
UNIVERSITY OF KENT AT CPlNTERBURY 

PROJECT REPORT -.. 
I 

. fi ei -.'.-', 

P 

E- 

I 

- 3 a  SQP*~ Q=. IJ. mrunabpm ' . 

,. .? 

D*: ~epteabe~' 85 

.+' 

. J . . 

L 

- I < .  : , ..., . .  . . . ' 
) ,_.-. !'. . ... 

u a a f i a  kl!42!&:~,;Le, 1.; ;.&&'.. %&2. +.3: ~ 



Cloning ArgF and ArgG genes o f  Pseudomon~ar 

m r u g i n o  sa 

BY 

A.A.M. Kunhi, M.Sc., Ph.D. 

P ro jec t  repo r t  submitted as a p a r t i a l  f u l f i l m e n t  f o r  the  

award o f  I n te rna t i ona l  Post-Graduate Diploma i n  

Biotechnology. 

I n s t i t u t e  f o r  B io techno log ica l  Studies, 

C/O Polytechnic o f  Central  London, 

115, New Cavendish S t ree t ,  

London W I M  8JS., U.K. 



ACKNOWLEDGEMENT 
i 

I w ish t o  express my s i n c e r e  g r a t i t u d e  t o  my supe rv i so r  D r .  V. Karunakaran 

f o r  h i s  h e l p  and cont inuous encouragement throughout  t h i s  s tudy.  

My s i nce re  thanks a r e  a l s o  due t o  D r .  Robert E. Drew, D r .  Cather ine M. 

Rice and Dr. Gunter Saunders f o r  t h e i r  many h.slpfu1 suggest ions d u r i n g  t h e  work. 

I am a l s o  t h a n k f u l  t o  P r o f .  G. H o l t  and D r .  David J. Hardman f o r  t h e i r  

i n t e r e s t  i n  my work. 

F i n a l l y ,  I would l i k e  t o  thank The Un i ted  Nat ions  U n i v e r s i t y ,  Tokyo, 

Japan f o r  t h e  award o f  a  Fe l lowsh ip  w i t h o u t  which t h i s  s tudy would no t  have 

been poss i b  1 e. 



S UMMA RY 
I 

I 
The R pr ime plasmid, pCRl c a r r y i n g  argF/G genes was i s o l a t e d  i n  l a r g e  

sca le  f rom Pseudomonas putida PPN1092 s t r a i n  by a  mod i f i ed  Wheatcrof t  and f 
i 

Wi l l i ams (1981) method. The f r a c t i o n s  ob ta ined  f rom t h e  s u c r o s e g r a d i e n t  1 
i 

conta ined reasonably pure bu t  r a t h e r  d i l u t e  s o l u t i o n s  o f  t he  plasmid DNA. 
t 

Attempts t o  concen t ra te  plasmid DNA by ace ta te -e thano l  p rec i  p i  t a t  i o n  r e s u l t e d  i 
i n  l oss  o f  t h e  plasmid. 

The pCRl plasmid was d iges ted  w i t h  r e s t r i c t i o n  enzymes, P s t l  and BamHl 

and t h e  fragments were l i g a t e d  w i t h  s i m i l a r l y  r e s t r i c t e d  and dephosphorylated 

plasmid vec to rs ,  pAT153 and pBR322. 

Attempts t o  t r ans fo rm  E.coZi W4100 Arg 's t ra in  by t h e  recombinant plasmid 

vec to rs  as w e l l  as t h e  whole plasmids, pAT153 and pBR322wemnot success fu l .  

Hence, an eas i  1 y  t rans fo rmab le  s t r a  i n, E.col i  H B l  01 was taken  and fkansformed. 

Recombinant plasmid pBR322 f a i l e d  t o  t r ans fo rm  t h e  competent c e l l s  whereas 

pAT153 c a r r y i n g  pCRl DNA fragments bo th  a t  P s t l  and Bam H 1  s i t es (  ( sepa ra te l y )  

t ransformed the  c e l l s  w i t h  f a i r l y  h i g h  t r a n s f o r m a t i o n  frequencies (7.56 x 10 
-6 

-6 
and 3.24 x 10 , r e s p e c t i v e l y ) .  

210 t ransformants  f rom c e l l  s  t r e a t e d  w i t h  pAT153 c a r r y i n g  i n s e r t s  a t  t he  
formed 

P s t l  s i t e  and 252 f rom t h o s e t r a n s - /  w i t h  t h e  same plasmid w i t h  i n s e r t s  a t  

Bam HI s i t e  were i ~ o l a t e d ~ o u t  o f  which 73 ( p P ~ 1  - pPK73) and 78 (PBK, - pBK78) 

co lon ies ,  r e s p e c t i v e l y  were found t o  be recombinants ( i . e .  about 35% and 31% 

recombi na t i on )  . 
Plasmids were i s o l a t e d  from these recombinant s t r a i n s  ( ~ P K  and pBK s t r a i n s )  I 

by Holmes and Qu ig ley ' s  (1981) method and pooled i n  d i f f e r e n t  batches. These 1 
t 

pooled recombinant plasmid DNA p repara t ions  were used f o r  t rans fo rming  E.coZi ! 
~ 4 1 0 0  ~ r ~ ~ s t r a i n s .  The p repara t ions  from pPK s t r a i n s  ( i  .e. pAT153 c a r r y i n g  

pCRl fragments a t  Ps t  I  s i t e )  f a i l e d  t o  t r ans fo rm  t h e  competent c e l l  s  whereas 

I 
a l l  t h e  batches o f  plasmid pools  f rom pBK s t r a i n s  ( i  .e. pAT153 w i t h  pCR1 I 

fragment i n s e r t s  a t  Bam HI s i t e )  t ransformed t h e  c e l l s  w i t h  v a r y i n g  trans-format ion 



- 6 
f requenc ies  (2.98 x 1.25 x l om6 ,  2.11 x 10 and 2.39 x 

57 r e p r e s e n t a t i v e  recombi nant  c o l o n i e s  ( ~ B M K  s t r a i  ns) w i t h  phenotypes 

R 
~ r ~ ' ,  Amp and ~ e t ~  were i s o l a t e d  and s u b c u l t u r e d  on  s e l e c t i v e  media and t h e  

phenotypes were con f  i rmed. These c o l o n i e s ,  however, were s low grow i ng. 

E f f o r t s  t o  i s o l a t e  recombinant p lasmid DNA f rom these  s t r a i n s  were 

no t  successfu 1 . 



CHAPTER 1. - INTRODUCTION 

Microbial processes for the production of a number of metabolites have 

been known and been practised for centuries and in the last few decades they 

have made significant contribution to industrial development. However, there 

has been an ever increasing awareness about the immense potentialities of 

biotechnological processes in recent years. Improvement of the yield of 

various microbial products such as antibiotics, enzymes, organic solvents, 

amino acids, and a wide variety of other valuable products has been achieved 

by various means. They include, mainly, the selection of potent microbial 

strains and optimization of various nutritional and cultural conditions so as 

to enable overproductipn of the desired product. Another approach has been 

the genetic manipulation of the producing organism for improving the yield of 

the des i red product ( ~ a  1 i k, 1979). 

Genetic Manipulation: This primarily involves strain improvement through 

mutagenesis and selection of mutants resistant to feedback inhibition or 

repression. Various physical agents such as ionising radiations and chemicals 

are used for bringing about mutations. Many of the microbial strains used 

at present in industry for the production of a number of microbial metabolites 

were developed by this method. 

Protoplast fusion is another technique which is proving successful in 

strain improvement. Somatic hybridization that results after fusion of cells 

having different genetic configuration enables them to increase the genetic 

recombination of genes coding for different desired characters. For example, 

a high producing but slow growing mutant could be recombined with a fast 

growing strain - both coming from the same ancestor prototroph - which would 
result in the formation of high yielding and fast growing strain. The 

technique has been very successfully made use of in the so called 'hybridoma 

technology' particularly for the production of monoclonal antibodies. This 

technique has also been tried in the case of fungal and streptomycete strain 

improvement programmes. 



Recombinant DNA technology is yet another genetic manipulation technique 

which is becoming increasingly significant. Gene amplification is one of 

these techniques which involves cloning of a full or part of the structural 

gene into a multicopy cloning vector (eg. a plasmid) which, in turn, is 

introduced into the cell. This helps to enhance the production of the gene 

product by the increased rate of expression of the gene due to better defined 

means of gene regulation. In other words, recombinant DNA technology comprises 

tailoring the gene by selectively cutting (restricting) and joining (ligating) 

the different pieces together as desired and eventually inserting the tailored 

genome into the cell. By this technique it has been possible to introduce 

foreign genes from genetically very different organisms (including mammalian 

DNA) to microorganisms. Escherichia coli, a Gram-negative bacterium of 

alimentary canal is the host organism which has been extensively used for 

cloning of foreign genes. Recently genetic engineers have been looking 

for other organisms as an alternative for E.coli which has some disadvantages 

such as potential health hazard (being a normal flora of intestine), inability 

to excrete the gene product, lack of protein modification system which is 

required for the formation of active eukaryotic gene products etc. Bacillus 

subtilis and Saccharomyces cerevisiae have proved to be of use as host 

organisms for cloning foreign genes. Members of the genus, Pseudomonas are 

another group of organisms which have attracted increasing attention, recently 

for genetic studies. 

Genetics of Pseudomonas The special attraction towards the studies on 

Pseudomonads was mainly due to their biochemical diversity, significance for 

infectious disease and their resistance to antibiotic therapy, and increasing 

awareness that their genetic constitution is different from other bacteria. 

They are capable of utilising a wide variety of substrates as carbon and 

nitrogen sources (~hakrabarty, 1976). A lot of work has been done on the 

chromosomal as well as extrachromosomal genetics of Pseudomonas in various 

laboratories. Excellent reviews have been published on the genetics of 



Pseudomonas ( ~ o l  loway et aZ, 1975; S t a n i s i c h  and Richmond, 1975; Hol loway, 

1979; Bagdasarian and Timmis, 1982; Sakaguchi, 1982; Clarke,  1984; C la rke  

and Richmond, 1975) . 

( i )  Chromosomal gene t i cs  For over  30 years ex tens i ve  work has been done on 

t he  d e t a i l e d  mapping o f  E.coZi chromosomal DNA. However, mapping o f  Pseudomonus 

chromosome i s  o f  r a t h e r  recen t  o r i g i n .  E a r l i e r  s t ud ies  were made on two s t r a i n s  

o f  P.aeruginosa, PA0 and PAT (Hol loway, 1969; Watson and Hol loway, 1978; 

Holloway et aZ., 1979). I n  a  more recen t  s tudy a t h i r d  s t r a i n  has been 

subjected t o  gene mapping (Sambanthamurthi , 1383). 

Three processes o f  Chromosomal t r a n s f e r :  don juga t ion ,  t ransduc t ion ,  and 

t r ans fo rma t i on  a r e  found i n  Pseudomonas among which con juga t i on  i s  t h e  most 

u s e f u l .  

(a) Conjugat ion. A number o f  plasmids have been used i n  t he  mapping o f  t he  

dhromosomes of P.aeruginosa s t r a i n s .  FP2, t h e  sex f a c t o r  was t h e  f i r s t  plasmid 

t o  be used i n  t h e  mapping o f  P.aeruginosa s t r a i n s  PA0 and PAT ( ~ o l  loway, 1955). 

La te r  a  number o f  s i m i l a r  plasmids hav ing  t he  same s i t e  o f  o r i g i n  f o r  Chromosome 

t r ans fe r  ( de f i ned  as zero  minutes)  have been i s o l a t e d  which inc ludes  FP FP39 
5 ' 

( ~ a t s u m o t o  and Tazaki ,  1973; Pemberton and Hol loway, 1973) and FPllO which 

t r ans fe r s  chromosome from an o r i g i n  around 25-28 minutes, i n  t h e  oppos i t e  d i r e c t i o n  

t o  FP2 ( ~ o y l e  and Hol loway, 1980). However, i t  was no t  p o s s i b l e  t o  es tab l  i s h  

the  c i r c u l a r i t y  o f  t h e  dhromosome by us ing  these plasmids as they have o n l y  one 

s i t e  o f  o r i g i n .  

A number o f  R p lasmids be long ing  t o  I nc  P-1 group and hav ing wide host  

range ( ~ a t t a  and Hedges, 1972) were shown t o  be hav ing  good Chromosome mobi 1 i s  ing  

a c t i v i t y  (Cma) i n  P.aeruginosa s t r a i n  PAT   ats son and Holloway, 1978). I nc  P-1  

plasmids were used i n  c o n j u n c t i o n  w i t h  R91, an# i n c  P-10 plasmid t o  demonstrate 

the  c i r c u l a r i t y  o f  t h e  PAT chromosome. They had poor Cma i n  P.aeruginosa PAO. 

However, i s o l a t i o n  o f  v a r i a n t s  o f  R68 ( l n c  P-1 group) w i t h  h i ghe r  Cma such as 

68.45 ( ~ a a s  and Hol loway, 1976; and 1978) led  t o  t h e  d e t a i  l ed  mapping o f  s t r a i n s  



o f  P.aeruginosa and p a r t i c u l a r l y  t o  t h e  es tab l i shment  o f  c i r c u l a r i t y  o f  PA0 

chromosome (Roy1 e  e t  aZ, 1981 ) . Fi g  . 1 shows t h e  chromosome map o f  

P.aemginosa s t r a i n  PA0 (Hol loway and C rocke t t ,  1982). 

