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he	   application	   of	   cryopreservation	   of	   microalgae	   can	   obviate	  
complications	   associated	   with	   traditional	   serial	   transfer	   culture	  
methods,	   such	   as:	   adaptation	   to	   the	   in	   vitro	   environment,	   genetic	  

mutations,	   chromosomal	   abnormalities,	   mixing	   of	   strains	   by	   mis-‐
transfer/mislabeling,	  contamination	  and	  accidental	  loss	  of	  cultures.	  Where	  
cells	   are	   stored	   at	   ultra-‐low	   temperatures,	   below	   the	   point	   at	  which	   ice	  
crystals	  can	  form,	  they	  are	  effectively	   in	  “suspended	  animation”	  and	  are,	  
in	  theory,	  functionally	  and	  genetically	  stable	  in	  storage	  for	  many	  hundreds	  
of	  years.	  However,	  statements	  on	  sustained	  viability	  of	  cryopreserved	  cells	  
are	   based	   on	   the	   assumption	   that	   their	   storage	   temperature	   will	   be	  
reliably	  maintained	  at	  an	  ultra-‐low	  temperature,	  most	  commonly	  in	  liquid-‐
phase	  nitrogen	  (-‐196oC).	  Material	  stored	  in	  the	  vapor-‐phase	  nitrogen,	  or	  in	  
electrically	  operated	  refrigerators	  do	  not	  achieve	  this	  temperature	  and	  the	  
actual	   storage	   temperature	   may	   fluctuate	   over	   time,	   as	   a	   result	   of	   the	  
frequency	  of	  opening	  the	  vessel	  for	  removal/addition	  of	  samples.	  Critically	  
the	   storage	   temperature	   should	  not	   rise	   above	   the	  point	  where	  damage	  
could	  occur	  and	  viability	  may	  be	  reduced	  (commonly	  assumed	  to	  be	  in	  the	  
range	   -‐90	   to	   -‐120oC).	   This	   SOP	   lists	   the	   key	   criteria	   that	   need	   to	   be	  
managed,	  monitored	   and	   documented	   to	   ensure	   the	   long-‐term	   value	   of	  
any	  cryopreserved	  materials.	  

	  

1. Compliance	   with	   legislation.	   Operations	  must	   be	   carried	   out	   safely	   and	  
compliant	   with	   the	   various	   legislation	   and	   regulations	   that	   control	   the	  
management	   and	   exploitation	   of	   genetic	   resources	   (see	   Annex	   1	   for	  
further	  detail).	  Additionally,	  Health	  and	  Safety	  responsibilities	  associated	  
with	   the	   materials	   stored	   and	   cryogenic	   storage	   facilities	   must	   be	  
competently	   assessed,	   managed	   and	   documented	   to	   conform	   to	   local	  
legislation.	  	  
	  

2.	   Strain	  designation	  &	  documentation.	  	  

	   As	   with	   any	   biological	   resource,	   base-‐line	   information	   needs	   to	   be	   held	   on	   the	  
strain.	   All	   isolates/strain	   require	   a	   unique	   identifier,	   or	   strain	   number	   (whilst	  
taxonomic	  classification	  may	  change	  as	  more	  data	  and	  taxonomic	  understanding	  
accumulate	   the	   strain	   number	   remains	   constant).	   Other	   data	   that	   needs	   to	   be	  
held	   include:	   hazard	   status,	   taxonomic	   identity	   (genus	  &	   species),	   geographical	  
origin,	  date	  of	  isolation,	  name	  &	  affiliation	  of	  isolator,	  culture	  medium	  preference	  
and	   cultivation	   regime.	   In	   addition,	   linkage	   to	   other	   relevant	   molecular,	  
metabolomic,	  or	  functional	  data	  add	  value	  to	  the	  conserved	  material.	  

	  

3.	   Methodology	  used	  to	  cryopreserve	  the	  material.	  

	   Full	   details	   of	   the	   pre-‐culture	   regime,	   culture	   age/density	   and	   methodology	  
employed	  to	  cryopreserve	  the	  material.	  	  
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storage	  temperatures;	  monitoring	  
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4.	   Number	  of	  replicate	  samples	  cryopreserved.	  

