and selected 

transform ant in  m edium  w ith  kanam ycin. Kanam ycin resistance o f  transform ant 
should be m ediated by kanr gene that inserted in to  genome because pU C  19 could not 
rep licating  in  ร. chlorophenolica. In  th is w ork transform ation  w ith  targeting vector or 

pUC 19 gave no transform ant cell. I t  is d iffic u lt to  conclude tha t the 

electrotransform ation in  th is  w o rk  was successful o r no t because there w ere no m arker
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to test transform ation e ffic iency. A nyhow  electroporation cond ition  and cells 

preparation fo r transform a tion  in  th is w o rk  were perform ed according to Lange et al. 

(1995) and Chanama and C raw ford (1997). A ccord ing ly the targeting vector should be 

introduced in to  ce ll successfully.

M eletzus et al. (1990) reported about the effect o f  pulse length in  the 

electrotransform ation on the transform ation e ffic iency, transfo rm a tion  frequency, and 

ce ll su rv iva l. Long tim e constant decreased the percentage o f  ce ll su rv iva l but 

increased transform ation e ffic iency. In  th is w ork, e lectroporation settings o f  2.5 k v  
and 600 Ohms resulted in  a 11.5-13.5 ms pulse length, consequently short pulse length 

were applied to used in  th is  w ork. A  resistance 200 and 400 Ohms were applied and 

resulted in  4.0-9.5 ms pulse length. A ll three cond itions (200, 400 and 600 O hm s) gave 

no transform ant cell.

Com petent cells o f  ร. chlorophenolica fo r transform ation  were resuspended in  

10% g lycerol and 30%  polyethylene g lyco l (PEG ) 8000. F o r PEG , there were m any 

w orks reported about PEG -prom ote the transform ation o f p lasm id o r chrom osom al 
D N A  in to  ce ll (A kim em ko et ah, 1976; Levi-M eyrue is et ah, 1980; G lum ova and 

Prozorov, 1981; Gasparich et ah, 1993; O kam oto et ah, 1997). A k im em ko et ah (1976) 

shown that when PEG  concentrations were increased the re la tive  transfo rm ing  a c tiv ity  

(R T A ) at firs t (a t PEG  concentrations approxim ately 30-40 m g /m l) increased to the 

value o f 200-250% , then began to decrease. A t PEG  concentrations approxim ately 
100-125 m g/m l. These showed that the PEG -concentration in  th is  w o rk  should be 

appropriate fo r transform ation .

In  some recip ient cells other than E. coli, transform ation e ffic ie n c y were very 

lo w  fo r plasm id D N A  prepared from  E. coli (M eletzus et ah, 1990; B in o tto  et ah, 

1991; K lapath et ah, 1996). Th is  is possible due to an active re s tric tio n  m od ifica tion
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system in  recip ient cells. Fo llow ed  by Lange et al. (1995) E. coli H B  101 and JM  105 

could be used as recom binant host in  the successful transfo rm a tion  o f  p lasm id in to  ร. 
chlorophenolica. Therefore E. coli X L  1-B LU E  w hich used as rebom binant host in  th is 

w o rk  should no t g ive any problem  fo r transform ation  e ffic iency.

T ransfo rm ation  frequency (transform ant per su rv ivo r) increases lin e a rly  w ith  

D N A  concentration in  the range o f 10 pg/m l to  7.5 pg/m l (D ow er et ah, 1988). C onley 

et al. (1984) reported the re la tionsh ip  o f  transform ation frequency and concentration o f 

D N A  in  transform a tion  o f  pBR322 in to  E. coli. The saturating D N A  

concentration/transform ation m ix tu re  was about 0.5-1 pg, whereas h ig her 1 pg o f 

D N A  did no t increased the transform ation frequency. On the o ther hand, L e -v i 

M eyrueis et al. (1980) reported about the transform ation  o f  chrom osom al D N A  in to  

Bacillus subtilis p rotop last in  the presence o f PEG  that D N A  concentrations higher 

than 1-2 pg/m l decreased the y ie ld  o f  transform ant, w ith o u t show ing  signs o f  general 

to x ic ity . Th is  resu lt corresponded to  that o f  S im on and M cEntee, 1989 w h ich  reported 

about the transfo rm a tion  o f  p lasm id in to  Saccharomyces cerevisiae by e lectroporation. 