E a r l i e r  works on t h e  mapping o f  P.putida chromosome were n o t  q u i t e  
1 

successful  as plasmids used such as K  ( p a r t  o f  OTC p lasmid ) ,  CAM t h e  Camphor 
i 

u t i l i s i n g  plasmid, pfdm etc . ,  showed very  low Cma. L a t e r  Mar t inez  and C la r ke  
? 
1 

! 
(1975) showed t h a t  R68.44 cou ld  promote chromosomal t r a n s f e r  i n  P.putida 

which was f o l l owed  by t h e  i s o l a t i o n s  o f  a  number o f  enhanced chromosomal t r a n s f e r  

(ECM) plasmids possessing h i g h  Cma ( ~ a ~ a d u  and Hol loway, 1980). I n  1983 Dean 

and Morgan were a b l e  t o  e s t a b l i s h  t h e  c i r c u l a r i t y  o f  P.putida chromosome w i t h  

the  h e l p  o f  Hfr donors formed by t h e  i n t e g r a t i o n  o f  R91-5:: Tn501 i n t o  t h e  

chromosome. F ig .  2  shows t he  chromosome map o f  P.putida PPN. 

Chromosome t r a n s f e r  has been shown t o  be promoted by ECM plasmids,  

e s p e c i a l l y  by  R68.45, i n  o t h e r  b a c t e r i a l  genera t o o  e.g. E.coZi, KZeJxieZZa 

pnemoniae, Rhizobim phaseo Z i i  , Methy Zophi Zus me thy  Zotrophus e t  c  . ( ~ a a s  1 983 ) 

(b) Transduct ion.  Propagaton o f  bacter iophages i n  P.aeruginosa i s  common. 

A  number o f  such phages have been c h a r a c t e r i s e d  which i n c l u d e  B and F116 
3 

( ~ o l  loway e t  aZ., 1960), G l O l  and a  v a r i a n t  o f  F116 c a l  l e d  F116L ( ~ r i s h n a p i  l , l a i ,  

1971). They a r e  capable  o f  de te rm in i ng  t h e  chromosomal o r d e r  o f  c l o s e l y  1 inked 

markers. P.aeruginosa has been found t o  be l y sogen i c  f o r  a t  l e a s t  one phage. 

Phages F116L and G l O l  which a r e  general  i s e d  t r ansduc i  ng phages have been 

e x t e n s i v e l y  used t o  mapping o f  t h e  P.aeruginosa Chromosome. Transducing 

phages f o r  o t h e r  spec ies o f  Pseudomonas a r e  much l ess  common. However, phages 

such as 01 2  and OW- 14 i n  P.acidovorans, M3 i n  P.maZtophiZia, p f  16 i n  P.putida 

have been i s o l a t e d  ( ~ o l  loway e t  aZ, 1979) . 
(c)  Trans.formation. T rans fo rmat ion  o f  chromosomal markers, a l though  w i t h  

low frequency, has been repo r t ed  f o r  P.putida (Myl r o i e  e t  aZ, 1978) and 

P.soZanaceam ( ~ o u c h e r  and Sequeira,  1378).  However, i t  has n o t  been poss ib l e  

f o r  P.aemginosa though plasmid t r a n s f o r m a t i o n  o f  ca2+- t reated r e c i p i e n t s  has 



Figure 1 .  Chromosome Map o f  Pseudomonas aerugirwsa PA0 

( taken from Hol loway and Crockett ,  1982) 
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been repor ted  (Sano and Kagegama, 1977; S i n c l a i  r and Morgan, 1978). I t 

may be because t h e  l i n e a r  chromosomal DNA i s  degraded i n  P.aeruginosa as i n  

t he  case o f  E.coZi ( ~ o l  loway et aZ, 1979). 

( i  i )  Plasmids i n  Pseudomonas: Plasmids rang ing  f rom t i n y  c r y p t i c  e n t i t i e s  

through r e s i s t a n t  plasmids and sex f a c t o r s  t o  l a r g e  deg rada t i ve  plasrnids have 

been repor ted  i n  Pseudomonas ( ~ h a k r a b a r t ~ ,  1976) ; Jacoby and Shapi r o ,  1977; 

Haas, 1983). 

(a)  FP-plasmids The f i r s t  p lasmid t o  be d iscovered i n  P.aeruginosa was t he  

sex f a c t o r  FP-2 (Hol loway and Jennings, 1958). Besides t h e  a b i  1 i t y  t o  promote 

chromosome t r a n s f e r  i n  c o n j u g a t i o n  t h i s  and o t h e r  sex f a c t o r s  such as FP-5 i n  

P.aeruginosa con fe r  r e s i s t a n c e  t o  mercur i c  s a l t s  ( L o u t i t ,  1970 ; Matsumoto 

and Tazak i ,  1973). Another sex f a c t o r ,  FP39 i s  d i f f e r e n t  f r om  o t h e r s  i n  t h a t  

f 
i t  cannot con fe r  mercury r e s i s t a n c e  though i t  i s  capable  o f  c o n f e r r i n g  a Leu 

phenotype i n  ~ e u -  s t r a i n s  o f  P.aeruginosa (Hol loway, 1975). Sex f a c t o r  FPl 10 

does no t  have any apparent  phenotype o t h e r  than  Cma i n  P.aeruginosa ( ~ o y l e  and 

Hol loway, 1980). 

(b)  R-Plasmids R plasmids which were o r i g i n a l  l y  de tec ted  independent ly  by 

Lowbury et aZ. (1969) and B lack  and Girwood (1969) were e x t e n s i v e l y  s t ud ied  

l a t e r  a f t e r  t h e  obse rva t i on  t h a t  they were respons ib l e  f o r  C a r b e n i c i l l i n  

r e s i s t a n c e  (Sykes and Richman, 1970; F u l l  brook et aZ, 1970). 

At tempts  have been made by many workers  t o  determine t h e  phys i ca l  

c h a r a c t e r i s t i c s  o f  t h e  plasrnids. R p lasmids RP1 and RP8 a r e  s i m i l a r  i n  t h e i r  

3 buoyant d e n s i t i e s  (1.719 g/Cm ) and have a 60% v a l u e  f o r  G+C (guanine + 

cy tos  i ne) . 100% homo1 ogy t o  immob i 1 i sed RP8 was shown by RP4, RPl and R P ~ .  

I n  a r e c i p r o c a l  exper iment,  however, RP8 showed o n l y  65% homology w i t h  RPI. 

Th i s  was because RP8 was 22 rnegadal tons ( ~ d )  l a r g e r  than R P l  wh ich was 40Md 

(Grimsted et aZ., 1972; Saunders and Grimsted, 1972). R P 1 ,  RP4, R68 and RK2 

were repor ted  t o  be i d e n t i c a l  and had a mo lecu la r  s i z e  cor responding t o  56.4 Kb 

(40 ~ d )  (Burkard t  et aZ., 1979) whereas RP8 was l a r g e r  (93 Kb o r  62 Md. 

Thomas, 1981 ) . 



F l g u r e 2 .  ChrornosomeMapofPseudomonasputidaPPN 
(taken from Dean and Morgan, 1983).  



R68 was used f o r  mapping P.aeruginosa PAT chromosome. But i t  showed 

low Cma i n  s t r a i n  PAO. However, a  d e r i v a t i v e  o f  t h i s  plasmid, R68.45 was 

shown t o  have m u l t i p l e  s i t e s  o f  o r i g i n  i n  bo th  t h e  s t r a i n s  as w e l l  as i n  

var ious  o the r  Gram-negative b a c t e r i a  (Holloway, 1979). T h i s  plasmid was 

shown t o  have acqui red an a d d i t i o n a l  i n s e r t i o n  sequence o f  2.12 Kb ( ~ a c o b  

et aZ., 1980; Riess et aZ., 1980). 

(c )  R-PrimePlasmids. R 6 8 . 4 5 p l a s m i d s c a r r y i n g f r a g m e n t s o f  chromosomal 

DNA have been i s o l a t e d  f rom a  v a r i e t y  o f  hos t  spec ies such as P.aeruginosa 

( ~ o l  1 oway, 1978) P.putida (Morga-n, 1982) , E.coZi ( ~ e d ~ e s  and Jacob#, 1977) and 

~ethyZophiz%s methyZotrophus (Moore et aZ., 1983) . The Cma o f  ~ 6 8 . 4 5  i s  

be1 ieved t o  be r e l a t e d  t o  a  d u p l i c a t e d  s e c t i o n  o f  plasmid DNA sequence i n  

~ 6 8  ( t h e  2.12 Kb segment c a l l e d  IS21 which has t h e  p r o p e r t i e s  o f  an i n s e r t i o n  

( ~ i e s s  et aZ, 1980). The chromosome mobi 1 i z a t  i o n  occurs by means o f  

a  c o i n t e g r a t e  i n te rmed ia te  formed d u r i n g  t r a n s p o s i t i o n  o f  IS21  i n t o  t h e  

chromosome ( ~ i  1 l e t t s  et aZ., 1981). I n  ~ 6 8 . 4 5  pr ime plasmids c a r r y i n g  

P.aeruginosa DNA, t h e  chromosome i n s e r t  i s  f lanked by d i r e c t  repeats.. o f  t h e  

2.12 Kb element (~eemans et aZ., 1980). 

De le t ions  o f  t h e  DNA fragments f rom R1-plasmids were observed a f t e r  

con juga t ion .  T h i s  u s u a l l y  happened s t a r t i n g  between t he  two cop ies  o f  t h e  

i n s e r t i o n  sequences and ex tend ing  t o  t h e  i n t e g r a t e d  chromosomal fragment 

( Depicker et aZ., 1980, Haas and Riess, 1983). I n  t h i s  process l oss  of 

markers such as a n t i b i o t i c  r e s i s t a n c e  was observed. According t o  Morgan (1982) 

t h i s  loss  o f  a n t i b i o t i c  r es i s tances  i n  newly i s o l a t e d  R-primes was analogous 

t o  t he  i n s t a b i l i t y  o f  plasmids seen a f t e r  chromosome m o b i l i z a t i o n .  Th i s  

happens, accord ing  t o  him, a f t e r  t r a n s f e r  o f  t h e  R-prime t o  i t s  r e c i p i e n t  

host  bu t  p r i o r  t o  t h e  es tab l i shment  o f  a  s t a b l e  R-prime plasmid. 

I n  a  number o f  o t h e r  spec ies a l s o  R-primes have been formed us ing  R68.45 : 

De ta i l ed  s t u d i e s  f o r  e l u c i d a t i o n  of  phys i ca l ,  p h y s i o l o g i c a l  and gene t i c  



9. 

c h a r a c t e r i s t i c s  o f  va r i ous  R-prime p lasmids have been c a r r i e d  o u t  r e c e n t l y  by 

Rice (1984). The plasmids pM0780 and pAS13 which were p r e v i o u s l y  d e r i v e d  

from pM061 w i t h  chromosomal i n s e r t s  were shown t o  i n c l u d e  t h e  mniER gems  and 

t h e  argFG genes. By s t u d i n g  t h e  n u t r i t i o n a l  requ i rements  she was a b l e  t o  

o b t a i n  mi- d r i v a t  i ves  o f  pM0780 ( ~ ~ 0 7 8 0 1  - {mi-]) and pAS13 (pCR1 o r  pAS13 

 mi-). D i f f e rences  i n  s t r u c t u r e  were shown t o  c o r r e l a t e  w i t h  changes i n  the  

gene t i c  composi t ion.  The s i z e  o f  a l l  R-primes she i n v e s t i g a t e d  were seen t o  

be l a r g e r  than  100 Kb. By Southern b l o t t i n g  techniques u s i n g  Xmni probe she 
I 

was a b l e  t o  e s t a b l i s h  t h e  f i n e  s t r u c t u r e  map of t h e  amidase gene segment and 

t h e  sur round ing  DNA i n  pAS13 which c o r r e l a t e d  w i t h  r e s u l t s  o f  o t h e r  workers 

( ~ l a r k e  e t  aZ, 1981 ; Cousens and Drew, 1984) and new da ta  concern ing reg ions  

o f  DNA upstream o f  t h e  5 '  end o f  t h e  m i E  s t r u c t u r a l  gene were accumulated. 1 
I 
I 

(d)  Degradat i v e  Plasmids o f  Pseudomonas. A  number o f  p lasmids which were 2 
1 

t h e  f i r s t  t o  be i s o l a t e d  f rom Pseudomonas have been named as degrada t i ve  

plasmids ( ~ h a k r a b a r t y ,  1973). Most o f  them code f o r  t h e  ca tabo l i sm  

(degrada t ion )  o f  a romat i c  o rgan i c  compounds (Chakrabarty,  1976; Don and 

Pemberton, 1981; Yen and Gunsalus, 1982; Cane and W i l l i ams ,  1982) eg. 

xy lene,  t o1  u e n e ( T ~ ~ ) ,  a1 kane (oCT) , Camphor (CAM), sa l  y c y l a t e  (SAL) , naphthalene 

(NAH) , and i nsec t  i c i  des ( p J ~ 3 )  . , The ca tabo l  i sm o f  most o f  these compounds 

a r e  v i a  ca techo l  o r  s u b s t i t u t e d  ca techo l s  and through meta pathway. Many o f  

these plasmids a r e  s e l f - t r a n s m i s s i b l e  and o t h e r s  a r e  n o t .  The s i z e  may vary  

f rom 50 t o  200 Kb. 

