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Abstract	
  
Members	
  of	
  the	
  genus	
  Aeromonas	
  are	
  ubiquitous	
  in	
  water	
  and	
  can	
  be	
  
iden4fied	
  as	
  Gram-­‐nega4ve,	
  rod-­‐shaped,	
  faculta4vely	
  anaerobic	
  bacteria.	
  
These	
  bacteria	
  are	
  opportunis4c	
  extraintes4nal	
  and	
  intraintes4nal	
  
pathogens	
  that	
  can	
  cause	
  disease	
  year-­‐round	
  with	
  varying	
  severity.	
  
Aeromonas	
  salmonicida	
  is	
  a	
  naturally	
  transformable	
  species.	
  Natural	
  
transforma4on	
  is	
  a	
  six-­‐part	
  process	
  that	
  results	
  in	
  a	
  bacterium	
  
incorpora4ng	
  free	
  DNA	
  into	
  its	
  genome.	
  It	
  is	
  possible	
  that	
  aeromonads	
  can	
  
become	
  an4bio4c	
  resistant	
  through	
  this	
  mechanism.	
  	
  
Having	
  been	
  indicated	
  as	
  affec4ng	
  the	
  natural	
  transforma4on	
  process	
  in	
  
the	
  genus	
  Aeromonas,	
  the	
  effect	
  of	
  the	
  proteoly4c	
  molecular	
  chaperone	
  
ClpA	
  on	
  the	
  natural	
  transforma4on	
  ability	
  of	
  Aeromonas	
  was	
  studied	
  in	
  
this	
  inves4ga4on.	
  This	
  was	
  accomplished	
  through	
  the	
  crea4on	
  of	
  a	
  clpA	
  
mutant	
  fragment	
  in	
  which	
  clpA	
  was	
  replaced	
  with	
  a	
  gentamycin	
  resistance	
  
casseOe.	
  This	
  fragment	
  was	
  assembled	
  using	
  PCR	
  and	
  SOE-­‐PCR.	
  	
  
Since	
  the	
  mutant	
  fragment	
  has	
  been	
  constructed,	
  the	
  project	
  is	
  now	
  
focusing	
  on	
  the	
  gene	
  replacement	
  in	
  the	
  wild-­‐type	
  Aeromonas	
  with	
  the	
  
inten4on	
  of	
  making	
  a	
  comparison	
  between	
  the	
  wild-­‐type	
  and	
  mutant	
  
strains	
  which	
  will	
  enable	
  the	
  determina4on	
  of	
  the	
  effect	
  of	
  ClpA	
  on	
  the	
  
natural	
  transforma4on	
  ability	
  of	
  Aeromonas	
  salmonicida.	
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Introduc4on	
  
Bacteria	
  in	
  the	
  genus	
  Aeromonas	
  are	
  ubiquitous	
  in	
  aqua4c	
  environments.	
  
These	
  mesophilic	
  bacteria	
  have	
  been	
  found	
  in	
  domes4c	
  sewage,	
  rivers	
  
receiving	
  sewage	
  discharges,	
  clean	
  rivers,	
  lakes	
  and	
  storage	
  reservoirs,	
  as	
  
well	
  as	
  drinking	
  water	
  in	
  distribu4on	
  systems	
  (1).	
  Aeromonads	
  are	
  known	
  
to	
  cause	
  a	
  variety	
  of	
  diseases	
  in	
  humans.	
  These	
  are	
  pathogens	
  that	
  can	
  
infect	
  healthy	
  humans	
  of	
  all	
  ages	
  with	
  varying	
  degrees	
  of	
  severity	
  through	
  
a	
  number	
  of	
  different	
  modes	
  of	
  infec4on	
  (2,	
  3,	
  4).	
  In	
  addi4on,	
  Sakai	
  (5)	
  and	
  
Huddleston	
  et	
  al	
  (6)	
  reported	
  that	
  Aeromonas	
  salmonicida	
  is	
  capable	
  of	
  
achieving	
  competence	
  and	
  undergoing	
  natural	
  transforma4on.	
  In	
  this	
  
process,	
  a	
  bacterial	
  cell	
  obtains	
  free	
  DNA	
  from	
  the	
  environment	
  to	
  use	
  for	
  
survival	
  in	
  its	
  environment.	
  The	
  cell	
  requires	
  the	
  par4cipa4on	
  of	
  certain	
  
cellular	
  func4ons	
  that	
  are	
  provided	
  by	
  genes	
  located	
  throughout	
  the	
  
bacterial	
  chromosome	
  and	
  that	
  may	
  only	
  be	
  expressed	
  under	
  par4cular	
  
environmental	
  condi4ons	
  (7).	
  The	
  competence-­‐inducing	
  condi4ons	
  for	
  
