
CHAPTER III

RESULTS

Preparat ion  and Charac ter iza t ion  of Plasmid DNAs

The plasmids PCSBC8 and pHV33 were ex t rac ted  from 
E. coli and B. subtilis,  r e sp ec t iv e ly ,  and analyzed by gel 
e le c t rop ho res i s  as shown in F i g . 3.1.  Linear form of pCSBCS and pHV33 
were obtained a f t e r  d iges t ion  with Pst and Baa HI, re spec t ive ly .  
The s ize  of pCSBC8 is  about 9 kb ( F i g .3.1 A lane c ) ,  and the s ize  of 
pHV33 is  about 6.8 kb ( F ig .3.1 B lane c>.

From the r e s u l t  shown in F i g . 3.2,  plasmid pCSBC8 was doubly 
diges ted  with Pstl and Kpn I .  Two DN'A fragments of about 5 kb and 4 kb 
were obtained ( F i g .3.2 A lane d>. Linear form of pCSBC8 was obtained 
a f t e r  d iges t io n  with Hindlll ( F ig .3.2 B lane e ) .  However, the plasmid 
could not be cleaved with Baa HI or EcoRl ( F ig .3.2 B lane c and d, 
r e s p e c t i v e ly ) .  Since the plasmid s ize  and the DNA fragment s ize  
obtained from the r e s t r i c t i o n  endonuclease d iges t ion  corresponded to 
i t s  r e s t r i c t i o n  map (Appendix IV), the r e s u l t  c l e a r ly  showed th a t  
the p u r i f i e d  plasmid is pCSBC8.
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A
lane a ะ X/tfifldlII (DNA marker) 
lane b ะ pCSBC8
lane c ะ pCSBC8 d iges ted  with Pstl 

B
lane a ะ X/Hindlll (DNA marker) 
lane ๖ ะ pHV33
lane c ะ pHV33 digested with Bamdl



a b c d a b c d e

Figure 3.2 E lec t ropho re t i c  ana lys i s  of p lasn id  pCSBC8

lane a ะ A.///jfldIII (DNA (Barker»
lane ๖ ะ pCSBCB
lane c ะ pCSBC8 diges ted  with Pst I
lane d ะ pCSBC8 d iges ted  with Pst I and Kpn I

lane a ะ A./1/itfdIII (DNA s ize  Barker) 
lane ๖ ะ pCSBC8
lane c ะ pCSBC8 d iges ted  with ÆaaHI
lane d ะ pCSBC8 d iges ted  with EcoRl
lane e ะ pCSBC8 digested with flifldm
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Plasmid pHV33 was a lso  doubly d iges ted  with BaaHI and EcoRl 
in F i g . 3.3. Two DMA fragments of about 4 kb and 2.8 kb were obtained 
( F ig .3.3 lane d>. The r e s u l t s  correspond to the r e s t r i c t i o n  map of 
pHV33 (Appendix I I ) ,  which in d ica te  th a t  the expected plasmid is 
pHV33.

Subcloning of the CGTase Gene from pCSBC8 to the s h u t t l e  Vector pHV33 
at Hindlll and Sail S i tes

The experiment was to  subclone the CGTase gene from pCSBC8 to 
the s h u t t l e  vector  pHV33 at 1/iadIII and Sai l  s i t e s .  Subcloning 
would in ac t iv a ted  the t e t r a c y c l i n e  re s i s t an c e  gene in pHV33, making 
i t  poss ib le  to  s e l e c t  the recombinant clones by r e p l i c a  p l a t in g .

The pCSBC8 was cleaved with r e s t r i c t i o n  endonucleases 
i / lnd l l l  and S a i l  to excise  the CGTase gene (4.7 kb) from vector  DNA 
(pSE411, 4.4 kb' ( F ig .3 .4 ) .  The DMA fragments were separa ted  by gel 
e le c t rop ho res i s  as shown in F i g . 3.5.

However, the s ize  of CGTase gene contain ing DNA fragment 
(4.7 kb I and the vector  pSE411 (4.4 kb) were very c lose  ( F ig .3.5 
lane d) .  I t  was d i f f i c u l t  to  separa te  the two DNA fragments a par t .  
Since there  was a s ing le  s i t e  of clal in pCSBCB th a t  was on the 
vector  pSE411 (Appendix V), pCSBC8 was thus d iges ted  with th ree  
endonucleases c l a l ,  H i a d m  and S a i l .  The fragments were 
separa ted by gel e lec t rop ho res i s  as shown in F i g . 3.6 lane d. The 
4.4 kb pSE411 fragment was cleaved in to  3.4 kb and 1 kb with clal.
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Figure 3.3 E lec t ropho re t i c  ana lys i s  of plasmid vector  pHV33

lane a ะ A/ffindIII (DNA marker)
lane b : pHV33
lane c ะ pHV33 diges ted  with 5a«HI
lane d ะ pHV33 digested with Bii»HI and FeoRI
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I
Sai l  6* Hind III

Sai l Hi nd

Hi nd III

III

Figure 3.4 Experimental design of the subcloning of CGTase gene to
s h u t t l e  vector  pHV33 at t f i f l d m  and Sail s i t e s
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Figure 3.5 E lec t ropho re t ic  ana lys i s  of pCSBCfl to  denonstra te  
excis ion of CGTase gene with r e s t r i c t i o n  endonucleases 
Hindi 11 and Sail

lane a ะ A/f/Jfldlll (DNA marker) 
lane b ะ pCSBCB
lane c ะ pCSBCB d iges ted  with / / / n d m
lane d ะ pCSBC8 digested with # 2fldIII and Sail
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Figure 3.6 E lec t ropho re t i c  ana lys i s  of pCSBCB to  demonstrate 
the separa t ion  of CGTase gene with r e s t r i c t i o n  
endonucleases,  cia I ,  t f i f ldm  and Sai l

lane a ะ X/// iadIII <DNA marker) 
lane ๖ ะ pCSBC8
lane c ะ pCSBC8 diges ted  with Ps£I
lane d ะ pCSBC8 digested with c ia l ,  #ifldIII and Sail
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Then CGTase gene contain ing fragment (4.7 kb) from pCSBC8 was 
recovered from agarose gel by f reeze-squeeze  method for fu r the r  
l i g a t io n  with vector  pHV33.