The frequency o f  transform ation  increased w ith  the am ount o f  p lasm id D N A  between 

25 ng and 100 ng. A t h igher concentrations o f  D N A  (1-1.5 pg) transform ant y ie ld  

decreased. T h is  w o rk  used 5 pg o f targeting vector in  each transfo rm a tion  m ix tu re . 

The use o f  h igh concentration o f  D N A  was because the targeting  vector could not 

replicated in  ร. chlorophenolica. Thus it  had lim ite d  tim e to  liv e  in  ce ll. M oreover, 

h igh concentrations o f  D N A  m igh t increase the chance to fin d  the target site on 

genomic D N A .

L ine a r-D N A  fragm ents have been used successfully by several laboratories to 

do effect gene replacem ent in  the E. coli genome (Jasin and Shim m el, 1984; W inans et 

ah, 1985; A rps and W in k le r, 1987; Shevell et ah, 1988; R usse ll et ah, 1989). Oden et 

ah 1990 demonstrated tha t it  was no t necessary to linearize  the plasm id D N A  to
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achieve the desired double crossover event on the com blant gene replacem ent in  E. 
coli genome. L ine a riza tion  o f  plasm id D N A  at a unique site reduces the transform ation  

frequency re la tive  to c ircu la r m olecule by 102-103 fo ld  (C ohen et ah, 1972). Gene 

replacement results fro m  crossover w ith  recircularized plasm id m olecules. The 

estim ated linerized  plasm id D N A  can recircularize in  E. coli at about a 1 0 5- 1 0 6 

frequency by recom binatory event. Therefore i t  is in e ffic ie n c y  fo r the gene 
replacement process by transform ation  w ith  lin e a r D N A .

M oreover, stage o f the transform ing  D N A  resu lt in  e ffic ie n c y o f  double 
crossing over. Targeting frequency increased p rop o rtion a lly  w ith  copy num ber o f  the 

targeting was part o f  a lin e a r am plicon, but rem ained unchanged w hen i t  was present 

on circles. T ransfo rm ation  w ith  covalently closed c ircu la r plasm id D N A  w hich  storage 

at 4°c, decrease in  e ffic iency o f double crossover event. Th is  m ay be due to a higher 

percentage o f n ick m olecules, w hich m ay not be substrates fo r the system  (Oden et ah, 
1990). B u t when transform ed w ith  linearized plasm id D N A  w hich  storage at 4°c, the 

event o f  crossover increased. Th is  increase correlated w ith  the appearance o f  lin ea r 

d im er, trim e r and h igher o ligom er form s.

General recom bination proceeds by means o f stand exchange between D N A  

m olucules. In  E. coli th is process is mediated by the production o f  the recA gene 

(Radding et ah, 1982). F o r Bacillus subtilis, Rec E product fu n c tio n a lly  hom ologous to 

that o f  the E. coli recA gene, was detected in  cases where recom bination in  dependent 

on short region o f hom ology. H om ology requirem ents fo r recom bination in  B. subtilis 
were d iffe r fro m  E. coli. Phage lam da-plasm id recom bination in  E. coli, approxim ately 

30-40 bp to be a c ritic a l value fo r hom ologous recom bination in  recA+ ce ll (K in g  and 