(e) Hyb r i d  Plasmids Host range o f  s p e c i f i c  p lasmids cou ld  be extended by 

c o n s t r u c t i n g  h y b r i d  plasmids.  T rans fe r  o f  a t  l e a s t  p a r t  o f  an Inc  P-2 

plasmid,an R p lasmid t o  E.coZi and o t h e r  e n t e r i c  b a c t e r i a  (Jacoby e t  aZ., 1976; 

S t a n i s i c h  and Bennett ,  1976) was f a c i l  i t a t e d  by h y b r i d i z i n g  an I n c  P-1 and 

Inc  P-2. S i m i l a r l y ,  t r a n s p o s i t i o n  o f  TOL genes i n t o  RP4 a l lowed t h e  gene 

express ion i n  E.coZi hos t  i n  which case t h e  express ion  was low (Jacoby et ,nZ,  

1978) . Cla rke  and Laverack (1983) were a b l e  t o  t r a n s f e r  R' -p lasmids c a r r y i n g  

argF genes f rom P.aeruginosa s t r a i n s  PA0 and PAC t o  P.putida argF and E.coZi . 



s t r a i n s .  The express ion  o f  t h i s  gene i n  Pseudomonas was v e r y  good whereas 

i t  was very  low i n  E.coZi. Chakrabarty et aZ. (1978) have s tud ied  

t r a n s p o s i t i o n  o f  p lasmid DNA segments s p e c i f y i n g  hydrocarbon degrada t ion  and 

t h e i r  express ion  i n  v a r i o u s  microorganisms and found t h a t  t h e  TOL f rom RP4:: 

TOL cou ld  be transposed on t o  o t h e r  R p lasmids and t h a t  RP4: :SAL h y b r i d s  cou ld  

be ob ta i ned .  

I n  most o f  t h e  cases s t u d i e d  where h y b r i d i z a t i o n  was c a r r i e d  o u t  between I 
I 

I  nc P-1  and I nc P-2 plasmids,  I  nc P-1 p r o p e r t i e s  were found t o  be "dominant". 

I t  has a l s o  been p o s s i b l e  t o  t r a n s f e r  h y b r i d s  composed o f  I nc  P-1 plasmid 

Mu t o  a  number o f  genera i n c l u d i n g  Escherichia, KZebsieZZa, ~seudomonas, 

Rhizobiwn, Serratia, Proteus, and Eminia ( ~ 0 1 1  oway , 1 979) . 
( i  i i )  C lon ing  Veh ic les  

(a)  Plasmid Vectors  There a r e  a  number o f  rev iews on p lasmid vec to r s  
1 

( ~ o l  i v a r ,  1979; Bol i v a r  and Backman, 1980; Kahn et aZ., 1980). The f i r s t  I I 

8 

plasmid t o  be used i n  a  c l o n i n g  exper iment  was pSCl 01  ohen en et aZ., 1973). I 
.I 

I 

The c r i t e r i a  t h a t  have t o  be f u l f i l l e d  f o r  use o f  p lasmid v e c t o r s  a r e  t h a t  i 

t h e  i n s e r t i o n  should no t  i n t e r f e r e  w i t h  rep1 i c a t i o n  o f  t h e  plasmid and i t  I 

shou ld  no t  d i s r u p t  t h e  marker gene. Plasmids o f  minimal s i z e  w i t h  2  o r  3  

markers i n  o r d e r  t o  permi t  c l o n i n g  by i n s e r t  i ona l  i nact  i v a t  i o n  a re ,  however, 

p r e f e r r e d  (~hompson, 1982). Plasmids pBR322 and pACYC184 and t h e i r  

d e r i v a t i v e s  a r e  t h e  most commonly used rp lasmid c l o n i n g  vec to r s .  These 

plasmids have been ve ry  u s e f u l  i n  E.coZi and c l o s e l y  r e l a t e d  e n t e r i c  b a c t e r i a .  

However, t hey  a re  no t  v e r y  w e l l  ma in ta ined  i n  Pseudomonas. Hence, new 

vec to r s  were developed. 

As mentioned i n  t h e  p rev ious  s e c t i o n  a  number o f  h y b r i d  plasmids have 

been found t o  be u s e f u l  f o r  t h i s  purpose. A number o f  d e r i v a t i v e s  o f  these 

were a l s o  developed (windass et aZ., 1980). 

Small m u l t i c o p y  I nc  Q/P-4 plasmids which can be m o b i l i s e d  by t r a n s f e r -  

p r o f i c i e n t  p lasmids such as RP1 ( c a r r y i n g  s t r ep tomyc in  and s u l  phonamide 



r es i s t ances  (Sm, SU) were a1 so developed (Gr i  n t e r  and Bar th ,  1976). They 

inc luded RSFlOlO and R300B. D e r i v a t i v e s  o f  RSFl 01 0 have a1 so been developed 

( ~ a g d a s a r i a n  et aZ., 1981). 

(b)  Phage Vectors :  Lambda ( A )  has been used t o  develop a number o f  vec to r s  

though i t  has t h e  l i m i t a t i o n  o f  r e s t r i c t i o n  on  t h e  s i z e  o f  t h e  f o r e i g n  DNA 

i n s e r t .  The maximum a d d i t i o n a l  DNA t h a t  cou ld  be added i s  o n l y  22 Kb as t h e r e  

a r e  30 Kb o f  e s s e n t i a l  genes. Both replacement and i n s e r t i o n  v e c t o r s  have 

been developed. 

A Lambda, AL47 hav ing  a c e n t r a l  r ep l aceab le  f ragment bounded by BamHI 

t a r g e t s ,  w i t h  a f u r t h e r  8 Kb c a p a c i t y  p rov ided  by two d e l e t i o n s  was repo r t ed  

by Loenen and Brammar (1980).  T h i s  was employed t o  c l o n e  t h e  amidase genes 

of P.aeruginosa. Karn et aZ., (1 980) and R i m m  et aZ., (1 980) have repo r t ed  

t h e  use o f  A1059 and Charon s e r i e s  o f  co l iphages  r e s p e c t i v e l y  based on a 

s i m i l a r  concept.  

An i n s e r t i o n  vec to r ,  A641 which can c a r r y  smal l  f ragments o f  DNA was 

cons t ruc ted  by Murray et aZ., (1979).  

A mu l t i pu rpose  c l o n i n g  s i t e  i n s e r t e d  i n t o  8-ga lactos idase gene which has 

been a t tached  t o  t h e  s i n g l e  s t randed DNA phage, M13 was developed by Messing 

et aZ., (1981) which cou ld  be used f o r  shotgun DNA sequencing. 

( i v )  Gene Express ion and Regu la t i on  i n  Pseudomonas: 

Some d e t a i l e d  s t u d i e s  on gene express ion  i n  Pseudomonas have been done 

w i t h  s p e c i a l  respec t  t o  t h e  amidase sys tem"(~rammar  and Clarke,  1984). 

C a t a b o l i t e  r ep ress i on  o f  amidase syn thes i s  cou ld  be p a r t i a l l y  r e l i e v e d  by t h e  

a d d i t i o n s  o f  an inducer .  S t i m u l a t i v e  e f f e c t  o f  c y c l i c  adenosine monophosphate 

(CAMP) i n  t h e  amidase syn thes i s  has been observed by Smythe and C la r ke  (1975) 

i n  bo th  i n d u c i b l e  and c o n s t i t u t i v e  s t r a i n s .  The s t r u c t u r a l  amidase gene 

 mi^) i s  cons idered t o  be under p o s i t i v e  c o n t r o l  ( ~ a r i n  & C larke,  1978). 

The enzyme amidase i n  P.aeruginosa has been used as a model f o r  s t u d i e s  
I 
I 

i n  exper imenta l  e v o l u t i o n  (Clarke,  1984). 1 

I 

s 
I 

A 



(a) Argi nine Metabol ism and its Regulation in Pseudomonas. 

The biochemical steps of arginine synthesis is schematically shown in 

Fig.3. Step 5, i.e. from N-acetylornithine to ornithine is carried out in 

Pseudomonus by a transacetylation reaction with glutamate which results in 

the product ion of ornithine and N-acetylgl utamate S~daka, 1966). Simi lar 

reaction occurs also in other organisms such as Micrococcus glutmicus, 

Saccharomyces, Neurospora and ChZmydomonus. As could be seen in the 

figure this reaction in which N-acetylglutamate is formed at the expense of 

the deacetylation of N-acetylornithine, by-passes the enzyme A. Organisms 

possessing ornithine transacetylase have another feedback inhibition site 

ie. enzyme B, N-acetylglutamate 5-phosphotransferase, but not in those 

organisms possessing N-acetylorni thi ne deacylase (~daka, 1966). l saac and 

Hol loway (1972) observed that arginine and citrull ine (also to some extent 

ornithine) inhibited enzyme B in cell free extracts of P.aeruginosa. 

Leisinger et aZ., (1972) confirmed the inhibition by arginine of this enzyme 

using a highly purified preparation. Haas et aZ., (1972) showed that enzyme 

A from P.aeruginosa also was being inhibited by arginine. Thus it could be 

seen that arginine biosynthetic pathway is controlled very stcongly by feedback 

inhibition. 

The genes coding for enzymes in the argine biosynthetic pathway are 

be1 ieved to be wide1 y scattered around the chromosome as evidenced by the work 

of Feary et aZ., (1969) who found that arginine auxotrophic mutants of 

P.aeruginosa could be separated by transduct ional analysis into seven separated 

1 inkage groups. Under conditions of deprivation or excess of arginine in the 

medium Isaac and Holloway (1972) did not find significant variation in the 

1 eve1 s of enzymes - B, - E and - H (~-acet~l g l  utamate 5-phosphotransferase, N-acetyl- 

ornithi ne gl utamate transacetylase and argi nosucci nase, respectively) . It is 

only argF, coding for biosynthet ic orni thine carbamoyl -transferase (Orni thi ne 

carbamylase or 0Tcase) that is severe1 y repressed by argi nine ( I  saac and 

Hol loway, 1972). However, significant derepression was observed during 



CoA <-iargA 

I L-Orni t h i n e  
Carbamyl phosphate -1 

4 L-Ar g i n i n e  

F i g u r e 3 .  T h e b i o s y n t h e t i c p a t h w a y f o r a r g i n i n e  inP.aeruginosa (Isaac 

Hol loway, 1972; Le is  i nger e t  aZ. 1972). . The . f o l  lowing gene designat ions are  

2 used: argA - N-acetylglutamate synthase; argB - N-acetylglutamate 5-phospho- 

t ransferase;  argC - N-acetylglutamate 5-semialdehyde dehydroganase; argD- 

2 
N -ace ty lo rn i  t h i  ne 5-amino t ransferase;  a rgE - a c e t y l  o r n i  t h i  nase; argF - - anabol i c  o r n  l t h i n e  ~ a r b a n ? ~ l  t ransferase;  argG - a r g l n i n o  succ ina te  synthare; 

-- n A 

-!!!I argH - argininosuccinase; argJ - o r n i t h l n e  a c e t y l  t rans ferase.  

Enzyme A and B a re  i n h i b i t e d  by a rg in ine .  

Enzyme F i s  repressed by a rg in ine .  



exponential growth when grown i n  minimal medium. The derepressed leve l  o f  

OTCase was not  h igher  i n  a r g i n i n e  auxtrophs than i n  the  w i l d  type. 

Voel lmy and Le is inger  (1972) showed 50-fold repression o f  OTCase and 2- fo ld  I 
N-acetylglutamate semialdehyde dehydrogenase by a rg in ine .  They a l s o  observed I 
repression o f  these two enzymes when a double auxotroph was grown e i t h e r  w i t h  

l i m i t i n g  leuc lne  o r  w i t h  l i m i t i n g  a rg in ine .  However, N-acetyltransaminase 

was enhanced 15-fold by a r g i n i n e  whereas no s i g n i f i c a n t  change was observed 

i n  the s p e c i f i c  a c t i v i t i e s  o f  o the r  enzyme o f  t he  pathway. 

Recently, Haas et aZ., (1977) have i d e n t i f i e d  s i x  l o c i  coding f o r  

a r g i n i n e  b iosynthet  i c  enzyme i n  P.aeruginosa PA0 by enzyme assay. They were 

argA (N-acetyl g1 utama t e  synthase) argB (N-acety l  g1 u tamate 5-phosphotransferase) . 
argC (N-acetyl  g lutamate 5-semialdehyde dehydrogenase) argF (anabol i c  o r n i  t h i  ne 

carbamoyl t ransferase o r  OTCase) argG (arg inosuccinate synthetase) and argH 

(arginosuccinase).  As repor ted e a r l  i e r  they a l s o  found t h a t  these genes were 

w ide ly  scat tered.  However, they were a b l e  t o  map argA, argB and argH on a 

sho r t  chromosome segment (approx. 3 m i  n long) . They a1 so found tha t  argF and 

argG were co t ransduc ib le  i n d i c a t i n g  t h e i r  c l o s e  al ignment i n  the chromosome. 

As mentioned above argF i s  sub jec t  t o  severe r e g u l a t i o n  by feedback repression. 

Though It i s  be l ieved t h a t  the r e g u l a t i o n  o f  amino a c i d  b iosynthes is  i n  the  

Pseudomonads i s  d i f f e r e n t  f rom t h a t  o f  t he  e n t e r i c  b a c t e r i a  such as E.coZi there  

i s  very  l i t t l e  d e t a i l e d  in fo rmat ion  o f  promoters o f  P.aeruginosa. Cer ta in  

mutat ions have resu l ted  i n  h igh  y i e l d s  o f  amino a c i d  end products (Sambantha: 

mur th i  et aZ., 1984). 

Professor C larke 's  group a t  U n i v e r s i t y  Col lege London have observed, dur ing  

the  course o f  t h e i r  s tud ies  on the  amidase genes o f  P.aeruginosa, 20 t o  30% I 

1 inkage o f  amiE t o  argF and they have obta ined R (prime) plasmids ca r ry ing  amidase " 

genes by s e l e c t i n g  f o r  argF ( a r g i n i n e  protot rophy)  and screening f o r  amidase . I 
1 

a c t i v i t y  (Clarke and Laverack, 1983). They s tud ied  the  expression o f  argF 
1 

genes c a r r i e d  by R (prime) i n  s t r a i n s  o f  P.aemginosa, P.putida and E.coZi 1 
and found t h a t  though t r a n s f e r  o f  these plasmids resu l ted  i n  f u l l  expression 

! 



o f  t he  gene i n  bo th  Pseudomonas spp. t he  express ion i n  E.coZi was o n l y  2 t o  4% 

o f  t h a t  i n  P.aemginosa. Exogenous a r g i n i n e  d i d  no t  repress t h e  express ion 

o f  a rgF  gene u n l i k e  i n  t he  case o f  Pseudomonas s t r a i n s  and a l s o  t h e r e  were no 

+ 
s i g n i f i c a n t  d i f f e rences  between argR and a r g R  E.coZi s t r a i n s  ( a r g ~  i s  t he  

regu la to r  gene f o r  a r g i n i n e  b i osyn thes i s  i n  ~ . c o Z i ) .  

