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SUMMARY : Expression of  the cloned levansucrase gene (sacB) was demonstrated 
in E. ca l l  m in i ce l l s  by assay of the enzyme in crude ex t rac t s ,  SDS-polyacry- 
lamide gel e lectrophoresis and immunoblotting. The existence of a precursor 
form of the enzyme of MW 53000 was also demonstrated and confirmed by the DNA 
sequence corresponding to the NH 2 terminal  region of  the pro te in .  

The sucrose metabolic system is an i n te res t i ng  model fo r  studying 

the regulat ion of gene expression and secret ion in Bac i l lus  s u b t i l i s .  

Biochemical and genetical  studies have already been made on th is  system which 

comprises at leas t  e ight  d i f f e r e n t  loc i  (1) .  I t  includes three s t ruc tu ra l  

genes s p e c i f i c a l l y  induced by sucrose. One of them, sacB, codes fo r  the 

exoce l l u l a r  levansucrase. Among the f i v e  known regula tory  l o c i ,  four control  

the expression of  sacB. 

Levansucrase is a 6-D-f ructofuranosyl  t ransferase (E. C. 2. 4. 1. I0) 

which synthesizes polymers of  f ructose ca l led  levans. I t  has been obtained in 

a pure s tate (2).  I t  has a molecular weight of 50000 daltons ; i t s  primary 

s t ruc ture  has been determined by prote in sequencing (3) as wel l  as i t s  

t e r t i a r y  s t ruc ture  by X-ray d i f f r a c t i o n  analys is  (4).  

In th is  paper we describe the expression in an E. ca l l  m in i ce l l  

producing s t ra in  of the prote in corresponding to the s t ruc tu ra l  gene sacB. The 

sequence of the signal peptide has been determined and the existence of  a 

precursor of levansucrase has been demonstrated. 

MATERIALS AND METHODS : E. co l i  SK1592 was used as a rec ip i en t  s t ra in  when 
subcloning DNA f r a g m e n t s ~ .  The X co l l ec t i on  was constructed in E. co l i  
KH802. E. co l i  was grown in L-medium. B. s u b t i l i s  mutant QB2010 
sacR37 sacU32 thr5) was constructed in th i s  labora tory .  M in i ce l l s  of  E. ca l l  
~ w e r e  prepared as described by Rambach and Hogness (6).  Incorporat ion of  
[35S I L-methionine was car r ied out according to the same authors. Transforma- 
t ion of E. co l i  and B. s u b t i l i s  was performed as described before (7).  Trans- 
formants were selected as prev ious ly  reported (8, 9). 

ABBREVIATIONS- Lvs : levansucrase, Lvs h : hyperproduction of Lvs, Lvs c : 
c o n s t i t u t i v e  production of Lvs, PEA : phenylethyl alcohol 
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E. co l i  .recombinant plasmid DNA were pu r i f i ed  according to the 
procedure of Birnboim and Doly (10) modif ied by Ish-Horowicz and Burke ( I I ) .  
DNA f rac t ions  were analyzed by e lect rophores is  on 0.5 % to 0.7 % agarose slab 
gels. Res t r i c t ion  fragments were recovered a f t e r  e lect rophores is  by e l e c t r o :  
e lu t i on  in a d i a l y s i s  bag. 

Nucleotide sequences were determined by the method of Maxam and 
G i l be r t  (12). Labeling of the 5' ends of DNA fragments with Iy3zP I ATP 
(3000 Cie/mmole, Amersham) and T4 polynucleot ide kinase was performed by 
exchange react ion (12). Res t r i c t i on  fragments were labeled at t h e i r  3' ends 
wi th I~B2PI dNTP in the presence of DNA polymerase I according to Cossart and 
Gicquel-Sanzey (13). 

Separation of proteins was performed on a 7.5 % to 15 % exponential 
gradient  polyacrylamide gel according to O 'Far re l l  (14). Immunoblotting was 
car r ied out as described by Bowen et a l .  (15). Rabbit ant i - levansucrase 
ant ibodies were prepared as described by Kunst et a l .  (16). Levansucrase assay 
was performed according to Lepesant et a l .  (17). 

