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Summary. - W e  describe a n  in vivo c loning m e t h o d  u s i n g  mini-Mu 
phage  f o r  genes,  w h i c h  cannot  b e  c loned  o n  mul t icopy  vectors, 
main ly  f o r  their  toxicity. W e  h a v e  successful ly c loned  succinate 
dehydrogenase  (sdh) g e n e  E. coli w h i c h  w a s  inactivated w i t h  d e f i n e d  
insertion o f  f ragment  K m r  b y  this m e t h o d .  T h e  m o s t  o f  obtained 
K m r  c lones  o f  mini-Mu transductants h a v e  contained t h e  sequence  
o f  w h o l e  sdh gene.  T h e  intact g e n e  o f  sdh can b e  reconstructed b y  
site-directed mutagenesis.  

Key words: mini-Mu phage; in vivo cloning; succinate dehydrogenase; 
Enterobacteriaceae 

Introduction 

Clon ing  o f  D N A  sequences  has  b e c o m e  a n  important  step i n  m a n y  biological 
studies. It usual ly  invo lves  t h e  j o i n i n g  t o  vector o f  D N A  sequences  capable o f  
replication w h e n  introduced into  a n  appropriate host. A n  alternative t o  in vitro 
D N A  cloning  systems is t h e  u s e  o f  transposons i n  c loning o f  genes  (Berg et al., 
1989). 

Bacteriophage M u  w a s  discovered as a temperate phage  w h i c h  u p o n  lysogeni-
zation generated mutat ions  i n  t h e  host  w i t h  a h i g h  frequency. M u  can g r o w  i n  E. 
coli as w e l l  as i n  m a n y  species o f  Enterobacteriaceae family.  T h e  host  range o f  M u  
w a s  extended  further  b y  preparation a recombinant  o f  M u  w i t h  the  related tail 
genes  o f  phage  PI ( M u h P l )  (Csonka  et al., 1981). Only  products  o f  t w o  phage  
genes, A a n d  B, a n d  short  sequences  o f  t h e  b o t h  e n d s  o f  phage  linear g e n o m e  
are n e e d e d  f o r  its transposition. T h e s e  features m a k e  bacteriophage M u  a n d  its 
delet ion derivatives (mini-Mu) t h e  transposable e l e m e n t  o f  choice  to  carry o u t  in 
vivo genetic engineering. 

M u  is especially suitable f o r  in vivo c loning d u e  t o  its very  intensive  
transposition - m o r e  than  100-times p e r  cell w i t h i n  its lytic cycle. Gro i sman  et al. 
(1984) h a v e  u s e d  t h e  M u  vectors f o r  in vivo c loning f o r  t h e  first t ime.  T h e y  h a v e  
constructed mini-Mu derivatives w i t h  d i f ferent  antibiotic markers a n d  replicons. 
T h e s e  derivatives carry also a s e g m e n t  o f  lac o p e r o n  w h i c h  enables  to  construct 
* t o  w h o m  c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d  
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fus ions  at either transcription or  translation levels  (Groisman a n d  Casadaban, 
1986). Osuský  et al. (1987) h a v e  constructed mini-Mu derivatives w h i c h  can b e  
regulated not  o n l y  in transposition b u t  also in their replication. T h e s e  p lasmids  
contain origin o f  replication o f  filamentous phage  f d  a n d  their replication is 
d e p e n d e n t  o n  expression o f  f d  g e n e  2, w h i c h  can b e  carried o n  charon Ach616 
(Geider  et al., 1985). Gro isman  et al. (1991) have  constructed mini-Mu f o r  direct 
expression a n d  determination o f  transcriptional orientation o f  in vivo c loned  
genes  f r o m  T 7  promoter  w h i c h  w a s  placed near t h e  M u  right end.  

In this paper w e  describe the  use  o f  mini-Mu pJT2 f o r  in vivo c loning o f  s d h  
g e n e  o f  E. coli, w h i c h  is very  di f f icult  to  c lone  o n  mult icopy  vectors, m a i n l y  f o r  
its toxicity. Moreover, fumarate  reductase  (frd) g e n e  can replace t h e  funct ion  o f  
sdh gene. T h i s  fact was  c o n f i r m e d  also in  sdh auxotrophic m u t a n t  o f  E. coli, 
w h e n  frd was  ampl i f ied  o n  p lasmid  vector (Guest, 1981). Therefore  w e  u s e d  f o r  
sdh c loning a n  insertion mutant  sdhCvKm. 

Materials and Methods 

Bacterial strains, phages and plasmids are descr ibed  i n  T a b l e  1. 

