
C H A P T E R  I V

D I S C U S S I O N  A N D  C O N C L U S I O N

In 1993, Surasak const ruc ted ,  recombinant  p lasmids pCSBC5 and 
pCSBC8 which con ta in  CGTase gene from B a c i l l u s  sp .  All  in E .  c o l l  

v e c to r ,  pUC18 and pSE411, r e s p e c t i v e l y .  However, most of the  gene 
p ro du c t ,  CGTase, in E .  c o l i  accumulated in t h e  p e r ip l a s m ic  space  (Sin 
e t .  a l .  y 1993).  T h e re fo re ,  in o rd e r  to  produce l a r g e  amount of CGTase, 
the  E .  c o l i  system may not  be s u i t a b l e .  I t  i s  well  known t h a t  B a c i l l u s  

s u b t i l  i s  s e c r e t e s  a l a r g e  number of p r o t e i n s  e f f i c i e n t l y  i n to  the  
c u l t u r e  medium (Sin e t  a l . ,  1993),  and i s  a more a c c e p ta b le  hos t  
•Schmid, 1989).  I t  i s  more advantage  t h a t  CGTase i s  produced by using  
the  exp re s s io n  and s e c r e t i o n  system of B .  s u b t i l i s .

The CGTase gene from the  B a c i l l u s  s u b t i l i s  s t r a i n  ATCC21783 
had been c loned  p re v io u s ly  in E .  c o l i  (Kaneko e t  a l . ,  1988).  The y i e l d  
of 0 . 7 - f o l d  compared to  t h a t  of wild type  was r e p o r t e d ,  o th e r  CGTase 
genes had a l s o  been c loned  i n to  B .  s u b t i l i s  but  only one case  had the  
y i e l d  being high enough fo r  p r o f i t a b l e  i n d u s t r i a l  p ro du c t io n  (Schmid, 
1989).  Kimura e t  a l .  (1987) c loned  the  CGTase gene from the  
a l k a l o p h i l i c  B a c i l l u s  sp. 1011 i n to  E .  c o l i  using pBR322 and
B .  s u b t i l i s  u s ing  pUBHO. He r e p o r t e d  a 5 . 7 - f o l d  i n c r e a s e  in enzyme
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y i e l d  from E .  c o l i  and a 0 . 7 - f o l d  y i e l d  from B .  s u b t i l i s  compared to  
t h a t  from the  wild type  s t r a i n .

The aim of t h i s  s tudy was to  c o n s t r u c t  an exp re ss io n  system 
using  B a c i l l u s  s u b t i l i s  as host  fo r  CGTase p ro du c t io n .  A s h u t t l e  
v ec to r  pHV33 (Primrose  and E h r l i c h ,  1981; o ld  and Pr im rose ,  1989) was 
chosen as a c lon ing  v e c t o r .  Experiment s t r a t e g y  was as fo l lo w s :  F i r s t ,  
t h e  cloned CGTase gene from B a c i l l u s  sp .  All in pCSBC5 or pCSBCB was 
subcloned in to  the  s h u t t l e  v e c t o r ,  pHV33, using an E .  c o l i  h o s t .  
S ince ,  t r a n s fo r m a t io n  in to  B .  s u b t i l i s  host  was more com pl ica te  to  
perform than E .  c o l i  host  (Old and P rimrose ,  1989) and the  
t r a n s f o r m a t io n  e f f i c i e n c y  was lower.  Second, i f  E .  c o l i  t r a n s fo r m a n t s  
were p o s i t i v e l y  t e s t e d  fo r  CGTase a c t i v i t y ,  a c o n s t r u c t e d  plasmid 
would be t r a n s f e r r e d  in to  B .  s u b t i l i s  f o r  CGTase p r o d u c t io n .  The 
experiments r e p o r te d  here  showed, however, t h a t  subc lon ing  of CGTase 
gene in pHV33 and B a c i l l u s  sp .  v e c to r ,  pUBHO were u n s u c c e s s f u l .  
The reasons  fo r  t h i s  f a i l u r e  were th e  fo l lo w in g s :

In subc lon ing  experiment of tf in d m  and S a i l  d ig e s t e d  CGTase 
gene from pC'SBC8 i n to  6 .2  kb tf if ld m  and S a i l - d i g e s t e d  pHV33, t he  6.2  
kb l i n e a r  v e c to r  DNA of pHV33 could not  be p repa red ,  s i n c e  pHV33 which 
had been d i g e s t e d  with S a i l  could not  be c leaved  with i / i n d i n  
i F i g . 3 . 7 ) .  While t he  pHV33 which had been p a r t i a l l y  d ig e s t e d  with 

