
FREE  GLYCEROL  IX  DORMANT  CYSTS  OF  THE  BRINE  SHRIMP
ARTEMIA  SALINA,  AND  ITS  DISAPPEARANCE

DURING  DEVELOPMENT  1

JAMES  S.  CLEGG  -

Dcpurtmcnt  of  Biology,  The  Johns  Hopkins  University,  Baltimore  18,  Maryland

During  part  of  a  previous  study  on  the  stored  carbohydrates  of  various  dormant
organisms  (Clegg  and  Filosa,  1961),  large  amounts  of  a  carbohydrate-like  sub-
stance  were  observed  in  extracts  of  Artemia  salina  cysts.  On  the  basis  of  mobility
and  reactivity  on  paper  chromatograms,  this  substance  appeared  to  be  glycerol.
Since  large  amounts  of  free  glycerol  have  been  shown  to  accumulate  during  dia-
pause,  and  in  other  hypometabolic  stages  of  certain  insects  (cf.  Salt,  1961),  a  more
thorough  analysis  was  undertaken.  In  addition,  although  several  studies  have
been  made  of  the  chemical  components  of  these  cysts,  no  mention  has  been  made  of
glycerol  (the  extensive  literature  on  Artemia  has  recently  been  cited  by  Dutrieu,
1960).  The  present  report  deals  chiefly  with  the  identification  of  free  glycerol  in
Artemia  cysts  and  the  changes  in  its  concentration  during  development.  A  pre-
liminary  report  on  the  presence  of  glycerol  in  Artemia  cysts  has  been  published
(Clegg  and  Evans.  1962).

MATERIALS  AND  METHODS

Dried  cysts  of  Artemia,  which  are  embryos  in  the  early  stages  of  development
covered  by  a  chitinous  shell  (Dutrieu,  1960),  were  obtained  as  a  gift  from  the  Brine
Shrimp  Sales  Co.,  Inc.,  Hayward,  California.  Unless  designated  otherwise,  the
cysts  used  were  collected  in  the  fall  of  1960  from  the  evaporating  ponds  near
Hayward,  and  analyses  of  these  cysts  were  begun  in  the  summer  of  1961.  They
were  washed  briefly  with  distilled  water  to  remove  any  empty  shells,  and  were  then
dried  at  room  temperature  for  at  least  twenty  days  before  use.  Over  70%  of  these
cysts  produced  active  nauplii  when  incubated  in  sea  water  at  24-26  C.

For  the  isolation  of  glycerol,  about  5  g.  of  cysts  were  homogenized  in  a  Ten
Broeck  homogenizer  with  30  ml.  of  80%  ethanol.  The  homogenate  was  filtered
and  the  filtrate  decolorized  with  Norit  (1%  w/v).  After  removal  of  the  Norit,  the
clear  filtrate  was  concentrated  under  reduced  pressure  and  then  extracted  with
benzene.  The  organic  phase  was  discarded  and  the  remaining  solution  was  puri-
fied  by  paper  chromatography  (Evans  and  Dethier,  1957).  The  combined  eluates
from  the  chromatographic  separation  were  concentrated  by  evaporation  at  50  C.,
and  then  dried  over  CaCL  to  a  viscous  syrup  (about  300  mg.)  which  then  was  used
for  the  identification  studies.

For  quantification  of  glycerol,  40-80  mg.  of  cysts  were  homogenized  in  1.0  ml.
of  80%  ethanol  ;  the  homogenate  was  transferred  to  a  graduated  centrifuge  tube
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with  four  1-ml.  washings,  and  the  volume  was  made  up  to  5.0  ml.  with  distilled
water.  After  centrifuging  for  15  minutes  at  3000  rpm.,  aliquots  were  taken  for
determination  of  glycerol  in  the  supernatant  by  the  colorimetric  method  of  Lambert
and  Neish  (1950)  as  modified  by  Burton  (1957).  In  preliminary  experiments,
the  glycerol  was  first  isolated  and  identified  by  paper  chromatography  and  then
eluted  for  quantification.  It  was  found  later  that  results  obtained  by  this  method
differed  from  direct  determinations  on  the  supernatant  by  not  more  than  3%.  As
a  result,  direct  colorimetric  determinations  were  carried  out  on  the  supernatant.