Table  1. E. coli strains, phages and plasmids 

Strains, phages  
a n d  p lasmids  G e n o t y p e  Source or  references  

S t r a i n s  SMI A f n r ,  AfargF-lac), U169, araD137, rpsLlSO, Melvil le  a n d  G u n s a l u s  (1990) 
E. coli deoCl, relAI, JibB5301, rbsR, ptsF25 

D W 3 3  zjd::lnl(), A(frdABCD)I02, A(argF-lac), 
U169, araD139, rpsL150, deoCl, relAI, 

flbB5301, rbsR, ptsF25 

W e s t e n b e r g  et al. (1990) 

XL1 Blue  endAl, hsdR 17 (m^, r£), supE44, thi-1, A" 
recAl, gyrA96, relAI, lar 
\F, trad36,pro A B, lacfiZAM15,TnlO(tetRj\ Stratagene 

T G I  K12, A (lac-pro), supE, thi, hsdDS, 
\F', traD36,proAB, lacI"ZAM 15\ Sambrook  et ai (1989) 

JT4 T G I ,  A f n r ,  Mucts62 this work 
JT6 T G I ,  Afnr, sdh::Km, Mucts62 this work 
JT110 T G I ,  Afnr, A(frdABCD)\02, sdhr.Km, 

Mucts62 
this work 

Bacter io­ Mucts62 H o w e  (1973) 
phages PI cam Pl::Tn  9clr-100 Silhavy et al. (1984) 

Plasmids pEG5166 Cm', p M B l ,  oriT, lac G r o i s m a n  a n d  C a s a d a b a n  
(1986) 

pJT2 pEG5166 with deletion o f  BamHl-Sall lac 
fragment 

this work 

pJT K m  Cm', Km' this work 
pTZ19R Ap', p M B l , / /  ori Pharmacia 
pT/ .Km Ap', Km' this work 
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Media. E. coli w a s  g r o w n  e i ther  i n  l i q u i d  o r  so l id  L B  m e d i u m  (Maniatis et al., 1982). T h e  
concentrations o f  antibiotics w e r e :  ampic i l l in  ( A p )  50  mg/1, ch loramphen ico l  ( C m )  30 mg/1, 
k a n a m y c i n  ( K m )  25 mg/1. M i n i m a l  m e d i u m  w a s  prepared  according Maniatis  et al. (1982), a n d  as  
a source  o f  carbon  s o d i u m  succinate (40 mmol/1)  w a s  u s e d .  

DNA biochemistry. Restriction e n z y m e s  BamHl, EcoRV, T 4  D N A  ligase a n d  X D N A  w a s  f r o m  t h e  
Real ization Center  o f  C o m e n i u s  University,  Bratislava. Other  e n z y m e s  w e r e  f r o m  Boehr inger  
M a n n h e i m ,  F R G .  Plasmid  D N A  w a s  isolated as  descr ibed  b y  B i r n b o i m  a n d  D o l y  (1979). T h e  o ther  
protocols  w e r e  u s e d  according Maniatis  et al. (1982). 

Preparation and using of Mu lysates. T h e  lysates o f  mini-Mu/Mucts62 d o u b l e  l ysogens  w e r e  
prepared b y  a m o d i f i e d  m e t h o d  o f  G r o i s m a n  a n d  Casadaban (1986) w i t h  t h e r m a l  i n d u c t i o n  o f  t h e  
d o n o r  strain. Overn ight  cul ture  g r o w n  at 28  ° C  i n  liquid L B  m e d i u m  with C m  w a s  diluted 1:100 i n  10 
m l  L B  m e d i u m  without  C m ,  but wi th  M g S 0 4  (10 mmol/1)  i n  250 m l  Erienmeyer flask and incubated 
at 2 8  ° C  with g o o d  aeration until  A ^Q  reached approximately 0.5. T h e n  CaCl 2  w a s  added t o  t h e  
culture t o  final concentration 5 mmol /1  and t h e  culture w a s  shifted t o  42  ° C  for  2 0  m i n  and then  t o  
37 ° C  until visible lysis w a s  observed. Chloroform (1 % o f  the  vo lume)  w a s  added t o  the  lysate and 
vortexed for  10 sec.  Cell debris were  removed  b y  centrifugation and t h e  supernatant w a s  u s e d  for  
determination o f  t h e  phage titer (PFU/ml ) .  