Richardson, 1986; Shen and Huand, 1986). In  the other hand, B. subtilis was found that 

approxim ately 70 bp o f hom ology is required fo r detectable hom ologous 

recom bination by plasm id-chrom osom e cointegration. H om ologous recom bination was 

not detected w hen o n ly  25 bp o f hom ology between plasm id and chrom osom e were
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provided (Khasanov et al., 1992). The d iffe ren t in  m in im a l hom ology requirem ents fo r 

gene targeting in  E. coli and B. subtilis could be accounted fo r, no t o n ly  by the 

d iffe ren t in  D N A  substrates used, but also by d iffe ren t in  the enzym e m achinery 

between gram -negative E. coli and gram -possitive B. subtilis. A s was suggested by 

Singer et al. (1982), the c ritic a l hom ology length is determ ined by site  size 

requirements fo r D N A  strand-transfer proteins. So the d ifferences in  m in im a l 
hom ology requirements fo r tw o system  could deflect d ifferences in  the site  size fo r 

RecA and RecE proteins. W hereas hom ologous recom bination in  protozoan parasite 
Leishm ania were found that a decrease in  the length o f hom ologous sequence <1 kb on 

one arm o f the vector lin e a rly  influences the targeting frequency. N o hom ologous 

recom bination was detected, when the fla nk ing  hom ologous regions were <180 bp 

(Papadopoulou and Dum as, 1997).

Insertiona l recom bination was ve ry specific in  targeting hom ologous site w h ile  

the recom bination rate did depend strong ly on the hom ologous size o f  the targeting 

insert in  the donor plasm id (Lee et ah, 1998). R ussell et ah, (1989) reported tha t the 

frequency o f linea r transform ation decreased w ith  decreasing lengths o f  hom ologous 

D N A  franking . The frequency o f  transform ation w ith  1900 bp and 600 bp hom ology 

was less than 20% and 2%, respectively, o f  frequency w ith  4300 bp hom ology. W hen 

hom ologous sequences was interrupted by nonhom ologous sequences tha t approached 

the size o f  the to ta l hom ology, the in teg ra tion  frequency was m ost c lose ly correlated to 

the average size o f  the fla n k in g  hom ologies. I f  the nonhom ologous sequence were less 

than the to ta l hom ology present, the in teg ra tion  frequency resembled tha t o f  

uninterrupted sequence. T o ta l hom ology fla nk ing  sequence ( ร , hom ology + 5 ' 
hom ology) fo r inse rtio n  recom bination in  E. coli was 0.85 kb (0.3 kb + 0.55 kb ), 1.45 
kb (0.85 kb + 0.6 kb), 1.45 kb (0.6 kb + 0.85 kb), 2.1 kb (1.0 kb + 1.1 kb ) and 2.1 kb 

(1.1 kb + 1.0 kb) gave the inse rtion  frequency o f 1.13xl042.8xl0’4, 2.79X10"4, 16x10^ 
and 20x104, respective ly (H am ilton  et ah, 1989). These reports' support the
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dependence o f frequency o f hom ologous recom bination on hom ology length. From  

H am in lton et al. (1989), the to ta l hom ology 850 bp gave the inse rtio n  frequency

1.13 x i o 4. In  th is w o rk  had hom ology length approxim ately 800 bp therefore the 

m utant by insertion w ould  be 1.13 o f 10000 cells and concentration o f  com petent ce ll 

was no t less than 3 x l0 10 ce lls/m l thus one reaction o f e lectroporation should gave the 

m utant at least 1 .8 x l0 5colonies. B u t Papadoulou and Dum as (1997) reported that 
d iffe ren t chrom osom al locations were found to be targeted w ith  s ig n ific a n tly  variab le 

levels o f  effic iency. D iffe re n t strains o f  the same species showed d ifferences in  gene 

targeting frequency. Therefore the expected am ount o f  m utant in  these w o rk  m ay be 

not true.

Th is  w o rk  transform ed the targeting vector w ith  the same cond ition  as Lange et 

al. (1995) and Chanama and C raw ford  (1997) 25 tim es, but obtained no transform ant. 