Trehalose  was  determined  by  the  anthrone  method  of  Dimler  et  al.  (1952)  after
its  isolation  from  the  supernatant  by  paper  chromatography  (Clegg  and  Evans,
1961).  The  pellet  from  the  ethanol  extraction  was  analyzed  for  polysaccharide  by
re-homogenizing  in  5.0  ml.  of  5%  trichloroacetic  acid,  centrifuging,  and  using  an
aliquot  of  the  supernatant  for  the  anthrone  method  of  Dimler  et  al.  (1952).  Results
obtained  by  this  procedure  were  similar  to  those  obtained  by  conventional  alkali  ex-
traction  and  alcohol  precipitation  methods.  This  material,  when  hydrolyzed  by
acid,  yielded  only  glucose,  as  judged  by  paper  chromatography,  and  will  be  referred
to  as  glycogen  in  the  present  study.

To  obtain  the  nauplii,  a  known  amount  of  cysts  (40-80  mg.)  was  incubated  in
a  Petri  dish  containing  filtered  sea  water  at  24-26  C.  In  all  cases,  the  nauplii  were
collected  within  three  hours  of  emergence  from  the  cysts  and  were  separated  from
the  mixture  of  developing  cysts  and  shells  by  virtue  of  the  fact  that  the  nauplii  were
positively  phototactic  while  the  cysts  and  shells  floated  on  the  surface.  The  nauplii
were  pipetted  from  the  medium,  filtered,  and  washed  with  distilled  water.  They
were  then  dried  to  constant  weight  and  analyzed  by  the  same  methods  given  for  the
cysts.  The  empty  shells  were  collected  and  analyzed  after  96  hours  of  incubation.
Average  weights  of  the  cysts,  shells,  and  nauplii  were  obtained  by  placing  50  to
100  individuals  on  a  pre-weighed  coverslip,  drying  to  constant  weight,  and  re-  weigh-
ing  on  a  Mettler  Micro  Balance  (sensitive  to  about  1

RKSULTS  AND  DISCUSSION

Identification  of  glycerul

The  substance  in  question  migrated  on  paper  chromatograms  with  authentic
glycerol  in  the  following  solvent  systems  (v/v)  :  (1)  water-saturated  ethyl  acetate;
(2)  n-butanol,  ethanol,  acetone,  water  (5:4:3:2);  (3)  chloroform,  ethanol  (8:2)  ;
(4)  ethyl  acetate,  ethanol,  water  (12:2:1)  ;  and  (5)  n-propanol,  ethyl  acetate,  water
(7:1:2).  When  mixtures  of  the  substance  and  authentic  glycerol  were  chromato-
graphed,  no  separation  was  observed  in  these  solvent  systems.  Positive  identifica-
tion  of  the  substance  as  glycerol  was  established  by  preparation  of  the  tribenzoate
derivative  (Segur,  1953).  The  product,  recrystallized  from  90%  ethanol,  had  a
melting  point  of  71-72.5  C.  The  tribenzoate  prepared  from  authentic  glycerol  had
a  m.p.  of  71.5-72.5  C.,  and  the  mixed  m.p.  was  72-73  C.

Levels  of  glycerol  and  glycogen  in  the  cysts  and  nauplii

Dutrieu  (1960)  has  shown  that  net  glycogen  synthesis  occurs  in  Artemia  during
the  transition  from  the  dormant  cyst  to  the  active  nauplius.  Net  glycogen  synthesis
also  occurs  after  diapause  is  broken  in  the  eggs  of  the  silkworm,  Bombyx  tnori
(Chino,  1957),  and  glycerol  and  sorbitol  were  shown  to  be  its  precursors  (Chino,
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TABLE I
Glycerol and glycogen content of the cysts, and nauplii of newly emerged Artemia

*  1  mg.  cysts  =  0.78  mg.  embryo  (Table  II);  4.91  -f-  0.78  =  6.30%  glycerol  of  the  embryo
dry weight.

1958).  Therefore,  studies  were  undertaken  to  determine  whether  or  not  glycerol
was  converted  to  glycogen  following  the  termination  of  dormancy  in  Artemia.
Sorbitol,  incidentally,  was  not  found  in  these  cysts  (limit  of  detection  =  0.2%  of  the
dry  weight).