Modi (1984) has made some e f f o r t s  t o  c l one  r e s t r i c t i o n  fragments o f  a  

R '  plasmid, pCR,Icarry ing argF and argG i n t o  E.coZi. A double d i g e s t  o f  

t he  p u r i f i e d  plasmid DNA ( p ~ m )  was prepared by t rea tment  w i t h  Eg.9RI/SaZJ 

o r  w i t h  B U ~ H ~ / S ~ Z ~ .  These f ragments were then 1 i gated i n t o  t h e  v e c t o r  pAT153 

which was s i m i l a r l y  r e s t r i c t e d .  The recombinant plasmid was transformed i n t o  

-6 
E.coZi JA221 w i t h  a  t r a n s f o r m a t i o n  frequency o f  2.9 x  10 t ransformants /vg 

DNA ( v e c t o r ) .  He ob ta ined  134 t rans fo rmants  by s e l e c t  i o n  f o r  a n t i b i o t i c  

res is tance .  However, on l a t e r  screening none o f  these recombinants were found 

t o  c a r r y  t h e  argF/argG genes (R.E. Drew, personal ~ommunicat  ion )  . 
(v )  Catabol ism o f  a r g i n i n e  Many Pseudomonas spec ies a r e  capable o f  

u t i l i s i n g  a r g i n i n e  as t h e  s o l e  source o f  carbon and n i t r o g e n .  The i n i t i a l  

steps i n  breakdown o f  a r g i n i n e  i n  P.aeruginosa invo lves  3 enzymes, a r g i n i n e  

deaminase, o r n i t h i n e  transcarbamylase ( c a t a b o l i c  O~Case)  and carbamate k inase  

( ~ i g .  4.a 6 b) . Other ca tabo l  i c  pathways a1 so may occur  (Merci n i e r  e t  aZ., 

1980; Rahman e t  aZ., 1980; Haas, 1983). Catabol i c  OTCase o f  P.aeruginosa 

i s  d i f f e r e n t  f rom t h e  enzyme invo lved  i n  t he  b i osyn thes i s  o f  a r g i n i n e .  OTCase 

(catabol  i c )  has neu t ra l  pH o p t  imum w h i l e  t he  b i o s y n t h e t i c  OTCase has a broad 

op t  imum around pH 8.5. The OTCase (ca tabo l  i c )  o f  P.aemginosa i s i nduced by 

a r g i n i n e  w h i l e  t h e  b i o s y n t h e t i c  OTCase i s  s t r o n g l y  repressed, as mentioned 

e a r l i e r .  But a l l  t he  t h r e e  a r g i n i n e  c a t a b o l i c  enzymes i n  P.fZuorescens were 

found t o  be c o n s t i t u t i v e    talon e t  aZ., 1967; 1972). 

( v i )  The Ob jec t i ves  and t h e  S t ra tegy  o f  t h e  P r o j e c t .  

The above i n f o r m a t i o n  o f f e r s  a  background t o  develop a s t r a t e g y  f o r  f u t u r e  

s tud ies  on a r g i n i n e  b i osyn thes i s  which may lead t o  t h e  c o n s t r u c t i o n  o f  s t r a i n s  

capable o f  overproducing t h e  amino ac id ,  a r g i n i n e .  A p o s s i b l e  s t r a i n  f o r  t h i s  
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programme would be one unable t o  u t i l i s e  a r g i n i n e .  As a l r eady  found argF 

product i s  t h e  o n l y  enzyme under s i g n i f i c a n t  repressor  c o n t r o l .  Hence, i t  i s  

a  mu l t i copy  v e c t o r  such as pAT153 o r  pBR322 and u l t i m a t e l y  i n t r o d u c i n g  s t a b l y  

t o  throw l i g h t  o n t h e  r e g u l a t i o n  mechanism o f  t he  amino a c i d  b i osyn thes i s  i n  

Pseudomonas aeruginosa which i s  not  f u l l y  known u n l i k e  i n  t he  case o f  E.coZi. 

i 



CHAPTER 2. - MATERIALS AND METHODS 

( i )  Organisms and plasmids used 

(a) The b a c t e r i a l  s t r a i n s  and t he  plasmids used i n  t h i s  s tudy  a re  l i s t e d  i n  

Table I  w i t h  t h e i r  r e l e v e n t  genotypes and phenotypes. 

Table 1 .  B a c t e r i a l  s t r a i n s  and plasmids. 

- 

S t r a i  n/plasmid 

Pseudomonas ~ u t  i da 

PPN 1092 ( p ~ ~ ~ )  

Escher ich ia  c o l i  

H B l  01 

W4100 Arg 

Plasmids 

pCRl 

Vectors 

pBR322 

argF407, met406, t rpF411 

S 5 
Tet  , Amp , Sm 

R 

I 

A.F. Morgan 

Genotype and/phenotype 

B o l i v a r  and Backman 
(1979) 

Source/Reference 

R 
Te t  , Amp R 

R 
Te t  , Amp 

R ) Appendix I & I1 
d ) 

(b)  Mai ntenance 

A1 1 s t r a i n s  i n  cons tan t  use were mainta ined on L-Broth Agar (LBA) slopes 

i n  Un iversa l  b o t t l e s  a t  room temperature.  R pr ime plasmid, pCRl con ta in i ng  

s t r a i n  P.putida PPN1092 was mainta ined on Pseudomonus s e l e c t i v e  minimal agar la 
slopes c o n t a i n i n g  500 ug.ml-l c a r b e n i c i l l  i n .  E.coZi s t r a i n s  c a r r y i n g  t he  I 

pAT153, pBR322 and t h e  recombinant pAT153 were mainta ined on LB-agar s lopes 

c o n t a i n i n g  s e l e c t i v e  a n t i b i o t i c s  such as ampici  1 1  i n  (50 ug.ml- ' )  o r  

t e t r a c y c l  i ne (25 pg . m l - '  1.  
i 

1 



( i i )  Chemicals and Reagents 

A l l  t h e  chemica ls  used i n  t h i s  s t u d y  were e i t h e r  o f  l a b o r a t o r y  grade o r  

A R  grade ( f o r  reagen ts  and b u f f e r s )  bought  f r o m  S tandard  Companies. A n t i -  

b i o t i c s ,  a m p i c i l l i n ,  t e t r a c y c l i n e  and c a r b e n i c i l l i n  were a l s o  o b t a i n e d  f r o m  

Standard  manu fac tu re rs /  

( i i i )  Growth Media 

(a)  L - B r o t h  

Bacto  t rypto,Re 

Bac to  yeas t  e x t r a c t  

NaC 1 

(b )  L-Broth Agar 

The above medium c o n t a i n i n g  1.2% (w/v) D i f c o  agar .  T h i s  was used f o r  

Per 1 i t e r  

1 og 

5 9  

69 

p l a t e s  and s l o p e s .  

( c )  Pseudomonas m in ima l  media 

The c o m p o s i t i o n  o f  basa l  medium was as f o l l o w s :  

Per 1 i t e r  

1 2 - 5 9  

Trace element s o l u t i o n  5  m l  

Compos i t ion  o f  t r a c e  e lement  s o l u t i o n :  

FeS04 (NH4) SO4 6H20 1 1 6mg 

H3803 232mg 

CsS04 7H20 96mg 

CuS04 5H20 8mg 

MnS04 4H20 8mg 

(NH4) 6M07024 4H20 221119 

ZnSO4 7H20 174mg 



- 1 
(NH ) SO4 a t  a  c o n c e n t r a t i o n o f  l g . 1  was added t o  t h e  above mediumas 4 2  I 

- 1 n i t r o g e n  source. Sodium succ ina te  a t  10g . i  was added as a  carbon source. 

Besides these, sepa ra te l y  s t e r i l i z e d  t r yp tophan  and meth ion ine  were added t o  t h e  

medium t o  a  f i n a l  c o n c e n t r a t i o n  o f  30pg.ml-'l f o r  growing P.putida PPN1092. 

The medium was ad jus ted  t o  pH 7.2. I 

(d)  Pseudomonas minimal  aqar 

1.2% agar i n  t he  above medium. 

(e) E. coZi minimal media ( M G ~ )  

Per 1 i t e r  

Na2HP04 69 

KHz PO4 3  9  

NtlqC 1 1  g 

NaC 1 0.59 

pH ad jus ted  t o  7.4, au toc laved  and then  added: 

It*! MgS04 2m 1 

20% g lucose 1  Om1 

1M CaC12 0. l m l  

The above s o l u t i o n s  were s e p a r a t e l y  au toc laved .  

( f )  M G ) Q ~  Agar 

The above medium c o n t a i n i n g  1.2% agar.  

( i v )  Growth o f  b a c t e r i a  

I 

(a)  Growth i n  l i q u i d  media I 
B a c t e r i a l  s t r a i n s  were grown i n  l i q u i d  media i n  amounts rang ing  f rom 2ml 1 r 

t o  100ml. Volumes o f  c u l t u r e s  below l O m l  were grown i n  Un i ve r sa l  b o t t l e s  w i t h  1 
r e c i p r o c a l  shaking i n  a  water  bath.  Larger  volumes o f  c u l t u r e s  were grown i n  

c o n c i a l  f l a s k s  o f  s u i t a b l e  s i z e s  e.g., 50ml i n  500ml f l a s k s ,  l O O m l  i n  1  l i t e r  

f l a s k s  e t c .  on a  r o t a r y  shaker. E. coZi s t r a i n s  were incubated a t  3 7 ' ~  and 

P. putida a t  29OC. 



( b )  G r o w t h o n  S o l i d  Media 

Volumes o f  0.1 o r  0.2ml o f  c e l l  suspens ions  were p l a t e d  on  a p p r o p r i a t e  

( s e l e c t i v e )  media and sp read  u n i f o r m e r l y  w i t h  a  s t e r i l e  g l a s s  sp reader .  The 
I 

p l a t e s  were i n c u b a t e d  o v e r n i g h t  a t  a p p r o p r i a t e  tempera tu res .  
I 

( v )  P lasmid  i s o l a t i o n  and a n a l y s i s  

(a )  L a r g e  s c a l e  e x t r a c t i o n  o f  p l a s m i d  DNA f r o m  P. pu t ida  I 

T h i s  was done a c c o r d i n g  t o  W h e a t c r o f t  and W i  1 1  iams (1981) method as 

m o d i f i e d  by R i c e  (1984).  

I 

P. pu t ida  s t r a i n  PPN 1092 was grown t o  s t a t i o n a r y  phase i n  l O O m l  o f  i 

s e l e c t i v e  m in ima l  media c o n t a i n i n g  5 0 0 ~ g . m l - ~  c a r b e n i c i l l  i n .  The c e l l s  were 

c o l l e c t e d  by c e n t r i f u g a t i o n  a t  4000 rpm f o r  10 min .  The c e l l s  were t h e n  

resuspended i n  1.6ml o f  Reagent A  and 0.4ml Reagent B was added and t h e n  t h e  

tubes  were shaken u n t i l  t h e  coloas" t u r n e d  f r o m  b l u e  t o  green.  Then t h e  

samples were v o r t e x e d  v i g o r o u s l y  f o r  5  min .  

The suspens ions  t h u s  p r e p a r e d  were l a y e r e d  o n t o  19.5ml suc rose  g r a d i e n t s  

i n  25ml t h i  a l l e d  p o l y c a r b o n a t e  c e n t r i f u g e  tubes .  T h i s  was t h e n  c e n t r i f u g e d  f 
a t  24,000 rpm f o r  3 h r .  a t  20°C i n  a  swing o u t  r o t o r .  

A f t e r  removing f r o m  t h e  r o t o r  t h e  tubes  were  f i x e d  on a  c lamp and p i e r c e d  

by a  hypodermic  n e e d l e  a t  a  p o i n t  about  1-1.5cm above t h e  bot tom.  F r a c t i o n s  

o f  10 d rops  (abou t  I m l )  were c o l  l e c t e d  i n  Eppendor f f  t ubes .  The f r a c t i o n s  
I 

were t h e n  t e s t e d  by r u n n i n g  on  agarose g e l  t o  a s c e r t a i n  w h i c h  f r a c t i o n s  had t, 
1 

t h e  p u r e s t  and most c o n c e n t r a t e d  p l a s m i d  DNA. These f r a c t i o n s  were used f o r  

f u r t h e r  s t u d i e s .  

( b )  Rap id  p lasrn id  p r e p a r a t i o n s  

T h i s  was a l s o  done a c c o r d i n g  t o  W h e a t c r o f t  and W i  1 1  iams (1981) method.' . 

l O m l  c u l t u r e  P. pu t ida  1092 grown t o  s t a t i o n a r y  phase i n  20ml u n i v e r s a l  , 

b o t t l e s  were c e n t r i f u g e d  and t h e  c e l l  p e l l e t  was resuspended i n  I m l  o f  

s t e r i l e  w a t e r .  A f t e r  t r a n s f e r r i n g  t o  an Eppendor f  t u b e  t h i s  was a g a i n  spun 



a t  4000 rpm f o r  10 min .  To t h e  p e l l e t  1 0 0 ~ 1  Reagent A  was added and mixed 

w e l l  f o l l o w e d  by t h e  a d d i t i o n  o f  2 5 1 ~ 1  o f  Reagent 6. The t u b e  was t h e n  

i n v e r t e d  abou t  20 t i m e s  i n  1 min .  d u r i n g  wh ich  t i m e  t h e  c o l o u r  changed f r o m  

b l u e  t o  green.  The sample was t h e n  v o r t e x e d  f o r  2 t o  3 min.  2 0 1 ~ 1  o f  t h i s  

sa'mple was loaded o n t o  t h e  g e l  and e l e c t r o p h o r e s e d .  