The last transform antion experim ent gave transform ant on kanam ycin (K an) plates. 

Th is  transform ants were transferred to am p ic illin  (A m p )-K an plates to test the event o f  

crossover. F o r single crossover, transform ant w ould  resistant to  A m p and K an whereas 

a double crossover event w ou ld  produce transform ant w hich o n ly  resistant to  Kan. 

U nfo rtuna te ly, w ild  type stra in  o f  ร. chlorophenolica was resistant to  Am p. Thus A m p- 

Kan plate could no t be used to test the crossover event in  the transform ants. Southern 

b lo t analysis was used to confirm ed the structure o f  gene replacem ent and v e rifie d  that 

a crossover event had occurred. Southern b lo t analysis between iscoR I-d igestion 

genom ic D N A  and pep D  fragm ent probe gave one signal band. The approxim ate size 

o f  possitive band was 3 kb, th is corresponding w ith  the expected size o f  Lange and 

Orser (1994). A ll o f  the transform ants were ร. chlorophenolica because it  had signal 
bands on X -ra y  film  w ith  pcpD fragm ent probe. A ll transform ants were m utant strains 

o f ร. chlorophenolica resistant to Kan. S urp ris ing ly, the size o f  signal band between 

genomic D N A  from  w ild  type and m utants were equal. C onsequently, K anr gene was 

not inserted in to  pcpD gene. The expected func tion  o f  pcpD gene product is reductase.
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A c tu a lly , s im ila r oxidoreductase genes are in  genome. I t  should have m any genes in  

the genome o f ร. chlorophenolica w hich code fo r reductases. Therefore ou r targeting 

vector carrying  kanr gene m ight recombine at the o ther sites, w h ich  have h igh 

hom ologous sequence w ith  pcpD and lead the m utants resistance to  Kan. T h is  was 

confirm ed by Southern b lo t analysis w ith  kanr gene probe. U n fo rtu n a te ly , there was no 

signal band on X -ra y  film . Even though kanr gene was inserted o r replace in to  other 
site, it  should be detected because there was no A coR I site in  kanr gene. A ll m utants 

were resistant to  K an w ith o u t inse rtion  o f  kanr gene.

D rug resistance is a state o f  inse ns itive ly  o r o f decreased s e n s itiv ity  to  drug that 

ord inary cause g row th in h ib itio n  o r ce ll death. Kanam ycin belongs to  the group o f 
am inoglycosides an tib io tic . The term  am inoglycoside refers to any carbohydrate 

containing am ino func tion , w hich is jo ined  v ia  glycosidic linkage to an aglycone 

m oiety. K anr o f ร. chlorophenolica, gram -negative bacteria, could be explained as K anr 

o f gram -negative bacteria. There are three know  mechanisms by w h ich  gram -negative 

bacteria develop resistance to am inoglyciside (Kucers et al., 1997).

a. R ibosom al m utation: Th is  causes an a ltera tion at the site o f  am inoglycoside 

attachment to the ribosom e thereby in te rfe ring  w ith  the d ru g -a b ility  to  b ind to the 

ribosome. G ram -negative bacteria read ily  develop h ig h -leve l resistance to 

streptom ycin by th is m echanism , because th is drug appears it  b ind to a sing le site on 

the 30s subunit o f  the ribosom e. O ther am inoglycosides, such as kanam ycin and 

gentam icin, appear to bind to m u ltip le  sites on both ribosom al subunits, and h ig h -leve l 
ribosom al resistance to these drugs is rare and cannot be selected in  v itro  by a single 

m utation step. L o w  leve l gentamycin-resistance due to changes in  ribosom al p rote in  

has been reported, and stepwise h ig h -leve l resistance m ay develop i f  an organism  is 

exposed in  v itro  to progressive ly h igher concentrations o f  drug. These m utants are 

av iru len t and revert ra p id ly  to  se n s itiv ity  when grow n in  the absence o f  gentam ycin 