The vector  DNA pHV33 was prepared by cleaving at  Sail and 
S i a d m  s i t e s .  There were two s i t e s  of i / i i i d in  in the vector  pHV33, 
one s i t e  located on t e t r a c y c l i n e  re s i s t an c e  gene whereas the other  was 
near chloramphenicol r e s i s t a n c e  gene ( F ig .3 .4 ) .  In order to prepare 
the l i n e a r  form of vector  DNA (6.2 kb) with S a i l  and i / i a d m  
s i t e s ,  located on t e t r a c y c l i n e  re s i s t an c e  gene, t h i s  plasmid was 
f i r s t  completely d iges ted  with S a i l ,  and then p a r t i a l l y  d iges ted  
with S i a d m  by varying the incubation time.

Fig.  3.7 A was the r e s u l t  of completely d iges ted  pHV33 
(lane b) with Sa i l  ( lane c ; ,  the s ing le  band of open form of pHV33 
(6.8 kb; was obtained. After the pHV33 had been completely d iges ted  
with S a i l ,  the reac t ion  mixture was ex t rac ted  with phenol chloroform 
mixture, and DNA was recovered by ethanol  p r e c i p i t a t i o n .  Then i t  was 
p a r t i a l l y  d iges ted  with 5 บ S i a d m  at various  time from 15 min 
to 8 h ( F i g .3.7 B lane d - f ,  and F i g . 3 . 7 c  lane b -d ; .  The 
r e s u l t  showed th a t  pHV33 which had been d iges ted  with Sa i l  
could not be cleaved with S i n d m .  Therefore the l i n e a r  form of vector  
pHV33 (6.2 kb; could not be prepared by t h i s  order of 
r e s t r i c t i o n  cleavage ( F ig .3 .7) .

The vector  DNA pHV33 was prepared again in order to obtain 
the l i n e a r  form of vector  DNA (6.2 kb) with S a i l  and S i a d m  s i t e s
(located on t e t r a c y c l i n e  r e s i s t a n c e  gene),  but t h i s  time reversed



40

r



40 a

Figure 3.7 E lec t rophore t ic  ana lys i s  of plasanid  vector  pHV33, 
completely d iges ted  with r e s t r i c t i o n  endonucleases 
Sail and then p a r t i a l l y  d iges ted  with tf iwdin 

A
lane a ะ A/tfindIII (DNA marker) 
lane b ะ pHV33
lane c ะ pHV33 d iges ted  with S'ai I 

B
lane a ะ 
lane b ะ 
lane c ะ 
lane d ะ

lane e ะ

lane f ะ

A///indIII (DNA marker) 
pHV33
pHV33 d iges ted  
pHV33 d iges ted  
for  15 rain 
pHV33 d iges ted  
for  30 min 
pHV33 diges ted 
for  45 rain

with Sail
with Sail and 5U Hindlll

with Sa i l  and 5U f l i a d m

with Sai l  and 5U Hindlll

c
lane a ะ .̂/Hindlll (DNA marker) 
lane b ะ pHV33 d iges ted  with Sa i l  and 511 f f i a d m  

for  4 h
lane c ะ pHV33 d iges ted  with Sa i l  and รบ t f i f l d m  

for  6 h
lane d ะ pHV33 digested with Sail and รบ tf in d m

for  8 h
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the order of r e s t r i c t i o n  cleavage. Plasmid pHV33 was f i r s t  p a r t i a l l y  
d iges ted  with 5 บ i / iud l l l  by varying incubation time and then 
complete d iges ted  with S a i l .

After pHV33 had been p a r t i a l l y  d iges ted  with 5 บ t f i u d m  at 
var ious times from 30 min to  6 h, the reac t ions  were stopped 
by ex t rac t ion  with phenol chloroform mixture, and recovered by ethanol 
p r e c ip i t a t i o n .  Then they were completely d iges ted  with Sa i l  ( F ig .3.8 A 
lane b-d and F i g . 3.8 B lane b - o .  The r e s u l t  in F i g . 3.8 A showed 
th a t  the pHV33 which had been p a r t i a l l y  d iges ted  with S i a d m  for 
30 min, 1 h and 2 h ( F i g .3.8 A lane b, c and d, r e s p e c t iv e ly ) ,  
could not be cleaved with Sal I . However, when d iges ted  at  time with 
i / i a d m ,  i . e .  4 h and 6 h ( F ig .3.8 B lane b and c ) ,  the i / i u d l l l -  
d iges ted  pHV33 could be fu r th e r  d iges ted  with S a i l .  The r e s u l t  in 
F i g . 3.8 B a lso showed th a t  the pHV33 was completely d iges ted  with 
i / i n d m  within 4 h of incubation y ie ld ing  two DMA fragments of 4.3 kb 
and 2.5 kb. Linear form of pHV33 (6.8 kb) was a lso  seen in th i s  
d iges t io n .  The S i a d l l l - d i g e s t e d  pHV33 fragment of 4.3 kb was cleaved 
in to  3.7 kb fragment with S a i l .  From the above r e s u l t s ,  the l i n e a r  
form of vector  pHV33 6.2 kb could not be prepared by t h i s  
a l t e r n a t i v e  experiment. Therefore,  subcloning of CGTase gene from 
pCSBC8 to  the s h u t t l e  vector  pHV33 a t  i / i i id ll l  and S a i l  s i t e s  
(on t e t r a c y c l i n e  r e s i s t a n c e  gene) could not be done su ccess fu l ly .
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Figure 3.8 E lec t ropho re t i c  ana lys i s  of plasmid vector  pHV33,
p a r t i a l l y  d iges ted with r e s t r i c t i o n  endonuclease / / i f ldm  
and then completely d iges ted  with Sail

lane a ะ \ / Hindu l (DNA marker)
lane b ะ pHV33 diges ted  with รบ / / i u d m  for  30 min 

and Sal 1
lane c ะ pHV33 d iges ted  with รบ i / i u d m  for 1 h 

and Sal I
lane d ะ pHV33 d iges ted  with รบ / / indu  I for  2 h 

and Sail

lane a ะ a.///jndl 11 (DNA marker) 
lane ๖ ะ pHV33 d iges ted  with รบ //Zudin for  4 h 

and Sai l
lane c ะ pHV33 digested with รบ //iu d m  for 6 h

and 5’a i l
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Subcloning of pC194 Segment from pHV33 in to  7/JudIII s i t e  of pCSBC8 and 
PCSBC5