Table  I  summarizes  the  results  obtained  by  incubating  cysts  in  2%  NaCl.  Glyc-
erol  was  present  in  the  dried  cysts  before  incubation  to  the  extent  of  about  5%  of
the  dry  weight  and,  on  the  basis  of  cyst  dry  weight,  no  decrease  was  measured  during
the  transition  from  cyst  to  nauplius.  Similar  values  were  obtained  by  homogen-
izing  the  cysts  in  distilled  water  at  0-4  C.  This  indicated  rather  strongly  that  the
amount  of  glycerol  found  was  present  as  free  glycerol  in  the  cyst.  The  small  values
given  for  the  shells  are  maximal  since  a  few  undeveloped  cysts  might  also  be  present
in  the  shell  fraction.  In  addition,  it  should  be  pointed  out  that  the  assay  system  used
is  not  wholly  specific  for  glycerol,  so  these  low  values  may  not  be  glycerol  at  all.  In
any  event,  it  was  clear  that  most,  if  not  all,  of  the  glycerol  was  confined  to  the  embryo..
In  order  to  compare  the  glycerol  levels  in  the  embryo  with  those  in  the  nauplius  it
was  first  necessary  to  estimate  the  weight  of  the  embryo.  This  was  so  because  the
shell,  constituting  a  large  percentage  of  the  cyst  weight,  was  shed  when  the  nauplius
emerged,  and  would  not  be  used  as  a  basis  for  estimating  glycerol  levels  in  the
nauplius.  This  information,  given  in  Table  II,  indicated  that  the  embryo  consti-
tuted  about  78%  of  the  cyst  dry  weight.  This  figure  was  then  used  to  calculate  the
concentration  of  glycerol  in  the  embryo,  shown  in  Table  I  as  over  6%  of  the  dry-

TABLE II
Dry weights of the cyst, shell, and nanplius
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weight.  Even  on  this  basis  the  glycerol  content  decreased  by  only  about  1.5%  of  the
dry  weight  during  the  formation  of  the  nauplius.  At  the  same  time,  glycogen  levels
increased  by  about  14%  of  the  weight,  on  the  basis  of  cyst  and  embryo  dry  weight,
as  shown  in  Table  I.  Clearly,  the  small  decrease  observed  in  the  glycerol  content
could  not  account  for  the  amount  of  glycogen  synthesized.  Therefore,  the  source  of
most  of  this  glycogen,  unlike  Bombyx  eggs,  was  not  glycerol.  It  would  appear  from
the  study  of  Dutrieu  (1960)  that  trehalose,  a  non-reducing  disaccharide  of  glucose,
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FIGURE  1.  Glycerol  content  of  fed  ()  and  unfed  (o)  nauplii  as  a  function  of  time
after emergence from the cyst.
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might  be  the  chief  substrate  for  the  glycogen  synthesis  observed  during  the  develop-
ment  of  Artemia.  This  aspect  will  be  considered  in  a  future  publication.  The
values  given  in  Table  I  for  glycogen  concentrations  in  the  nauplius  are  more  than
twice  those  reported  by  Dutrieu  (1960).  There  are  several  obvious  possible
explanations  for  this  difference.

The  results  given  above  indicated  that  glycerol  was  not  being  used  either  as  an
important  source  of  energy  during  development  or  as  a  major  substrate  for  glycogen
synthesis.  Accordingly,  the  fate  of  glycerol  in  the  nauplius  was  examined.

