
Expression of the CagA gene of H. pylori and
application of its product

Han FC, Yan XJ and Su CZ

PO Box 2345, Beijing 100023, China                  WJG, 2000 February; 6(1):122-124
Fax: +86-10-85381893                                                         World Journal of Gastroenterology
E-mail: wjg@wjgnet.com     www.wjgnet.com         Copyright 2000 by the WJG Press  ISSN 1007-9327

Subject  headings  Helicobacter  infection;
Helicobacter   pylori;  CagA;   gene   expression;
polymerase chain reaction; immunogold

INTRODUCTION
Helicobacter  pylori  (Hp)  plays  an  important  role  in
the  upper  digestive  tract  diseases.  It  can  be  divided
into  two  main  groups  (toxic  and  non-toxic  Hp)
according  to  the  production  of  vacuolating  cytotoxin
(VacA).  The  toxic  bacteria  also  produce  cytotoxin
associated  protein  A  (CagA)  which  might  have
something  to  do  with  the  transcription,  folding,
transportation  or  the  function  of  VacA.  Studies
showed  that  CagA  positive  Hp  (CagA+Hp)  accounted
for  more  than  50%  of  all  kinds  of  Hp,  and  peptic
ulcer  and  gastric  cancer  were  closely  related  to
their  infection[1-7].  Therefore,  detection  of  the  infection
of  CagA+Hp  is  of  great  significance.  This  study
was  carried  out  to  express  CagA  gene  in  E.coli
and  develop  an  immuno-assay  for  the  rapid  detection
of  CagA+Hp.

MATERIAL  AND  METHODS
Material
pMC3,  plasmid  that  contains  most  parts  of  the  5’-
end  of  CagA  was  kindly  given  by  Dr.  Tummuru
(Vanderbilt  University,  USA);  pBV220  (preserved  in
our  institute);  superdex  HR75  (Pharmacia,  USA);
Wizard  plus  milipres  DNA  purification  kits  (Pr  omega,
USA);  ELISA  detecting  kits  for  anti-CagA  antibody
(Jing  Ying  Biotech  Company,  Shanghai);  thermolyne
PCR  Amplitron  (USA);  Hermle  Z323K  refrigerated
high  speed  centrifuge  (Germany);  DU-640-nucleic  acid
protein  analyser  (Bechman,  USA  );  373  Auto-DNA
sequencer,  (Bechman  Company,  USA);  bio-Rad  mini-
protein  II  electrophoresis  (Joss  Bio-Lab  Company);
sera  from  patients  and  healthy  people  (Xijing  Hospital,
Xi’an).

Methods
CagA  gene  cloning  The  oligonucleotide  primers
were  designed  and  synthesized  to  amplify  a  2544bp
fragment  at  the  5’-end  of  CagA  according  to  its
sequence[8].  The  primers  were  CagAp1  (5’-TCGCCC-
GGGATGACTAACGAAACTATTGACC-3’)  and
CagAp2  (5’-CAGGTCGACTTAGACTAGGG-
TTCCGTTCACAC-3’).  At  the  5’-end  of  each
primer,  there  was  a  restriction  endo-nuclease  site
(SmaI  or  SalI),  which  was  favorable  for  the  cloning
of  PCR  products.  Fifty  microlitre  polymerase  chain
reaction  mixture  contained  0.4 µmol/L  primers,  0.2
mmol/L  dNTPs,  2  units  Taq-DNA  polymerase,  1 ng
pMC3,  100 mmol/L  Tris-HCl,  50 mmol/L  KCl,  and
15 mmol/L  MgCl2.  The  CagA  was  amplified  by
denaturing  at  94   for  1 min,  annealing  at  55   for
1 min,  and  extending  at  72   for  3  min,  and  the
procedures  were  repeated  30  times.  The  PCR
product  was  analyzed  by  15g/L  agarose  gel  containing
0.5mg/L  ethidium  bromide  (EB).  The  bands  were
examined  under  ultraviolet  light  and  recovered  by
low  melt  point  agarose  gel.  By  preparing  the  pUC19
with  alkaline  dissolving  method,  we  coloned  the
CagA  gene  fragment  into  it  for  sequencing.

