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Abstract	
  
Unexplored	
   cave	
   environments	
   provide	
   a	
   valuable	
   opportunity	
   for	
   novel	
  
microorganisms	
   and	
   compounds.	
   In	
   total,	
   fourteen	
   culturable	
   microbial	
  
organisms	
  were	
  isolated	
  from	
  Sorcerer’s	
  Cave,	
  Texas.	
  An#bio#c	
  resistances	
  
were	
  studied,	
  showing	
  levels	
  of	
  resistance	
  in	
  all	
  organisms.	
  Composi#on	
  of	
  
studied	
   organisms	
   was	
   largely	
   dominated	
   by	
   the	
   genus	
   Pseudomonas	
  
(~79%).	
   Our	
   results	
   addressing	
   an#bio#c	
   resistances	
   were	
   not	
   bizarre	
   in	
  
regards	
   to	
   pseudomonad	
   mul#ple	
   an#bio#c	
   resistance	
   proper#es.	
  
However,	
   this	
   study	
   provides	
   an	
   early	
   first	
   view	
   of	
   this	
   unique	
   cave	
  
environment	
   and	
   will	
   pursue	
   the	
   biochemical	
   opportuni#es	
   these	
  
organisms	
  may	
  hold	
  in	
  the	
  future.	
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Table	
  2.	
  An#microbial	
  ac#vity	
  of	
  bacterial	
  isolates	
  from	
  Sorcerer’s	
  cave.	
  	
  
R,	
   resistant.	
   -­‐,	
  sensi#ve.	
  ~,	
  par#al	
  or	
   indeterminate	
  growth.	
  *Isolate	
  codes	
  are	
   indica#ve	
  of	
  the	
  
an#bio#c	
  in	
  the	
  ini#al	
  isola#on	
  medium:	
  C,	
  cefotaxime.	
  K,	
  kanamycin.	
  R,	
  rifampicin.	
  A,	
  ampicillin.	
  

Introduc7on	
  
Cave	
  environments	
  exhibit	
  an	
  environment	
  consis#ng	
  of	
  nutrient	
  poor	
  
surfaces	
  accompanied	
  by	
  low	
  temperatures	
  and	
  high	
  humidity	
  levels.	
  
Although	
  they	
  display	
  challenging	
  living	
  condi#ons,	
  caves	
  provide	
  unique	
  
opportuni#es	
  for	
  microorganisms	
  that	
  favor	
  cooler	
  environments	
  (2).	
  
Unique	
  biofilm	
  inhibi#on	
  compounds	
  and	
  mechanisms	
  have	
  been	
  linked	
  to	
  
microorganisms	
  present	
  in	
  cave	
  environments	
  (6).	
  
At	
  this	
  point	
  in	
  #me,	
  many	
  caves	
  throughout	
  the	
  world	
  remain	
  vastly	
  
undiscovered	
  and	
  untouched	
  by	
  humankind.	
  At	
  the	
  same	
  #me,	
  humans	
  
have	
  struggled	
  to	
  con#nually	
  develop	
  new	
  and	
  emerging	
  an#microbial	
  
agents	
  to	
  deter	
  infec#on	
  (3).	
  Humans	
  are	
  challenged	
  to	
  find	
  and	
  develop	
  
these	
  compounds	
  as	
  we	
  fight	
  the	
  resistances	
  developed	
  every	
  #me	
  we	
  use	
  
them	
  (4).	
  As	
  these	
  issues	
  have	
  become	
  progressively	
  more	
  prevalent,	
  caves	
  
have	
  become	
  an	
  increasingly	
  viable	
  op#on	
  to	
  provide	
  novel	
  and	
  relevant	
  
an#microbial	
  compounds.	
  Several	
  studies	
  have	
  been	
  successful	
  in	
  pursuit	
  of	
  
these	
  compounds,	
  but	
  cave	
  environments	
  s#ll	
  stand	
  to	
  be	
  explored	
  much	
  
more	
  extensively.	
  In	
  combina#on	
  with	
  limited	
  knowledge	
  regarding	
  cave	
  
microbial	
  diversity,	
  caves	
  provide	
  a	
  possible	
  new	
  fron#er	
  for	
  novel	
  
microorganisms	
  that	
  could	
  provide	
  these	
  compounds	
  (5).	
  
