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Figure	
   1.	
   Inhibi6on	
   of	
   growth	
   and	
   clearing	
   of	
   overlaid	
   inoculum.	
   (a)	
  
colonies	
   from	
   the	
   wall	
   scrapings	
   shows	
   clearing	
   and	
   inhibi6on	
   of	
   S.	
  
aureus,	
   (b)	
   colonies	
   from	
   the	
   wall	
   scrapings	
   shows	
   clearing	
   and	
  
inhibi6on	
  of	
  E.	
  coli.	
  and	
  (c)	
  samples	
  from	
  Bat	
  Guano	
  shows	
  clearing	
  and	
  
inhibi6on	
  of	
  S.	
  aureus.	
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Abstract	
  
Access	
  was	
  granted	
  with	
  express	
  permission	
  from	
  the	
  landowner	
  to	
  a	
  
deep	
   private	
   cave	
   that	
   previously	
   had	
   limited	
   explora6on	
   and	
   no	
  
conducted	
   microbial	
   research.	
   Cave	
   microbiology	
   is	
   a	
   rela6vely	
   new	
  
field	
   that	
   possesses	
   many	
   environments	
   previously	
   unknown	
   to	
  
contain	
  microbes	
   and	
   has	
   the	
   poten6al	
   for	
   new	
   drug	
   discovery.	
   The	
  
goals	
   of	
   this	
   study	
   where	
   to	
   find	
   new	
   species	
   of	
   bacteria	
   as	
   well	
   as	
  
an6bio6c-­‐producing	
   bacteria.	
   The	
   samples	
   where	
   asep6cally	
   taken	
  
from	
  deposits	
  on	
  speleothems	
  (cave	
  forma6ons),	
  pools	
  of	
  water	
  deep	
  
in	
  the	
  cave,	
  and	
  from	
  bat	
  guano.	
  	
  The	
  samples	
  were	
  pulverized,	
  diluted	
  
in	
   a	
   0.85%	
   NaCl	
   solu6on,	
   and	
   plated	
   onto	
   various	
   types	
   of	
   growth	
  
media,	
  including	
  0.01X,	
  0.1X	
  and	
  1X	
  tryp6c	
  soy	
  agar.	
  The	
  colonies	
  were	
  
then	
  transferred	
  by	
  replica-­‐pla6ng	
  onto	
  fresh	
  plates	
  of	
  media	
  and	
  then	
  
overlaid	
  with	
  E.	
  coli	
  and	
   S.	
  aureus	
   in	
  0.7%	
  soW	
  agar	
   to	
  screen	
   for	
   the	
  
presence	
   of	
   an6bio6c	
   produc6on	
   from	
   the	
   cave	
   microbes.	
   A	
  
preliminary	
   inves6ga6on	
   indicated	
   the	
   presence	
   of	
   an6bio6c-­‐
producing	
  bacteria.	
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Introduc8on	
  
Bacterial	
   resistance	
   to	
   an6bio6cs	
   is	
   a	
   well	
   documented	
   problem	
  
facing	
   the	
   medical	
   and	
   pharmaceu6cal	
   fields.	
   With	
   bacteria	
  
becoming	
  resistant	
  faster	
  than	
  new	
  an6bio6cs	
  are	
  produced,	
  finding	
  
new	
   sources	
   of	
   an6bio6cs	
   is	
   cri6cal.	
   By	
   as	
   early	
   as	
   the	
   1960’s	
  
culturable	
   soil	
   bacteria	
   had	
   been	
   almost	
   fully	
   mined	
   for	
   any	
  
an6bio6c	
   producers	
   (1)	
   causing	
   microbiologists	
   to	
   explore	
   diverse	
  
environments	
   in	
   search	
   of	
   different	
   types	
   of	
   an6bio6c	
   producers.	
  