In vtvo cloning with mini-Mu replicons. T o  infect t h e  recipient cells 100 ^1 o f  lysate w a s  m i x e d  with 
200 f ň  o f  cells f r o m  overn ight  cul ture  a n d  i n c u b a t e d  at 20  ° C  for  4 5  m i n  without shaking. 1 m l  L B  
m e d i u m  w a s  then  added t o  t h e  tube  and  incubation w a s  carried o u t  for  1 hr at 2 8  ° C  with shaking t o  
allow for  expression o f  t h e  drug resistance marker i n  t h e  mini-Mu. Cells  were  plated i n  appropriate 
m e d i u m  containing t h e  corresponding antibiotic and incubated overnight at 2 8  °C.  

Bacterial genetic techniques. Transformation o f  K coli w a s  d o n e  according C o h e n  et al. (1973). P I  
transduction and  preparation o f  P I  lysate were  carried o u t  according Silhavy et al. (1984). 

Results 

Construction of JT4 and JT110 strains 
T h e  JT4 and JT110 strains were constructed b y  P I  transduction o f  a A f n r  

mutation from S M I  into T G I  and from D W 3 3  into JT6 respectively and b y  
subsequent lysogenization with Mucts62. 

Fig. 1 
Physical m a p  o f  mini -Mu pJT2 

C0lE1 
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Fig. 2 
Restriction analysis o f  p l a s m i d s  f r o m  in 

vivo c lon ing  o f  sdh g e n e  
Molecular w e i g h t  marker  A D N A  cut  w i t h  
Hindlll ( lane 1); s e v e n  d i f f erent  p l a s m i d s  
cut  w i t h  Hindlll a n d  Xhol ( lanes 2-8). 
A r r o w  indicates 5.1 k b  Hindlll f r a g m e n t  o f  
f r d  gene.  

Construction of mini-Mu pJT2 
T h e  BamU\-Sal\ f r a g m e n t  o f  lac o p e r o n  w a s  r e m o v e d  f r o m  m i n i - M u  

pEG5166 plasmid. 5'-protruding e n d s  w e r e  filled u p  us ing  K l e n o w  fragment  o f  
D N A  polymerase I and  then  ligated. Physical m a p  o f  mini-Mu pJT2 is s h o w n  in  
Fig. 1. T h e  plasmid pJT2 is ab le  to transduce larger D N A  fragments  than 
pEG5166 itself. 

In vivo cloning of sdh gene 
During  the  in vivo c loning  E. coli sdh g e n e  a complementat ion  o f  mutant  

sdh::Km in a recipient strain w a s  used.  T h e  cells grew o n  m i n i m a l  m e d i u m  w i t h  
s o d i u m  succinate as a sole  source o f  carbon. T h e  lysate o f  JT4 (pJT2) strain w a s  
prepared and  after transduction 14 colonies grew o n  the  m i n i m a l  m e d i u m  w i t h  

Table  2. In vivo cloning of  sdh and sdh::Km 

d o n o r  min i-Mu PFU/ml  recipient C m ' / P F U  s d h + / C m '  s d h + / C m '  

JT4 pJT2 2.3 x 109 JT6 4 x 10-2 1.2 x 10-4 _ 
JT110 pJT2 1.3 X 10" JT4 6.4 x 10-2 — 9.4 x IQ-5 

C m ' / P F U  - ratio between number o f  colonies  C m '  and titer o f  lysate (frequency o f  transduction o f  
C m  resistance); sdh ' / C m '  - ratio between number  o f  colonies  sdh+ and number o f  colonies  Cm r ;  
s d h K m + / C m '  - ratio between number  o f  colonies  K m +  and number  o f  colonies  C m '  

1 2 3 4 5 6 7 8 

• —  

1 
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Fig. 3 
G e l  electrophoresis  o f  p l a s m i d s  f r o m  i n  

v i v o  c lon ing  o f  sdh::Km 
pJT2 p l a s m i d  (lane 1); p l a s m i d s  f r o m  K m  
resistant c lones  (lanes 2-10). 

1 2  3 4 5 6 7 

oc 9 10 

1 
1 1 

succinate a n d  C m .  T h e  obta ined  results are s h o w n  i n  Tab le  2. However,  w e  
f o u n d  o u t  after restriction analysis, that all t h e  posit ive c lones contain  Hindlll 
f ragment  o f  approximately 5.1 kb,  w h i c h  is  characteristic f o r  the  frd g e n e  (Fig. 2). 
T h e s e  results fit those  o f  G u e s t  (1981) indicating that t h e  frd g e n e  is  able  replace 
t h e  sdh f unct ion  i n  mul t icopy  plasmids.  

In vivo cloning of sdhr.Km 
W e  u s e d  E. coli JT110 (pTJ2) f o r  t h e  in vivo c loning  o f  the  sdh: :Km fragment.  