RESULTS : Par t ia l  DNA nucleot ide sequence of the sacB locus. 

A l i b r a r y  has been constructed in our laboratory  by inse r t i ng  sized 

pa r t i a l  Sau3Al digest  of DNA from s t ra in  QB2010 in to the BamHl s i tes  of the 

vector x EMBL3 (18). One phage was obtained which contains the sacR c a l l e l e .  

Strains of B. s u b t i l i s  carry ing th i s  mutation secrete Lvs c o n s t i t u t i v e l y .  

Comparing the d i f f e r e n t  r e s t r i c t i o n  s i tes  obtained with those deduced from the 

known aminoacid sequence of the prote in (the computer compi lat ion was 

performed by G. Roiz~s), we concluded that  t h i s  phage includes the en t i re  sacB 

gene except fo r  the l a s t  twenty s ix  nucleot ides.  

An EcoRI-Taql fragment of  about 400 bp which overlaps the 

NH2-terminal sequence of the prote in and i t s  putat ive signal sequence was 

subcloned in to the large EcoRI-Clal fragment of pBR322. The nucleot ide 

sequence was determined s t a r t i ng  from pBR322 EcoRl or H i n d l l l  s i tes  by the 

method of Maxam and G i l be r t  (12). Results are reported on f i g .  I .  The deduced 

aminoacid sequence was compared to that  obtained by prote in  sequencing by 

A. Delfour (3) and showed to ta l  i d e n t i t y  downstream the Lys residue which is 

the mature prote in N-terminal aminoacid. 

Upstream th is  Lys residue there is  an open reading frame of 29 

aminoacids s ta r t i ng  from an ATG codon. This sequence is  character ized hv the 

- 2 9  

TAAAAAAGGA GACATGAACG ATG AAC ATC AAA AAG TTT GCA AAA CAA GCA ACG ATA 

TTA ACC TTT ACT ACC GCA CTG CTG GCA GGA GGC GCA ACT CAA GCG TTT 
Leu ~r Phe Thr Thr Ala Le~ Leu Ala Gly Gly A~a ~r Gln Ala Phe 
+I 
AAA GAA ACG AAC CAA AAG CCA TAT AAG GAA ACA TAC GGC ATT TCC CAT ATT 
LW~ GZU ~r Ash Gln Lys Pro ~r Lys Glu ~r ~r Oly Ile Set His £le 

ACA CGC CAT GAT ATG CTG CAA ATC CCC GAA CAG CAA AAA AAT GAA AAG 
Thr Arg His A~p Met L~u Gln lle Pro Glu Gln Gin LWs Asn Glu LWs 

Fi 9, 1 : DNA and aminoacid sequences in the NH2-terminal region of 
levansucrase. 

The NH2-terminal Lys of the mature levansucrase was taken as 
aminoacid + 1. The cleavage si te between the signal sequence and the 
mature protein is indicated by a vert ical bar. 
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presence of a hydroph i l i c  region of 8 aminoacids with 3 Lys residues fol lowed 

by a hydrophobic s t re tch of 21 residues with an Ala as l as t  aminoacid. This 

kind of signal peptide seems to be c l a s s i c a l ,  and s i m i l a r  ones have been 

already described fo r  other exoce l l u l a r  enzymes in other B a c i l l i  (19 - 22). I t  

is i n te res t i ng  to note that  2 codons upstream from the ATG codon of the 

presumed precursor there is a TGA stop codon in the same reading frame. A good 

puta t ive  ribosome binding s i t e  is found 9 bp upstream the ATG with 8 bases out 

of 9 complementary to the 3' end of the 16S RNA of B. s u b t i l i s  (23). We also 

sequenced, on one strand, about 185 nucleot ides upstream the ATG i n i t i a t i o n  

codon (data not shown). Analysis of th i s  fragment showed no sequence homolo- 

gous to those described fo r  B. s u b t i l i s  "-  35" and "-  I0"  vegetat ive promoter 

nucleot ide sequences (23). However, we found an open reading frame which 

covers the en t i r e  sequence, in the same frame as that  of  levansucrase and i t s  

preceeding stop codon. The levansucrase gene could therefore be immediat ly 

adjacent to another gene which has not been i d e n t i f i e d  so fa r .  