H i n d l l l  f o r  30 min, 1 h and 2 h cou ld  not  be c leaved  with  S a i l  
' F i g . 3.8 A). However, when d ig e s t e d  a t  longer t ime with H i n d l l l ,  the  
pHV33 was comple te ly  c leav ed ,  two DNA fragments of 4.3 kb and 2.5 kb 
were o b ta in ed  ( F i g . 3.8 B). The H i n d u  I - d i g e s t e d  pHV33 fragment of
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4.3 kb was c leaved  i n to  3.7 kb with S a i l .

I t  was found t h a t  no t r a n s f o r m a n t , c a r r y i n g  the  hybr id  p lasmid ,  
occu r red  in subc lon ing  of pC194 segment from pHV33 i n to  tfjfld m  
s i t e  of pCSBCB and pCSBC5 (Table 3 .1 ) .  The f a i l u r e  of t r a n s f o r m a t io n  
was a l s o  found in the  experiment of p r e p a r a t i o n  of modified  pHV33 by 
r e l i g a t e d  P v u l  I - d i g e s t e d  pHV33. In o rder  t o  remove one / / i f ld m  s i t e  
a d j a c e n t  t o  t e t r a c y c l i n e  r e s i s t a n c e  gene and to  reduce t h e  s i z e  of 
v e c to r  DMA. However,no t r a n s fo r m a n t  which c a r r i e d  the  modif ied  plasmid 
v e c to r  ' 4 . 5  kb> occur red  (Table 3 .2 ) .

The t r a n s f o r m a t io n  of not  only c o n s t r u c t e d  s h u t t l e  v e c to r ,  
pHV33 in our l a b o r a to r y  but  a l s o  c loned  t e t r a c y c l i n e  r e s i s t a n c e  gene 
I about  2 kb) from pBR322 in to  a s h u t t l e  v e c to r  pRB374 (Brueckner,  1992) 
could not  be done s u c c e s s f u l l y  by one of my c o l l e a q u e s  (Pe rsona l  
Communication ).

The plasmid DMAs could be l i g a t e d ,  but  no t r a n s fo r m a n t  
o ccu r red .  The reason fo r  t h i s  was s t i l l  unknown. However, t h e  c o n t r o l  
t r a n s f o r m a t io n  p rocess  of p lasmids pBR322, pHV33 and s e l f - r e l i g a t e d  of 
H i n d i  1 1 -d ige s t e d  pBR322 and SaffiHI-digested pHV33 could  be done 
s u c c e s s f u l l y  'T ab le  3.1 and 3 .2 ) .  T h e re fo re ,  t he  unsu cces s fu l  
c o n s t r u c t e d  s h u t t l e  v e c to r  may be e f f e c t  of t r a n s f o r m a t io n  e f f i c i e n c y .  
S ince the  competent c e l l s  E .  c o l i  were p repa red  by CaClg, the  
t r a n s fo r m a n t  e f f i c i e n c y  of pBR322 was about 105-10e t r a n s f o r m a n t s / / ^  
DNA. From Table  3.1 and 3 .2 ,  the  t r a n s f o r m a t io n  e f f i c i e n c y  of pBR322 
in to  E .  c o l i  was about 7 - 8 x l0 5 t r a n s fo r m a n t s  / u g  DMA , but  pHV33 
in to  E .  c o l i  was j u s t  6x10^ t rans for ro ts /Ag  DMA. In o rd e r  to  i n c r e a s e
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t h e  t r a n s f o r m a t io n  e f f i c i e n c y ,  t h e  competent  c e l l s  were p repa red  by 
RuCle IH anaharn ,1983*, i t  was found t h a t  t h e  t r a n s f o r m a t io n  e f f i c i e n c y  
was the  same as the  CaCl„ method.However t he  t r a n s f o r m a t io n  e f f i c i e n c y  
of t h i s  experiment  may be improved by p re p a r in g  competent c e l l s  by 
DMSO 'F an i  e t  a l . ,  198B), which has been r e p o r t e d  t o  y i e l d  the  
t r a n s f o r m a t io n  e f f i c i e n c y  of about  10T-1 0 a t r a n s f o r m a n t s / ^  DNA, 
should be done.

