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Large Scale Cult ivation of a Free-Liv ing  N e m a t o d e  (Caenorhabditis elegans) 
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Summary .  A m e t h o d  is p re sen ted  for the  large scale cu l t iva t ion  of the  free-l iving n e m a t o d e  Caenorhabditis elegans, 
using cont inuous  aera t ion  and agi ta t ion  in glass ware  (stirrer flasks) developed for the  cont inuous  cul ture  of suspended  
cells. W i t h  th is  technique ,  popula t ions  up to 109 nema todes  m a y  be ob ta ined  in a 10 1 cul ture  in less t h a n  6 weeks wi th  
an inoculum of some 50 worms.  Costs can be reduced by  using an inexpens ive  yeas t  ex t rac t ,  avai lable f rom the  food 
indus t ry .  

Free- l iving nema todes  have  been  deemed  sui table as 
model  organisms for the  s tudy  of behavioura l  genetics 
and  exper imen ta l  geronto logy z, ,a. These organisms can be 
grown readi ly  on a layer  of bac te r ia  or, under  asept ic  
condit ions,  in shallow liquid media  a. Nei ther  of these  
methods ,  however,  is suitabIe for the  p roduc t ion  of the  
large quant i t i es  of biological mate r ia l  t h a t  are of ten re- 
quired for b iochemical  analysis.  In  addi t ion,  the  media  
in cu r ren t  use for axenic cu l t iva t ion  are r a the r  expensive  
and need supp l emen ta t i on  wi th  pro te inaceous  supple-  
m e n t s  t h a t  are t ime-consuming  to prepare .  The p resen t  
pape r  repor t s  on large scale cu l t iva t ion  of the  free-l iving 
nematode ,  Caenofhabditis elegans, in inexpens ive  med i u m 
using glassware developed for the  cont inuous  cul ture of 
suspended  cells. 

Adequate  med ium for rout ine  cul ture of free-living 
nema todes  cur ren t ly  consists  of 3% yeas t  ex t rac t ,  3% 
soy-pep tone  and 10% hea ted  liver ex t r ac t  (HLE) 4 as 
g rowth  p romot ing  supplement .  In  th is  med ium H L E  
serves main ly  as a sui table source of h a e m  (or haemin)  
and m a y  be subs t i tu ted  b y  pure  ac id-prec ip i ta ted  haemin  5. 
Actua l ly  H L E  was subs t i t u t ed  wi th  50 ~*g/ml acid- 
p rec ip i t a t ed  haemin  chloride, 1% dext rose  and 1% bacto-  
casi tone (media 4, 5, 6 and 7 in Table I). Dext rose  
subs t i tu tes  for the  c a r b o h y d r a t e  con t en t  of H L E .  Bacto-  
cas i tone  was included because th is  nu t r i en t  has  a s t imula-  
t o ry  effect  on g rowth  of the  closely re la ted species 
Caenorhabditis briggsae s. 

I t  is obvious f rom Table I t h a t  nema tode  g rowth  in 
media  wi th  ac id-prec ip i ta ted  haemin  is no t  as fas t  and 
profuse as in media  supp l emen ted  wi th  g rowth  factor  

p repa red  f rom tissue ext rac ts .  Subs t i tu t ion  of g rowth  
factor  wi th  pure  haemoglobin  following ROTHSTEIN~, s, 
however ,  seems to be applicable to large scale cul t iva t ion  
as it is no t  expensive  and n e m a t o d e  g rowth  is a lmost  as 
fast  and profuse as wi th  H L E .  

Effor t s  were also m a d e  to  subs t i t u t e  for Difco yeas t  
ex t r ac t  and oxoid soy-pep tone  t h a t  are r a the r  expensive  
when  required in large amounts .  A very  inexpensive  
yeas t  ex t r ac t  was ob ta ined  f rom the  food indust ry ,  where  
it is avai lable f rom tile manufac tu re r s  of diet  soups. 
'Gis tex ' ,  salt-free powder  conta ins  less t h a n  1% NaC1, 
is 8 t imes  cheaper  t h a n  the  yeas t  ex t r ac t  f rom Difco 
Labora tor ies ,  bu t  is as good or even s l ight ly  be t t e r  in 
suppor t ing  n ema t o d e  g rowth  (Table I, med ia  1 and 2). 
Ye t  it  will no t  subs t i tu te  effect ively for the  soy-peptone  
por t ion  of the  med i u m (Table I, media  5, 6 and 7). Culture 
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Table I. Growth of Caenorhabditis elegans ill various media 

Media 0-Day 
population 
(neln/nfi) 

7-Day 14-Day Generation time 
population population (days ~- SE) 
(nem/ml) (nem/ml) 

1 Difco Y]~2 (3%), SP (3%), HLE (lOG) 2,000 
2 Gistex (3%), SP (3%), HLF~ (10%) 2,100 
3 Gistex (3%), SP (3%), dextrose (1%), bacto- 

casitone (1%), haemoglobin (500 b~g/ml) 2,000 
4 Gistex (3%), SP (3%), dextrose (1%), acid 

precipitated haenfin chloride (50 btg/ml) 2,200 
5 Gistex (6%), dextrose (1%), bacto-casitone 