Bacteria	
   obtained	
   from	
   an	
   isolated	
   cave	
   have	
   been	
   found	
   to	
   be	
  
highly	
   resistant	
   to	
   modern	
   an6bio6cs	
   but	
   have	
   had	
   no	
   possible	
  
contact	
  with	
  humans	
   (2).	
  This	
   implies	
   that	
  where	
   there	
   is	
  an6bio6c	
  
resistance,	
  they	
  must	
  have	
  been	
  in	
  contact	
  with	
  an6bio6c	
  producers.	
  	
  
Cave	
  microbiology	
  is	
  a	
  rela6vely	
  new	
  field	
  that	
  looks	
  differently	
  into	
  
caves	
  that	
  are	
  already	
  known	
  to	
  have	
  vast	
  and	
  wild	
  ecosystems	
  that	
  
greatly	
   differ	
   from	
   those	
   above	
   ground	
   and	
   between	
   other	
   caves.	
  
Because	
  many	
  caves	
  are	
  isolated,	
  they	
  have	
  very	
  li^le	
  to	
  no	
  contact	
  
with	
  humans	
  and	
  other	
  animals.	
  Sorcerer’s	
  Cave	
   is	
  one	
  of	
  the	
  most	
  
isolated	
  and	
  technically	
  difficult	
  caves	
  in	
  Texas.	
  These	
  characteris6cs	
  
prevent	
   considerable	
  human	
  contact.	
   Furthermore,	
  most,	
   if	
   not	
   all,	
  
trips	
   have	
   been	
   documented.	
   Samples	
   were	
   taken	
   asep6cally	
   at	
  
depths	
   of	
   greater	
   than	
   85m,	
   past	
   very	
   6ght	
   crawl	
   ways,	
   squeezes,	
  
lakes	
  of	
  chest	
  deep	
  bat	
  guano	
  and	
  ver6cal	
  drops.	
  The	
  equipment	
  and	
  
skills	
   required	
   have	
   protected	
   the	
   cave	
   and	
   leW	
   many	
   interested	
  
persons	
  at	
  the	
  surface	
  looking	
  in.	
  	
  

Materials	
  and	
  Methods	
  
We	
  collected	
  samples	
  from	
  a	
  trip	
  down	
  into	
  Sorcerer’s	
  Cave	
  during	
  January	
  1-­‐4,	
  
2015.	
   	
  Samples	
  were	
  taken	
  asep6cally	
  and	
  transported	
  in	
  sterile	
  50-­‐mL	
  conical	
  
tubes	
  from	
  specific	
  loca6ons	
  and	
  sample	
  types	
  in	
  the	
  cave	
  (Table	
  1).	
  Upon	
  exit	
  
from	
  the	
  cave	
  samples	
  were	
  refrigerated	
  un6l	
  return	
  to	
  the	
  lab	
  for	
  analysis.	
  0.1g	
  
of	
  each	
  sample	
  was	
  ground	
  using	
  a	
  sterile	
  mortar	
  and	
  pestle	
  and	
  dilu6ons	
  were	
  
performed	
   using	
   0.85%	
   sodium	
   chloride	
   and	
   plated	
   to	
   isolate	
   colonies.	
   1.0x,	
  
0.1x	
  and	
  0.01x	
  TSA	
  was	
  inoculated	
  in	
  order	
  to	
  isolate	
  microbes	
  that	
  could	
  lyse	
  in	
  
high	
   nutrient	
   environments	
   and	
   incubated	
   at	
   20ºC	
   (the	
   temperature	
   of	
  
Sorcerer's	
  Cave).	
  	
  This	
  allowed	
  us	
  to	
  find	
  the	
  Colony	
  Forming	
  Units	
  per	
  mL	
  (CFU/
mL)	
  at	
  different	
  nutrient	
  levels	
  and	
  prevent	
  overgrowth	
  of	
  fast	
  growing	
  bacteria	
  
to	
   allow	
   unique	
   bacteria	
   to	
   grow	
   (Table	
   2).	
  Master	
   plates	
  were	
   created	
   from	
  
these	
  colonies,	
  replica	
  plated,	
  incubated,	
  and	
  overlaid	
  with	
  S.	
  aureus	
  and	
  E.	
  coli	
  
cultures	
  in	
  0.7%	
  soW	
  agar.	
  S.	
  aureus	
  and	
  E.	
  coli	
  were	
  cultured	
  in	
  liquid	
  medium	
  
from	
   stock	
   plates.	
   Colonies	
   that	
   inhibited	
   growth	
   of	
   S.	
   aureus	
   or	
  E.	
   coli	
  were	
  
then	
  isolated	
  by	
  streak	
  pla6ng	
  for	
  further	
  tes6ng.	
  	