T h i s  method a l s o  t r i e d  f o r  d e t e c t i o n  o f  p l a s m i d s  i n  E. coZi  t r a n s -  

f o r m a n t  s t r a i n s .  

Reagent A: 

T E  b u f f e r  c o n t a i n i n g  5% Dow C o r n i n g  A n t i f o a m  RD e m u l s i o n  

O.lmg x y l e n e  cyan01 FF.ml-I  

T E  b u f f z i  ( p ~  8.0) 

Tr is /HC1 lOmM ( p ~  8.0)  

Na2 EDTA 1mM ( p ~  8 .0)  

Reagent B:  

1 M  NaOH s a t u r a t e d  a t  20°C w i t h  sodium dodecy l  s u l p h a t e  

P r e p a r a t i o n  o f  Sucrose G r a d i e n t s :  

Sucrose g r a d i e n t s  were p repa red  by t h e  method d e s c r i b e d  by B a x t e r -  

Gabbard (1972) .  A  20% (w/v)  s t e r i  l e  s o l u t i o n  o f  suc rose  was s l o w l y  f r o z e n  

and t h e n  thawed i n  c e n t r i f u g e d  tubes  t o  f o r m  s u c r o s e  g r a d i e n t s .  These were 

a g a i n  f r o z e n  and s t o r e d  a t  -20°C and thawed s l o w l y  b e f o r e  use. 

( v i )  Rap id  e x t r a c t i o n  o f  p l a s m i d  DNA f r o m  E. coZi  c e l  1s 

The method d e s c r i b e d  by Holmes and $uigley (1981) was used w i t h  s l i g h t  

m o d i f i c a t i o n s  f o r  r a p i d  p r e p a r a t i o n  o f  p l a s m i d s  f r o m  E. coZi  s t r a i n s .  

5  o r  l O m l  o f  o v e r n i g h t  b r o t h  c u l t u r e  was c e n t r i f u g e d  a t  4000 rpm f o r  

10 min .  and t h e  p e l l e t  was resuspended i n  6 0 0 1 ~ 1  o f  STET b u f f e r .  T h i s  was 

t r a n s f e r r e d  t o  an Eppendor f  t u b e  and 4 0 1 ~ 1  o f  lysozyme s o l u t i o n  ( lOmg/ml) was 

added and mixed g e n t l y  by i n v e r t i n g  t h e  t u b e  5  t i m e s .  T h i s  was l e f t  a t  

room t e m p e r a t u r e  f o r  a b o u t  15 min .  and t h e n  t h e  t u b e s  were t r a n s f e r r e d  t o  a  



b o i  1 i n g  w a t e r  b a t h  where t h e y  were k e p t  f o r  e x a c t l y  40 seconds. Immed ia te l y  

a f t e r  t h i s  t h e  sample was c e n t r i f u g e d  a t  15,000 rpm f o r  10 min.  a t  room 

'4' 
tempera tu re .  The p e l l e t  formed was removed c a r e f u l l y  by d r a g g i n g  it,through 

t h e  s i d e  o f  t h e  t u b e  u s i n g  a  t o o t h p i c k .  To t h e  s u p e r n a t a n t  was added an 

equa l  volume o f  i s o p r o p a n o l  and k e p t  a t  -2OoC f o r  a t  l e a s t  10 min.  b e f o r e  

c e n t r i f u g i n g  a t  a  speed o f  15,000 rpm f o r  10 rnin. a t  4 ' ~ .  A l l  t h e  l i q u i d  

was removed f r o m  t h e  t u b e  w i t h o u t  d i s t u r b i n g  t h e  DNA p e l l e t .  The t u b e  was 

k e p t  i n v e r t e d  on  a  t i s s u e  paper  t o  d r a i n  f o r  5  min .  To t h e  DNA p e l l e t  was 

t h e n  added 50u l  o f  T E  b u f f e r  (pH 8.0)  and l e f t  a t  room t e m p e r a t u r e  f o r  a t  

l e a s t  10 min .  10-15u l  o f  t h i s  p r e p a r a t i o n  ( t o w h i c h  l o a d i n g  dye was added) 

was loaded o n t o  t h e  g e l  f o r  e l e c t r o p h o r e t i c  a n a l y s i s .  

S T E T  B u f f e r  ( p ~  8 .0)  

Sucrose 8% 

T r i t o n  X-100 0.5% 

Na2 EDTA (pH 8 .0)  50mM 

T r i s  HCl (pH 8.0 lOmM 

( v i i )  Gel e l e c t r o p h o r e s i s  

DNA samples were exam,ined on h o r i z o n t a l  g e l s  c o n t a i n i n g  0.7% (w/v)  

e l e c t r o p h o r e s i s  g rade  agarose.  For  a n a l y s i s  o f  l a r g e  p l a s m i d s  e l e c t r o p h o r e s i s  

was c a r r i e d  o u t  o v e r n i g h t  u s i n g  l a r g e  g e l s  and was r u n  a t  8 0 ~ .  For d e t e c t i n g  

m i n i p l a s m i d s  p repa red  by r a p i d  method and r e s t r i c t i n g  endonuc lease d i g e s t s  

t h e  e l e c t r o p h o r e s i s  was c a r r i e d  o u t  a t  80V f o r  1 &  h r s .  on  m i n i  g e l s .  The 

g e l s  were p repa red  and r u n  i n  TBE b u f f e r .  The g e l s  were s t a i n e d  i n  l u g  

e t h i d i u m  bromide m l - l  s o l u t i o n  and photographed on  a  U V  t r a n s i  1 l u m i n a t o r  u s i n g  

a  p o l a r o i d  camera and an X 7  r e d  f i l t e r .  

T r i  s - B o r a t e  ( T B E )  B u f f e r  

A  s t o c k  s o l u t i o n  o f  5  t i m e s  c o n c e n t r a t e d  was d i l u t e d  p r i o r  t o  use. The 

d i l u t e d  b u f f e r  ( w o r k i n g  s o l u t i o n )  c o n s i s t e d  o f  8 9 m ~  T r i s  base, 8 9 m ~  b o r i c  a c i d  

and 2.5mM Na2 EDTA (pH 8 .0 ) .  



( v i i i )  R e s t r i c t i o n  endonuc lease d i g e s t i o n  

B u f f e r s  used f o r  r e s t r i c t i o n  enzyme d i g e s t i o n  were t h o s e  recommended 

by t h e  m a n u f a c t u r e r s .  

'The r e a c t i o n  was c a r r i e d  o u t  i n  Eqpendorf t u b e s  a t  37°C f o r  2-4 h r s .  

w i t h  a p p r o p r i a t e  q u a n t i t y  o f  t h e  r e s p e c t i v e  enzymes. On c o m p l e t i o n  o f  t h e  

r e a c t i o n  a l i q u o t e s  o f  d i g e s t s  were t a k e n  and a n a l y s e d  e l e c t r o p h o r e t i c a l l y .  

The r e m a i n i n g  r e s t r i c t e d  p l a s m i d  DNA was p r e c i p i t a t e d  by a d d i n g  3 M  sodium 

a c e t a t e  (1/10 o f  t h e  volume o f  DNA s o l u t i o n )  and a b s o l u t e  a l c o h o l  (2.5 t i m e s  

t h e  volume o f  DNA s o l u t i o n )  and keep ing  a t  -70°C f o r  30 min.  The p r e c i p i t a t e  

was c e n t r i f u g e d  a t  a  speed o f  15,000 rpm a t  4°C. A f t e r  d r a i n i n g  and d r y i n g ,  

t h e  p e l  l e t  was resuspended i n  1 i g a t i o n  b u f f e r  ( i n  t h e  case o f  pCRl d i g e s t )  

o r  i n  STE b u f f e r  ( i n  t h e  case o f  v e c t o r  p l a s m i d s ) .  

L i g a t i o n  B u f f e r  

T r i s  H C l  7 .8)  66mM 

MgC 1 2  5mM 

d i t h i o t h r e i t o l  (DTT)  5mM 

ATP I mM 

STE B u f f e r  

T r i s  H C l  8 .0 )  lOmM 

NaC 1 1 OOmM 

Na2EDTA 8.0)  1 mM 

( i x )  D e p h o s p h o r y l a t i o n  o f  t h e  r e s t r i c t e d  v e c t o r  DNA 

The r e s t r i c t e d  v e c t o r  DNA ( p ~ ~ 3 2 2  and p ~ ~ 1 5 3 )  were t r e a t e d  w i t h  c a l f  

i n t e s t i n a l  a l k a l i n e  phosphatase t o  p r e v e n t  them f r o m  s e l f - l i g a t i o n  d u r i n g  

l i g a t i o n  w i t h  DNA f ragmen ts  o f  pCR1. To t h e  DNA s o l u t i o n  i n  STE b u f f e r  

a p p r o p r i a t e  amounts o f  t h e  enzyme was added as s p e c i f i e d  by t h e  m a n u f a c t u r e r s  

and i n c u b a t e d  a t  37°C f o r  l h r .  A f t e r  t h e  r e a c t i o n  was comp le te  t h e  DNA was 

p r e c i p i t a t e d  by  a d d i n g  sodium a c e t a t e  and e t h a n o l  and keep ing  a t  -70°C f o r  



30 min. The precipitate was then pelleted by centrifugation, drained and 

dried. This was then redissolved in ligation buffer. 

(x) Ligation 

Solutions of vector DNA and the DNA fragments of the R prime plasmid, 

pCRl (both solutions contained approximately 1 ug DNA) in 1 igat ion buffer 

were mixed and aliquotes were taken for electrophoretic analysis. Thenlul 

of T4-DNA ligase was added, mixed well and incubated at for 24hrs. 

These samples were used for transforming the competent cells of E. c o l i  

strains. 

(xi) Preparation of Competent Cells 

Competent cells of E. c o l i  strain HBlOl as well as ~ 4 1 0 0 ~ r g  were 

prepared as fol lows: 

50ml of prewarmed (37°C) L-broth taken in 500ml conical flask was inoculated 

with Iml of overnight culture in the same broth (grown in 20ml universal 

bottle containipg 5ml medium with shaking). Incubated at 37°C with 

vigorous shaking until the OD450 was 0.5-0.6. The the culture was chilled 

in an ice bath for 10 min. before it was centrifuged at 4°C and at a speed 

of 4000 rpm for 10 min. The cell pellet was resuspended in 25ml of chilled 

0.1M MgC12. Centrifuged again at 4°C. The cell pellet was then resuspended 

in 2.8ml 0.1M CaC12 and kept in an ice bath for 60 min. Now the cells were 

competent. 

(xi i )  Transformation of E. c o l i  strains 

200ul of the competent cells were mixed thoroughly with the ligated 

DNA sample which was made up to 100~1 in SSC/CaC12 mixture and kept in ice 

bath for 45 min. Heat shocked at 37°C for 5 min. and again kept in ice for 

30 min. more at the end of which 700ul prewarmed (37"~) L-broth was added 

and incubated at 37°C for 90 min. without shaking. 



100-2001~1 o f  t h i s  c e l l  suspens ion was spread on P e t r i  p l a t e s  c o n t a i n i n g  

r e s p e c t i v e  media f o r  s e l e c t i n g  t h e  t r a n s f o r m a n t s .  For  t o t a l  c o u n t s  1 0 0 1 ~ 1  o f  

a p p r o p r i a t e l y  d i l u t e d  samples ( u s u a l l y  10-5 - were p l a t e d .  The p l a t e s  

were kep t  i n v e r t e d  f o r  i n c u b a t i o n  a t  37OC. 

SSC (Standard  Sal  i n e  C i  t r a te ) /CaC12  m i x t u r e  c o n s i s t e d  o f  0.15M sodium 

c h l o r i d e ,  0.015M t r i s o d i u m  c i t r a t e  mixed a t  pH 7.0. 0.1M CaC12 was mixed 

w i t h  t h e  above m i x t u r e  i n  t h e  r a t i o  4 : 3  j u s t  b e f o r e  use and p r e s e r v e d  on i c e  

f o r  use. 



CHAPTER 3 - RESULTS 

( i )  P lasmid  DNA p r e p a r a t i o n  and A n a l y s i s  

The R p r ime  p lasmid ,  pCRl DNA f r o m  P. putida PPN 1092 was p repared  

a c c o r d i n g  t o  a  m o d i f i e d  W h e a t c r o f t  and W i l l i a m s  (1981) method. The method 

was found  t o  be q u i t e  s u i t a b l e  f o r  l a r g e  s c a l e  p r e p a r a t i o n  o f  pCRl p l a s m i d  

DNA, though t h e  p u r i t y  o f  t h e  p l a s m i d  f r a c t i o n s  were found  t o  v a r y  f r o m  

p r e p a r a t i o n  t o  p r e p a r a t i o n .  F i g .  5a and b  show t h e  agarose g e l  e l e c t r o -  

p h o r e t i c  p a t t e r n  o f  d i f f e r e n t  f r a c t i o n s  o b t a i n e d  f r o m  t h e  suc rose  g r a d i e n t .  