(Foster, 1983; M oe lle ring , 1983)
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b. Decreased ce ll perm eab ility: Uptake o f am inogylcosides in  sensitive stra in 

o f gram -negative bacteria occurs in  three stages. These an tib io tics in itia lly  associate 

w ith  the ce ll w a ll and then pass passively through outer m embrane pores. The next 

phase is energy-dependent and invo lves b ind ing o f the an tib io tics to  membrane 

structures and resp ira to ry quinones to fo rm  complexes fo r th e ir transport in to  ce ll. The 

th ird  phase is also energy-dependent and invo lves membrane-bound am inoglycosides 
becoming bound to ribosom e. Uptake o f am inoglycoside is dependent on energy 

derived from  aerobic m etabolism . A ll anaerobic bacteria are am inoglycoside resistant 

because in tra c e llu la r transport to these agents is m akedly im paired in  the absent o f 
oxygen. Am inoglycosides w hich are m od ified  by acetylation etc. appear to be unable 

to react w ith  ribosomes and in h ib it p rotein synthesis, and they o n ly  e xh ib it the firs t tw o 

phases o f transport in to  the bacterial ce ll (Foster, 1983; Taber et ah, 1987).

Gram -negative b a c illi do not possess inac tiva ting  enzymes o r ribosom al 

m utations, yet they are resistant to these drugs. In  some o f these resistance is  due to a 

transport defect. These m utants m ay have changes in  cytochrom es, resp ira to ry 

quinones o r a reduction o f  the synthesis o f  components o f the electron transport chain 

(B ryan and Kw an, 1981). Th is type o f resistance leads to generalized cross-resistance 

to a ll am inoglycoside, although the leve l o f resistance m ay be lo w  (D avies, 1983). I t  

probably occurs by a chrom osom al m utation a ffecting  the gene fo r am inoglycoside 

transport (H ardy et ah, 1980). In  other bacterial stra in resistance m ay due to a 

perm eab ility b arrie r at the ce ll w a ll; in  some strains a lo w  leve l am inoglycoside- 

resistance is associated w ith  a change in  the structure o f  the lipopolysaccharide in  th e ir 

cell w a lls (B ryan  et ah, 1984).

c. A m inoglycoside m od ify ing  enzyme: H ig h -leve l resistance m ost com m only 

occurs due to the acquisition o f  plasm id, w hich code fo r the p roduction o f  enzyme, 

m od ify ing  by e ither acetylation, adenylylation o r phosphorylation (Shannon et ah, 

1978; Shaw et ah, 1993). A t the m olecular leve l, resistance to am inoglycosides is 

determ ined by a group o f re la tive ly  sm all genes, w hich m ay be located on the
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chromosom e, plasm ids, transposons and possib ly bacteriophages (D avies, 1983; 

Lupcki, 1987; Shaw et ah, 1991; Colem an et ah, 1994).

Kanam ycin resistance o f bacteria is m ost com m only due to  plasm id-m ediated 

production o f  a series o f  am inog lycoside-m odifying enzym e. In  th is  w o rk , kanr gene 

from  targeting vector did no t inserted in to  genome o f m utant stra ins and the targeting 

vector does no t have o rig in  o f  rep lica tion  in  ร. chlorophenolica thus it  could no t be 

replicated in  th is  bacteria. Th is  was confirm ed by plasm id extraction in  m utant strains. 

M utants did not have the targeting vector therefore resistance to K an was no t p lasm id 
mediated. H ig h -leve l ribosom al resistance to kanam ycin is rare and cannot be selected 

in  v itro  by a single m uta tion  step therefore resistance to K an by m utant stra ins in  th is 
w o rk  should no t be m ediated by the m echanism  o f ribosom al m uta tion .

