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1. SUMMARY 2. I N T R O D U C T I O N  

We have constructed a plasmid vector, pHLH1,  
that contains lacZ and npt-II genes flanked by 
ends of bacteriophage Mu. These sequences can 
be integrated into Escherichia coli chromosome by 
the Mu transposition system. The lacZ gene, de- 
leted for its transcription and translation initiation 
signals, was positioned next to the 117 bp terminal 
fragment for the s end of Mu. The npt-II gene, 
deleted for its transcriptional signals, was posi- 
tioned distal to lacZ in the same orientation. 
Transposition of this sequence to a target gene can 
create simultaneously a protein fusion to lacZ and 
an operon fusion to npt-II. To demonstrate the 
use of this vector, we isolated lacZ npt-II + fusions 
to ompC. These fusions exhibited the expected 
phenotypes and regulational properties of ompC 
fusions. 

Correspondence to: E. Tapio Palva, Department of Molecular 
Genetics, Swedish University of Agricultural Sciences, P.O. 
Box 7003, S-750 07 Uppsala, Sweden. 

Fusion of marker or reporter genes (such as 
lacZ), encoding readily assayable products, to the 
genes of interest provide a powerful tool for the 
analysis of gene expression and function [1,2]. 
Two types of fusions can be generated: transcrip- 
tional or operon fusions in which an exogenous 
promoter  is fused to the reporter gene that lacks 
its promoter  but contains its translation initiation 
signals, and translational or protein fusions in 
which the reporter gene lacks both its transcrip- 
tion and translation start sites and is fused in 
frame to the coding sequence of the target gene. 

Both types of fusions allow the study of tran- 
scriptional regulation of the target gene. The pro- 
tein fusions have a number of additional applica- 
tions. They can be used to analyze translation 
initiation and its control and have been valuable 
in assaying protein localization and targeting [3,4]. 
Furthermore, the hybrid protein can be used to 
raise antibodies, which in turn can be utilized to 
identify the product of the target gene [5]. 

The lacZ gene of Escherichia coli has been 
predominantly used as a reporter as it is amenable 
to genetic analysis and its gene product, fl-galac- 
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tosidase,  is easily assayed,  and  is active in both  
p rokaryo tes  and eukaryotes  as pa r t  of  a hyb r id  
pro te in  [1,2,6]. Other  repor te r  genes have also 
been employed  as they can provide  useful features  
over  the lacZ system. Use  of phoA encoding  al- 
kal ine  phospha ta se  avoids  the le thal i ty  of ten ob-  
served with t rans la t iona l  fusions of  lacZ to genes 
coding  for expor ted  proteins ,  and  it can be used to 
p robe  for expor t  signals [7]. The gene for neomy-  
c inphospho t rans fe rase  II ,  npt-II, provides  a good  
selectable p h e n o t y p e  (kanamyc in  resis tance)  and  
has been used to genera te  fusions bo th  in bac t e r i a  
[8,9] and  eukaryotes  [10,11]. 

Several in vivo techniques have been deve loped  
in bac te r ia  to genera te  lacZ fusions based  on 
t r anspos i t ion  of the lacZ gene to the target  gene 
sequence.  Especia l ly  der ivat ives  of  phage  Mu 
[12-16] have p roven  useful in genera t ing  fusions 
to a variety of  genes in E. coli, and in o ther  
en te robac te r ia ,  such as Salmonella typhimurium 
[16-18],  Klebsiella pneumoniae [19] and  Erwinia 
carotovora [20]. Even the more  recent ly  descr ibed  
)tplacMu vectors [21,22] employ  the t ranspos i t ion  
sys tem of  phage  Mu. In vivo fusion vectors have 
been  also based  on other  bac te r ia l  t r ansposons  
such a s T n 3  [23], T n 5  [7,9] and  TnlO [24]. 

Here  we descr ibe  the cons t ruc t ion  of  a lacZ 
npt-II fusion vector  p H L H 1 .  This  t r ansposon  vec- 
tor  can be used to genera te  s imul taneous ly  in vivo 
p ro te in  fusions to lacZ and operon  fusions to 
npt-II. 