The subc lon ing  of CGTase gene c o n ta in in g  fragment from pCSBC8 
and pCSBC5 in to  the  s h u t t l e  v e c to r  pHV33 as d e s c r ib e d  above cou ld  not  
be done s u c c e s s f u l l y .  T h e r e f o r e ,  CGTase gene c o n ta in in g  fragment from 
pCSBC5 was subcloned  i n to  pUBHO, which t h e r e  were l im i t e d  c lon ing  
s i t e s ,  a t  Æ’coRI and P v u I I  s i t e s .  CGTase gene c o n ta in in g  DNA fragment 
from pCSBC5 was p repa red  by d i g e s t i o n  pCSBC5 with ÆcoRI and H i n d i  

' S a l I s i t e * ,  whereas,  t he  v ec to r  pUBllO was p repa red  by c le a v in g  
with E c o R l  and P v u l l .  H i n d  I and P v u l l  d i g e s t i o n s  produced b lu n t - en d ed  
DNA,which can be l i g a t e d  to  each o th e r .  The expec ted  DNA fragments 
from the  d i g e s t i o n  of pCSBC5 with fieoRI and H i n d i  should  be of 4.7  kb 
(CGTase gene c o n t a in in g  fragment)  and 3.2 kb. In c o n t r a s t  to  the  
r e s u l t  ( F i g . 3.17* o b ta in e d ,  two DNA fragments of about  3.9  kb and 2.7 
kb, which were not  t a r g e t  DNA fragments ,  were o b t a in e d .  Recogni t ion  
sequence of H i n d i ,  S a l  I and A c c l  a re  5 ’ -GTCorT/AorGAC-3’ , 
5 ’ -G/TCGAC-3’ and 5 ’ -GT/( AorC) (GorT)AC-3’ , r e s p e c t i v e l y .  I t  i n d i c a t e d  
t h a t  not  only S a i l  but  a l s o  A c c : l  s i t e s  on CGTase gene of PCSBC5 could 
be c leaved  with r e s t r i c t i o n  endonuclease  t f i n c l l .

However, the s h u t t l e  v e c to r  pHV23 was used as a c lon ing  v e c to r
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by Paloheimo e t .  a l .  (1992).  The K p n l  f ragment c o n t a in in g  CGTase gene 
from B a c i l l u s  c i r c u l a n s  var .  a l k a l o p h i l u s  ATCC21783 was l i g a t e d  i n to  
K p n  I - c l e a v e d  pHV23, r e s u l t i n g  recombinant  plasmid PALK153 and then was 
t rans fo rm ed  i n to  B .  s u b t i l  i s .  The c lones  o b ta in ed  d id  not  show any 
am y lo ly t i c  a c t i v i t y  but  produced some CGTase a c t i v i t y , a n d  a f a i n t  band 
cor re spond ing  to  CGTase was d e t e c t e d  on Western b lo t  of t he  c u l t u r e  
s u p e r n a ta n t  a f t e r  2-3 days growth in CGTase exp re s s io n  medium.

U n fo r tu n a t e ly , a b o u t  1 year  l a t e r  E .  c o l i  con ta in ed  both PCSBC5 
and pCSBCB had l o s t  t h e i r  CGTase a c t i v i t y  as assayed by iod in e  t e s t  
and CD-TCE complex fo rm at ion .  I t  sugges ted  t h a t  t he  CGTase gene in 
PCSBC5 and pCSBCB were u n s t a b l e  in terms of t h e i r  a c t i v i t i e s .  However, 
t he  s i z e s  and r e s t r i c t i o n  maps were found to  be the  same as r e p o r t e d  
by Surasak 'P e r s o n a l  communication).

Attempt was made to  r e d o n e  the  CGTase gene from 
B a c i l l u s  sp.  All t o  plasmid  v e c to r  pUC18 in o rder  t o  c o n s t r u c t  a 
new s t a b l e  c lo n e .  T h e r e f o r e ,  CGTase gene c o n t a in in g  DNA fragment from 
PCSBC5 was used as DNA probe f o r  the  i s o l a t i o n  of CGTase gene from 
chromosomal DNA of B a c i l l u s  sp.  All v i a  DNA-DNA h y b r i d i z a t i o n  
t e c h n iq ue .