Expression of  the sacB 9ene in E, co l i  m in i ce l l s  

To confirm the existence of the precursor and to determine i t s  

length, the sacB gene was expressed in an E. co l i  m in i ce l l  producing s t ra i n .  

The plasmid pLSS, which contains the en t i r e  sacB gene, was obtained by 

D. Le Coq from a ~ l i b r a r y  (24). I t  was introduced by t ransformat ion in to  

E. co l i  AR1062. Very few recombinants were obtained and the ma jo r i t y  of them 

had los t  the levansucrase a c t i v i t y .  Two recombinant clones possessing the 

Lvs + phenotype detected d i r e c t l y  on p late (8) were picked and f u r t he r  

analyzed. The presence of an act ive levansucrase was confirmed by enzymatic 

assays on the sonicated ext racts  (the spec i f i c  a c t i v i t y  found was about 0.1 

enzyme un i t  per mg bac te r ia l  p ro te in ) .  Furthermore, one of  the clone recovered 

contained a plasmid with a DNA inse r t i on  located in the 0.95 kb H i n d l l l  

fragment at the end of the sacB locus. This sequence is about 800 bp long and 

contains a Pst l  s i t e  ; i t  prebably corresponds to IS1. The other clone 

harbored a plasmid iden t i ca l  to the o r i g i na l  pLS8. The proteins of t h i s  l a t t e r  

clone were analyzed by SDS-PAGE a f t e r  incorporat ion of 135SI L-methionine 

(Fig. 2). Several add i t iona l  bands were detected compared to the pat tern 

obtained fo r  the ex t rac t  of the ce l l s  containing the vector alone pBR325 

(lane 1). One of  them has a MW which corresponds to that  of authent ic 

levansucrase (50000), and another one has a MW of about 53000. Another gel was 

submitted to immunoblotting and i t  was observed that  the same two bands 

reacted with ant i - levanesucrase ant ibodies (Fig. 2B), suggesting that  the 

lower polypept ide is the mature form and the la rger  one a precursor form of 

the enzyme. This was also demonstrated by adding PEA, a protein processing 

i n h i b i t o r  (25) during the incorporat ion of methionine. The r a t i o  of the 53000 
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Fi 9. 2A : Analysis of the polypeptides coded by the plasmid pLS8 containing the 
sacB gene in E. col i  AR1062. 
Lane I : AR1--~pBR325) ; lane 2 : ARI062 (pLS8) ; lanes 3 and 4 : 
supernatants of the min ice l ls  analyzed in lanes I and 2, respect ive ly .  

B : Immunodetection of the mature levansucrase and of the precursor of 
levan~ucrase (pre LS) a f te r  protein b lo t t i ng .  
Lane I : authentic levansucrase (2 ~g) ; lane 2 : ARI062 (pBR325) ; lane 3 : 
ARI062 (pLS8). 

Arrow-heads indicate the presence of non speci f ic  polypeptides. 

to the 50000 dal ton polypept ide was much h igher  in PEA t reated ce l l s  than in 

the cont ro l  (data not shown). 

The supernatant of  the non PEA t reated labeled m i n i c e l l s  was also 

subjected to e lec t rophores is  (F ig.  2A l ane  4) .  Only the mature form of 

levansucrase was detected, wh i le  no mature form of B-lactamase was observed in 

t h i s  case. This r e s u l t  may be considered as an argument f o r  the secret ion of 

the mature levansucrase in the E. co l i  m in i ce l l  producing s t r a i n  used. However 

t h i s  r e s u l t  seems to depend on the s t r a i n  transformed by pLS8. D i rec t  

detect ion of the Lvs ÷ phenotype on p lates as reported before (8) could be 

car r ied  out w i th  ARI062 c e l l s  but a p re l im ina ry  toluene treatment was necessa- 

ry wi th  SK1592 c e l l s ,  i n d i c a t i n g  tha t  the transformed m in i ce l l  producing 

s t r a i n  secreted more e f f i c i e n t l y  levansucrase than the transformed SK1592 

c e l l s .  This suggests tha t  the secret ion of  levansucrase observed in the 

m i n i c e l l s  could be due to membrane defects of  t h i s  d i v i s i o n  mutant s t r a i n .  

