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CHAPTER V I I I

SUM]"fARY AND GENEML CONCLUSIONS

Trans fo rma t i on  o f  Bac i l Lus  sub t i L i s  p resen t s  an  i n t e res t i ng  mode l  sys tem

fo r  t he  s tudy  o f  DNA up lake  and  recomb ina t i on  i n  g ram-pos i t i ve  bac te r i a .

Th i s  d i sse r t aE ion  dea l s  w i t h  seve ra l  aspec t s  o f  t hese  f undamen ta l  p rocesses .

A f t e r  a  b r i e f  i n t r oduc t i on  i n t o  t he  re l evan t  l i t e ra tu re  o f  t r ans fo rma t i on

and  t he  use  o f  p l asm ids  i n  B .  sub t iZ l s  (Chap te r  I ) ,  expe r imen ts  a re  desc r i -

bed  a imed  a t  l )  t he  e l uc i da t i on  o f  t he  mechan i sm o f  up take  and  p rocess ing

of  p lasmid DNA (Chapters [ - IV) and 2) the idenr i f icat ion and funct ional  ana-

l y s i s  o f  p ro te i ns  i nvo l ved  i n  r ecomb inac ion  i n  B . sub t i l i s  (Chap te r s  V -V I I )  .

The  i n t r oduc t i on  o f  use fu l  p l asm ids  i n ro  B .  sub t i l i s  g rea t l y  en la rged

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

made  i c  o f  pa rE i cu la r  i n t e res t  t o  s t udy  t he  t . r ans fo rmac ion  p rocess  i n  B .

sub t i L i s  w i t h  p l asm id  as  mode l  DNA.  A IEhough  compe ten t  ce l I s  a re  r ead i l y

t r ans fo rmed  w i ch  p l asm id  DNA,  i t  appea red  howeve r  t ha t ,  i n  con t ras t  t o

monomers ,  on l y  mu l t ime r i c  p l asm id  DNA was  b i o l og i ca l l y  ac t i ve .  Howeve r ,

i n  an  a l t e rna t i ve  t r ans fo rma t i on  sys tem,  mak ing  use  o f  po l ye thy l ene  g l y -

co l  t r ea ted  p ro top las t s  o f  B ,  sub t i L i s ,  a l l  p l as rn i d  f o r rns ,  i nc l ud ing  mo-

nomers ,  we re  b i o l og i ca l l y  acE i ve  and  t r ans fo rmed  w i t h  h i gh  e f f i c i ency .

These  f i nd i ngs  s t imu la ted  t he  resea rch  conce rn ing  t he  mechan i sm o f  up take

and  p rocess ing  o f  d i f f e renc  f o rms  o f  p l asm id  DNA i n  t hese  two  t r ans fo r -

ma t i on  sys tems ,  as  i s  desc ibed  i n  t he  f i r s t  pa r t  o f  t h i s  t hes i s .

Chap te r  I I  desc r i bes  t he  i nvesE iga t i on  o f  t he  phys i ca l  f ace  o f  pLasm id

DNA du r i ng  t r ans fo rma t i on  o f  compe ten t  ce l l s .  A11  p l asm id  DNA appea rs  t o

be  p resen t  i n t r ace l l u l a r l y  as  s i ng le - s t r ands  o f  DNA,  i r r espec t i ve  o f  t he
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molecu la r  s t r uc tu re  o f  t he  dono r  p l asm id .  Whe reas  s i ng le - s t r ands  o f  mono -

mer i c  p l asm id  DNA become  f i na l l y  deg raded ,  mu l r ime r i c  p l asm id  DNA resu l t s

i n  t he  i nE race l l u l a r  f o rma t i on  o f  ( pa r t i a l l y )  doub le - s t r anded  DNA.  Based

on  t hese  resu l t s  a  mode l  f o r  t he  b i o l og i ca l  ac t i v i t y  o f  mu lE ime r i c  DNA

is  p roposed ,  wh i ch  t akes  i n t o  accoun t  s i ng le - sE randed  en t r y  and  i n t r ace l -

l u l a r  r eannea l i ng  o f  eomp lemen ta r y  s i ng le  s t r ands  de r i ved  f r om one  rnu l t i -

me r i c  mo leeu le .