Us ing  thermal  induct ion  a lytic cycle a n d  transposition o f  M u  phage  a n d  min i-
M u  derivative pJT2 w e r e  induced.  T h e  lysate w a s  prepared a n d  its titer w a s  
estimated. T h i s  lysate w a s  u s e d  f o r  t h e  transfer o f  C m  resistance g e n e  a n d  
sdh::Km f ragment  into  JT4 recipient strain (Table 2). F r o m  5 posit ive clones, 
w h i c h  grew o n  LB m e d i u m  w i t h  C m  a n d  K m ,  preparations o f  p lasmid  D N A  
w e r e  analyzed (Fig. 3). A f t e r  cleavage w i t h  BamHl i n  three o f  t h e m  there w e r e  
fragments, w h i c h  w e r e  as large as  sdh g e n e  w i t h  insertion o f  K m  cassette f r o m  
Tn903.  F r o m  a c h o s e n  clone, w h i c h  w a s  designated pJTSDHKm4, t h e  ment io ­
ned fragment was removed using  BamHl and recloned into pTZ19R plasmid. 
Selection was carried out  o n  the  medium containing A p  and Km. T h e  recombi­
nant plasmid was designated pTZSDHKm3 (Fig. 4). 

Discussion 

Mini derivatives o f  M u  bacteriophage were successfully used for  in vivo 
cloning o f  several genes  (Sirko et al., 1987; Sirko and Hulanicka, 1988; Groisman 
and Casadaban, 1987; Wang  et al., 1987; Gramajo et al. 1988; Srivastava et al., 
1989; Strauch et al., 1989; Roncero and Casadaban, 1992). In vivo cloning is 
convenient provided there is a possibility o f  selection o f  recombinants using 
suitable selective medium. This  method can considerably shorten the time, 
especially in  cloning o f  analogous genes,  w h e n  it is not  necessary to  isolate D N A  
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pTZSDHKm 

0790 bps 

Fig. 4 
Physical m a p  o f  p l a s m i d  p T Z S D H K m 4  

a n d  to  construct g e n o m i c  library. Preparation o f  M u  phage  lysates o n  a c o m p e ­
tent donor is incomparably simpler than the  in vitro library construction. 

Our primary aim was to clone the  sdh:: gene  from several strains o f  
Enterobacteriaceae. After M u  transduction w e  have received several clones 
which grew o n  the minimal medium with sodium succinate. T h e  analysis o f  
clones has shown that only the frd gene  was in all recombinant plasmids. It is 
known that frd gene  in high copy number can compensate for the  sdh function 
(Guest, 1981). E. coli was chosen as a donor o f  sdh gene  for the analysis o f  this 
problem because the sequences o f  both genes  are known and it considerably 
simplifies the restriction analysis o f  transductants. In this case w e  analyzed 14 
transductants growing on  the minimal medium with succinate as a sole source o f  
carbon. Only the frd sequences was found in all recombinants. T h e  ratio frd:sdh 
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14:0 indicates s o m e  principal reason, w h y  t h e  clones w i t h  sdh h a v e  n o t  b e e n  
cloned.  E. coli sdh g e n e  has  b e e n  c l o n e d  us ing  X transduction bacteriophage 
(Spencer a n d  Guest,  1982). Because o f  that w e  supposed  that  sdh g e n e  present 
o n  mult icopy  p lasmid  can b e  toxic f o r  t h e  cell or  there c o u l d  b e  other toxic 
determinants  flanking this  gene.  Therefore  i n  t h e  next  w o r k  w e  u s e d  nonfunct i ­
onal sdh gene  split with K m  cassette. In this case w e  selected clones with K m  
resistance. 

W e  supposed that sdh sequence would b e  present in the most  o f  K m  resistant 
clones which containing fragments 14 kb in  average. Using this method w e  were 
able to  clone the whole  sdh gene  sequence, that was confirmed by restriction 
analysis as well. T h e  fragment with  sdh::Km was recloned into the pTZ19R 
plasmid, in  which it is  possible to  reconstruct the functional sdh gene  by directed 
mutagenesis. 

Our results show that difficulties with  sdh gene  cloning are probably connec­
ted with higher level o f  gene  product using multicopy plasmids and not  directly 
with the  in vivo cloning. Similar results were obtained in  cloning the determinant 
for tellurite resistance (Burian et al., personal communication). W e  assume that 
the use  o f  l o w  copy number replicon in mini-Mu represents o n e  way h o w  to  
solve the problem o f  direct in vivo cloning o f  toxic genes. T h e  method used in 
our work can b e  also applied in  the  in vivo cloning o f  other toxic genes. 

Acknowledgement. T h e  authors wish t o  express thanks t o  Dr. R. P. Gunsalus  for  gift o f  E. coli 
strains S M I  and D W 3 3 .  
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