F r a c t i o n s  5,6,7 and 8  ( ~ i ~  5a and 5b) were found  t o  c o n t a i n  r e a s o n a b l y  pure,  

though f a i r l y  d i l u t e  p l a s m i d  DNA. However, t h e s e  f r a c t i o n s  were q u i t e  

s u f f i c i e n t  f o r  r e s t r i c t i o n  enzyme d i g e s t i o n  and a n a l y s i s .  

A t tempts  t o  c o n c e n t r a t e  these  p l a s m i d  p r e p a r a t i o n s  by sodium a c e t a t e  

e t h a n o l  p r e c i p i t a t i o n  d i d  n o t  y i e l d  t h e  expec ted  r e s u l t s :  t h e  p l a s m i d  DNA 

was l o s t  d u r i n g  c o n c e n t r a t i o n .  Henc6, f o r  r e s t r i c t i o n  a n a l y s i s  t h e  o r i g i n a l  

d i l u t e  f r a c t i o n s  were used. Only  a f t e r  t h e  d i g e s t i o n  was the DNAconcen t ra ted  
j ,  

by a c e t a t e - e t h a n o l  method. F i g .  6 shows t h e  g e l  e l e c t r o p h o r e s i s  p a t t e r n s  

o f  t h e  p l a s m i d  DNA d i g e s t e d  w i t h  Bam H I  p r i o r  t o  and subsequen t l y  c o n c e n t r a t e d .  . 
The s i z e  o f  t h e  p l a s m i d  DNA a f t e r c o n c e n t r a t i o n  d i d  n o t  compare w i t h  e i t h e r  

t h e  i n t a c t  p l a s m i d  o r  t h e  c o n t a m i n a t i n g  chromosomal DNA. The comple te  

d i g e s t  o f  t h i s  DNA showed o n l y  4 bands whereas t h e  d i g e s t  o f  i n t a c t  p l a s m i d  

(W -) showed l a r g e  number o f  bands ( t h e  s i z e  o f  wh ich  

v a r i e d )  f r o m  a p p r o x i m a t e l y  2 2 $ ~ b  down t o  l e s s  t h a n  2Kb ( ~ i ~ .  6 ) .  I n  F i g s .  

7a and b  a r e  shown t h e  g e l  p a t t e r n s  o f  BstI: and H i n d l l l  d i g e s t s  o f  pCRl a l o n g  

w i t h  pAT153 p lasmid .  

( i i )  Recombinat ion  o f  pCR1 f ragmen ts  w i t h  pAT153 o r  pBR322 

The R p r ime  p l a s m i d  pCRl was d i g e s t e d  w i t h  BamHl and P s t l  s e p a r a t e l y .  

They were mixed w i t h  s i m i l a r l y  c u t  v e c t o r  DNAs, pAT153 and pBR322 (Appendix 1) 

i . e .  BamH1 cut pCRl f ragmen ts  were mixed w i t h  BamHl cut  pAT153 o r  pBR322 and 



eso 

F i g .  5a & b: R p r i m e  p l a s m i d  pCRl f r a c t i o n s  f rom Sucrose g r a d i e n t  

( f r o m  d i f f e r e n t  ba tches )  



Fig.  >a t b: R pr ime p lasmid pCR1 f r a c t i o n s  f rom Sucrose g rad ien t  

( f rom d i f f e r e n t  batches) 

.:  



Fig.  6: The ge l  p a t t e r n  o f  t he  BamH1 d i g e s t s  o f  pCRl showing t he  e f f e c t  

o f  concen t ra t i ons  o f  t he  p lasmid p r i o r  and subsequent t o  d i g e s t i o n  

w i t h  BamH1 

The p lasmid p r e p a r a t i o n  a f t e r  c o n c e n t r a t i o n  w i t h  ace ta te -e thano l  

p r e c i p i t a t i o n  

BamH1 d i g e s t  o f  pCRl (done p r i o r  t o  concen t ra t  ions)  

BamHl d i g e s t  o f  ace ta te -e thano l  p r e c i p i t a t e  o f  t he  p lasmid 

H i n d l l l  d i g e s t  o f  Lambda DNA 

F r a c t i o n  o f  p lasmid p r e p a r a t i o n  hav ing con tamina t ing  chromosomal 

DNA ( f o r  compar i son wi t h  t he  concent ra ted  p repa ra t i on )  



Fig.  7a &'b:  R e s t r i c t  i o n  enzyme d i g e s t s  pCR1 p repara r  Ions ( f r a c t i o n s  f rom 

sucrose g rad ien t )  



P s t l  c u t  pCRl f ragmen ts  w i t h  P s t l  c u t  pA1-153 o r  pBR322 and l i g a t e d .  The 

r e s t r i c t i o n  enzyme c u t  v e c t o r  DNAs were t r e a t e d  w i t h  a l k a l i n e  phosphatase 

p r i o r  t o  l i g a t i o n .  I n  F i g .  8  a r e  shown t h e  g e l  p a t t e r n s  o f  t h e  DNA m i x t u r e  

o f  pCRl f ragmen ts  and r e s t r i c t e d  v e c t o r s  b e f o r e  t h e  b e g i n n i n g  o f  l i g a t i o n .  

I t  c o u l d  be seen t h a t  f a i r l y  good l i g a t i o n  has o c c u r e d  i n  t h e  case o f  pAT153 

b o t h  i n  BamHl and P s t l  c u t  samples whereas t h e  l i g a t i o n  was poo r  i n  t h e  case 

o f  pBR322. The a p p r o x i m a t e  s i z e  o f  t h e  l i g a t e d  DNA i n  t h e  case o f  P s t l  c u t  

and BamH1 c u t  samples were 3.9-4.5Kb and 3.8Kb r e s p e c t i v e l y  ( ~ i ~ s .  10 and 11 ) .  

( i  i i )  T r a n s f o r m a t  i o n  o f  E. c o l i  HBlOl 

A t t e m p t s  t o  t r a n s f o r m  E.  c o l i  W4100 ~ r ~ - w i  t h  i n  v i t r o  c o n s t r u c t e d  

recomb inan t  DNA ( recomb inan t  pAT153 c a r r y i n g  f ragmen ts  o f  pCRl DNA) was n o t  

s u c c e s s f u l .  Even who le  pAT153 as w e l l  as pBR322 f a i l e d  t o  t r a n s f o r m  t h i s  

s t r a i n .  Hence, i t  was dec ided  t o  t r a n s f o r m  o t h e r  s t r a i n s  o f  E.  c o l i  such 

as HBlOl w h i c h  c o u l d  be e a s i l y  t r a n s f o r m e d  and e x t r a c t  p l a s m i d s  f r o m  t h e  

recomb inan t  s t r a i n s  w h i c h  t h e n  c o u l d  be used f o r  t r a n s f o r m i n g  E. c o l i  W4100 

Competent c e l l s  o f  E. c o l i  HBlOl were  p r e p a r e d  and t r a n s f o r m e d  w i t h  

DNA samples. The DNA samples used were pAT153 t o  w h i c h  f ragmen ts  o f  pCRl 

were i n s e r t e d  and l i g a t e d  a t  P s t l  s i t e  and BamHl s i t e  and pBR322 i n  wh ich  

pCRl DNA f ragmen ts  were i n s e r t e d  a t  P s t l  s i t e .  Whole p l a s m i d  p r e p a r a t i o n s  o f  

pAT153 as w e l l  as  pBR322 were a l s o  used f o r  t r a n s f o r m a t i o n s  as c o n t r o l .  

The c e l l s  t r e a t e d  w i t h  recomb inan t  p lasm ids  w i t h  i n s e r t s  a t  P s t l  s i t e  were 

p l a t e d  on  L - b r o t h  a g a r  p l a t e s  c o n t a i n i n g  25ug.rnl- l  t e t r a c y c l i n e  and t h o s e  

t r e a t e d  w i t h  p l a s m i d s  c a r r y i n g  i n s e r t s  a t  BamHl s i t e  were p l a t e d  on L - b r o t h  

aga r  c o n t a i n i n g  5 0 ~ g . m l - ~  a m p i c i l  1 i n  w i t h o u t  d i l u t i o n .  The r e s u l t s  a r e  g i v e n  

i n  T a b l e  2. As c o u l d  be seen f r o m  t h e  t a b l e  pBR322 r e s t r i c t e d  w i t h  P s t l  and 

l i g a t e d  w i t h  f ragmen ts  o f  pCRl s i m i l a r l y  r e s t r i c t e d  f a i l e d  t o  t r a n s f o r m  t h e  

c e l l s  whereas t h e  who le  p l a s m i d  ( p ~ ~ 3 2 2 )  d i d  t r a n s f o r m  t h e  c e l l s  w i t h  f a i r l y  



F ig .  8: M i x tu res  o f  

and pCRl be 
Is 

r e s t r i c t i o n  enzyme d iges ted  vec to  r DNA 

: f o r e  1 i g a t  i o n  
G- 1 

P s t l  Cut pBR322 

BamHl pBR322 

P s t l  Cut pAT153 

Mixture of P s t l  Cut 
pBR322 and pCRl 

HindIII d iges t  of 1 DNA I 
Mixture of BamHl Cut 
pAT153 and pCRl 

Mixture of P s t l  cu t  
pAT153 and pCRl 

( p A ~ 1 5 3  and pBR322) 

Mixture of P s t l  Cut 
pAT153 and pCRl 

Mixture of BamHl Cut 
pAT153 and pCRl 

HindIII d iges t  of DNA 

BamHl Cut DNA mixture 
a f t e r  l i g a t i o n  (not well 
l iga ted)  

P s t l  Cut DNA mixture 
a f t e r  l i g a t i o n  ( l iga ted  
f a i r l y  well)  

Fig.  9 :  Mix tu res  o f  r e s t r i c t i o n  enzyme d iges ted  pAT153 and pCRl ( s i m i l a r l y  

d iges ted)  be fo re  and a f t e r  l i g a t i o n  r e a c t i o n  



F i g  10: The l i g a t e d  v e c t o r  DNA and pCRl f raaments 

A. Hind l l l d i g e s t  ofADNA 

B. P s t l  Cut pBR322 

C. P s t l  Cut pBR322 and pCRl f ragments a f t e r  l i g a t i o n  r e a c t i o n  

( no t  we1 1 1 i ga ted)  

D. P s t l  Cut pAT153 

E. P s t l  Cut pAT153 and pCR1 fragments a f t e r  1 i g a t i o n  (we1 1 1 i ga ted)  

F. BamHl Cut pAT153 and pCRl f ragments a f t e r  1 i g a t i o n  (we1 1 1 i ga ted )  





h i g h  f requency .  The f requency  o f  t r a n s f o r m a t i o n  by pAT153 whole  p l a s m i d  

was lower  than  t h a t  w i t h  pBR322. The recombinant  pAT153 showed s t i l l  l ower  

f requency  o f  t r a n s f o r m a t i o n .  pAT153 c a r r y i n g  f o r e i g n  DNA a t  P s t l  s i t e  showed 

h i g h e r  t r a n s f o r m a t i o n  f requency  (more t h a n  doub le )  t han  t h e  same v e c t o r  

c a r r y i n g  pCRl f ragments  a t  BamHl s i t e .  

A  t o t a l  o f  210 c o l o n i e s  i n  t h e  case o f  t r a n s f o r m a t i o n  w i t h  pAT153 

c a r r y i n g  f o r e i g n  DNA a t  P s t l  s i t e  and 252 t h e  o t h e r  case were p i c k e d  up and 

s t r e a k e d  on L - b r o t h  agar  p l a t e s  c o n t a i n i n g  t e t r a c y c l i n e  ( 2 5 1 ~ ~ . m l - ~ )  and 

amp ic i  1 1  i n  ( 5 0 1 ~ ~ . m l - ~ )  s e p a r a t e l y  t o  i d e n t i f y  recombinant  c o l o n i e s .  73 

c o l o n i e s  o u t  o f  210 t r a n s f o r m a n t s  i n  t h e  fo rmer  case showed t e t r a c y c l i n e  

r e s i s t a n c e  ( ~ e t ~ )  and a m p i c i l l i n  s e n s i t i v i t y  ( ~ m ~ ~ ) .  78 c o l o n i e s  o u t  o f  252 

t r a n s f o r m a n t s  o b t a i n e d  f r o m  c e l l s  t r e a t e d  w i t h  pAT153 c a r r y i n g  pCRl f ragments  

o f  BamHl s i t e  showed a m p i c i l l i n  r e s i s t a n c e  and t e t r a c l y c l i n e  s e n s i t i v i t y .  

T h i s  i n d i c a t e d  t h a t  t h e  i n s e r t i o n a l  i n a c t i v a t i o n  o f  t h e  r e s p e c t i v e  marker 

gene i n  wh ich  t h e  f o r e i g n  DNA was c loned .  I t  c o u l d  be seen t h a t  t h e  pe rcen tage  

o f  recombinants  i n  t h e  fo rmer  and t h e  l a t t e r  case were abou t  31 and 35% 

r e s p e c t i v e l y   able 2 ) .  

The recombinant  s t r a i n s  c a r r y i n g  pCRl DNA a t  P s t l  s i t e  and BamHl s i t e  

w i l l  be h e r e a f t e r  r e f e r r e d  t o  as  En ( p ~ ~ l ,  pPK2 and so on) and pBKn 
- 

( p ~ ~ l ,  pBK2 and so o n ) ,  r e s p e c t i v e l y .  The phenotypes o f  t h e s e  s t r a i n s  a r e  

as f o l l o w s :  

1 .  DPKI-, - ~ e t ~ .  A ~ D ~  

The above recombinant  s t r a i n s  were grown i n  L - b r o t h  c o n t a i n i n g  t h e  

a p p r o p r i a t e  a n t i b i o t i c  o v e r n i g h t ,  poo led  as g i v e n  i n  Tab le  3, and t h e  p l a s m i d  

DNA was e x t r a c t e d  by a  s l i g h t l y  m o d i f i e d  r a p i d  p l a s m i d  e x t r a c t i o n  method o f  



Tab le  2. T r a n s f o r ~ n a t i o n  o f  E.coZi HBlOl w i t h  p l a s m i d  v e c t o r s ,  pAT153 and 

pBR322 c a r r y i n g  pCRl f ragmen ts  a t  P s t l  and BamHl s i t e s  and a l s o  w i t h  

who le  pAT153 and pBR322 p l a s m i d s  

- 1 
"The suspens ion  o f  competent  c e l l s  c o n a t i n e d  3 . 7  x l o 9  c e l l s  m l  . 