	   The	   number	   of	   replicate	   samples	   cryopreserved	   depends	   on	   a	   number	   of	   factors,	   not	   least	   the	   cooling	   unit	   employed.	  
Controlled	   rate	   freezers	   come	   in	   a	   wide	   variety	   of	   sizes	   and	   specifications	   and	   in	   some	   cases	   can	   cool	   several	   hundred	  
cryovials	   simultaneously;	   passive	   freezers	   vary	   in	   size	  but	  generally	  hold	  10-‐20	   cryovials.	  At	   the	  CCAP	   collection	  at	   SAMS	  
batches	  of	  15	  cryovials	  per	  culture	  are	  the	  norm,	  but	  for	  type	  specimens	  it	  is	  advisable	  to	  generate	  a	  larger	  batch	  of	  material	  
(see	  Day	  et	  al.	  2010).	  	  

	  

5.	   Quality	  control	  (data	  on	  efficacy	  of	  the	  approach).	  	  

	   Viability	  assessment	  is	  a	  key	  component	  of	  the	  procedure.	  The	  most	  practicable	  approach	  is	  to	  set	  an	  acceptable	  standard	  
e.g.	  	  recovered	  samples	  can	  regenerate	  a	  healthy	  “normal”	  culture	  within	  3	  weeks.	  A	  better	  approach	  is	  to	  have	  data	  on	  the	  
capacity	   of	   individual	   cells	   that	   were	   cryopreserved	   to	   divide	   and	   regenerate	   a	   healthy	   culture.	   Absolute	   viability	   levels	  
provide	  data	  that	  can	  be	  used	  to	  assess	  both	  efficacy	  of	  the	  original	  method	  employed	  and	  quality	  of	  the	  storage	  regime	  
(see	  SOP	  on	  viability	  assessment).	  Data	  on	  whole	  genome	  stability,	  metabolic	  functionality,	  or	  capacity	  to	  generate	  product	  
(metabolite	  of	  interest)	  can	  all	  be	  employed	  to	  provide	  Q/C	  data.	  At	  the	  CCAP	  collection	  at	  SAMS,	  each	  batch	  of	  material	  is	  
initially	   located	   in	   the	   Working/Distribution	   bank.	   Viability	   is	   assessed	   by	   removing	   three	   tubes	   after	   a	   minimum	   of	  
overnight	  storage	  in	  the	  cryobank.	  Where	  viability	  is	  deemed	  acceptable,	  two	  cryovials	  are	  relocated	  to	  the	  Master	  bank.	  

	  	  

6.	   Storage	  facility	  (cryostore/cryobank).	  

	   The	   choice	   of	   storage	   facility	   will	   be	   dictated	   by	   the	   number	   of	   samples	   to	   be	   held,	   budgets,	   compliance/regulatory	  
requirements	  etc.	  There	  are	  a	  variety	  of	  “refrigerators”	  available	  that	  hold	  samples	  in	  liquid	  nitrogen	  (vapour	  and/or	  liquid	  
phase),	  nitrogen-‐free	  storage,	  or	  electrically	  cooled	  ultra-‐low	  temperature	  storage	  units.	  It	  is	  important	  to	  hold	  materials	  in	  
more	  than	  one	  refrigerator,	  ideally	  in	  two	  different	  buildings	  or	  geographic	  locations.	  Where	  possible	  in	  the	  main	  facility	  one	  
should	  have	  a	  Master	  Bank	  and	  a	  Working	  /Distribution	  Bank	  (Fig.	  1).	  At	  the	  CCAP	  collection	  at	  SAMS	  the	  Master	  Bank	  holds	  
two	  replicate	  samples	  from	  each	  batch	  that	  has	  been	  successfully	  cryopreserved	  and	  the	  Working	  Bank	  10	  cryovials.	  (see	  10.	  
Audit	  trail).	  