CagA  gene  expression  First,  we  digested  pUC19/
CagA  with  SmaI  and  SalI  separately,  and  cloned
the  2544 bp  fragment  into  pBV220,  but  this  gene
fragment  failed  to  express  in  DH5α.  We  then
digested  the  pUC19/CagA  with  Eco-RI  and  Bam-
HI,  and  recovered  the  5’-end  fragment  of  CagA
(FCagA,  854 bp),  which  was  then  subcloned  into
vector  pBV220  to  form  pBV220/FCagA.  After
transforming  the  competent  DH5α  with  the
pBV220/FCagA,  the  clones  that  could  grow  in
Luria-Bertani  (LB)  plate  containing  ampicillinum
(100 mg/L)  were  selected  and  cultured  in  LB
solution  at  30   overnight.  We  diluted  (1:100)  the
cultured  mixture  of  a  positive  clone  in  LB  and  let
it  grow  at  30   till  the  late  stage  of  logarithmic.
Then  we  immediately  raised  the  temperature  to
42   and  kept  for  4 h.  The  heat  induced  fragment
of  CagA  (FCagA)  was  analyzed  by  12%
sodiumdodecyl  sulfate  (SDS)-polyacrylamide  gel
electrophoresis  (PAGE).

Purification  of  FCagA Differential  test  showed  that
most  of  the  FCagA  existed  in  inclusion  body,  of
which  only  2%  was  in  the  supernatant  after  the
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lysate  was  centrifuged  at  12000×g  for  10 min.  The
soluble  protein  was  precipitated  by  50%  saturated
ammonium  sulphate  and  resuspended  in  phosphate
buffered  saline  (PBS)  containing  1.3 mmol/L
NaH2PO4,  11 mmol/L  Na2HPO4  and  140 mmol/L
NaCl.  Three  millilitre  mixture  was  applied  to  Superdex
HR75  column  (100 mL  volume  bed),  and  eluted  with
PBS  in  a  HPLC  protein  purification  system.  The
active  peak  was  collected  after  being  tested  by  dot
immonogold  filtration  assay  (DIGFA),  with
staphylococci  protein  A  as  the  second  antibody  and
coloidgold  as  the  marker[9].  The  solution  was  then
lyophilized  and  dialysed  against  PBS  to  eliminate
extra  salt.

Rapid  detection anti-CagA antibody by DIGFA  The
coloidgold    and   immunogold   were   prepared
according   to   the   published   articles[10,11].  The
purified  FCagA  was  immobilized  on  the  nitroce-
llulose  membrane.  To  block  n  on-specific  conjugate
sites,  the  membrane  was  immerged  in  5%  bovine
serum  album  in  (BSA)  for  2 h,  then  washed  with
PBS  three  times  and  laid  to  dry  automati  cally.
Later,  we  assembled  the  DIGFA  detecting  kits.
After  a  drop  of  serum  was  a  dded  to  the  membrane
and  passed  through  it,  the  immunogold  was  added.
If  the  serum  contained  anti-CagA  antibody,  there
would  be  a  red  dot  on  the  membrane,  othe  rwise,
there  would  be  no  dot.

RESULTS
Cloning  and  sequencing  of  CagA
With  pMC3  used  as  template,  CagAp1  and  CagAp2
as  the  primers,  the  5’-end  of  CagA  was  amplified
by  polymerase  chain  reaction.  The  PCR  products
were  analyzed  under  ultraviolet  light  after  1.5%
agarose  gel  electrophoresis  (Figure  1).  We  then
cloned  the  2544 bp  CagA  fragment  into  pUC19  for
sequencing.  The  results  showed  that  the  PCR  product
was  indeed  a  portion  sequence  of  CagA,  from
which  the  854 bp  upstream  fragment  of  CagA  was
achieved  when  digested  with  Bam-HI (Figure  2).

Expression  of  CagA  and  purification  of  its
products
Subcloning   FCagA   into   vector   pBV220   and
transforming  DH5α  with  pBV220/FCagA  permitted
the  expression  of  FCagA  with  a  MW  of  38 kDa
when  the  culture  temperature  reached  42   (Figure
3).  The  new  protein  mainly  existed  in  inclusion  body
with  only  2%  soluble.  When  the  supernatant  of  the
bacteriumlysate  was  precipitated  with  ammonium
sulphate  and  the  FCagA  was  purified  by  Superdex
HR75  column,  only  one  protein  band  of  38 kDa
could  be  seen  when  the  collected  fraction
correspondent  to  the  active  peak  was  analyzed  by
12%  SDS  PAGE  (Figure  4).

Figure 1    Analysis  of  the PCR  product  of  CagA   by agarose gel
electrophoresis.
1: λDNA/Hind-III markers; 2: PCR product of CagA.
Figure 2   Analysis  of  CagA  fragment  by  agarose  gel
electrophoresis.
1: CagA fragments digested by Bam-HI; 2: PCR markers.
Figure 3 Analysis of FCagA expression by 12% SDS-PAGE.-
1: Protein markers; 2, 3, 4: Heat induced pBV220/FCagA-
DH5α ; 5:pBV220/FCagA-DH5α ; 6: Heat induced pBV220/
DH5α.
Figure 4 Determination of the purified FCagA by 12% SDS-
PAGE.
1: Protein markers; 2: FCagA.
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The  antigenicity  of  FcagA
To  identify  the  antigenicity  of  FCagA,  DIGFA  was
performed  with  FCagA  acting  as  antigen.  The  results
showed  that  FCagA  had  the  same  antigenicity  as
CagA  when  20  samples  of  anti-antibody  positive
serum  were  tested.