This experiment was to  subclone a pC194 segment from pHV33 
in to  a t f / i /d in  s i t e  of pCSBC8 and pCSBC5. Chloramphenicol r e s i s t an c e  
gene wil l  be added for se le c t io n  in t h i s  subcloning. The pCSBC8 and 
pCSBC5 (Fig.  3.9.' were cleaved with r e s t r i c t i o n  endonuclease i / ix /dm 
and analyzed by gel e lec t rop ho res i s  as shown in F i g . 3.10. The r e s u l t  
c l e a r ly  showed th a t  both pCSBC8 and pCSBC5 were completely diges ted  
with f / i u d in  s ince  l i n e a r  DNA fragments of 9.6 kb and 7.9 kb were 
obtained (lane c of F i g . 3.10 A and B, r e s p e c t iv e ly ) .

The pC194 segment was prepared by cleaving pHV33 at / / i a d m  
s i t e s .  / / i u d m  cleavage y ielded two DNA fragments of pBR322 
and pC194 segments of 4.3 kb and 2.5 kb, r e spec t ive ly  ( F ig .3.11 
lane c ) .  DNA fragment of "pC194 segment" (2.5 kb' was i s o l a t e d  from 
agarose gel by freeze-squeeze  method. The Hindi I I - d ig e s t e d  pCSBC8 and 
pCSBCS were a lso recovered from agarose gel by freeze-squeeze method 
and l ig a te d  with the "pC194 segment" from pHV33. The mixture was 
transformed to  competent c e l l s  of E. coli DH5a and JM101, and the 
recombinant plasmids were s e lec ted  on am pic i l l in  p l a t e s .  However, i t  
was found th a t  no transformant ,  car rying the hybrid  plasmid, was
observed.
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Figure 3.9 Subcloning of pC194 segnent from pHV33 in to  f f / f l d m  

s i t e  of PCSBC8 and PCSB05



Figure 3.10 F1e c t rop ho re t ic  ana lys i s  of Hindi 11-digested pCSBCB 
and PCSBC5

lane a ะ h/Hind m  (DMA marker) 
lane b ะ pCSBCB
lane c ะ pCSBCB diges ted  with tfbndlll

lane a ะ KiHindlll (DNA marker) 
lane b ะ pCSBC5
lane c pCSBC5 digested with //itfd lll



46

a b c

PBR322 segment <4.3 kb) 
PC194 segment (2.5 kb)

Figure 3.11 E lec t ropho re t i c  ana lys i s  of f / i f ld l l l -c leaved  pHV33

lane a ะ A./tf/ndIII (DNA marker) 
lane b : pHV33
lane c ะ pHV33 digested with l/i/?dIII



47

To understand more about the f a i l u r e  of the c lon ing , the  pSE411 
and plTC18 were used as con tro ls  for  t h i s  experiment because they 
were vector  DNAs in recombinant plasmids pCSBC8 and pCSBC5, 
respec t ive ly  (the r e s t r i c t i o n  map of pCSBS5 was shown in Appendix VI). 
The pSE411 and plTC18 were d iges ted  with / / iu d l l l  and l ig a t e d  with 
the "pC194 segment" from Hindi I I -c leaved  pHV33. The mixture was 
transformed to competent c e l l s  of E. coli DH5a and JM101 and se lec ted  
on am pic i l l in  p l a t e s .  I t  was found th a t  no transformant  was observed. 
The r e s u l t s  of E. coli tr ansformation was summarized in Table 3.1.

Subcloning of CGTase Gene from pCSBC5 to Modified s h u t t l e  Vector pHV33 
at EcoRl and Hindlll S i tes

This experiment was to  subclone CGTase gene from pCSBC5 to 
a smaller s h u t t l e  vector  made from pHV33. The cloning s i t e s  were at  
EcoRl and E iu d l l l  s i t e s  adjacent  to  chloramphenicol r e s i s t a n c e  gene 
( F ig .3.12) .  The pCSBC5 was cleaved with r e s t r i c t i o n  endonucleases 
.EcoRl and E iu d l l l  to  separa ted  CGTase gene contain ing fragment(5.2 kb) 
from the vector  DNA (pUC18, 2.7 kb). The DNA fragment was separa ted 
by gel e lec t rop ho res i s  as shown in F i g . 3.13 lane c. Then CGTase gene 
contain ing fragment (5.2 kb) was i s o la te d  from agarose gel by 
freeze-squeeze  method for  l i g a t io n  with vector  pHV33.
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Table 3.1 Number of E. coli transformants obtained a f t e r  l i g a t io n  
of transformation of r e s t r i c t i o n  enzyme-digested 
plasmid DNAs

No. of E. coli transformants'*
Plasmid DNAs treatment --------------------------------------------------

DH5a JM101

pBR322 (1 Mg) 8.75x10s 7.76x10s
l ig a te d  Hindi I I -c leaved  pBR322 ( 1 Mê' 8.53x10s 7.57x10s
pHV33 (1 Mg) 6.32X103 6.62X103
l iga ted  ÆazsHI-eleaved pHV33 173 196
l ig a te d  Hindi I I -c leaved  pSE411 220 217
l ig a te d  / / ind l l l - c le av ed  PÜC18 
pCl94 segment from i / in d l l l - c le av ed pHV33