In  the fu rthe r study should be tested the m utants that how  they w ere resistant to  
Kan. M utant strains in  th is  w o rk  were resistant to K an m ig h t be m ediated by the 

mechanism o f decreased ce ll perm eab ility. F o r th is  m echanism  should be confirm ed by 

testing fo r Kan uptake in  m utant cells. F o r example, cu ltu ring  the m utants in  m edium  

containing Kan, detection o f  am ount o f  Kan inside. The am ount o f  K an in  m utant cells 

is compared w ith  tha t o f  w ild  type. I f  the am ount o f  K an in  m utant ce lls is lesser, 

resistance to Kan by m utants m ay be m ediated by the m echanism  o f  decreased ce ll 

perm eability. Som etim e, m utants m ig h t have chrom osom al m u ta tion  a ffec ting  the 

gene responsible fo r am inoglycoside transport system. R es tric tio n  fragm ent length 

polym orphism  (R F L P ) o r random  am p lified  polym orphic D N A  (R A P D ) should be 

used to test D N A  o f the m utants and w ild  type. I f  R FL P  o r R A P D  patterns p ro file s  o f 
D N A  o f m utants are d iffe ren t fro m  the w ild  type, m utant stra ins possible have m utated 

D N A . Further studying m utated D N A  w ill le t US to  understand the m echanism  o f

resistance to Kan.
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In a b ility  to detect the m utant stra in containing m utated pcpD gene w hich 

mediated by hom ologous recom bination m ight come from :

a. P rom oter o f  kanr gene can not w o rk  in  ร. chlorophenolica. Kanam ycin 

resistance gene was used as selectable m arker fo r transform ant. K anam ycin resistance 

gene w hich use in  th is  w o rk  (npt I) coordinates from  transposon Tn903 in  the sequence 

1083-2038, w hich code fo r Kan phosphotransferase. O rig in  o f rep lica tion  starts at 

1133-1977. The D N A  sequence shows an A T G  at p os ition  1162 that is preceded by the 

Shine-D algam o sequence A -A -G -G  at 1152. Upstream  fro m  th is lies a reg ion w ith  the 

characteristic o f  a transcrip tional prom oter: T -A -T -C -A -T -C  (1106-1112) fo r the 
P ribnow  box and T -G -T -T -A -C -A -T -T -G  at the -35 reg ion (G rind ley and Joyce, 1980). 

Lange et al. (1995) could used kanr gene from  Tn  5 as a selectable m arker gene in  ร. 
chlorophenolica. B o th  Tn  903 and Tn  5 are from  E. coll, therefore kanr genes from  

both transposons have E. coll prom oter. From  nucleotide sequence analysis, prom oter 

o f kanr gene from  Tn  903 is d iffe r from  prom oter o f  kanr gene fro m  Tn  5. W ith  

d iffe ren t E. coli p rom oter, kanr gene from  Tn  903 m ay not w o rk  in  ร. chlorophenolica.
b. Unsuccessful transform ation o f targeting vector in to  ร. chlorophenolica. 

Because there are m any parameters affecting the transfo rm a tion  and there are no 

m arker available to test transform ation e ffic iency. Lange et al. (1995) reported that the 

previous attem pt at transform ing  and mutagenized ร. chlorophenolica were 

unsuccessful therefore th is  stra in m ay be d iffic u lt to transform .

c. H om ologous D N A  length in  the targeting vector m ig h t no t be adequate fo r 

hom ologous recom bination. Lange et al. (1995) reported that the hom ology length fo r 

disrupted pcpB gene in  ร. chlorophenolica was 2.3 kb whereas in  th is  w o rk  it  was 

about 0.8 kb on to ta l hom ology length.
Therefore, in  the fu rthe r study one should use the kanr gene fro m  Tn  5 (npt II)  

to in te rrup t the O R F o f pcpD and increase the hom ologous D N A  leng th in  the 

targeting vector because recom bination rate did depend strong ly on the hom ologous 

size, high hom ology length increases the recom bination rate.
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