Percentage o f  
recombinants  

- 

- 

- 

34 .76  

30.95 

T r a n s f o r m a t i o n  
f r e q u e n c y  

( % )  +C 

3 . 9  

- 

1.06 l o - 5  

7.56 x 

3.24 x 

P lasmid  v e c t o r / s i t e  o f  
i n s e r t i o n  o f  
pCRl f ragments  

1 .  pBR322 - who le  p l a s m i d  

2. pBR322/Pst 1 

3 .  pAT153 - who le  p l a s m i d  

4. pAT153/Pst l  

5. PAT 153/BamH 1 

No.of  t r a n s f o r m a n t s  
( p e r  m l . o f  c e l l  
suspens ion )  

1.44 x 10 
4 

n i  1 

3 .91  x l o 2  

2.8 x l o 2  

1.2 x l o 2  



Holmes and Q u i g l e y  (1981 ) .  

Tab le  3 :  The p o o l i n g  o f  recomb inan t  p l a s m i d  p r e p a r a t i o n s  

i 

Pooled P lasmid  Poo led P lasmid  
From S t r a i n  No. From S t r a i n  No. 

P r e p a r a t i o n  P r e p a r a t i o n  
I 

pPK14 - pPK26 B  PBKI 1 - pBK20 

pPK27 - pPK38 pBK21 - pBK30 

pPK39 - pPK47 D pBK31 - pBK40 

pPK48 - pPK56 E pBK41 - pBK50 
PPWSI - ?13k'D 

pPK57 - pPK66 pBK61 - pBK70 

pPK67 - pPK73 pBK71 - pBK78 

F i g .  12 shows t h e  g e l  p a t t e r n  o f  p o o l e d  p l a s m i d  p r e p a r a t i o n s  PP-1 

t h r o u g h  PP-7. As c o u l d  be seen t h e  s i z e  o f  t h e  p l a s m i d s  ranged f r o m  

a p p r o x i m a t e l y  3Kb t o  as b i g  as abou t  100Kb. 

The same method was used f o r  i s o l a t i o n  o f  p l a s m i d s  pAT153 and pBR322 

f r o m  E. c o l i  possess ing  t h e s e  p l a s m i d s .  The p r e p a r a t i o n s  were found  t o  be 

reasonab ly  f r e e  f r o m  chromosomal DNA. 

( v )  T r a n s f o r m a t i o n  o f  E. c o l i  W4100 A t 9  S t r a i n  f 
As a l r e a d y  men t ioned  E. coZi W4100 A r g - s t r a i n  i s  an a r g i n i n e  r e q u i r i n g  

s t r a i n s  w h i c h  has a l s o  no r e s i s t a n c e  t o  e i t h e r  a m p i c i l l i n  o r  t e t r a c y c l i n e .  I 
I 

The competent  c e l l s  o f  t h i s  s t r a i n  were p r e p a r e d  a c c o r d i n g  t o  t h e  same 
L 

procedure  as was used i n  t h e  case o f  E. c o l i  HB101. 

T r a n s f o r m a t i o n  o f  t h e  competent  c e l l s  were c a r r i e d  o u t  w i t h  ba tches  

o f  poo led  p l a s m i d  DNA p r e p a r a t i o n s  pl able 4 ) .  The d i f f e r e n t  ba tches  o f  

poo led  p l a s m i d  DNA c o n t a i n e d  f u r t h e r  c o m b i n a t i o n s  of p o o l s  o f  p l a s m i d s  

1 
1 



F i g  12: Recombinant p lasmid  poo ls  f rom t ransfor rnant  pPK s t r a i n s  

A,B,C,D,F,G, and H represen t  plasrnid poo ls  PP-1, PP-2, PP-3, PP-4, 

PP-5, PP-6  and PP-7 r e s p e c t i v e l y   a able 3)  

E: H i n d l l l  d i g e s t  o f  X DNA 



g i v e n  i n  Tab le  3.  

Tab le  4: Batches of p l a s m i d  DNA f r o m  d i f f e r e n t  p o o l s  

Ba tch  P lasmid  Pool  and Source 

PP-1, PP-2 and PP-3 ) 
) 

PP-4 and PP-5 ) p P K s t r a i n s  

PP-6 and PP-7 

A  and B 

C and D 

E and F 

G and H 

) pBK s t r a i n s  
) 

The s e l e c t i v e  media used was E. coZi min ima l  aga r  ( ~ ~ 1 9  ~ ~ a r ) ,  L - b r o t h  

aga r  c o n t a i n i n g  a m p i c i l l i n  and t e t r a c y c l i n e  s e p a r a t e l y .  

The r e s u l t s  o f  t r a n s f o r m a t i o n  a r e  g i v e n  i n  T a b l e  5.  As can  A be seen 

i n  t h e  t a b l e  t h e r e  were no t r a n s f o r m a n t s  i n  t h e  case o f  p lasm ids  f r o m  pPK 

s t r a i n s ,  whereas a l l  t h e  ba tches  o f  p l a s m i d  p o o l s  f r o m  pBK s t r a i n s  showed 

t r a n s f o r m a t i o n  w i t h  v a r y i n g  f r e q u e n c i e s .  

The t r a n s f o r m a n t  c o l o n i e s  showed s l o w  g r o w t h  o n  m in ima l  

medium (MG9 a g a r ) .  Though m i n u t e  c o l o n i e s  were v i s i b l e  on t h e  p l a t e  a f t e r  

about  20 h r s .  i n c u b a t i o n  i t  t o o k  t h r e e  days t o  show r e a s o n a b l y  good g rowth .  

The s i z e  o f  t h e  c o l o n i e s  a l s o  v a r i e d .  L - b r o t h  agar  p l a t e s  c o n t a i n i n g  

a n t i b i o t i c s  d i d  n o t  s u p p o r t  t h e  g r o w t h  o f  any c o l o n i e s .  

57 r e p r e s e n t a t i v e  c o l o n i e s  o f  d i f f e r e n t  s i z e s  were p i c k e d  up f r o m  

d i f f e r e n t  p l a t e s  and s t r e a k e d  on p l a t e s  c o n t a i n i n g  MGl9 aga r ,  L - b r o t h  agar  

c o n t a i n i n g  a m p i c i l l i n  as w e l l  as p l a t e s  w i t h  L - b r o t h  a g a r  c o n t a i n i n g  t e t r a -  

c y c l i n e  t o  c o n f i r m  t h e  phenotype o f  t h e  t r a n s f o r m a n t s .  A l l  t h e  c o l o n i e s  

were found t o  be c a p a b l e  o f  g r o w i n g  on m in ima l  agar  medium as w e l l  as on 



Table  5. T rans fo rma t ion  o f  E.co2-i W4100 s t r a i n s  by recombinant  p lasmids  

f r o m  pPK and pBK s t r a i n s  o f  E . c o l i  HBlOl.  

Batch o f  /Source 
p lasmid  poo l  

I 
No. o f  t r a n s f o r m -  T rans fo rma t  i o n  

~ - . . . . - - - . . 

a n t s k  ( p e r  m l  c e l l  f r equency  ( %  o f  
suspens i o n )  t h e  t o t a l  c e l  I s )  

- 1 
"The t o t a l  number o f  competent  c e l l s  i n  t h e  suspens ion were 2 . 3 5  x 1 0 l o  m l  

as de te rm ined  by g row ing  on a r g i n i n e  supplemented m in ima l  medium. 



a m p i c i l l i n  c o n t a i n i n g  medium b u t  n o t  on t e t r a c y l c i n e  c o n t a i n i n g  medium as 

expected,  c o n f i r m i n g  t h e  phenotypes o f  t h e  t r a n s f o r m a n t s  as ~ m ~ ~ ,  ~ e t ~  and 

These t r a n s f o r m a n t  s t r a i n s  c a r r y i n g  recomb inan t  pAT153 i n  w h i c h  

f ragmen ts  o f  pCRl c a r r y i n g  a r g F  gene a r e  i n s e r t e d  a t  BamHl s i t e  a r e  named 

as pBMK s t r a i n s  ( ~ B M K ~  - p ~ M K 5 7 ) .  

( v i )  I s o l a t i o n  o f  t h e  recomb inan t  p l a s m i d  pAT153 c a r r y i n g  argF/G genes 

A t t e m p t s  were made t o  i s o l a t e  p l a s m i d s  f r o m  t h e  above s t r a i n s  grown 

on L - b r o t h  c o n t a i n i n g  3 5 ~ ~ . m l - ~  amp ic i  1 1  i n .  The c u l t u r e s  grew i n  t h i s  

medium though  n o t  v e r y  w e l l .  However, i t  was n o t  p o s s i b l e  t o  e x t r a c t  p l a s m i d  

DNA e i t h e r  by Holmes and Q u i g l e y ' s  (1981) method o r  by W h e a t c r o f t  and W i l l i a m s  

(1981) method. 



Chapter  4  - DISCUSSION I: 

The R p r i m e  p lasmid ,  pCRl i s  a  d e r i v a t i v e  o f  ~ ~ 0 6 1  c a r r y i n g  argFG genes 
I, 

bu t  n o t  amiER and i s  about  135 Kb i n  s i z e  pl ice, 1984) .  T h i s  p l a s m i d  was found I - 
t o  be h i g h l y  s t a b l e  i n  P.putida PPN 1092 h o s t  even a f t e r  repea ted  s u b c u l t u r i n g .  I, 

i 
j_ _ 

S i m i l a r  o b s e r v a t i o n  was a l s o  made by R i c e  (1984) .  O t h e r  R p r i m e  p l a s m i d s  c a r r y i n g  i: 

b i o s y n t h e t i c  genes argFG were a l s o  r e p o r t e d  t o  be h i g h l y  s t a b l e  whereas t h o s e  

c a r r y i n g  genes such as t rpAB,  and amiER were e i t h e r  l e s s  s t a b l e  o r  u n s t a b l e  . ) . - 

( ~ e d ~ e s  and Jacob, 1977).  As t h e  p l a s m i d  was s t a b l e  i n  P.putida PPN 1092 i t  

was easy t o  grow t h e  c u l t u r e  i n  s u f f i c i e n t  q u a n t i t i e s  f o r  l a r g e  s c a l e  i s o l a t i o n  

o f  t h e  p l a s m i d .  R i c e  (1984) a f t e r  t r y i n g  v a r i o u s  p l a s m i d  i s o l a t i o n  methods used 

a  m o d i f i e d  W h e a t c r o f t  and W i l l i a m s '  (1981) method f o r  i s o l a t i o n  o f  pCRl p lasm id .  

Hence, i n  t h i s  s t u d y  t h e  same method as m o d i f i e d  by R i c e  (1984) was used f o r  

making l a r g e  s c a l e  as we1 1 as r a p i d  p r e p a r a t i o n s  o f  pCRl f r o m  P.putida PPN 1092. 

However, t h e  p u r i t y  o f  t h e  p l a s m i d  i s o l a t e  v a r i e d  c o n s i d e r a b l y  f r o m  expe r imen t  

t o  expe r imen t .  T h i s  may be because t h e  method i n v o l v e s  two p r i n c i p l e s  such as 

a l k a l i n e  d e n a t u r a t i o n  and s h e a r i n g  o f  chromosomal DNA. The s h e a r i n g  s t e p  wh ich  

was done by v i g o r o u s  v o r t e x  m i x i n g  seemed t o  be a d e l i c a t e  p rocess  though t h e  

presence o f  a n t i f o a m  agent  c o n s i d e r a b l y  he lped  i n  p r e v e n t i n g  t h e  s u p e r c o i l e d  

p l a s m i d  DNA f r o m  b e i n g  degraded.  However, a f t e r  a  few t r i a l s  one can g e t  

used t o  t h e  r e q u i r e d  s h e a r i n g  f o r c e  t o  g e t  o n l y  t h e  RNA and chromosomal DNAs 

sheared and dena tu red  l e a v i n g  t h e  p l a s m i d  DNA i n t a c t .  F a i r l y  good y i e l d s  o f  

reasonab ly  p u r e  p l a s m i d  DNA f r a c t i o n s  ( t h o u g h  t h e  suc rose  f r a c t i o n s  were r a t h e r  

d i l u t e )  were o b t a i n e d  ( ~ i g  5a and 6 ) .  

As t h e  p l a s m i d  f r a c t i o n s  were d i l u t e  a t t e m p t s  were made t o  c o n c e n t r a t e  them 

by p r e c i p i t a t i n g  t h e  DNA by sodium a c e t a t e - e t h a n o l  p r e c i p i t a t i o n  method. 

But ,  s u r p r i s i n g l y ,  t h e  DNA o b t a i n e d  a f t e r  p r e c i p i t a t i o n  and resuspens ion  i n  T E  

b u f f e r  d i d  n o t  compare e i t h e r  w i t h  t h e  p l a s m i d  DNA o r  w i t h  chromosomal DNA 

t h a t  was p r e s e n t  i n  t h e  f r a c t i o n s  con tamina ted  w i t h  chromosomal DNA ( ~ i ~ .  6 ) .  