	   Working/Distribution	  banks	  and	  the	  Master	  Bank	  should	  be	  located	  in	  separate	  “refrigerators”.	  Furthermore,	  there	  should	  
be	  clear	  demarcation	  and	  segregation	  between	  samples	  that	  are	  held	  as	  constituents	  of	  the	  Banks	  and	  any	  materials	  that	  
are	  experimental	   in	  nature.	  The	  experimental	  and	  banked	  material	   should	   ideally	  be	   located	   in	  separate	   inventory	  stacks	  
(Fig.	  2),	  (see	  9.	  	  Sample	  management	  and	  stock	  control).	  

	  

Figure	  1	   Cryo-‐storage	  of	  type	  specimens	  (Day	  et	  al.	  2010)	  
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7.	   Storage	  temperature	  monitoring.	  

	  	   Monitoring	   and	   management	   of	   the	   temperature	   regime	   in	   the	   storage	   vessel	   is	   critical	   to	   the	   long-‐term	   retention	   of	  
viability/	   sample	   value.	   Appropriate	   automated	   alarm	   systems	   should	   be	   supplemented	   by	   routine	   checks	   by	   competent	  
personnel.	   At	   the	   CCAP	   collection	   at	   SAMS	   the	   cryostore	   is	   checked	   at	   least	   twice	   daily	   by	   security	   staff	   who	  will	   report	  
anything	  unusual,	  e.g.	  a	  build-‐up	  of	  ice,	  or	  excessive	  level	  of	  condensation	  on	  the	  vessels.	  In	  addition,	  levels	  of	  liquid	  nitrogen	  
are	  checked	  weekly	  and	  the	  vessels	  filled	  every	  two	  weeks	  (The	  storage	  vessels	  used	  will	  when	  refilled	  be	  thermally	  stable	  for	  
in	  excess	  of	  6	  weeks).	  An	  emergency	  plan	  to	  deal	  with	  major	  problems	  should	  be	  formulated	  (see	  below).	  	  

	  

8.	   Labelling	  minimum	  standards.	  

	  	   It	  is	  essential	  that	  the	  cryovials	  are	  appropriately	  labelled;	  they	  should	  as	  a	  minimum	  have	  the	  strain	  number	  and	  the	  date	  of	  
cryopreservation.	  Where	  batches	  of	  more	  than	  one	  strain	  are	  being	  produced	  and	  banked	  it	  is	  important	  to	  use	  cryovials	  with	  
different	  coloured	  tops	  or	  inserts	  for	  each	  taxon/strain	  to	  speed	  the	  processing	  of	  the	  samples.	  Clarity	  of	  writing	  is	  critical,	  as	  
is	  the	  use	  of	   indelible	  marker	  pens.	  Modern	  methods	  such	  as	  the	  use	  of	  Barcoding	  allow	  automated	  and	  human-‐error-‐free	  
management	  of	  the	  samples.	  Irrespective	  of	  the	  labelling	  approach	  employed,	  the	  connection	  of	  the	  vial	  to	  a	  database	  that	  
allows	   retention	   of	   all	   relevant	   data	   associated	   with	   the	   sample	   is	   critical	   for	   Q/C	   and	   management	   of	   the	   conserved	  
material.	  	  

	  

9.	   Sample	  management	  and	  stock	  control.	  

The	  management	  and	  monitoring	  of	  samples	  within	  the	  storage	  inventory	  is	  critical	  to	  ensuring	  best	  practice.	  As	  samples	  are	  
added	   they	   should	   be	   simultaneously	   logged	   into	   the	   database	   managing	   the	   cryopreserved	   materials	   (both	   purpose	  
designed	   and	   proprietary	   stock-‐managing	   databases	   are	   available).	   From	   the	   experience	   of	   the	   CCAP	   collection	   at	   SAMS	  
those	   that	  allow	  visualisation	  of	  a	   storage	  box/drawer	   in	   the	   inventory	  are	  most	  practicable	   (Fig.	  2b).	   It	   is	  also	  extremely	  
important	   to	   ensure	   that	  Master	   stock-‐	   cultures	   experience	   the	  minimum	  possible	   level	   of	   disruption	   i.e.	   do	  not	   co-‐locate	  
Working	   Banks	   and	   Master	   Banks	   in	   the	   same	   inventory	   system/cryostat.	   If	   at	   all	   possible	   separate	   any	   experimental	  
materials	  from	  either	  Working	  Banks	  or	  Master	  Banks	  to	  minimise	  possible	  human-‐error	  mis-‐transfers,	  or	  potential	  thermal	  
shocks	  due	  to	  the	  increased	  amount	  of	  manipulations	  within	  the	  inventory	  drawer	  or	  stack.	  