To  exam ine  whe the r  l he  conc lus i ons  reached  w i t h  r espec t  Eo  t he  up take

and  p rocess ing  o f  p l asm id  DNA i n  compe ten t  ce1 l s  we re  no t  l im i t ed  t o  t he

. - ^ : ^ -  r - ^ ^ ' : ^ -  ^ '  ^ ' a s m i d  D N A ,  b u t  a l s o  a p p l i e d  t o  t h e  f e w  b i o l o g i c a l l y, u a l  u r  !  r  d L  L r w r r  u !  P r

ac t i ve  p l asm id  mo lecu les ,  p l asm id  t r ans fo rma t i on  was  a l so  s tud ied  i n

t r ans fo rma t i on -de f i c i en t  mu tancs  (Chap te r  I I I ) .  The  resu l t s  s t r ong l y  sug -

ges t  t ha t  a l l  p l asm id  DNA,  i nc l ud ing  t he  b i o l og i ca l l y  ac t i ve  mo lecu les ,

e n E e r  c o m p e t e n t  c e L l s  i n  t h e  s a m e  w a y ,  i . e .  i n  t h e  s i n g l e - s t r a n d e d  f o r m ,

Wi th  t he  a i d  o f  t h i s  add i t i ona l  i n f o rma t i on  a  aene ra l  mode l  f o r  t he

p lasm id  t r ans fo rma t i on  i n  B ,  sub t i l i s  compe ten t  ce l l s  i s  p roposed ,  wh i ch

accoun t s  f o r  t he  b i o l og i ca l  ac t i v i t y  o f  p l asm ids  con ta i n i ng  va r i ous  k i nds

o f  r e p e a t s .  T h e  i n e f t i c i e n c y  o f  p l a s r n i d  t r a n s f o r m a E i o n  u s i n g  c o m p e E e n t

ce l l s  i s  i n t e rp re ted  i n  t e rms  o f  p robab i l i t y  t o  su r v i ve  i n t r ace l l u l a r

deg radaE ion  be fo re  comp lemen t . a r y  s i ng le  sg rands  can  reannea l  and ,  a f t e r

DNA syn fhes i s ,  can  c i r cu l a r i ze .

By  us i ng  phys i co - chem ica l  me thods  i n  comb ina t i on  w i t h  che  ana l ys i s  o f

nu tan t s  impa i red  i n  p l asm id  t r ans fo rma t i on  when  g ro rdn  t o  compe tence ,  t he

:p take  and  p rocess ing  o f  p l as rn i d  DNA i n  po l ye thy l ene  g l yco l  t r eaEed  p ro -

- o p l a s t s  w a s  s t u d i e d  ( C h a p t e r  I V ) .  A f t e r  e n t r y  i n t o  t h e  p r o t o p l a s t s ,

, zh i ch  i s  no t  r educed  i n  mu tan t s  impa i red  i n  DNA en t r y  as  compe ten t  ce l l s ,

r l l  p l asm id  DNA i s  p resen t  as  doub le - s t r anded ,undamaged ,mo lecu les .  Quan ta -

- i ve  ana l ys i s  showed  l haE  a lmos t  each  p l asm id  mo lecu le  wh i ch  en te r s  g i -
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ves  r i se  t o  a  t r ans fo rman t ,  exp la i n i ng  t he  h i gh  e f f i c i ency  o f  p l asm id

t r a n s f o r m a t j o n  i n  t h i s  s y s L e m ,

In  r e l a t i on  co  t he  d i f f e rences  i n  DNA up take  and  p rocess ing  i n  t he

t r ^ ro  p l asm id  t . r ans fo rma t i on  sys tems ,  t he  ques t i on  may  be  posed  wh i ch  o f

t t r ese  i s  t he  mos t  su i t ab le  f o r  mo lecu la r  c l on ing .  Seve ra l  genes  have

been  c l oned  us i ng  B .  sub tLL i s  compe ten t  ce l l s .  Howeve r ,  r e l a t i ve l y  h i gh