The l ab e led  CGTase gene probe was p repa red  by us ing  random 
primed l a b e l i n g  system in the  p resence  of DIG-ll-dUTP (Boehr inger ,
1993).  This r e a c t i o n i s  by the ELISA p r i n c i p l e (enzyme l inked
i mmunosorbent a s s a y ) (K ass le r  e t a l . . 1992; Lion and Hass,  1990;
Martin e t .  a l . ,  1987) and c a t a ly z e d  by Klenow polymerase .  The
s t e r o i d  hapten d igox igen in  i s  l in k ed  “with  u r a c i l  a t  p o s i t i o n  C5 of
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the  d e o x y r ib o n u c le o t id e  by an 11-atom sp a ce r .  The d ena tu red  s i n g l e  
s t r a n d e d  t em p la te s  a re  annea led  t o  t he  random mixtu re  of 
h ex a n u c le o t id e s .  The s y n t h e s i s  i s  s t a r t e d  by adding Klenow 
polymerase and a l l  d e o x yn u c le o t ide s ,  one i s  t he  hapten modif ied  
s u b s t r a t e d  (DIG-dUTP), Klenow polymerase in c o r p o r a t e s  not  only the  
nonmodified deoxynuc leo t ide  but  a l s o  DIG-dUTP. The p rimers  a re  able  
to  b ind  a l l  p o s s ib l e  t a r g e t  sequences (both of two s i n g l e  s t r a n d s  
may a c t  as t e m p l a t e s ) .  However, a small  amount of DNA can be used 
and g ives  high s p e c i f i c  a c t i v i t y  (Boehringer,  1993).  H yb r id i z a t io n  
was d e t e c t e d  by us ing  chemi luminescent  d e t e c t i o n  method. The 
emission  of l i g h t  was c a t a ly z e d  by a l k a l i n e  phosphatase  ( l i n k e d  to  
d ig o x igen in  ant ibody)  us ing  Lumigen PPD as a s u b s t r a t e .

H yb r id i z a t io n  of CGTase gene probe with chromosomal DNA from 
B a c i l l u s  sp.  A l l ,  d ig e s t e d  with H i n d l l l ,  as shown in F i g . 3.20 r e s u l t e d  
in i n t e n s e  bands s i g n a l  a t  about  2 .5 - 4 .4  kb. These 2 .5 - 4 .4  kb DNA 
fragments  were chosen f o r  r e c lo n in g  i n to  pUC18 v e c t o r .  The DNA 
fragment was l i g a t e d  t o  H i n d i I I - d i g e s t e d  pUC18 and t rans fo rm ed  
i n to  E .  c o l i  JM101 competent  c e l l s .  26 white c o lo n ie s  were t e s t e d  f o r  
d e x t r i n i z i n g  a c t i v i t y  by iod ine  t e s t  (Table 3 .3 ) .  I t  appeared  only 
j u s t  one whi te colony ,  namely n o . 17 which showed c l e a r  zone around 
the  colony .  In o rd e r  t o  f i n d  more p o s i t i v e  c lo n e s ,  many c lon ing  
exper iments  as mentioned above had been re p ea te d  s e v e r a l  t im es .  More 
than 1,000 white c o lo n i e s  d e r iv e d  from the  c lon ing  i n to  pUC18 
of / / i n d l l l - d i g e s t e d  chromosomal DNA were o b ta in e d ,  but  a l l  were t e s t e d
n eg a t iv e  fo r  halo  fo rm at ion . The r e s u l t  i n d i c a t e d  t h a t  the
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t r a n s fo r m a n t  n o . 17 may c o n ta in  CGTase gene.  To t e s t  whether
plasmid i s o l a t e d f rom t ra ns fo rm a n t n o . 17 c on ta in ed the  same DNA
fragment as t h a t in pCSBC5, DNA h y b r i d i z a t i o n  with1 CGTase gene
c o n ta in in g  probe was c a r r i e d out using  the  i n s e r t f ragment f rom
pCSBC5 as a probe .  From th e  r e s u l t  shown in F i g . 3.21 and 3 .22 ,  the  
recombinant  plasmid no. 17, d ig e s t e d  with t f i f ld m , cou ld  h y b r id i z e  with
1.7 kb l a b e le d  CGTase gene fragment probe and 3 kb l ab e le d  CGTase 
gene fragment probe .  The s i z e  of the  s i g n a l  band was 3.54 kb. The 
r e s u l t  sugges ted  t h a t  the  recombinant  n o . 17 may c a r ry  CGTase gene from 
B a c i l l u s  sp .  A l l .  U n fo rn a te ly ,  t he  t r a n s fo r m a n t  no. 17 l o s t  i t s  
d e x t r i n i z i n g  a c t i v i t y  upon s u b c u l t u r e .  The plasm id  s t a b i l i t y  has been 
s t u d i e d  in B .  s u b t i l i s  by Paloheimo e t  a l .  (1992).  The B .  s u b t i l i s  