	  	  

Figure	  2	   Cryo-‐storage	  inventory	  manipulation	  (a);	  management	  and	  visualisation	  of	  samples	  in	  a	  storage	  drawer	  (b)	  

	  

10.	   Audit	  trail.	  	  

It	   is	   important	   to	   ensure	   that	   all	   movements	   and	   manipulations	   of	   the	   stored	   samples	   are	   monitored	   and	   logged.	   This	  
includes	   who	   undertook	   the	  manipulation,	   what	   was	   done	   and	   where	   any	   individual	   cryovial	   has	   been	   located	   over	   the	  
duration	  of	  its	  storage.	  Note	  the	  recommended	  working-‐life	  of	  different	  storage	  systems	  vary,	  but	  something	  in	  the	  range	  8-‐
10	   years	   is	   not	   unusual;	   therefore	   cryopreserved	   samples	   have	   and	   will	   continue	   to	   be	   relocated/transferred	   between	  

(a)	   (b)	  
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storage	  vessels.	  Experience	  from	  the	  EnAlgae	  project	  has	  demonstrated	  that	  history	  of	  samples	  may	  have	  a	  profound	  effect	  
on	  absolute	  viability	  levels,	  but	  not	  necessarily	  on	  their	  capacity	  to	  regenerate	  an	  acceptable,	  normal	  culture.	  	  

	  

11.	  Management,	  responsibilities	  and	  training.	  	  

Clear	  management	  responsibilities	  are	  a	  key	  pre-‐requisite	  to	  the	  maintenance	  of	  high	  standards.	  Only	  those	  who	  have	  been	  
trained	  should	  have	  access	  rights	  to	  both	  the	  physical	  cryostore	  and	  the	  management	  database.	  All	  location	  changes	  should	  
be	  verified	  by	  a	  second,	  competent	  individual.	  Experience	  from	  the	  EnAlgae	  project,	  interrogating	  archive	  sample	  data,	  has	  
demonstrated	  that	  human	  errors	  can	  result	  in	  a	  significant	  level	  of	  mistakes	  in	  the	  location	  mapping	  of	  samples	  and	  stock-‐
levels.	  	  

	  

12.	   Emergency	  plan.	  	  

It	  is	  important	  to	  ensure	  that	  there	  is	  a	  clear	  emergency	  plan	  in	  place	  to	  deal	  with	  any	  catastrophic	  failure	  in	  refrigeration.	  
Routine	   visual	   inspection	   in	   addition	   to	   any	   remote	   monitoring	   and	   alarm	   systems	   is	   a	   pre-‐requisite.	   Clear	   lines	   of	  
responsibility	   and	   communication	   are	   needed	   as	   is	   coverage	   over	   weekends	   and	   public	   holidays.	   The	   use	   of	   multiple	  
refrigerators	  to	  hold	  samples	  of	  any	  given	  strain	  can	  reduce,	  but	  not	  completely	  remove,	  the	  risk	  of	  loss.	  In	  addition,	  as	  is	  the	  
case	   in	   the	  CCAP	  collection	  at	   SAMS,	   spare	   refrigerators	   into	  which	   samples	   can	  be	   transferred	  provide	   insurance	  against	  
sample	  loss.	  
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Annex	  1:	   Additional	  information	  on	  regulations	  relevant	  to	  the	  commercial	  exploitation	  of	  microalgae	  &	  
cyanobacteria	  

	  