3. M A T E R I A L S  A N D  M E T H O D S  

3.1. Strains, media and chemicals 
The E. coli strain MC4100 has  been descr ibed  

[12], as have the phages  ) tpMu507 [25], ) tplacMul 
[21] and hy2 [26]. L m e d i u m  and M a c C o n k e y  
ind ica tor  m e d i u m  were as descr ibed  previously  
[27]. K a n a m y c i n  (Kc) was a d d e d  at 2 5 / x g / m l  and 
5-bromo-4-chloro-3- indoly l - f l -D-galac tos ide  (XG)  
at 40 /~g/ml.  Res t r ic t ion  enzymes and T4 ligase 
came from Boehringer  M a n n h e i m  G m b H  and were 
used according  to ins t ruct ions  p rov ided  by  the 
manufac turer .  

3.2. DNA techniques 
Plasmid  D N A  was isola ted as descr ibed  previ-  

ously  [28]. Genera l  c loning procedures  were 
accord ing  to Mania t i s  et al. [29]. 

3.3. Assays 
The act ivi ty  of  /~-galactosidase was assayed as 

descr ibed  by  Mil ler  [27] and that  of  neomy-  
c inphospho t rans fe rase  as by  Van den Broeck et al. 
[10]. 

3.4. Genetic techniques 
The general  genet ic  methods  were accord ing  to 

[27]. I so la t ion  of Kc r gene fusions was as follows: 
A fresh overnight  cul ture  of  s t ra in  MC4100 con-  
ta in ing p lasmid  p H L H 1  (see sect ion 4) was 
infected with the he lper  phage  ) tpMu507,  that  
carr ies  the M u A B  genes, at mul t ip l ic i ty  of  infec- 
t ion of  0.5-1.0.  Af te r  15 rain adsorp t ion ,  the cells 
were harves ted  and  resuspended  into fresh L-b ro th  
conta in ing  20 m M  sod ium ci t ra te  and  incuba ted  
at + 3 7 ° C  for 1.5 h to al low expression of  the 
npt-II gene. The  cells were subsequent ly  p la ted  on 
L med ium con ta in ing  Kc, incuba ted  overnight  at 
+ 3 7 ° C  and  the resul t ing Kc  ~ colonies  were 
pooled.  To ob ta in  specific lacZ npt-II fusions to 
ompC encoding  a ma jo r  outer  m e m b r a n e  pro te in  

Fig. 1. Construction of pHLH1. The bacterial strain harboring pHTT2 (a derivative of pBR322 in which the HindllI site is removed 
by filling in) was infected with )tplacMul and )~pMu507. XplacMul insertions into the bla(fl-lactamase) gene of pHTT2 were 
identified by selecting specialized transducing phages that carried the whole plasmid and transduced tetracycline (Tc) but not 
ampicillin (Ap) resistance. From one of these cointegrates, pHTT10, a Smat-HindIII fragment containing tet, lacZYA" and both 
ends of Mu was isolated, filled in and ligated with isolated and filled-in EcoRI fragment containing the Kc r npt-I gene of pUC7K. 
From the derived plasmid, pHTT16, the BamHI fragment containing lac genes and Kc r marker was replaced with the partial 
BamHI fragment of pMC1871 containing lacZ, resulting in pSKH1. A SmaI-BglII fragment from pNF1872 carrying npt-lI gene 
was inserted into the Sinai site of pSKH1. The npt-II gene carried on this fragment lacks the promoter but retains its ribosome 
binding site. pHLH1 thus created contains selectable marker tet, lacZ missing its 8 first codons and npt-I1, flanked by the 117 bp 
long Mu s end and the 1006 bp long Mu c end. 

Mu sequences are shown by a thick double line, genes transposing to the chromosome with a narrow double line. The single line 
indicates vector sequences,...symbolizes X sequences, and V symbolizes a DNA-linker. 
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OmpC [30], insertion pools were selected by the 
OmpC-specific phage hy2 [26]. The pools were 
grown to mid-exponential phase in L-broth con- 
taining Kc. Aliquots of these cultures were plated 
on L agar containing Kc and spread with 109 by2 
particles to obtain hy2-resistant insertion mutants. 