280 303

l ig a ted  with Hindi I I -c leaved  
pC194 segment from Hindi I I -c leaved

pCSBC8
pHV33

0 0

l i g a te d  with Hindi I I -c leaved  
pC194 segment from t f in d l l l - c leaved

pCSBC5
pHV33

0 0

l i g a te d  with Hindi I I -c leaved  
pC194 segment from Hindi I I -c leaved

pSE411
pHV33

0 0

l i g a te d  with Hindi I I -c leaved pUC18 0 0

No. of E. coli transformants per plasmid DNAs concentra t ion  of 
250-300 ng in l i g a t io n  reac t ion



Pvull

Figure 3.12 Subcloning of CGTase gene conta in ing fragfflent fron pCSBC5 
to  Modified s h u t t l e  vector  pHV33
at  EcoRl and #ii?dIII s i t e s



50

Figure 3.13 E lec t ropho re t i c  ana lys i s  of pCSBC5 d iges ted  with
r e s t r i c t i o n  endonucleases t f ind l l l  and ifcoRI order to 
demonstrate the separa t ion  of CGTase gene 
conta in ing fragment

lane a ะ A./1/itfdIII (DNA marker) 
lane h ะ pCSBC5 d iges ted  with / / i n d m
lane c ะ pCSBC5 digested with //jfid in  and FeoRI
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There were two s i t e s  of t f i n d m  in t h e  v e c to r  pHV33, one 
s i t e  l o c a t e d  on t e t r a c y c l i n e  r e s i s t a n c e  gene whereas t h e  o th e r  s i t e  
was near chloramphenicol  r e s i s t a n c e  gene ( F i g . 3 .1 2 ) .  This experiment 
was to  subc lone  CGTase gene from / / i f ld m  and f e o R I -c l ea v ed  pCSBC5 to  
v e c to r  pHV33 a t  fcoRI and i / in d m  s i t e s  ( l o c a t e d  nea r  chloramphenicol  
r e s i s t a n c e  gene) ,  when v e c to r  pHV33 was c leaved  with  fcoRI and 
/ / i n d u  I ( l o c a t e d  near ch loramphenico l  r e s i s t a n c e  gene*, t h e  l i n e a r i z e d  
v e c to r  DNA was 6.8 kb. The d i s t a n c e  between E c o R l  and i / i n d m  s i t e s  
( l o c a t e d  near  ch loramphenico l  r e s i s t a n c e  gene) was only 29 bp. I f  the  
CGTase gene from fcoRI and 1/indIII  c leaved  pCSBC5 <5.2 kb* was 
subc loned to  t h e  l i n e a r  form of v e c to r  pHV33 which was c leaved  a t  
FcoRI and # in d m  s i t e s  ' l o c a t e d  near chloramphenico l  r e s i s t a n c e  gene) 
(6.8  k b ' ,  t h e  recombinant  plasmid  (about 12 kb* cou ld  not  be 
t rans fo rm ed  to  the  h os t  c e l l  E .  c o l i .  T h e re fo re ,  t h e  v e c to r  pHV33 
would be s h o r te n e d  b efo re  c le a v in g  with IFcoRI and / / i i id m .

In o rder  to  remove one / / j f ld l l l  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 t o  reduce the  s i z e  of v e c to r  DNA, 
pHV33 was d ig e s t e d  with P v u I I  and r e l i g a t e d .  The t e t r a c y c l i n e  
r e s i s t a n c e  gene was removed by t h i s  m an ip u la t io n .  Then the  modif ied  
v ec to r  DNA was d ig e s t e d  with  E c o R l  and H i n d i  11 and l i g a t e d  with  CGTase 
gene c o n t a in in g  fcoRI ,  / / i n d u I fragment as d e s c r ib e d  above.

F i g . 3.14 was the  r e s u l t  of comple te ly  d ig e s t e d  pHV33 with 
P v u l l  ' l a n e  c ) ,  two DNA fragments of 4.5 kb and 2.3 kb were o b ta in e d .  
The l a r g e  DNA fragment (4 .5  kb* which c a r r i e d  the  o r i g i n  of 
r e p l i c a t i o n  of pBR322, pC194, a m p i c i l l i n  and chloramphenicol



52

a b c

23. 1

9. 4 
f i . f i

4.4

2.3
2. 0

4.5

2.3

kb

kb

F igure  3.14 E l e c t r o p h o r e t i c  a n a l y s i s  of P v u l I - c l e a v e d  pHV33

lane  a ะ K / H i n & l l l  <DNA marker) 
lane  b ะ pHV33
lane c ะ pHV33 d ige s ted  w ith  P v u l l
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r e s i s t a n c e  genes was i s o l a t e d  from agarose  gel  by f r ee z e - s q u e e z e  
method. This l a r g e  DMA fragment (4.5 kb'  was l i g a t e d ,  t rans fo rm ed  in to  
E .  c o l i  JM101 and s e l e c t e d  on a m p i c i l l i n  p l a t e s .  The r e s u l t  of E .  c o l i  

t r a n s f o r m a t io n  was shown in Table 3.2
The r e s u l t  of Table 3.2 showed t h a t  no t r a n s fo r m a n t  which 

c a r r i e d  the  t a r g e t  plasmid (4 .5  kbi was observed.  S ince  the  v e c to r  
DNA could  not  be p repa red ,  subc lon ing  of CGTase gene from pCSBCS to  
the  v e c to r  DNA could not  be f u r t h e r  performed.

Subcloning of CGTase Gene Conta in ing  Fragment from pCSBC5 to  pUBllO a t  
E c o R l  and P v u l l  S i t e s

This experiment was t o  subc lone  CGTase gene from pCSBCS to  
pUBllO a t  -EcoRl and P v u l l  s i t e s  ( F i g . 3 .1 5 ) .  The plasmid  pUBllO was the  
vec to r  fo r  B a c i l l u s  h o s t , a n d  i t s  r e s t r i c t i o n  map was shown in Appendix 
V II I .  The pUBllO was c leaved  with r e s t r i c t i o n  endonucleases  feoRI and 
P v u l l  and ana lyzed  by gel  e l e c t r o p h o r e s i s  as shown in F i g . 3.16 
( l ane  c ) .  Two DNA fragments were o b ta in e d .  The l a r g e  fragment (3 .5  kb) 
which c a r r i e d  the  o r i g i n  of r e p l i c a t i o n  of pUBllO and kanamycin 
r e s i s t a n c e  gene was recovered  from agarose  ge l  by f r ee z e - s q u e e z e  
method fo r  l i g a t i o n  with CGTase gene c o n ta in in g  fragment from pCSBC5.