  

Results	
  
Preliminary	
   results	
   seem	
   to	
   provide	
   evidence	
   of	
   an6bio6c	
   producing	
   bacteria	
  
isolated	
   from	
   the	
   obtained	
   samples.	
   So	
   far,	
   12	
   poten6al	
   producers	
   were	
  
obtained	
  from	
  the	
  samples	
  (Table	
  1,	
  Table	
  2).	
  Poten6al	
  producers	
  from	
  the	
  wall	
  
scrapings	
   inhibited	
  S.	
   aureus	
   and	
  E.	
   coli,	
   and	
  poten6al	
   producers	
   from	
  Guano	
  
pellets	
   inhibited	
   only	
   S.	
   aureus	
   (Figure	
   1).	
   The	
   isolates	
   from	
   the	
   popcorn	
  
speleothem	
  did	
  not	
  show	
  any	
  signs	
  of	
  an6bio6c	
  producers.	
  	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  
	
  
	
  
Table	
  1.	
  Sampling	
  site,	
  depth,	
  temperature	
  and	
  poten6al	
  an6bio6c	
  producers	
  
isolated	
  from	
  these	
  sites.	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Table	
  2.	
  Total	
  culturable	
  CFU/g	
  from	
  the	
  samples.	
  	
  
	
  	
  

Disussion	
  and	
  Conclusions	
  
Although	
  results	
  are	
  limited	
  and	
  preliminary,	
  this	
  study	
  indicates	
  
poten6al	
  an6bio6c	
  produc6on	
  in	
  isolated	
  cave	
  bacteria	
  assis6ng	
  in	
  the	
  
assump6on	
  that	
  if	
  there	
  are	
  an6bio6c	
  resistant	
  bacteria,	
  there	
  should	
  
be	
  producers	
  as	
  well.	
  This	
  preliminary	
  study	
  has	
  shown	
  exci6ng	
  results	
  
in	
  the	
  area	
  of	
  cave	
  microbiology	
  and	
  has	
  poten6al	
  to	
  find	
  new	
  
an6bio6cs	
  and	
  pharmaceu6cals	
  in	
  the	
  near	
  future.	
  
	
  
With	
  these	
  promising	
  results,	
  further	
  research	
  will	
  be	
  done	
  to	
  isolate	
  
more	
  colonies,	
  test	
  for	
  an6bio6c	
  produc6on,	
  and	
  sequence	
  16s	
  DNA	
  
for	
  iden6fica6on.	
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Sample	
  Source	
   Depth	
   Temperature	
   Poten8al	
  
Producers	
  

Guano	
  Pellets	
   90	
  m	
   20ºC	
  
	
  

5	
  

Popcorn	
  Speleothem	
   85	
  m	
   20ºC	
  
	
  

0	
  

Wall	
  Deposits	
   88	
  m	
   20ºC	
  
	
  

7	
  

Sample	
  Source	
   1.0X	
  TSA	
   0.1X	
  TSA	
   0.01X	
  TSA	
  

Guano	
  Pellets	
   >3.0	
  x	
  107	
   1.8	
  x	
  106	
   1.4	
  x	
  105	
  

Popcorn	
  Speleothem	
   3.0	
  x	
  103	
   <3.0	
  x	
  102	
  	
   <3.0	
  x	
  102	
  	
  

Wall	
  Deposits	
   7.3	
  x103	
   <3.0	
  x	
  102	
  	
   6.2x103	
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Figure	
  1.	
  Sampling	
  sites	
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