DNA concen t ra t i ons  a re  r equ i r ed  du r i ng  l i gac i on  t o  f avou r  t he  f o rmaE ion

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

w i t h  b i o l og i ca l  ac t i v i t y .  S i nce  t he  p rocess ing  o f  such  repea ted  p l asm ids

may  l ead  t o  Che  f o rma t i on  o f  de le t i ons ,  i t  i s  r ecommended  t o  i n t r oduce

p r ima ry  l i ga t i on  p roduc t s  i n t o  B ,  sub t t  L i s  by  p ro top las t  t r ans fo rma t i on .

In chis way advantage is  made of  the undarnaged entry and hence of  Ehe

h igh  t r ans fo rma t i on  f r equenc ies  i n  p ro top lasLs ,  as  i s  p rac l i sed  i n  t he

c lon ing  expe r imen ts  desc r i bed  i n  Chap te r  V I I .

To  comp lemen t  ex i sL i ng  i n f o r rna r i on  on  recomb ina t i on  du r i ng  t r ans fo r -

ma t i on  o f  B .  sub t iZ l s  compe ten t  ce l l s ,  p ro te i ns  i nvo l ved  i n  r ecomb ina -

L i on  we re  s tud ied  as  i s  desc r i bed  i n  t he  second  oa r t  o f  t h i s  t hes i s ,

By  compar i ng  p ro te i ns  p resen t  i n  w i l d t ype  s t r a i ns  and  i sogen i c  r e -

comb ina t i on -de f i c i en t  mu lan t s  w i t h  t he  a i d  o f  two -d imens iona l  ee le l ec -

t r opho res i s ,  a  45  kD  recomb ina t i on  p ro te i n  was  i denc i f i ed ,  wh i ch  i s

induced dur ing competence development and by t reatmenls which damage

DNA o r  i nh i b i t  DNA rep l i ca t i on  (Chap re r  V ) .  Th i s  p roce in  i s  absen r  i n

several  l "€c-mutants which are al1 impaired in the format ion of  an un-

s tab le  o r  s t ab le  dono r - rec i p i en t  comp lex  du r i ng  t r ans fo rma t i on  (Chap -

t e r  V I ) .  T h e r e f o r e ,  i t  i s  i n f e r r e d  t h a !  t h e  4 5  k D  r e c o m b i n a t i o n  p r o t e i n

p a r r i c i p a t e s  i n  t h e  e a r l y  s t e p s  o f  ! h e  f o r r n a t i o n  o f  L h i s  c o m p l e x .

o n e  m u t a n t ,  c a r r y i n g  t h e  t e m p e r a t u r e - s e n s i t t v e  r e c E 4 5  m u t a t i o n .  c o n -

t a i n s  a  4 5  k D  p r o t e i n  w i t h  a n  i n c r e a s e d  i s o e l e c t r i c  p o i n t  ( C h a p t e r  V I ) .

t t l



Af te r  l im i t ed  p ro teo l ys i s ,  t he  w i l d t ype  and  mu tan t  p ro te i n  y i e l ded  s i -

m i l a r  f r agmen ts ,  i nd i ca t i ng  t ha t  Lhe  recE  gene  spec i f i es  t he  45  kD  re -

comb ina t i on  p ro te i n .  S i nce  t he  mu tan t  p ro te i n  was  no t  i nduc ib l e  by  t r ea t -

menrs vrhich induced the wi ldtype recE protein,  i t  is  assumed that  the

recE  p ro te i n  a f f ecEs  i c s  own  syn thes i s .  On  t he  bas i s  o f  t hese  f i nd i ngs

a  regu la t i on  mode l  i s  p roposed  wh i ch  pos tu l a tes  t ha t  t he  recE  p ro te i n

i s  capab le  o f  i nac t i va t i ng  a  r ep resso r  o f  t he  recE  gene .