The CGTase gene co n ta in in g  DNA fragment from pCSBC5 was

prepared by c lea v ing  pCSBC5 w ith  EcoRl  and H i n d i .  H i n d i  and P v u l l
d ig e s t io n s  produced b lun t-ended  DNA, which can be l ig a te d  to  each

o th e r .
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Table ร. 2 Number of E .  c o l i  t r a n s fo r m a n t s  ob ta ined  a f t e r  l i g a t i o n  
and t r a n s f o r m a t io n  of plasmid DMAs

Plasmid DNAs No. of E .  c o l i  t rans formants '*

l i g a t e d  P v u l I - c l e a v e d  pBR322 1 2 3

pHV33 ( 1  6 . 6 2 X 1 0 3

l i g a t e d  Sa^HI-cleaved  pHV33 1 9 6

l i g a t e d  4.5 kb DNA fragment from P v u l I - c l e a v e d  
pHV33 0

No. of E .  c o l i  t r a n s f o r m a n t s  per  plasmid  DNAs c o n c e n t r a t i o n  of 
250-300 ng in l i g a t i o n  r e a c t i o n
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pUBTIO - j Pvull

H in d i

E c o R I

e*
\  H i n d i

EcoRI  H ' ncl1

.15 Subcloning of CGTase gene c o n ta in in g  f r a g n e n t  from pCSBC5 
to  pUBllO a t  £Y?oRI and P v u l l  s i t e s
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Figure  3.16

a b c

E l e c t r o p h o r e t i c  a n a l y s i s  of v e c to r  pUBHO d i g e s t e d  with  
r e s t r i c t i o n  endonucleases  É’coRI and P v u l l

lane  a ะ A// / i f ldIII  (DNA Barker» 
lane  ๖ ะ pUBllO
lane c ะ pUBllO d iges ted  w ith  Æ’coRI and. P v u l l



The d ig e s t e d  PCSBC5 was ana lyzed  with  gel  e l e c t r o p h o r e s i s  as 
shown in F i g . 3 .17.  The r e s u l t  in F i g . 3.17 showed t h a t  plasmid pCSBC5 
was c leaved  to  a s i n g l e  l i n e a r  DM fragment of 7.9  kb by E c o R l  

( l a ne  C) .  The double d i g e s t i o n  with E c o R l  and H i n d i  ' l a n e  d ) ,  
y i e l d e d  two DM fragments of 3.9 kb and 2.7 kb.

In c o n t r a s t  to  the  r e s u l t  o b ta in e d ,  t he  expec ted  DM 
fragments  from the  d i g e s t i o n  of pCSBC'5 with ffeoRI and H i n d  I should 
be of 4.7 kb (CGTase gene c o n ta in in g  fragment)  and 3.2 kb. The r e s u l t  
in F i g . 3.17 lane  d showed t h a t  two DM fragments of about  3.9 kb 
and 2.7 kb which were not  t a r g e t  DNA fragm ents ,  were o b ta in e d .  
The r e s u l t  i n d i c a t e d  t h a t  t h e r e  may be o th e r  H i n d i  s i t e s  on CGTase 
gene of pCSBC5. T h ere fo re ,  the  complete CGTase gene cou ld  not  be 
s e p a r a t e d  from pCSBCS, and 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 .

D etec t ion  and I s o l a t i o n  of CGTase Gene by DNA-DNA H y b r id i z a t i o n  to  
Chromosomal DM of B a c i l l u s  sp.  All  Using pCSBC5 as a Probe

The r e s u l t s  d e s c r ib e d  above showed t h a t  t h e  subc lon ing  of 
CGTase gene from pCSBC5 and pCSBC8 t o  the  s h u t t l e  v e c to r  pHV33 and 
B a c i l l u s  plasmid  v e c to r  pl’BllO could not  be done s u c c e s s f u l l y .  
Moreover, both pCSBC5 and pCSBC8 had l o s t  t h e i r  CGTase a c t i v i t y  as 
d e t e c t e d  by iod ine  t e s t  and CD-TCE complex fo rm at ion .  In o rder  to  
c o n s t r u c t  a new s t a b l e  recombinant  c lone  fo r  CGTase p ro du c t io n ,  an 
experiment  was s e t  up to  i s o l a t e  the  CGTase gene from B a c i l l u s  sp .  All
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a b e d

23.1
9.4 
R.B
4.4

2.3
2. 0

3.9
2.7

kb
kb

F igure  3.17 E l e c t r o p h o r e t i c  a n a l y s i s  of pCSBC5 d ig e s t e d  with 
r e s t r i c t i o n  endonuc leases  ITcoRI and tfiwcll

lane  a :  k / H i n d m  fDNA Barker» 
lane  b ะ PCSBC5
lane c ะ pCSBC5 d ig e s t e d  with  ifeoRI
lane d ะ PCSBC5 d ige s ted  w ith  FooRI and H i n d i
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by using  PCSBC5 as DMA probe.
Since the  plasmid pCSBC5 was a plasmid v ec to r  pl'C18 ca r ry in g  

CGTase gene from B a c i l l u s  sp.  A l l ,  i t  had to  prove f i r s t  t h a t  pUC18 
would not  h y b r id i z e  with chromosomal DMA from B a c i l l u s  sp.  A 
b e fo re  the  pCSBCS could be used as DMA probe .  The plasmids pCSBC5 
and v e c to r  pt'C18 were l a b e le d  with the  Genius n o n r a d io a c t i v e  l a b e l i n g  
system v ia  random primed DMA l a b e l i n g  with DIG-dUTP. The y i e l d  of 
n o n r a d io a c t i v e  l ab e le d  pCSBCS and PÜC18 probes were e s t im a te d  as shown 
in Fi g . 3 . 18.