(1%), acid precipitated haemin chloride (50 ~g/ml) 2,200 
6 Gfstex (6%), dextrose (1%), acid precipitated 

haetllin chloride (50 b~g/ml) 2,000 
7 Gistex (5%), dextrose (1%), acid precipitated 

haemin chloride (50 b~g/lnl) 2,250 

43,000 103,000 5.4 ~_ 0.2 
53,000 96,000 4.1 ~ 0.1 

50,000 128,000 4.6 ~ 0.1 

26,000 48,000 6.4 j- 0.3 

10,000 21,000 9.0 ~2 0.4 

6,400 12,600 7.5 to nrn 

5,500 8,400 9.5 to nm 

Nematodes were grown in shallow liquid medium in screw-capped Erlenmeyer flasks (population growth) or culture tubes (determination of 
generation tilne with the larval assay method1~ Population estimates are accurate at 10%. The pH of all media was 5.2. Nnl, non-maturing; 
YE, yeast extract; SP, soy-peptone; HLE, heated liver extract. 
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Table II. Growth of Caenorhabdi~is elegans in suspension culture 

Time i 1 culture 10 1 culture 
(days) 

Population number pH of Populatto~t aumber pH of 
(nematodes/ml) mediuln (nematodes/inl) medium 

0 3,750 5.20 8,800 5.51 
2 7,900 5.29 15,000 5.49 
4 18,500 5.60 26,000 5,61 
7 76,000 6.50 90,000 6.07 

m e d i u m  cons i s t ing  of 3% gistex,  3% soy-peptone ,  1% 
dextrose ,  1% bac to -cas i tone  a n d  500 a g / m l  h a e m o g l o b i n  
(Merck, F e d e r a l  Repub l i c  of Ge rmany)  was chosen  for 
large scale cu l t i va t i on  of Caenorhabditis elega~s. 

BUEC~ER and  HANSEN 9 f i rs t  r epo r t ed  on  t he  mass  
cu l t u r i ng  of axenic  n e m a t o d e s  in deep m e d i u m  us ing  
c o n t i n u o u s  aera t ion .  Cul tures  were pe r fo rmed  in glass 
wash ing  bot t les .  A 500 mI cu l tu re  of C. elegam in  a 
m e d i u m  c o n t a i n i n g  3% yeas t  ex t rac t ,  3% soy-peptone ,  
0 .7% dextrose ,  MEM  v i t a m i n s  | 100 •  (Grand  
I s l and  Biological  Co., G r a n d  Is land ,  New York)  and  
H L E  r e p o r t e d l y  yie lded a n e m a t o d e  p o p u l a t i o n  of over  
100,000 n e m a t o d e s  pe r  mi  and  a wet  we igh t  of 5 g of 
n e m a t o d e  tissue. The  large scale cu l t i va t i on  t e c h n i q u e  
r epo r t ed  here  is appl icable  to  q u a n t i t i e s  up  to 10 1 and  
over.  I t  combines  the  effect  of c o n s t a n t  a e r a t i on  and  
s t i r r ing  in glass ware  (spinner  flasks) t h a t  has  or ig inal ly  
been  des igned for the  axenic  and  semi -con t inuous  cu l tu re  
of suspended  cells. 

A typ ica l  e x p e r i m e n t  is set  up  as follows. N e m a t o d e s  
are g rown up in 100 ml  of m e d i u m  div ided  over  five 
250 ml  sc rew-capped  E r l e n m e y e r  flasks. Vv'hen t he  t o t a l  
yield is a t  l eas t  2 X 106 nema todes ,  t he  cu l tu res  are t r ans -  
ferred in to  a sma l l  sp inner  f lask c o n t a i n i n g  1 1 of cu l tu re  
m e d i u m  inc lud ing  1 ml  of a n t i f o a m  emuls ion  M-30 (Serva,  
Fede ra l  Repub l i c  of Ge rmany) .  An t ib io t i c s  are r o u t i n e l y  

added  to p r e v e n t  c o n t a m i n a t i o n  : penici l l in  G a t  1,000 U/ml ,  
s t r e p t o m y c i n  a t  I m g / m l  a n d  fungizone  ( ampho te r i c in  B) a t  
10 ~zg/ml. Suff ic ient  air  flow is b u b b l e d  t h r o u g h  the  med ium,  
which  is mixed  slowly b y  a m a g n e t i c a l l y  d r iven  s t i r rer  mech-  
anism.  The  air  is s ter i l ized f i rs t  b y  passage  t h r o u g h  a 
1 inch  in-l ine f i l ter  ho lder  equ ipped  w i t h  a 0.22 ~zm pore  
size m e m b r a n e .  W h e n  t he  p o p u l a t i o n  is nea r  i ts  max i -  
m u m ,  i.e. w h e n  a t  t he  end  of t he  exponen t i a l  g r o w t h  
phase  t he  p o p u l a t i o n  g r o w t h  r a t e  a t  f i rs t  slows down,  
i t  is t r a n s f e r r e d  in to  f resh m e d i u m  in a 10 1 capac i t y  
sp inne r  f lask and  g rown up  un t i I  ha rves t .  As w i t h  t h i n  
f ihn  cul tures ,  t he  p H  of the  m e d i u m  rises c o n s t a n t l y  
w i t h  increas ing  n e m a t o d e  n u m b e r  and  t h u s  m u s t  be 
f r e q u e n t l y  checked.  A n y  rise above  p H  6.5 is read i ly  
followed b y  s u b s e q u e n t  d e a t h  of a s ign i f ican t  p a r t  of the  
n e m a t o d e  popuIa t ion .  F a t a l  rise of t he  p H  can  be  over-  
come b y  t he  use of m o d e r a t e l y  acid m e d i u m  (e.g. p H  5.2 
w i t h  acet ic  acid) and  b y  ac id i fy ing as needed,  or b y  
passage  of t he  air  t h r o u g h  an  acet ic  acid so lu t ion  pr ior  
to  b u b b l i n g  t h r o u g h  t he  med ium.  