Glycerol  levels  as  a  Junction  of  nauplius  age

A  large  number  of  newly  emerged  nauplii  was  collected  as  described  and  divided
into  two  groups.  One  group  was  incubated  in  filtered  sea  water  and  the  other  in
sea  water  containing  1  mg.  of  dried  yeast  per  ml.  as  a  source  of  food.  After  various
periods  of  incubation  the  nauplii  were  analyzed  for  glycerol  content.  The  averaged
results  of  three  separate  experiments  are  given  in  Figure  1  .  The  amount  of  glycerol
in  the  nauplii  decreased  sharply  during  the  first  24  hours  of  incubation  and  then  re-
mained  at  a  very  low,  constant  level.  These  latter  values  are  probably  due  to  the
presence  of  small  amounts  of  non-glycerol  substances  that  produce  color  with  the
reagents,  since  glycerol  could  not  be  detected  in  72-hour-old  nauplii  when  these  ex-
tracts  were  analyzed  by  paper  chromatography  (limit  of  detection  =  0.2%  of  the  dry
weight).  Since  the  rapid  decrease  in  glycerol  content  was  observed  in  fed  and  un-
fed  nauplii  it  seems  that  glycerol  disappearance  is  not  influenced  by  nutrition.  Com-
parisons  of  the  glycogen  content  of  these  two  groups  of  nauplii  were  not  made  since,
in  the  case  of  those  incubated  with  yeast,  the  amount  of  glycogen  present  in  the  gut
lumen,  due  to  the  presence  of  ingested  yeast,  was  uncontrollable.  Consequently,  it
is  not  known  whether  the  decrease  in  glycerol  is  accompanied  by  an  increase  in  gly-
cogen.  Because  the  nauplii  are  so  small,  attempts  have  not  yet  been  made  to  fol-
low  the  metabolic  fate  of  injected  radioactive  glycerol.  The  present  results  do  show,
however,  that  glycerol  essentially  disappears  during  the  first  day  following  emergence
from  the  cyst.

Glycerol,  trehalose,  and  glycogen  contents  of  aged  cysts

Next,  the  effect  of  source,  age,  and  storage  condition  on  the  carbohydrate  com-
position  of  the  cyst  was  examined.  These  aged  cysts,  and  a  brief  resume  of  their
history,  were  generously  supplied  by  Mr.  Maurice  Rakowicz  of  Brine  Shrimp  Sales
Co.,  Inc.,  Hay  ward,  California.  At  least  200  mg.  of  cysts  from  each  group  were
analyzed  for  trehalose,  glycerol,  and  glycogen  content  by  the  methods  described
above.  Dutrieu  (1960)  has  shown  that  trehalose  and  small  amounts  of  glucose  are
the  main  alcohol-soluble  sugars  present  in  Artemia  cysts  and  this  has  been  confirmed
in  the  present  study.  The  per  cent  hatch  was  obtained  by  incubating  at  least  500
cysts  from  each  of  the  groups  for  72  hours  in  sea  water  at  24-26  C.,  and  then
counting  the  number  of  viable  nauplii  produced.  The  results,  summarized  in  Table
III,  showed  that  the  trehalose  content  of  these  several  groups  was  quite  constant,
whereas  the  glycogen  and  glycerol  contents  showed  considerable  variation.  The
most  striking  difference  between  these  groups  was  the  per  cent  hatch,  none  of  the
cysts  producing  viable  nauplii  in  the  1938  group.  Noteworthy  was  the  increased
viability  of  those  cysts  stored  in  racuo  compared  with  those  stored  in  air  since  1951.
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TABLK  III
Glycerol, glycogen, and trehalose contents of aged cysts

The  fact  that  cyst  viability  greatly  decreased  with  aging  in  air,  while  the  trehalose
and  glycogen  content  did  not  appear  to  diminish  appreciably,  suggests  that  a  source
of  energy  is  not  the  limiting  factor  determining  viability  during  aging  for  long
periods.  These  findings  also  emphasize  the  "metabolic  dormancy"  of  these  cysts,  at
least  with  respect  to  carbohydrate  metabolism.  For  the  present,  however,  the  main
conclusion  derived  from  these  results  was  that  trehalose,  glycogen,  and  glycerol  are
the  normal  and  principal  carbohydrates  of  dormant  Artemia  embryos.  A  detailed
study  is  presently  being  made  to  determine  the  origin  of  glycerol  in  the  embryo,  the
metabolic  fate  of  glycerol  in  the  nauplius,  and  the  role  of  glycerol  and  trehalose  in
the  dormancy  of  Artemia  cysts.

I  express  my  thanks  to  Dr.  David  R.  Evans  for  a  critical  reading  of  the
manuscript.

SUMMARY

1.  Free  glycerol  was  identified  as  a  major  carbohydrate  component  of  the  dor-
mant  cysts  of  Artemia  salina.

2.  The  amount  of  glycerol  present  in  cysts  aged  for  a  year  in  the  dry  state  was
found  to  be  about  5%  of  the  cyst  weight,  and  was  shown  to  be  restricted  to  the
embryonic  part  of  the  cyst.