The r e s u l t  of F i g . 3.19 row 1 dem onst ra ted  h y b r i d i z a t i o n  
between plasmid  PACYC184 <no.3>, pSASO ( n o . 4 1 and l a b e le d  pCSBC5 (A' ,
pUC18 (B) probe . F i g . 3. 19 A row 2 showed some h y b r i d i z a t i o n the
l a b e le d  pCSBCS probe and the chromosal DMA of B a c i l l u s  sp.  A l l . The
r e s u l t  of F i g . 3 .19 B row 2 showed t h a t the  chromosomal DMA of

B a c i l l u s  sp.  All d id  not  h y b r id i z e  with l a b e le d  pUC18 probe. I t
i n d i c a t e d  t h a t  the  plasmid  v e c to r  PÜC18 was not  homology with  the  
chromosomal DMA of B a c i l l u s  sp.  A l l .  T he re fo re ,  t he  p lasm id  pCSBC5 
could be used as DMA probe fo r  h y b r i d i z a t i o n  with the  chromosomal DMA 
of B a c i l l u s  sp.  All  in o rder  to  d e t e c t  the  chromosomal c o u n te r p a r t  
of CGTase gene.  The chromosomal DMA of B a c i l l u s  sp. All  was complete ly  
d ig e s t e d  with r e s t r i c t i o n  endonuc leases ,  B a m  HI, E c o R l ,  H i n d m ,  P s t n  

or p a r t i a l l y  d ig e s t e d  with r e s t r i c t i o n  endonuclease  Sai/3AI, ana lyzed  
by agarose  gel  e l e c t r o p h o r e s i s ,  Southern b l o t  t r a n s f e r r e d  and 
h yb r id i z e d  with l a b e l e d  pCSBCS probe .  The r e s u l t s  were shown in
F i g . 3.20.
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Figure  3.18 E s t im a t ion  of DNA c o n c e n t r a t io n  of n o n r a d io a c t i v e  
DIG-labeled  probes by c h e a i l u a i n e s c e n t  d e t e c t i o n

One m i c r o l i t e r  of each t e n - f o l d  s e r i a l  d i l u t i o n  of 
Digoxigenated  DNA probes was s p o t t e d  onto t h e  nylon aeabrane .
The s i g n a l  i n t e n s i t i e s  were v i s u a l l y  coapared  with the  l ab e le d  
c o n t r o l  DNA from the  k i t .  The l a b e le d  c o n t r o l  DNA c o n c e n t r a t io n  
from 0.01 pg /^1  t o  1 n g /^ l

row 1 no. 1-6 ะ the  l a b e l e d  c o n t r o l  DNA 0.01 pg/^1 to  1 ng/jtd
row 2 n o . 1-6 ะ t h e  l a b e le d  PÜC18 probe
row 3 n o . 1-6 ะ the  labe led  PCSBC5 probe



Figure  3.19 Chemi lum inescen t  do t  b lo t  h y b r i d i z a t i o n  of chromosomal 
DNA of B a c i l l u s  sp .  All  with DIG-labeled  probes

1

1 2  3 4

•  •  •  •

A

2 3 4

B

1 M ë  of chromosomal DNA from B a c i l l u s  sp .  All was d i l u t e d  
to  ob ta in  tw o - fo ld  s e r i e s  of d i l u t i o n ,  s p o t t e d  onto a membrane, f i x ed  
and h yb r id i z e d  with pCSBC5 probe (A> and pUC18 probe (B)
•about 5 ng /m l) .  The h y b r i d i z a t i o n  was performed a t  65°c fo r  
a t  l e a s t  12 h and d e t e c t e d  by chemiluminescen t  d e t e c t i o n  f o r  1 h.

row 1 no. 1-4 ะ 1 f i g  plasmid  pCSBC5, 1 M ê  plasmid  pUC18,
1 Më plasmid  PACYC184, 1 M ê  p la smid  pSA30 
(recombinant  plasmid  c o n s t r u c t e d  from 
c lon ing  n i f  HDYK of K l e b s i e l l a  p o e u t t o n e a e  

a t  E c o R l  s i t e  of plasmid v e c to r  PACYC184) 
row 2 n o . 1-4 : chromosomal DNA of B a c i l l u s  sp. All

1 M ë *  0 .5  M ê ,  0 .25 M ê ,  0 .125 M ê
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F i g . 3.20 B showed t h a t  t h e r e  were i n t e n s e  h y b r id i z e d  s i g n a l s  
with the  DNAs, a f t e r  d i g e s t i o n  with B a a  HI ( l ane  b>, fcoRI ( l a ne  C l ,  

H i n d m  ( l a ne  d>, or P s t l  ( l ane  e > of approx im ate ly  2.5 kb. The 
h y b r id i z e d  s i g n a l s  of 2.5 kb should  be CGTase gene c o n ta in in g  fragment 
in chromosomal DNA of B a d ] J u s  sp.  All  a f t e r  d i g e s t i o n ,  because they 
were homology with CGTase gene c o n ta in in g  fragment in the  l a b e l e d  
pCSRCS probe.  T h ere fo re ,  about  2 .5 - 4 .4  kb DNA fragments  of 
H i n d i  I I - d i g e s t e d  B a c i l l u s  sp. All  chromosomal DNA were chosen fo r  
the  c lon ing  of t he  h y b r id i z e d  fragment.