Aeromonas	
  are	
  known	
  to	
  include	
  nutrient-­‐limi4ng	
  condi4ons	
  and	
  
sta4onary	
  phase	
  of	
  growth	
  (6)	
  Transforma4on	
  by	
  free	
  DNA	
  is	
  more	
  likely	
  
to	
  occur	
  in	
  habitats	
  with	
  high	
  bacterial	
  concentra4ons.	
  This	
  environment	
  
exists	
  in	
  the	
  intes4nes	
  of	
  insects,	
  worms,	
  and	
  warm-­‐blooded	
  animals	
  
including	
  the	
  human	
  stomach	
  and	
  intes4nes	
  (7).	
  The	
  presence	
  of	
  
an4bio4cs	
  is	
  stressful	
  enough	
  to	
  induce	
  competence	
  in	
  bacteria.	
  
An4bio4cs	
  create	
  an	
  environment	
  in	
  which	
  an4bio4c-­‐resistant	
  popula4ons	
  
are	
  selected.	
  These	
  an4bio4c-­‐resistant	
  popula4ons	
  then	
  expand	
  clonally	
  
and	
  through	
  horizontal	
  gene	
  transfer	
  (8).	
  Since	
  Aeromonas	
  can	
  survive	
  in	
  
the	
  intes4nes	
  	
  and	
  causes	
  gastrointes4nal	
  infec4ons,	
  the	
  prospect	
  of	
  this	
  
bacteria	
  becoming	
  an4bio4c	
  resistant	
  increases,	
  and	
  therefore,	
  is	
  more	
  
difficult	
  to	
  treat.	
  If	
  the	
  processes	
  of	
  horizontal	
  gene	
  transfer	
  were	
  
understood,	
  the	
  acquiring	
  of	
  an4bio4c	
  resistance	
  could	
  be	
  averted	
  along	
  
with	
  the	
  loss	
  of	
  human	
  lives.	
  Clp	
  proteins	
  refold,	
  remodel	
  and	
  degrade	
  
proteins	
  damaged	
  under	
  stress	
  condi4ons	
  (9,	
  10).	
  It	
  is	
  reasonable	
  to	
  
conclude	
  that	
  there	
  could	
  be	
  an	
  increase	
  in	
  the	
  presence	
  or	
  ac4vity	
  of	
  ClpA	
  
at	
  the	
  4me	
  of	
  natural	
  transforma4on.	
  To	
  test	
  for	
  the	
  importance	
  of	
  ClpA	
  in	
  
the	
  natural	
  transforma4on	
  ability	
  of	
  Aeromonas	
  salmonicida,	
  a	
  mutant	
  
fragment	
  containing	
  a	
  gentamycin	
  resistance	
  casseOe	
  was	
  constructed	
  to	
  
replace	
  clpA	
  in	
  the	
  wild-­‐type	
  Aeromonas	
  genome.	
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Discussion	
  
The	
  downstream	
  and	
  upstream	
  clpA	
  regions	
  of	
  the	
  mutant	
  fragment	
  act	
  
as	
  recogni4on	
  regions	
  for	
  the	
  clpA	
  site	
  in	
  the	
  genome.	
  The	
  homologous	
  
regions	
  should	
  anneal	
  to	
  each	
  other,	
  causing	
  the	
  mutant	
  fragment	
  to	
  
replace	
  clpA	
  in	
  the	
  wild-­‐type	
  Aeromonas	
  genome.	
  The	
  GmR	
  serves	
  as	
  a	
  
selectable	
  marker.	
  The	
  study	
  of	
  natural	
  transforma4on	
  in	
  the	
  genus	
  
Aeromonas	
  is	
  only	
  beginning.	
  Huddleston	
  (12)	
  implicated	
  four	
  genes	
  in	
  
the	
  ability	
  of	
  aeromonads	
  to	
  naturally	
  transform,	
  but	
  Maughan	
  and	
  
Redfield	
  (13)	
  related	
  that	
  30	
  genes	
  have	
  been	
  iden4fied	
  in	
  Haemophilus	
  
influenza	
  as	
  being	
  responsible	
  for	
  its	
  natural	
  transforma4on	
  ability.	
  The	
  
construc4on	
  of	
  this	
  clpA	
  mutant	
  fragment	
  has	
  paved	
  the	
  way	
  for	
  projects	
  
to	
  come.	
  In	
  addi4on	
  to	
  launching	
  the	
  crea4on	
  of	
  the	
  clpA	
  Aeromonas	
  
mutant,	
  this	
  method	
  can	
  be	
  used	
  to	
  construct	
  mutant	
  fragments	
  for	
  the	
  
study	
  of	
  clpS	
  and	
  clpA/clpS	
  in	
  the	
  natural	
  transforma4on	
  ability	
  of	
  
Aeromonas	
  as	
  well	
  as	
  other	
  genes	
  suspected	
  of	
  involvement	
  in	
  its	
  natural	
  
transforma4on	
  ability.	
  	