4. RESULTS A N D  DISCUSSION 

4.1. Construction of the fusion vector pHLH1 
Our purpose was to construct an in vivo fusion 

vector that could be used to generate one-step 
translational fusions to lacZ and transcriptional 
fusions to npt-II. Thus, both translational and 
transcriptional controls of the target gene could be 
assayed with the same fusions. Furthermore, the 
npt-II gene provides a selectable Kc-resistant phe- 
notype to the target gene that would facilitate the 
isolation and genetic analysis of the fusions. The 
transposition system of bacteriophage Mu was 
employed to generate the fusions. The constructed 
pHLH1 vector contains 117 bp of the s end and 
1006 bp of the c end of bacteriophage Mu [12-14]. 
This transposon, Mud(lacZ npt-II), cannot trans- 
pose by itself since there is no transposase gene. 
As the transposase activity is provided in trans, 
maximal stability of the fusions is ensured. 

The construction of the plasmid pHLH1 that 
carries the transposable Mud(lacZ npt-II) frag- 
ment is summarized in Fig. 1. This plasmid con- 
tains lacZ missing its 8 first codons and npt-II 
missing its promoter  but retaining its ribosome 
binding site, flanked by the 117 bp long Mu s end 
and the 1006 bp long Mu c end. As there are not 
transcription termination sites between lacZ and 
npt-II, they should be expressed as part  of the 
same operon. An outline for generation of fusions 
with pHLH1 is presented in Fig. 2. 

4.2. Isolation of ompC-lacZ-npt - I I  fusions 
In order to test the ability of pHLH1 to create 

gene fusions to chromosomal genes of E. coil, we 
set out to select fusions to the ompC gene encod- 
ing OmpC, a major outer membrane protein. Fu- 
sion pools were generated as described in Section 
3 and used to select for hy2-resistant insertion 
mutants. We obtained 14 potential ornpC-lacZ 
npt-II + fusions that exhibited the expected pheno- 
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Fig. 2. Generation of fusions with pHLHI.  When Mud(lacZ 
npt-II) from pHLH1 is inserted into the gene x, a lacZ protein 
fusion and a npt-lI operon fusion is formed. The transposon, 
Mud(lacZ npt-II) is drawn as a double line, the thick parts of 
it symbolizing Mu c and s ends. Symbols: p, a promotor; x, 
mRNA of the gene into which the fusion is formed: SD, 
ribosome binding site; and ~, fusion joint. A prime denotes 
that a particular gene is not completely present. The helices 
and zig-zag lines indicate polypeptides encoded by the genes 
shown. 

type LacZ +, Kc r, hy2 r. These fusions were trans- 
duced with P1 to a clean genetic background 
(MC4100) before further analysis. To ensure that 
the fusions isolated actually were located at ompC, 
they were mapped by Pl  transduction using an 
ompC::TnlO donor strain. Out of the 14 candi- 
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Fig. 3. Assay of neomycinphosphotransferase activity of 
ompC-lacZ npt-II fusions. The activities were assayed from 
sonicated cells essentially as described previously [10]. The 
strains analyzed were: Lane 1, MC4100; Lane 2, MH150 
(MC4100 ompC::Tn5); Lane 3, HLH17 (q~(ompC-lacZ npt- 
I1+)); Lane 4, HLH170 (ompC::TnlO transductant of 
HLH17); Lane 5, HLHI71 (ompR::TnlO transductant of 
HLH17). The arrow points to the neomycinphosphotransferase 
activity. 

dates 10 were thus verified to conta in  fusions at 
the ompC locus. 

Fusions  to ompC should obey the normal  regu- 

Table 1 

Regulation of ompC-lacZ npt-II fusions 
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latory properties of ompC. This was tested by 
taking advantage of the fact that the ompR gene 
product  is a regulatory protein required for the 

expression of both por in  genes ompC and ompF 
[31]. When  an ompR: :Tn lO  muta t ion  was intro- 

duced to the fusion strains, both lacZ and npt-II 
expression were strongly reduced in all strains 

(Table 1, Fig. 3), suggesting that the fusions were 
to the ompC gene. 