DISCUSSION : Although he te rospec i f i c  expression has been obtained fo r  d i f f e -  

rent  genes from B. s u b t i l i s  (20, 21, 26, 27) t h i s  has been d i f f i c u l t  to 

achieve fo r  the sacB gene. I t  seems tha t  the presence of the cloned levan- 

sucrase gene has a de le te r ious  e f f ec t  in E. c o l i .  This is  exampl i f ied by the 

very low number of clones conta in ing  an ac t i ve  gene product in the m in i ce l l  

producing s t r a i n  recovered a f t e r  t rans format ion  w i th  pLSS. I t  is  also 

supported by the fac t  tha t  one of these clones showing a Lvs + phenotype has 

a plasmid con ta in ing  an i n s e r t i o n  of 800 bp which probably corresponds to IS I .  

The few c e l l s ,  which possess the i n t a c t  recombinant plasmid, produced among 
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other polypeptides two components of 53000 and 50000 daltons. The larger one 

is probably the precursor of the mature levansucrase, which is normally 

secreted in B. s u b t i l i s .  In th is case the signal peptide must be about 30 

aminoacid long. The supernatant of the min ice l ls  contained only the mature 

form of levansucrase, i n t e g r a l i t y  of the ce l ls  being indicated by the absence 

of mature ~-lactamase in these conditions. Prel iminary resul ts obtained with 

another E. col i  s t ra in  using color imetr ic  test  d i r ec t l y  on plates showed that 

th is phenomenon could be speci f ic  of the min ice l l  producing s t ra in .  The 

secretion of levansucrase could therefore be ascribed to membrane defects of 

th is s t ra in although i t  is a speci f ic  secretion and not a leakage. The mature 

form of levansucrase has the same MW as that of the enzyme pur i f ied  from the 

supernatant of the B. sub t i l i s  cul tures,  indicat ing that the recognit ion s i tes 

for  processing of the precursor are s im i la r  in E. co l i  and in B. s u b t i l i s .  

The sequence of the 5' end of the sacB gene has been determined and 

the aminoacid sequence of the signal peptide deduced. I t  contains 29 aminoacid 

residues and is characterized by the presence of a hydrophi l ic portion with 

3 Lys residues followed by a hydrophobic sequence with an Ala residue in the 

1 posi t ion. This resul t  is in agreement with the MW of the polypeptide 

expressed in the min ice l ls .  This signal sequence looks very much l i ke  others 

reported before in Bac i l l i  (19 21). However the signal peptide of levan- 

sucrase appears smaller than that found for  s-amylase, another secreted 

protein of B. sub t i l i s  (21, 22). The sequence of the NH2-terminal portion of 

the mature levansucrase is in agreement with the results obtained by 

A. Delfour by aminoacid sequencing (3). The ATG codon corresponding to the Met 

residue located 29 aminoacids before the N-terminal Lys residue of the mature 

protein may be the s tar t  codon. This is supported by the fact that there is a 

TGA stop codon two codons upstream and in the same reading frame. A good 

putat ive ribosome binding s i te  was also found 9 bp upstream from the ATG. 

Prel iminary sequencing resul ts indicate that the stop codon could correspond 

to the end of another gene since i t  is preceeded by an open reading frame of 

185 bp. No promoter nucleotide consensus sequence was found in th is  sequence 

and i t  is therefore possible that the levansucrase is translated from a 

polyc is t ron ic  mRNA. The levansucrase gene could therefore belong to an operon. 

This is being tested by determining the length of the corresponding RNA 

t ranscr ip t  and also by RNA polymerase binding experiments. 
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