Specifications  of  the  DIGFA  kits
  Tests  of  specificity  and  sensitivity.  Using  the

DIGFA  kits,  we  detected  the  anti-CagA  IgG  in  262
cases.  Comparing  with  ELISA,  the  specificity  of
DIGFA  was  98.5%,  the  sensitivity  was  96.8%,  and
the  coincident  rate  was  97.7%  (Table  1).  
Duplicate  tests.  From  the  262  serum  samples,  we
randomly  selected  100  sera  for  the  detection  of
anti-CagA  IgG.  The  experiment  was  repeated  5
times  and  the  same  result  was  got:  42  serum
positive,  58  serum  negative.    Blocking  tests.  When
20  anti-CagA  IgG  positive  sera  were  randomly
chosen,  a  mixture  of  10 µL  serum  and  excess
amount  of  FCagA  (10 µg)  would  make  the  result
negative,  and  a  mixture  of  serum  and  BSA  did  not
change  the  positive  result,  indicating  that  FCagA
can  specifically  bind  anti-CagA  IgG.    Stability.
The  stability  tests  showed  that  the  specifications  of
the  kits  were  stable  for  at  least  6  months  at  4 .

Table 1 Results of anti-CagA IgG in sera detected by DIGFA
and ELISA

ELISA
Total

Positive Negative

DIGFA         Positive 123                           2  125
        Negative     4     133  137

Total 127     135  262

DISCUSSION
Hp  CagA  is  a  bacterium  surface  protein  with  a
MW  of  120 kDa-128 kDa.  A  dominant  characteristic
of  this  protein  is  its  high  antigenicity[1].  The  infection
of  CagA  positive  Hp  results  in  local  and  systemic
humoral  immuno-reaction,  and  there  is  high
concentration  of  anti-CagA  in  the  patient’s  blood
and  gastric  juice[3,6].  This  is  the  base  of  immuno-
detection    of    anti-CagA    antibody.    Most
recombinants  of  CagA  previously  expressed  were  at
its  carbonic  end  and  the  antigenicity  of  its  amino
end  has  not  been  reported.  Since  the  5’-end  of  CagA
had  no  usable  restriction  endonuclease sites, we  used
PCR  to  amplify  the  5’-end  fragment  of CagA,  and
cloned  it  into  pBV220[12].  Subsequently  the  DH5α
was  transformed  by  pBV220/FCagA,  and  a  38 kDa
recombinant  was  induced  by  heat  when  temperature
reached  42 .  The  new  protein  accounted  for  33%
of  the  total  bacterium  proteins  and  could  combine
with   anti-CagA    IgG,    indicating   that   the
recombinant   had   the   antigenicity   of   CagA.
Purification  of  the  soluble  part  of  the  recombinant

protein  made  it  possible  to  develop  immuno-detecting
method  for  CagA+Hp.
        At  present,   the   detecting   methods   of   Hp
infection  can  be  divided  into  two  categories:  injury
and  non-injury.  Since  the  injury  methods  are  based
on  the  gastrointestinal  endoscope,  the  non-injury
methods  are  preferred,  among  which  the  rapid  urease
test  has  low  specificity,  and  the  ELISA  takes  too
much  time.  The  same  problems  exist  in  the  detection
of  CagA+Hp.  Since  the  infection  rate  of  CagA+Hp
is  high  and  its  harmful  effects  on  human  being  are
great,  it  is  necessary  to  develop  rapid,  simple,  and
non-injury  approaches  to  detect  the  infection  of
CagA+Hp.
        DIGFA  is  an   immuno-method   developed   in
recent  years.  In  this  method,  the  red  immunogold  is
used  as  the  marker  and  nitrocellulose  as  the
substrate,  which  has  the  function  of  absorption,
filtration,  concentration,  and  capillary,  and  can  let
the  antigen-antibody  reaction  take  place  rapidly.  In
this  study,  we  established  an  anti-CagA  assay  and
developed  the  test  kits  which  have  great  applicable
value  and  high  sensitivity  and  specificity.  This  may
contribute  to  the  epidemic  study  of  the  infection  of
CagA+Hp  in  a  large  scale.
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