Located	
  in	
  Terrel	
  County,	
  Sorcerer’s	
  Cave	
  is	
  the	
  deepest	
  cave	
  in	
  Texas	
  at	
  558	
  
feet	
  (13).	
  Although	
  the	
  shallower	
  por#on	
  was	
  previously	
  inhabited	
  by	
  
Na#ve	
  Americans,	
  Sorcerer’s	
  Cave	
  has	
  been	
  largely	
  untainted	
  by	
  
humankind.	
  It	
  was	
  rediscovered	
  in	
  1941	
  and	
  remained	
  unmapped	
  and	
  
unexplored	
  un#l	
  1978	
  (13).	
  Since	
  this	
  #me,	
  a	
  limited	
  number	
  of	
  expedi#ons	
  
have	
  been	
  executed	
  with	
  varied	
  purposes	
  ranging	
  from	
  archaeological	
  to	
  
narrow	
  biological	
  work	
  concerning	
  bats	
  (11,12).	
  	
  
Access	
  has	
  been	
  heavily	
  limited	
  for	
  the	
  past	
  10	
  years	
  due	
  to	
  private	
  
ownership	
  of	
  the	
  cave.	
  In	
  combina#on	
  with	
  the	
  scarce	
  biological	
  work	
  and	
  
absence	
  of	
  microbial	
  analysis,	
  Sorcerer’s	
  Cave	
  provides	
  an	
  excellent	
  
opportunity	
  for	
  the	
  discovery	
  of	
  novel	
  microorganisms.	
  In	
  this	
  study,	
  
culturable	
  microbes	
  from	
  various	
  sources	
  within	
  the	
  cave	
  were	
  isolated	
  and	
  
analyzed	
  in	
  order	
  to	
  assess	
  their	
  innate	
  an#microbial	
  resistances.	
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Discussion	
  and	
  Conclusion	
  
This	
  study	
  demonstrates	
  the	
  level	
  of	
  innate	
  an#bio#c	
  resistance	
  present	
  in	
  
many	
  microbial	
  cave	
  organisms.	
  Using	
  TSA	
  medium,	
  we	
  isolated	
  numerous	
  
culturable	
  microbial	
  organisms	
  from	
  Sorcerer’s	
  Cave	
  ranging	
  from	
  yeast	
  to	
  
various	
  strains	
  of	
  Pseudomonas.	
  Only	
  the	
  most	
  an#bio#c-­‐resistant	
  bacterial	
  
organisms	
  were	
  further	
  tested	
  and	
  their	
  resistances	
  were	
  determined.	
  	
  
Pseudomonas	
  isolates	
  were	
  the	
  most	
  resistant	
  bacteria	
  tested.	
  Innate	
  
resistances	
  present	
  in	
  pseudomonads	
  came	
  as	
  no	
  surprise	
  as	
  they	
  have	
  been	
  
known	
  to	
  present	
  a	
  wide	
  array	
  of	
  mul#drug	
  resistances	
  due	
  to	
  integrons	
  on	
  
plasmids	
  (1).	
  Pseudomonas	
  azotoformans	
  and	
  Pseudomonas	
  jessinii	
  were	
  
par#cularly	
  interes#ng	
  isolates	
  as	
  they	
  have	
  both	
  been	
  found	
  to	
  be	
  in	
  the	
  
fluorescent	
  group	
  of	
  pseudomonads	
  (8,9).	
  Fluorescent	
  pseudomonads	
  are	
  
most	
  commonly	
  associated	
  with	
  the	
  soil	
  and	
  rhizosphere	
  (10).	
  Interes#ngly	
  
enough,	
  there	
  is	
  only	
  a	
  single	
  study	
  loosely	
  linking	
  fluorescent	
  pseudomonads	
  
to	
  bat	
  guano	
  (7).	
  	
  
In	
  conclusion,	
  our	
  study	
  provides	
  a	
  valuable	
  first	
  report	
  on	
  the	
  innate	
  
microbial	
  resistances	
  and	
  diversity	
  of	
  microbial	
  life	
  present	
  in	
  Sorcerer’s	
  Cave.	
  
Our	
  results	
  show	
  that	
  these	
  organisms	
  can	
  exhibit	
  mul#ple	
  resistances	
  to	
  
an#microbial	
  compounds	
  in	
  different	
  classes.	
  As	
  this	
  study	
  progresses,	
  the	
  
associa#on	
  between	
  fluorescent	
  microorganisms	
  in	
  the	
  genus	
  Pseudomonas	
  
will	
  be	
  explored	
  in	
  more	
  depth.	
  Addi#onally,	
  in	
  future	
  studies	
  these	
  
organisms,	
  as	
  well	
  as	
  organisms	
  isolated	
  from	
  our	
  other	
  samples,	
  can	
  be	
  
assessed	
  for	
  their	
  abili#es	
  in	
  producing	
  novel	
  compounds	
  relevant	
  to	
  the	
  
medical	
  and	
  biochemical	
  industries.	
  