4. 3. Frequence of  fusions and fusion stability 
The frequence of Kc r fusion colonies was usu- 

ally 10 -6, which is high enough to prepare a 

fusion pool easily. The frequence of lacZ fusion 
colonies was nearly the same. The frequence of 
lacZ fusions dropped more rapidly than the fre- 
quence of Kc r fusions with decreasing m.o.i., sug- 

gesting that the actual number  of insert ions to the 
host chromosome is higher than can be calculated 
from the observed fusion frequencies. Also the 
killing effect of the helper phage X pMu507 made 
the evaluat ion of actual fusion frequencies dif- 
ficult. By using a host strain that contains  a lysog- 
ertized k, we obtained a fusion frequence of 10 -5 

with m,o.i. 1.0. 

As p H L H I  is not able to generate fusions 
without  the transposase activity provided in trans 

the fusions are highly stable. All fusions could be 
t ransduced with P1 into other strains and the 
regulation of ompC could be studied without any 

complicat ions.  We have also isolated fusions with 
pHLH1 to other genes besides ompC and have 

Strain Relevant ]3-Galactosidase ~ Neomycin a Growth on medium 
genotype activity phospho- containing Kc (p,g/ml) 

transferase 15 50 75 100 

MC4100 ,4 (argF-lac) 7 0 - - 
MC4100/pHLH1 34 0 - 
MH225 MC4100q~ (ompC-lacZ) 1435 nt - - 
HLHI7 ¢0 ( ompC-lacZnpt -II + ) 1 023 95.5 + + 
HLH171 HLH17 ompR: :Tnl0 11 0 - - 

m 

a Activity of fl-galactosidase was assayed as described [27] and that of neomycinphosphotransferase as in [10] (see also Fig. 3). The 
latter activity is given as percentage of that of a Tn5-containing strain MH150 [31]. The strain MH225 [31] was included as a 
control for/3-galactosidase activity. 

Growth with Kc was tested on plates with Kc concentrations in gg/ml as indicated. 
nt = not tested. 
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no t  o b s e r v e d  any  s e c o n d a r y  t r anspos i t ions .  T h e  

s tab i l i ty  o f  these  fus ions  shou ld  be  pa r t i cu l a r l y  

useful  for  se lec t ion  o f  m u t a n t s  a l t e r ing  the regu-  

l a t i on  of  the  ta rge t  gene,  

S t ruc tu r a l  ana lys i s  o f  the  fus ions  m a d e  by  

p H L H 1  can  be  fac i l i t a t ed  wi th  the in v ivo  c l o n i n g  

m e t h o d s  d e s c r i b e d  p r ev ious ly  [32]. T h e  hos t  

spec i f i ty  o f  the  d e s c r i b e d  fus ion  t e c h n i q u e  cou ld  

be  w i d e n e d  by  i n t r o d u c i n g  genes  lamB and  nusA 
to p H L H 1 .  W h e n  these  genes  are  p r o v i d e d  X can  

f u n c t i o n  at least  in Salmonella typhimurium, con-  

s e q u e n t l y  c o n s t r u c t i o n  o f  gene  fus ions  in o t h e r  

G r a m - n e g a t i v e  b a c t e r i a  shou ld  b e c o m e  poss ib le  

[33]. 

A C K N O W L E D G E M E N T S  

W e  t h a n k  Ji l l  T h o r n g r e n  for  t y p i n g  the 

m a n u s c r i p t .  
G r a n t s  f r o m  the  N e s t e  F o u n d a t i o n ,  the  F o u n -  

d a t i o n  for  B i o t e c h n i c a l  a n d  Indus t r i a l  F e r m e n t a -  

t ion  R e s e a r c h  a n d  the D e u t s c h e  F o r s c h u n g s g e -  

m e i n s c h a f t  ( S o n d e r f o r s c h u n g s b e r e i c h  156) are  

g ra t e fu l ly  a c k n o w l e d g e d .  Th i s  r e sea rch  was  sup-  

p o r t e d  by  the  A c a d e m y  of  F i n l a n d  and  the  Swed i sh  

M e d i c a l  R e s e a r c h  C o u n c i l  (p ro jec t  07487). 
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