Both the proposed mode of  regulat ion and the funct ion of  the B.  sub'

t i l i s  r ecE  p ro te i n  bea r  a  g rea t  dea l  o f  s i r n i l a r i t y  w i t h  t ha t  o f  t he  we l l

s tudied Eschez-Lchia col ' i ,  recA protein.  In order to provide exper imental

ev i dence  f o r  t he  poss ib l e  f unc t i ona l  equ i va lence  o f  t hese  two  p ro te i ns ,

DNA fragments contain ing the ent i re E.  col i  rec\  gene were c loned in a

B. suht i l is  expression plasmid (Chapter VI I ) .  L lhen Llne recA gene is under

contro l  of  the vector  located promoter,  the E.  coLl  recombinat ion gene

i s  exp ressed  and  Ehe  recA  p ro re i n  i s  de tec tab le  i n  m in i ce l l s  and  who le

ce l l s .  Th i s  t ype  o f  ana l ys i s  f u r t he r  showed  t ha t  -  l i ke  t he  recE  p ro -

t e i n  -  l he  r ecA  p ro te i n  i s  a l so  i nduc ib l e  i n  B .  sub t i L i s ,  T t : t s  suppo r t s

t he  p rev i ous  hypo thes i s  t ha t  t he  syn thes i s  o f  t he  recE  p ro te i n  i s  s im i -

l a r l y  r egu la ted  as  t ha t  o f  t he  E .  coL i  r ecA  p ro te i n .

Al l  B.  subt iL l :s  mutants which lack Ehe recE procein and hence are im-

paired in the format ion of  a complex between s ingle-stranded donor DNA

and the homologous recip ient  DNA, are complemented by the E,  col i  v ,ecA,

gene  exp ress ing  p l asm id  (Chap te r  V I I ) .  S i nce  t he  recA  p ro te i n  p romoEes

the  ass im i l a t i on  o f  s i ng le - s t r anded  DNA i n to  homo logous  dup lex  DNA l n

u i t r o  ( r esu l t i ng  i n  t he  f o rma t i on  o f  a  D  l oop ) ,  t he  mos t  s i np le  i n t e r -

p re ta t i on  o f  t he  cu r ren t  r esu l t s  i s  t ha t  t he  regu la t i on  o f  r ecomb ina t i on

in  B .  sub t lZz i s  t r ans fo r rna t i on  occu rs  i n  a  s im i l a r  wav .  Th i s  i s  v i zua l i -

zed  i n  F i gu re  1 .
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Figuz,e l .  Model  of  in i t iat ion of  recombinat ion dur ing t ransformat ion

i-n B.  subt tL is.  T lne bold l ine represents s ingle-stranded donor DNA,

unpa i red  i n  . 4 ,  Pa i r i ng  w i t h  t he  comp lemen ta r y  s t r and  o f  t he  rec i p i en t

dup lex  DNA i n  B  resu l t s  i n  t he  f o rma t i on  o f  a  D  l oop .  Though  dep i cced ,

f o r  t he  sake  o f  s imp l i c i t y ,  as  two  s t r a i gh t  l i nes ,  t he  rec i p i en t  DNA

may be in the superhel ical  forrn.

Owing to the c loning and expression of  the E.  coLi  TecA gene in B.

subt i l is ,  an exper imental  system is now avai lable which can be used to

tes t  a  number  o f  b i ochem ica l  p rope r t i es  o f  t he  recA  p ro te i n  i n  u l uo

rr i th the use of  the wel l  character ized B,  subt i l is  t ransformat ion svstem.
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