Materials	
  and	
  Methods	
  
Samples	
  were	
  asep#cally	
  collected	
  in	
  January	
  2015	
  and	
  then	
  refrigerated	
  un#l	
  use.	
  Six	
  
an#bio#cs	
  (ampicillin,	
  kanamycin,	
  rifampicin,	
  cefotaxime,	
  nalidixic	
  acid,	
  and	
  
sulfamethoxazole)	
  were	
  used	
  for	
  tes#ng.	
  An#bio#cs	
  were	
  sterilely	
  incorporated	
  into	
  
tryp#c	
  soy	
  agar.	
  500	
  mg	
  or	
  500	
  μL	
  of	
  each	
  sample	
  was	
  placed	
  into	
  4.5	
  mL	
  of	
  0.85%	
  
NaCl	
  solu#on	
  and	
  diluted	
  five	
  #mes.	
  Each	
  dilu#on	
  level	
  was	
  then	
  tested	
  by	
  placing	
  100	
  
mL	
  of	
  each	
  level	
  onto	
  an	
  an#bio#c	
  plate	
  as	
  well	
  as	
  a	
  control	
  for	
  the	
  lowest	
  dilu#on	
  
levels.	
  All	
  plates	
  were	
  then	
  incubated	
  at	
  25	
  ℃	
  and	
  monitored	
  at	
  24	
  h	
  intervals	
  over	
  
the	
  course	
  of	
  2-­‐3	
  days.	
  Plates	
  were	
  then	
  evaluated	
  for	
  levels	
  of	
  growth	
  and	
  colony	
  
counts	
  were	
  performed.	
  Eight	
  colonies	
  were	
  randomly	
  chosen	
  from	
  each	
  set	
  of	
  
an#bio#c	
  plates.	
  These	
  isolates	
  were	
  then	
  subcultured	
  on	
  their	
  respec#ve	
  an#bio#c	
  
and	
  then	
  tested	
  for	
  mul#ple	
  resistances.	
  Fourteen	
  isolates	
  in	
  total	
  were	
  selected	
  for	
  
further	
  tes#ng	
  and	
  subcultured.	
  DNA	
  was	
  extracted	
  using	
  a	
  Zymo	
  DNA	
  extrac#on	
  kit	
  
and	
  their	
  16S	
  rRNA	
  DNA	
  gene	
  amplified,	
  purified,	
  and	
  sent	
  to	
  Yale	
  University	
  DNA	
  
Analysis	
  Facility	
  on	
  Science	
  Hill	
  for	
  sequencing.	
  

Results	
  
A	
  total	
  of	
  17	
  resistant	
  microbes	
  were	
  isolated	
  from	
  a	
  bat	
  guano	
  lake	
  within	
  
Sorcerer’s	
  Cave.	
  ACer	
  Gram	
  staining	
  and	
  analyzing	
  isolates,	
  three	
  were	
  
recognized	
  as	
  yeast.	
  Among	
  the	
  14	
  other	
  isolates,	
  all	
  were	
  Gram	
  nega#ve	
  and	
  
four	
  out	
  of	
  14	
  appeared	
  as	
  filamentous	
  rods.	
  The	
  16S	
  rRNA	
  DNA	
  genes	
  were	
  
amplified	
  and	
  analyzed	
  from	
  all	
  but	
  the	
  three	
  iden#fied	
  as	
  yeast.	
  Of	
  these,	
  11	
  
isolates	
  were	
  iden#fied	
  as	
  a	
  species	
  of	
  Pseudomonas,	
  two	
  isolates	
  as	
  a	
  species	
  
of	
  Sphingobacterium,	
  and	
  one	
  isolate	
  as	
  a	
  species	
  of	
  Chryseobacterium	
  (Table	
  