Cloning of CGTase Gene from B a c i l l u s  sp.  All

The chromosomal DNA of B a c i l l u s  sp .  All  was d ig e s t e d  with  
/ / i i i d m ,  and DNA fragments  s i z e  of about  2 .5 - 4 .4  kb were recovered  
from agarose  gel  using  Geneclean K i t .  Then the  DNA fragments were 
c loned  to  v e c to r  plTC18 a t  / / j j i d m  s i t e  and t rans fo rm ed  in to  competent  
c e l l s  โ .  c o l i  JM101. The t r a n s fo r m a n t s  were s e l e c t e d  on L-agar p l a t e  
c o n ta in in g  50 (fg/ml of a m p i c i l l i n ,  60 (tg/ml of IPTG ( isopropy l t h i o - 0- 
D -ga la c to s ide I  and 100 tfg/rnl of X-gal ( 5 - b r o m o - 4 - c h lo r o - 3 - in d o ly l - p -  
D - g a l a c t o s i d e 1 as shown in Table 3 .3 .  Only whi te c o lo n ie s  were 
s e l e c t e d  fo r  t he  d e t e c t i o n  of CGTase gene.
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A B

Figure  3.20 E l e c t r o p h o r e t i c  a n a l y s i s  (A) and Southern  b l o t
h y b r i d i z a t i o n  of (A) with n o n r a d io a c t i v e  l ab e led  
pCSBC5 probe (RÏ

lane  a ะ \ / H i n A . \ l \  » DNA marker» 
lane  b ะ chromosomal DNA of B a c i l l u s  sp.  All 

comple te ly  d ig e s t e d  with fiaaHI 
lane  c ะ chromosomal DNA of B a c i l l u s  sp .  All 

comple te ly  d ig e s t e d  with Æ’coRI 
lane  d ะ chromosomal DNA of B a c i l l u s  sp .  All 

comple te ly  d ig e s t e d  with  / / i f ld m  
l ane  e ะ chromosomal DNA of B a c i l l u s  sp .  All 

comple te ly  d ig e s t e d  with P s t  I 
lane  f ะ chromosomal DNA of B a c i l l u s  sp .  All

p a r t i a l l y  d ig e s t e d  with 5aw3AI f o r  60 min
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Table 3.3 Number o f tran s fo rm an ts  from the c lo n in g  o f chromosomal DNA

o f B a c i l l u s  sp. A l l ,  d ige s ted  w ith  / / j ü d I I I ,  in to  p lasm id

ve c to r pUC18 a t f / i i i d m  s i t e .

Size  of DNA fragments  recovery  
(kb)

No. of t r a n s fo r m a n t s  
b lue  c o lo n i e s  white co lo n ie s

2 .5 - 4 .4 807 26
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D etec t ion  of Recombinant Plasmids  t h a t  C a r r i ed  CGTase Gene

1 . D e x t r i n i z in g  a c t i v i t y  t e s t  ( I „ method)
All  white c o lo n ie s  were r e p l i c a t e d  to  L-agar  p l a t e s  c on ta in in g  

50 f.(g/ml of a m p i c i l l i n  and 1% (w/v) of s o lu b le  s t a r c h .  D ex t r in i z in g  
a c t i v i t y  of t r a n s fo r m a n t s  was assayed  by iod ine  t e s t .  I t  appeared  t h a t  
only one white colony ,  namely no. 17, showed c l e a r  zone around the  
colony .  Cloning experiments  as mentioned above have been repea ted  
s e v e r a l  t imes  in o rder  t o  f i n d  more p o s i t i v e  c lo n e s .  More than 1,000 
white c o lo n ie s  d e r iv e d  from the  c lo n ing  i n to  pUC18 of DNA fragments 
s i z e  2 .5 - 4 .4  kb from H i n d i  I I - d i g e s t e d  chromosomal DNA were t e s t e d  
n eg a t iv e  fo r  halo  fo rm at ion .

I t  was l a t e r  found out  t h a t  t he  t r a n s fo r m a n t  n o . 17 cou ld  not  
produce c l e a r  zone around t h e  colony upon iod ine  t e s t ,  a f t e r  
s u b c u l t u r e d .  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 .

Moreover, recombinant  plasmid was e x t r a c t e d  from the  
t r a n s fo r m a n t  no. 17 by m in ip r e p a r a t i o n ,  d ig e s t e d  with  l / j u d m  and 
ana lyzed  by agarose  ge l  e l e c t r o p h o r e s i s  (d a ta  not  shown). Two DNA 
fragments  of 3.54 kb and 2.6 kb were o b ta in e d .  The DNA fragment 
of 3.54 kb probably  c on ta in ed  CGTase gene from B a c i l l u s  sp.  A l l ,  
whereas t h e  DNA fragment of 2.6 kb was the  l i n e a r  form of v ec to r
PÜC18.
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2. DNA-DNA h y b r i d i z a t i o n  with  l a b e l e d  CGTase grne (5 .2  kb) 
c o n ta in in g  probe from pCSBC5

Since ,  t he  recombinant  p lasm ids ,  PCSBC5 and t r a n s fo r m a n t  n o . 17 
c a r r i e d  pUC18 v e c to r  DNA (Appendix V II ) .  Thus, t h e  DNA i n s e r t  
con ta in in g  CGTase gene was p repa red  from pCSBC5 by d i g e s t i n g  the  
pCSBC5 with  r e s t r i c t i o n  endonuclease  P s t l  (Appendix VI) to  use as 
DNA probe .  The CGTase gene c o n ta in in g  fragment was s e p a r a t e d  by 
agarose  ge l  e l e c t r o p h o r e s i s ,  recovered  from agarose  gel  using 
Geneclean Kit  and then l a b e le d  with t h e  Genius n o n ra d io a c t i v e  l a b e l i n g  
system. The l a b e le d  CGTase gene (5 .2  kb) probe was h y b r id i z e d  with 
H i n d i  I I - d i g e s t e d  recombinant  plasmid e x t r a c t e d  from t ra ns fo rm a n t  n o . 17 
(d a ta  not  shown). I t  appeared t h a t  t h e r e  were h y b r id i z e d  s i g n a l s  with 
DNA i n s e r t  DNA (3.54  kb'  and a l s o  a t  the  band of l i n e a r  form of v ec to r  
pUC18 (2 .6  kb) .  I t  i n d i c a t e d  t h a t  p a r t  of t h e  m u l t i p l e  c lon ing  s i t e s  
of v e c to r  pUC18 in the  l a b e le d  CGTase gene (5 .2  kb) probe could 
h y b r id i z e  with  l i n e a r  form of v e c to r  pUC18 fragment a f t e r  the  
d i g e s t i o n  of the  recombinant  plasmid no. 17 with H i n d m .  In o rder  
t o  avoid t h i s ,  p a r t  of the  CGTase gene c o n ta in in g  fragment from 
pCSBCS was then used as DNA probe .