3.  Glycerol  content  decreased  slightly  during  the  formation  of  the  nauplius  and
then  rapidly  decreased  to  a  very  low  level  after  the  nauplius  emerged  from  the  cyst.
The  decrease  in  glycerol  content  could  not  account  for  the  synthesis  of  glycogen
during  formation  of  the  nauplius.

4.  The  glycerol,  trehalose,  and  glycogen  contents,  and  the  viability  of  cysts  aged
up  to  28  years  were  determined.

LITERATURE  CITED

BURTON,  R.  M.,  1957.  The  determination  of  glycerol  and  dihydroxyacetone.  Methods  in
Ensynioloiiy,  3:  246-248.  Academic  Press,  N.  Y.

OIINO, H., 1957. Carbohydrate metabolism in the diapause egg of the silkworm, Bombyx mori.
I.  Diapause  and  the  change  of  glycogen  content.  Embryologia,  3:  295-316.

CHINO, H., 1958. Carbohydrate metabolism in the diapause egg of the silkworm, Bombyx mori.
II.  Conversion  of  glycogen  to  sorbitol  and  glycerol  during  diapause.  J.  Ins.  Physiol.,
2: 1-12.

CLKGO, T. S., AND D. R. EVANS, 1961. The physiology of blood trehalose and its function during
'  flight  in  the  blowfly.  /.  .r/>.  B'wl,  38:  771-792.



GLYCEROL  IN  ARTEMIA  CYSTS  301

CLEGG,  J.  S.,  AND  D.  R.  EVANS,  1962.  Free  glycerol  in  dormant  cysts  of  the  brine  shrimp,
Artcmia  salina.  Amcr.  Zool.  (abstract)  in  press.

CLEGG,  J.  S.,  AND  M.  F.  FILOSA,  1961.  Trehalose  in  the  cellular  slime  mould  Dictyostelium
mucoroides. Nature, 192: 1077-1078.

DIMLER,  R.  J.,  W.  C.  SCHAEFER,  C.  S.  WISE  AND  C.  E.  RIST,  1952.  Quantitative  paper
chromatography  of  D-glucose  and  its  oligosaccharides.  Analyt.  Chcm.,  24:  1411-1414.

DUTRIEU, J., 1960. Observations biochemiques et physiologiques sur le developpement d'Artcmia
salina  Leach.  Arch.  Zool.  Exp.  ct  Gen.,  99:  1-128.

EVANS,  D.  R.,  AND  V.  G.  DETIIIER,  1957.  The  regulation  of  taste  thresholds  for  sugars  in  the
blowfly.  /.  Ins.  Physio!.,  1:  3-17.

LAMBERT, M.,  AND A.  C.  NEISH, 1950.  Rapid method for estimation of glycerol  in fermentation
solutions.  Canad.  J.  Res.  B,  28:  83-89.

SALT,  R.  W.,  1961.  Principles  of  insect  cold  hardiness.  Ann.  Rev.  Ent.,  6:  55-75.
SEGUR,  J.  B.,  1953.  In:  Glycerol  (C.  S.  Miner  and  N.  N.  Dalton.  editors).  New  York,

Rheinhold Publishing Corp., p. 174.



Clegg, James S. 1962. "FREE GLYCEROL IN DORMANT CYSTS OF THE BRINE
SHRIMP ARTEMIA SALINA, AND ITS DISAPPEARANCE DURING
DEVELOPMENT." The Biological bulletin 123, 295–301. 
https://doi.org/10.2307/1539275.

View This Item Online: https://www.biodiversitylibrary.org/item/17434
DOI: https://doi.org/10.2307/1539275
Permalink: https://www.biodiversitylibrary.org/partpdf/37799

Holding Institution 
MBLWHOI Library

Sponsored by 
MBLWHOI Library

Copyright & Reuse 
Copyright Status: In copyright. Digitized with the permission of the rights holder.
Rights Holder: University of Chicago
License: http://creativecommons.org/licenses/by-nc-sa/3.0/
Rights: https://biodiversitylibrary.org/permissions

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at 
https://www.biodiversitylibrary.org.

This file was generated 25 August 2023 at 14:26 UTC

https://doi.org/10.2307/1539275
https://www.biodiversitylibrary.org/item/17434
https://doi.org/10.2307/1539275
https://www.biodiversitylibrary.org/partpdf/37799
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://biodiversitylibrary.org/permissions
https://www.biodiversitylibrary.org