1).	
  Approximately	
  29%	
  of	
  the	
  sequenced	
  isolates	
  were	
  resistant	
  to	
  kanamycin	
  
at	
  the	
  tested	
  concentra#on.	
  Isolates	
  were	
  resistant	
  for	
  ampicillin	
  (100%),	
  
nalidixic	
  acid	
  (~93%),	
  and	
  sulfamethoxazole	
  (~86%).	
  Isolates	
  also	
  displayed	
  
resistance	
  to	
  cefotaxime	
  (~79%)	
  and	
  rifampicin	
  (~79%)	
  (Table	
  2).	
  Among	
  
isolates,	
  5C	
  (Pseudomonas	
  azotoformans	
  IHBB	
  9881)	
  displayed	
  the	
  most	
  
resistances,	
  surviving	
  all	
  an#bio#cs	
  at	
  tested	
  levels.	
  Every	
  isolate	
  tested	
  
exhibited	
  resistance	
  to	
  at	
  least	
  three	
  of	
  the	
  six	
  an#bio#cs	
  used.	
  The	
  majority	
  
of	
  isolates	
  (10	
  of	
  14)	
  showed	
  resistances	
  to	
  at	
  least	
  five	
  an#bio#cs.	
  Organisms	
  
originally	
  isolated	
  off	
  of	
  the	
  medium	
  containing	
  cefotaxime	
  tended	
  to	
  be	
  
resistant	
  to	
  mul#ple	
  an#bio#cs	
  as	
  well	
  (Table	
  2).	
  	
  	
  

Table	
  1.	
  Results	
  of	
  16s	
  rRNA	
  DNA	
  gene	
  amplifica#on	
  and	
  BLAST	
  compara#ve	
  analysis.	
  

	
  An7bio7cs	
  

Isolate	
  
Code*	
  

Kanamycin	
  
(64	
  mg/	
  mL)	
  

Ampicillin	
  
(32	
  mg/	
  mL)	
  

Cefotaxime	
  
(32	
  mg/	
  mL)	
  

Rifampicin	
  	
  
(4	
  mg/	
  mL)	
  

Nalidixic	
  
Acid	
  	
  

(32	
  mg/	
  mL)	
  

Sulfamethoxazole	
  
(197	
  mg/	
  mL)	
  

1C	
   -­‐	
   R	
   R	
   R	
   R	
   R	
  
5C	
   R	
   R	
   R	
   R	
   R	
   R	
  
7K	
   R	
   R	
   -­‐	
   -­‐	
   R	
   -­‐	
  
3R	
   -­‐	
   R	
   R	
   R	
   R	
   -­‐	
  
8C	
   ~	
   R	
   R	
   R	
   R	
   R	
  
1A	
   -­‐	
   R	
   R	
   R	
   R	
   R	
  
2A.2	
   -­‐	
   R	
   R	
   R	
   R	
   R	
  
1C.2	
   -­‐	
   R	
   R	
   R	
   R	
   R	
  
6C.2	
   -­‐	
   R	
   R	
   R	
   R	
   R	
  
2C.2	
   -­‐	
   R	
   R	
   R	
   R	
   R	
  
8K.2	
   R	
   R	
   -­‐	
   -­‐	
   R	
   R	
  
6R.2	
   -­‐	
   R	
   ~	
   R	
   R	
   R	
  
6A.2	
   -­‐	
   R	
   R	
   R	
   R	
   R	
  
1K.2	
   R	
   R	
   R	
   -­‐	
   -­‐	
   R	
  

NCBI	
  BLAST	
  Database	
  
Isolate	
  
Code	
   Genus	
  &	
  Species	
   Strength	
  	
  

(E-­‐value)	
   Iden7fica7on	
  

1C	
   Pseudomonas	
  azotoformans	
  IHBB	
  9881	
   0.0	
   100%	
  
5C	
   Pseudomonas	
  HP10C	
   0.0	
   100%	
  
7K	
   Sphingobacterium	
  FLX-­‐7	
   0.0	
   100%	
  
3R	
   Pseudomonas	
  TK30	
   0.0	
   100%	
  
8C	
   Pseudomonas	
  HP10C	
   0.0	
   100%	
  
1A	
   Pseudomonas	
  LHYT-­‐8	
   0.0	
   100%	
  
2A.2	
   Pseudomonas	
  HP10G	
   0.0	
   100%	
  
1C.2	
   Pseudomonas	
  HP10C	
   0.0	
   100%	
  
6C.2	
   Pseudomonas	
  azotoformans	
  IHBB	
  9881	
   0.0	
   100%	
  
2C.2	
   Pseudomonas	
  HP10C	
   0.0	
   100%	
  
8K.2	
   Sphingobacterium	
  LCB40	
   0.0	
   100%	
  
6R.2	
   Pseudomonas	
  DSM	
  29140	
   0.0	
   100%	
  
6A.2	
   Pseudomonas	
  jessenii	
  IHBB	
  11152	
   0.0	
   100%	
  
1K.2	
   Chryseobacterium	
  A1-­‐652	
   0.0	
   100%	
  