3. DNA-DNA h y b r i d i z a t i o n  with l ab e le d  CGTase gene fragment 
(1 .7  kb) probe from pCSBC5

P ar t  of the  CGTase gene c o n ta in in g  fragment was p repa red  from 
pCSBCS by d i g e s t i o n  of pCSBC5 with  P v u II  and S a i l  (Appendix VI) and 
i s o l a t i o n  of t he  fragment using  agarose  gel  e l e c t r o p h o r e s i s .  The
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DNA fragment (1 .7  kb) was p u r i f i e d  from agarose  g e l  by Geneclean Kit  
and then  l a b e le d  with Genius n o n r a d io a c t i v e  l a b e l i n g  system.

Since the  t r a n s fo r m a n t  n o . 17 was the  only c lone  which had 
ever  been shown to  have 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 ,  the
recombinant  plasmid  no. 17 was used in the  d e t e c t i o n  of CGTase gene.  
The T/indl 1 1 - d ig e s t e d  plasmid  from clone  n o . 17, and the  P s £ I -c l e a v e d  
pCSBC5 CGTase gene c o n ta in in g  fragment (5 .2  kb* were then  s u b je c te d  
to  agarose  gel  e l e c t r o p h o r e s i s ,  Southern b lo t  t r a n s f e r r e d  and
h y b r id i z e d  with  the  l a b e le d  CGTase gene fragment (1 .7  kb) probe as 
shown in F i g . 3 .21.  The r e s u l t  showed t h a t  t h e r e  was h y b r i d i z a t i o n  
s i g n a l  with  DMA fragment of 3.54 kb from recombinant  plasmid  clone  
n o . 17 ( lane  b ) .  I t  i n d i c a t e d  t h a t  t he  recombinant  plasmid n o . 17 
c a r r i e d  the  CGTase gene from B a c i l l u s  sp .  A l l .

4. DNA-DNA h y b r i d i z a t i o n  with  l a b e l e d  CGTase gene fragment 
(3 kb'  probe

Since the  CGTase gene fragment (1.7  kb) probe was j u s t  p a r t  of 
the  CGTase gene c o n ta in in g  fragment (5 .2  kb) from pCSBC5, the  o th e r  
p a r t  of the  i n s e r t  from pCSBC5 was used as DNA probe in o rd e r  to  
v e r i f y  t h e  recombinant  p lasm id  no. 17 whether i t  con ta in ed  a s i m i l a r  
DNA fragment.

The CGTase gene c o n t a in in g  fragment (3 kb) was p repa red  from 
pCSBC5 by d i g e s t i o n  of pCSBC5 with  P s t l  and /Vu11 (Appendix VI) and 
s u b j e c t e d  to  agarose  gel  e l e c t r o p h o r e s i s .  The i n s e r t  fragment (3 kb)
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Figure  3.21 E l e c t r o p h o r e t i c  a n a l y s i s  (A) and Southern b l o t
h y b r i d i z a t i o n  of (B) with n o n r a d io a c t i v e  l a b e le d
1.7 kb CGTase gene f r ag n en t  probe (B)

lane a ะ k / H i n d l l l  < DNA marker)
lane  b ะ H i n d i  I I - c l e a v e d  recombinant  p lasm id  n o . 17 
lane  c ะ P s t  I - c l e a v e d  pCSBC5

(5 .2  kb CGTase gene c o n t a in in g  fragment)
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was p u r i f i e d  from agarose  ge l  by Geneclean Kit  and then  l ab e le d  with  
Genius n o n r a d io a c t i v e  l a b e l i n g  system.

The plasmid  PÜC18 which was d ig e s t e d  with  / / i i j d l l l ,  t h e  plasmid 
pCSBC5 which was d ig e s t e d  with P s t  I ,  the  plasmid pUBHO which was 
d ig e s t e d  with  jEcoRI, and the  ร . 54 kb i n s e r t  fragment from 
H i n d i I I - c l e a v e d  recombinant  plasmid n o . 17 were ana lyzed  by agarose  gel  
e l e c t r o p h o r e s i s ,  Southern b lo t  t r a n s f e r r e d  and h y b r id i z e d  with  the  
l ab e le d  ร kb CGTase gene fragment probe .  The r e s u l t s  were shown 
in F i g . 3.22.

The r e s u l t  in F i g . 3.22 showed t h a t  h y b r i d i z a t i o n  s i g n a l  was 
observed with 3.54 kb i n s e r t  fragment from t f i i i d l l l - c l e a v e d  recombinant  
plasmid n o . 17 ( l ane  d ) ,  i n d i c a t i n g  t h a t  t he  recombinant  plasmid n o . 17 
should  c a r ry  the  CGTase gene from B a c i l l u s  sp.  A l l .  However, 
h y b r i d i z a t i o n  s i g n a l  was a l s o  d e t e c t e d  with  the  l i n e a r  form of 
H i n d i  I I - d i g e s t e d  v e c to r  pUC18 (2 .6  kb) in lane  c.  This was because  
t h e r e  was p a r t  of the  m u l t i p l e  c lon ing  s i t e s  (from P s t l  t o  B a a H l  

s i t e s '  of v e c to r  pUC18 in the  l a b e l e d  3 kb CGTase gene f ragment.
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Figure  3.22 E l e c t r o p h o r e t i c  a n a l y s i s  (A) and Southern b l o t
h y b r i d i z a t i o n  of (A) with n o n r a d io a c t i v e  l a b e le d  
3 kb CGTase gene fragment  probe (B)

lane  a ะ k / H i a d l l l  (DNA Barker» 
lane  b ะ PCSBC5 d i g e s t e d  with  P s t l  

lane  c ะ pUClB d ig e s t e d  with / / i i î d m  
lane  d ะ the  recombinant  plasmid n o . 17 

d ig e s t e d  with / / i n d i l l
lane  e ะ pUBHO d i g e s t e d  w ith  ifcoRI
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