  

Materials	
  and	
  Methods	
  
Mutant	
  Fragment	
  Construc4on.	
  Using	
  the	
  previously	
  extracted	
  DNA	
  from	
  
Aeromonas	
  salmonicida	
  strain	
  #92,	
  approximately	
  500	
  base	
  pairs	
  from	
  the	
  
downstream	
  and	
  upstream	
  clpA	
  region	
  were	
  amplified	
  through	
  Polymerase	
  Chain	
  
Reac4on	
  (PCR)	
  using	
  the	
  designed	
  primers.	
  The	
  gentamycin	
  resistance	
  casseOe	
  (GmR)	
  
was	
  amplified	
  through	
  PCR	
  from	
  Aeromonas	
  strain	
  #771	
  which	
  has	
  been	
  engineered	
  
to	
  contain	
  the	
  gene	
  for	
  gentamycin	
  resistance	
  (GmR).	
  The	
  PCR	
  products	
  were	
  purified	
  
using	
  the	
  Zymo	
  Research	
  DNA	
  Clean	
  &	
  ConcentratorTM-­‐25	
  kit	
  (Irvine,	
  CA).	
  Splicing	
  
overlap	
  extension	
  polymerase	
  chain	
  reac4on	
  (SOE-­‐PCR)	
  (11)	
  was	
  used	
  to	
  combine	
  the	
  
three	
  amplified	
  pieces.	
  First,	
  the	
  gentamycin	
  resistance	
  casseOe	
  (GmR)	
  and	
  the	
  
upstream	
  clpA	
  region	
  were	
  combined	
  using	
  this	
  method.	
  Then,	
  the	
  downstream	
  clpA	
  
region	
  was	
  aOached	
  to	
  this	
  product	
  using	
  SOE-­‐PCR	
  followed	
  by	
  a	
  gel	
  extrac4on	
  to	
  
ensure	
  the	
  isola4on	
  of	
  the	
  pure	
  mutant	
  fragment.	
  Thie	
  gel	
  extrac4on	
  was	
  performed	
  
using	
  a	
  50	
  mL	
  2.0%	
  agarose	
  gel	
  and	
  the	
  ZymocleanTM	
  Gel	
  DNA	
  Recovery	
  Kit	
  (Irvine,	
  
CA).	
  	
  

Results	
  and	
  Conclusion	
  
As	
  can	
  be	
  seen	
  in	
  Figure	
  3,	
  the	
  clpA	
  mutant	
  fragment	
  was	
  constructed.	
  
Construc4ng	
  the	
  clpA	
  mutant	
  fragment	
  is	
  the	
  first	
  step	
  to	
  achieving	
  an	
  
understanding	
  of	
  the	
  role	
  of	
  ClpA	
  in	
  the	
  natural	
  transforma4on	
  ability	
  of	
  
Aeromonas	
  salmonicida.	
  Now	
  that	
  this	
  has	
  been	
  accomplished,	
  gene	
  
replacement	
  of	
  the	
  Aeromonas	
  wild-­‐type	
  is	
  possible.	
  The	
  gene	
  
replacement	
  will	
  allow	
  for	
  a	
  comparison	
  of	
  the	
  wild-­‐type	
  and	
  mutant	
  
bacteria	
  which	
  will	
  enable	
  determina4on	
  of	
  the	
  extent	
  of	
  involvement	
  of	
  
ClpA	
  in	
  the	
  natural	
  transforma4on	
  ability	
  of	
  Aeromonas	
  salmonicida.	
  	
  	
  

Figure	
  3.	
  Gels	
  depic4ng	
  
Mutant	
  Fragment	
  
Construc4on.	
  
	
  LeX:	
  Gel	
  electrophoresis	
  
of	
  PCR	
  amplifica4on	
  of	
  
clpA	
  flanking	
  regions	
  and	
  
the	
  GmR	
  casseOe.	
  
	
  Middle:	
  SOE-­‐PCR	
  
combina4on	
  and	
  
amplifica4on	
  of	
  upstream	
  
clpA	
  region/GmR	
  

	
  Right:	
  	
  PCR	
  amplifica4on	
  
of	
  the	
  clpA	
  mutant	
  
fragment	
  	
  

Figure	
  4.	
  Gene	
  Map	
  of	
  clpA	
  
mutant	
  fragment.	
  	
  

Figure	
  2.	
  SOE-­‐PCR	
  Scheme:	
  Splicing	
  Overlap	
  Extension	
  Polymerase	
  Chain	
  Reac4on	
  

Figure	
  1.	
  Gene	
  Map	
  of	
  the	
  clpA	
  region	
  in	
  the	
  Aeromonas	
  wild	
  type	
  
genome.	
  


