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SIJI'{I.TARY AND GENERAL CONCLUSIONS

This  thes is  descr ibes  the  c lon ing  and charac ter iza t ion

of  the  genes encod ing  the  pro te ins  wh ich  cons t i tu te  the  75

k i l -oda l ton  (kDa) ,  competence spec i f i c ,  p ro te in  complex  o f

Bac i l lus  subt i l - i s .  Th is  membrane-bound complex  cons is ts  o f

two subun i ts  o f  the  17  kDa DNA-ent rv  nuc lease and two

subun i ts  o f  an  18  kDa pro te in .

Chapter I  gives a brief general introduction of several-

aspec ts  concern ing  na tura l  competence and t rans format ion  o f

Gram pos i t i ve  bac ter ia .

Chapter  I I  descr ibes  the  iso l -a t ion  o f  t rans format ion*

def ic ien t  mutants  by  inser t iona l  mutagenes is  w i th  p lasmid

p H V 6 0 .  T h i s  p l a s m i d  i s  a b l - e  t o  r e p l i c a t e  i n  E .  c o l i ,  b u t

n o t  i n  B .  s u b t i l i s .  f t  c o n t a i n s  a  c h l o r a m p h e n i c o l

res is tance (Cm-)  marker  wh ich  is  expressed in  bo th

organ isms.  Chapter  I1  a lso  descr ibes  an  unexpected

phenomenon which was observed \,{herr chromosomal DNA of these

mutants  was used to  t rans form a  t rans format ion-pro f ic ien t

s t ra in .  As  expec ted ,  a lmost  aL1 the  t rans formants  had the

mutant  phenotype.  However ,  a typ ica l  t rans formants  w i th  the

wild-type phenotype were produced with a frequency of

approx j -mate ly  3  x  10-o .  Data  concern ing  the  ampl i f i ca t ion

of the DNA containing the CmR marker and duplication of DNA

sequences  in  these a typ icaJ-  t rans formants  a re  p resented

tha t  suggest  tha t  they  are  the  resu l t  o f  a  Campbe l l -1 ike

in tegra t ion  o f  the  chromosomal  DNA conta in ing  the

in tegra ted  p lasmid .  A  mode l  basec i  on  c i rcu la r iza t ion  o f

s ing le -s t randed vec tor -conta in ing  chromosomal  DNA th rough

for tu i tous  bases  par ing  w i th  an  independent ly  en tered

s ing l -e -s t randed molecu le  and subsequent .  in tegra t ion  by  a

Canpbe l l - I i ke  mechan ism is  p resented  to  exp l -a in  the

produc t ion  o f  these a typ ica l  t rans formants .

Chapter  I I I  descr ibes  the  c l -on i r rg  in  E .  co l i  o f  the
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gene speci fy ing the DNA-entry nuclease of  B.  subt i l is .

Analysis of the mutants obtained by insertional mutagenesis

had shown that the mutants, mapping in the Arof region,

lacked DNA-entry nucLease act iv i ty .  P lasmid pI IV60

der ivat ivesf  conta in ing f lanking chromosomal  DNA f ragments,

were isolated from these mutants and used to screen a

Iibrary of B. subti l is chrornosomal DNA prepared in phageA

EMBL4. fn E.  cof i  lysates prepared wi th phages that

hybr id ized to the pHV60-based probe,  a prominent  nuclease

activity could be detected. The DNA fragment encoding the

nuclease was subcloned .  in  p lasnid pGVl .  Analys is  of  the

nucLease showed that  i t  had the same M- as the B.  subt iL is

DNA-entry nucl-ease and that its activity was strongly

st imul-ated by Mnz*,  which is  a l -so character is t ic  for  the B.

subt i l is  DNA entry nuclease.  Subsequent ly  i t  was shown that

the nuclease act iv i ty  was spec. l f ied by a 700 base pai rs

EcoRI-Pst I  f ragment ,  and that  the nuclease had been c loned

without its own promoter. The gene was expressed under the

contro l  of  the lacZ promoter .

Chapter IV describes the cloning of a 310Obp DNA

fragment  which encodes the L4 and 17 kDa nucleases as wel l

as the 18 kDa prote in.  fn  th is  construct  the expression of

the genes is governed by their own promoter. The DNA

fragment carrying the promoter was obtained from the r(slagl,a

bank referred to above, by a search for sequences upstream

of the nuc. l -ease g lene,  wi th the 700 base pai rs  EcoRf-Pst I

f ragment  as probe.

Using the c loned gene,  a B.  subt i l is  mutant  was

constructed by inser t ion of  a CmR marker  in to the gene

encoding the nuclease.  This mutant  l -acked both nuclease

act iv i t ies and the 18 kDa prote in.  The polar  ef fect  of

mutat ion suggests that  the genes are organized in an

operon,  The mutant  showed 58 res idual  t ransformat ion.  DNA-

binding was h igher  than in the wi ld- type ce1ls,  and DNA-

entry was reduced to 30t  of  the wi ld- t1pe Level .  These

resul ts  suggest  that  an a l ternat ive pathway may exis ts  for

v )



the in ternal izat ion of  t ransforming DNA.

The effects of the mutation could be complemented with

pLasmids,  carry ing the c loned genes.

fn Chapter V the nucleotide sequences of the genes

encoding both the nucl-ease and the 18 kDa protein are

presented.  The genes are encoded by a 904 basepairs  Pst I -

HindIIf fragment. The open reading frames encoding both

prote ins are par t ly  over lapping.

A mutant ,  exc lus ively  def ic ient  for  the 18 kDa prote in,

was constructed by inser t ion of  a kanamycin res is tance gene

into the coding sequence of  the gene.  The resul ts  suggest

that the L8 kDa protein is probably not invol-ved in the

binding of  donor DNA to the competent  ce11,  s ince the

mutant showed wild-type DNA-binding activity. The

transforming act iv i ty  of  the mutant  was reduced to 25 I  o f

the wildtlpe level, indicating that the 18 kDa protein has

a funct ion in  the t ransformat ion process.  In  v i t ro

experinents showed that the 18 kDa protein is capable of

inhib i t ing the act iv i ty  of  the competence speci f ic

nuclease.  A possib le roLe of  the 18 kDa prote in in

transformation night be related to thj-s phenomenon, and is

d i scussed .
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