Simi  l a r  r e s u l t s  were a l s o  o b t a i n e d  by o t h e r s  (R ice ,  1984) .  T h i s  may be due t o  

b r e a k i n g  down o f  t h e  l a r g e  DNA c h a i n  i n t o  s m a l l e r  f r agmen ts .  But  t h e  f r a g m e n t a t i o n  

I 
1 



seemed t o  be o c c u r r i n g  a t  t h e  same s i t e s  as t h e y  showed c o n s i s t a n c y  i n  t h e  

s i z e  o f  t h e  f ragmen ts .  

The c o n c e n t r a t e d  p l a s m i d  DNA on  d i g e s t i o n  w i t h  BamHl showed o n l y  4  f ragments  

o f  s i z e s  r a n g i n g  f rom a p p r o x i m a t e l y  23 t o  5Kb i n  t h e  g e l  whereas t h e  samples 

d i g e s t e d  w i t h  t h e  same enzyme p r i o r  t o  c o n c e n t r a t i o n  showed l a r g e  numbers o f  

f ragments  o f  v a r y i n g  s i z e s  r a n g i n g  f r o m  a p p r o x i m a t e l y  20Kb down t o  l e s s  than  2Kb 

( F i g .  6 ) .  D i g e s t i o n  o f  i n t a c t  p l a s m i d s  w i t h  o t h e r  r e s t r i c t i o n  enzymes such as 

P s t l  ( F i g .  7 a ) ,  H ind  I l l  ( F i g .  7b) a l s o  showed l a r g e  numbers o f  f r agmen ts .  

F a i r l y  good l i g a t i o n  was a t t a i n e d  between v e c t o r  DNAs, pBR322/pAT153 

and t h e  r e s t r i c t e d  f ragmen ts  o f  pCRl DNA ( F i g .  10 and F i g .  11 ) .  pAT153 and pCRl 

DNA r e s t r i c t e d  w i t h  P s t l  showed a  b road  band i n  t h e  g e l  a f t e r  l i g a t i o n  wh ich  

measured a p p r o x i m a t e l y  3.9-4.5Kb, whereas t h e  same DNAs r e s t r i c t e d  w i t h  BamHl 

and 1 i g a t e d  showed a  na r row  band measur ing  abou t  3.8Kb. 

A t t e m p t s  were made t o  t r a n s f o r m  t h e  competent  c e l l s  o f  E . c o Z i  W4100 ~ r g - w h i c h  

i s  an A rg  s t r a i n  l a c k i n g  t h e  a r g i n i n e  b i o s y n t h e t i c  gene a r g F  and i n c a p a b l e  

o f  g row ing  on  m i n i m a l  medium d e f i c i e n t  i n  a r g i n i n e .  But  b o t h  pAT153 and pBR322 

p lasmids  (who le  p l a s m i d s  as w e l l  as t h o s e  c a r r y i n g  f ragmen ts  o f  pCRl DNA) f a i l e d  

t o  t r a n s f o r m  t h e  c e l l s .  I t  may be because o f  t h e  p resence  o f  a  s t r o n g  endonuc lease 

system w i t h i n  t h e  c e l l .  T h i s  s t r a i n  i s  known t o  possess r e s t r i c t i o n  enzymes 

(R.E.  Drew, p e r s .  commun.). The f o r e i g n  DNA t h a t  e n t e r s  t h e  c e l l s  may be g e t t i n g  

degraded by t h e s e  enzymes. Hence, an i n d i r e c t  method o f  i n t r o d u c i n g  t h e  recombinant  

- 
DNA i n t o  t h i s  A rg  s t r a i n .  

The s t r a t e g y  adopted was t r a n s f o r m i n g  a n o t h e r  E . c o Z i  s t r a i n ,  HBlO1, - an 

e a s i l y  t r a n s f o r m a b l e  s t r a i n ,  s e l e c t i n g  recomb inan t  c o l o n i e s ,  e x t r a c t i n g  t h e  

recombinant  p lasm ids  f r o m  these  c o l o n i e s  and u s i n g  them f o r  t r a n s f o r m i n g  t h e  

s t r a i n  E . c o Z i  W4100 Arg .  

T r a n s f o r m a t i o n  o f  HBlOl was q u i t e  s u c c e s s f u l .  pAT153 c a r r y i n g  pCRl 

f ragments  a t  P s t l  s i t e  and BamHl s i t e  showed a  t r a n s f o r m a t i o n  o f  f r equency  

o f  7.56 x  and 3.24 x  r e s p e c t i v e l y  on t h e  b a s i s  o f  t o t a l  number o f  

c e l l s  t r e a t e d  o r  a p p r o x i m a t e l y  2.8 x  l o 3  and 1.2 x  l o 3  t r a n s f o r m a n t s  p e r  ~ g  DNA, 

r e s p e c t i v e l y .  The t r a n s f o r m a t i o n  f r e q u e n c i e s  i n  t h i s  s t u d y  a r e  b e t t e r  t han  t h a t  



o b t a i n e d  by Modi (1984) .  I n  a  s i m i l a r  s t u d y  he t r a n s f o r m e d  E. c o l i  JA221 

w i t h  pATI53 c a r r y i n g  f ragments  o f  pCRl DNA and o b t a i n e d  a  t r a n s f o r m a t i o n  

f requency o f  2.9 x  10 . 
pBR322 wh ich  was a l s o  supposed t o  be c a r r y i n g  pCRl f ragments  a t  P s t l  s i t e  

f a i l e d  t o  t r a n s f o r m  t h e  c e l l s .  T h i s  may be due t o  improper l i g a t i o n  wh ich  i s  

e v i d e n t  i n  F i g .  10. But  who le  p lasmids ,  b o t h  pBR322 and pAT132, showed good 

t r a n s f o r m a t i o n .  The s l i g h t l y  lower  t r a n s f o r m a t i o n  f requency  may be due t o  

9 excess c e l l  c o n c e n t r a t i o n  (3 .7  x  10 c e l  1s m l - l )  i n  t h e  t r a n s f o r m a t i o n  m i x t u r e ,  

- 1 
t h e  i d e a l  c o n c e n t r a t i o n  b e i n g  5 x  l o 7  c e l  1s. m l  ( M a n i a t i s  e t  a ] . ,  1982).  

The t r a n s f o r m a t i o n  by pAT153 c a r r y i n g  f o r e i g n  DNA a t  P s t l  s i t e  was more than  

t w i c e  as much as t h a t  by pAT153 c a r r y i n g  f o r e i g n  DNA a t  BamHl s i t e .  T h i s  may 

be because o f  t h e  d i f f e r e n t i a l  p r o p o r t i o n  i n  wh ich  t h e  v e c t o r  DNA and t h e  

i n s e r t  DNA were mixed.  

The pe rcen tage  o f  recombinants  o b t a i n e d  i n  t h e  case o f  pAT153 w i t h  

i n s e r t  a t  P s t l  s i t e  and BamHl s i t e  were abou t  3 5  and 3 1 ,  r e s p e c t i v e l y .  These 

r a t h e r  low v a l u e s  f o r  dephosphory la ted  v e c t o r  DNA t o  wh ich  f o r e i g n  DNA 

were i n s e r t e d  i n  wh ich  cases more t h a n  90% recombinants  were expected.  These 

low v a l u e s  may be due t o  i ncomp le te  d e p h o s p h o r y l a t i o n  o f  t h e  v e c t o r  DNA. 

Good y i e l d s  o f  t h e  recombinant  p l a s m i d  DNA were o b t a i n e d  f rom t h e  

recombinant  s t r a i n s  ( ~ i ~ .  12 ) .  These p l a s m i d  DNAs were poo led  and used f o r  

- 
t r a n s f o r m i n g  t h e  A rg  s t r a i n  o f  E. coZi ( ~ 4 1 0 0 ) .  The p l a s m i d s  w i t h  i n s e r t s  

a t  P s t l  s i t e  ( i . e .  those f rom recombinant  s t r a i n s  showing t e t r a c y l c i n e  r e s i s t a n c e  

and a m p i c i l l i n  s e n s i t i v i t y )  f a i l e d  t o  t r a n s f o r m  t h e  competent  c e l l s  o f  t h i s  

s t r a i n  whereas t h e  p lasmids  c a r r y i n g  pCRl f ragments  a t  BamHl s i t e  ( i . e .  

t h e  l a t t e r  p l a s m i d  p r e p a r a t i o n s  showed d i f f e r e n t  t r a n s f o r m a t i o n  f r e q u e n c i e s .  

An i n t e r e s t i n g  t h i n g  observed i n  these  transformant co lon ies  was 

t h a t  t hey  were v e r y  s low growing.  Though t i n y  c o l o n i e s  were v i s i b l e  on t h e  min imal  

agar p l a t e s  d e f i c i e n t  i n  a r g i n i n e  t h e y  t o o k  3 days t o  grow t o  t h e  s i z e  o f  t h e  

c o n t r o l  c o l o n i e s  on a r g i n i n e  c o n t a i n i n g  m in ima l  agar  p l a t e s .  Another  i n t e r e s t i n g  

o b s e r v a t i o n  was t h a t  no c o l o n y  appeared e i t h e r  on a m p i c i l l i n  c o n t a i n i n g  a  



t e t r a c y l c i n e  c o n t a i n i n g  L - b r o t h - a g a r  p l a t e s .  The poo r  g r o w t h  on  m in ima l  

medium and f a i l u r e  t o  grow on a n t i b i o t i c  c o n t a i n i n g  media m i g h t  have been 

due t o  poo r  e x p r e s s i o n  o f  t h e  genes on t h e  p l a s m i d  i . e .  argFG and ampR. However, 

when t h e  same c o l o n i e s  were p i c k e d  and s t r e a k e d  on m i n i m a l  medium and L - b r o t h -  

agar  c o n t a i n i n g  a m p i c i l l i n  (35ug m1- l )  t h e y  grew f a i r l y  w e l l ,  though n o t  t o  t h e  

e x t e n t  o f  c o n t r o l  c o l o n i e s .  C l a r k e  and Lave rack  (1983) have a l s o  o b t a i n e d  

- 
s i m i l a r  r e s u l t s  when they  t r a n s f o r m e d  A r g  s t r a i n ,  E.coli 4100 ArgF w i t h  a r g F  

c a r r y i n g  R p r i m e  p lasmids ,  pARl o r  pM0778. They obse rved  s l o w  g r o w t h  and a l s o  found 

t h a t  t h e  amount o f  o r n i t h i n e  c a r b a m o y l t r a n s f e r a s e  ( O ~ ~ a s e ,  t h e  p r o d u c t  o f  a rgF  gene) 

was 2 t o  4% o f  t h a t  produced i n  t h e  p a r e n t a l  P. aeruginosa s t r a i n .  However, 

when t h e y  i n t r o d u c e d  t h e  same p l a s m i d s  i n t o  P. putida and P. aeruginosa s t r a i n s  

t h e  e x p r e s s i o n  o f  t h e  gene was as good as i t  was i n  t h e  p a r e n t  s t r a i n .  T h e i r  

s t u d y  and t h a t  o f  Mergeay e t  a l .  (1978) suggested t h a t  t h e  e x p r e s s i o n  o f  

P. aeruginosa genes a r g F  and t rpAB i n  E. coZi was a t  a  reduced l e v e l .  I n  c o n t r a s t  

t o  t h i s  Mergeay e t  a l .  (1978) found t h a t  t h e  argE and argH p r o d u c t s  f rom E.coZi 

genes were expressed i n  Pseudomonas fZuorescens a t  v a l u e s  c l o s e  t o  t hose  f o r  

w i  l d - t y p e  E.coZi. 

A t t e m p t s  t o  e x t r a c t  p l a s m i d s  f r o m  t h e  recombinant  s t r a i n s  capab le  o f  

g row ing  on a r g i n i n e  d e f i c i e n t  medium and possess ing  a m p i c i l l i n  r e s i s t a n c e  and 

t e t r a c y l c l i n e  s e n s i t i v i t y  were n o t  s u c c e s s f u l ,  though t h e  c u l t u r e  grew w e l l  

i n  a m p i c i l l i n  c o n t a i n i n g  L - b r o t h .  P r o b a b l y ,  r e p e a t e d  s u b c u l t u r i n g  on  m in ima l  

media c o n t a i n i n g  a m p i c i l l i n  as a  p l a s m i d  a m p l i f y i n g  f o r c e  may y i e l d  c o l o n i e s  

w i t h  s t a b i l i s e d  p l a s m i d  DNA. 

A f t e r  t h u s  ' r e s c u i n g '  t h e  s t r a i n s  i t  wou ld  be p o s s i b l e  t o  e x t r a c t  t h e  

recombinant  p lasm ids .  The s i z e  o f  t h e  i n s e r t s  c o u l d  be de te rm ined  by r e s t r i c t i n g  

p l a s m i d ( s )  w i t h  BamH1, a t  t h e  s i t e  o f  w h i c h  t h e  pCRl f r a g m e n t ( s )  c a r r y i n g  

argF/G genes were i n s e r t e d .  From t h e  d i f f e r e n t  f r agmen ts ,  p r o b a b l y ,  o f  v a r y i n g  

l e n g t h s  t h e  s m a l l e s t  ones c o u l d  be s e l e c t e d .  A t t e m p t s  c o u l d  be made t o  l o c a t e  

t h e  a r g F  and / argG genes by s u b c l o n i n g  and t ransposon  mutagenes is .  

I f  i t  p roves  p o s s i b l e  t o  l o c a t e  t h e  ArgF and / ArgG genes, a  s t a r t  

c o u l d  be made t o  sequence DNA f ragmen ts  w i t h  t h e  v i e w  t o  i d e n t i f y i n g  t h e  p romoto r /  



opera to r  sequence t o  compare w i t h  the  sequence o f  cor responding E.coli  

genes. R.E.  Drew (pe rs .  commun.) has done s i m i l a r  s t ud ies  w i t h  t h e  a& genes 

i n  Pseudomonas. 
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