P o p u l a t i o n  g rowth  of C. elegans and  co inc iden t  changes  
of t he  p H  of the  m e d i u m  are r ep r e sen t ed  in Tab le  II .  
I t  was  no t  a t t e m p t e d  to cor rec t  for t he  rise in p H  in t he  
1 1 cu l tu re ;  b u t  in t he  10 1 cu l tu re  t he  a i r  was b u b b l e d  
f i rs t  t h r o u g h  a 25% so lu t ion  of acet ic  acid. The  t o t a l  
n u m b e r  of n e m a t o d e s  o b t a i n e d  f rom the  10 I cu l tu re  was 
nea r  1 bilIion. These  were h a r v e s t e d  and  washed  3 t imes  
in 45% (w/w) sucrose s o h t i o n  y ie ld ing  a wet  we igh t  of 
a l m o s t  40 g of ve ry  c lean n e m a t o d e  tissue. This  was 
o b t a i n e d  in less t h a n  6 weeks, s t a r t i n g  f rom some 50 
worms.  

Tiffs is the  f irst  repor t ,  to  m y  knowledge,  of the  cu l t iva -  
t ion  of n e m a t o d e s  in cond i t ions  a n d  w i t h  yields t h a t  are 
r e m a r k a b l y  c o m p a r a b l e  w i t h  those  r epor ted  for cells 
a n d  bac te r ia .  There  is p r o b a b l y  no res t r i c t ion  to f u r t h e r  
c u l t i v a t i o n  of su i t ab le  f ree- l iving n e m a t o d e s  in large 
capac i ty  f e rmen ta to r s .  
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Summary .  U n d e r  ce r t a in  condi t ions ,  c o n t i n u o u s  ava i l ab i l i t y  of a H - t h y m i d i n e  in s t e a d y - s t a t e  ceil sys tems  resu l t s  in a 
l inea r  increase  of t he  f r ac t ion  of label led cells, t h e  e q u a t i o n  of wh ich  can  be  used to  d e t e r m i n e  cell cycle p a r a m e t e r s  of 
t he  s y s t e m  inves t iga ted .  

Fo r  ana lys i s  of cell cycle p a r a m e t e r s  ill cell r enewal  
sys tems ,  a m e t h o d  i n t r o d u c e d  b y  QUASrL~R and  SHER- 
~,IAN 2 is usua l ly  employed.  The  m e t h o d  is based  on  f lash 
labe l l ing  of I ) N A - s y n t h e s i z i n g  cells b y  a H - t h y m i d i n e  
(aH-TdR) a n d  s u b s e q u e n t  a u t o r a d i o g r a p h i c  o b s e r v a t i o n  
of t he  pe rcen t age  of label led  mi toses  (PLM-method) .  I f  
wavel ike  osci l la t ions  of label led  mi toses  are observed ,  
the  e x p e r i m e n t  gives i n f o r m a t i o n  a b o u t  t he  d u r a t i o n  of 
all  phases  of t he  cell cycle. However ,  if c l ea rcu t  second 
waves  of label led  mi toses  are n o t  ob ta ined ,  due to s t rong  
v a r i a t i o n s  in cell cycle pa r am e t e r s ,  t he  ava i l ab le  i n fo rma-  
t i on  m a y  be  l imi ted  to t h e  p r e m i t o t i c  gap  (tgj,  t h e  m i to t i c  

t i m e  (Ira) and  D N A - s y n t h e s i s  t ime  (ts), while  the  cell cycle 
t ime  (to) c a n n o t  be measured .  Serious p rob lems  m a y  arise 
f rom ear ly  reu t i l i za t ion  of a H - T d R  label led  DNA in t h e  cell 
s y s t e m  u n d e r  inves t iga t ion ,  as d e m o n s t r a t e d  for g ranu lo-  
cytopoies is  a. In  th i s  s i tua t ion ,  a c o h o r t  of f lash- label led  
cells c a n n o t  be  p roduced ,  waves  of label led  mi toses  are no t  
obse rved  and  the  m e t h o d  fails to  give a n y  results .  I n  o rder  
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