CGTase producing c lones  ALK02189 and ALK02279 were grown fo r  50 
g e n e r a t i o n s  without  a n t i b i o t i c  s e l e c t i o n .  All  t he  c o lo n i e s  t e s t e d  were 
k a n a m y c in - r e s i s t a n t  and a l s o  showed h a lo - fo rm a t ion  on s t a r c h  p l a t e s  
a f t e r  iod ine  t r e a t m e n t .  Both s e g r e g a t i o n a l  and s t r u c t u r a l  i n s t a b i l i t y  
were thus  under 0.5%, i n d i c a t i n g  the  two s t r a i n s  to  be s u f f i c i e n t l y  
s t a b l e  f o r  l a r g e  s c a l e  f e rm en te r  c u l t u r e .  Thus, s y s t e m a t i c  s ea rch  f o r
more s t a b l e  CGTase c lone  s t i l l  remained t o  be done.
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C O N C L U S I O N S

1. The l i n e a r  form of s h u t t l e  v ec to r  pHV33 6 .2  kb could not  
be p repa red  by p a r t i c u l a r  c l e a v in g  the  t f i f id l l l  s i t e  of 
t e t r a c y c l i n e  r e s i s t a n c e  gene, t h e r e f o r e  subc lon ing  of CGTase gene from 
pCSBCB to  the  s h u t t l e  v e c to r  pHV33 a t  H i n d i  11 s i t e  (on t e t r a c y c l i n e  
r e s i s t a n c e  gene) and S a i l  s i t e  were not  s u c c e s s f u l .

2. I t  was found t h a t  no t r a n s f o r m a n t ,  c a r r y in g  the  hybr id  
p lasm id ,  was observed in subc lon ing  of pC194 segment from pHV33 in to  
H i n d i  11 s i t e  of pCSBC8 and pCSBC5.

3.  The pHV33 was d ig e s t e d  with P v u l l  and r e l i g a t e d  in o rder  
to  remove one tfjn d in  s i t e  a d j a c e n t  to  t e t r a c y c l i n e  r e s i s t a n c e  gene 
and to  reduce the  s i z e  of v e c to r  (4 .5  kb) .  However, no t r a n s fo r m a n t  
which c a r r i e d  the  modif ied  plasmid  v ec to r  was observed ,  s i n c e ,  t he  
v e c to r  DNA could not  be p repa red ,  subc lon ing  of CGTase from pCSBC5 to  
th e  v ec to r  DNA could  not  be done s u c c e s s f u l l y .

4. The complete CGTase gene could not  be s e p a r a t e d  from 
pCSBC5 by c le a v in g  with E c o R l  and H i n d i .  The subc lon ing  of CGTase 
gene from pCSBC5 to  v e c to r  plasmid pUBHO could  not  be done 

s u c c e s s f u l l y .
5. Cloning of 2 .5 - 4 .4  kb DNA fragments  of t he  / / b n d l l l -  

d i g e s t e d  chromosomal DNA of B a c i l l u s  sp.  All i n t o  H i n d i  1 1 - d ig e s t e d  
p uc ie ,  i t  was found t h a t  only one t r a n s f o r m a n t ,  namely n o . 17 showed 
d e x t r i n i z i n g  a c t i v i t y  ( c l e a r  zone around the  co lony ) .  The DNA 
fragment 3.54 kb from th e  H i n d i  I I - d i g e s t e d  the  recombinant  plasmid
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n o . 17 could  h y b r id i z e  to  both  l ab e led  CGTase gene f r a g n e n t  1.7 kb 
and 3 kb probes  from pCSBC5. A f te r  s u b c u l t u r e d ,  t he  t r a n s fo r m a n t  
n o . 17 could not  produce c l e a r  zone around the  colony upon iod ine  
t e s t .  I t  i n d i c a t e d  t h a t  t he  t r a n s fo r m a n t  n o . 17 was not  a s t a b l e  c lone .
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