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L y m p h o c y t e  C u l t u r e s  f r o m  C h i n e s e  H a m s t e r  (Gricetulus griseus) 
Owing to the i r  re la t ively  low n u m b e r  (n = 11) and  

the i r  well analysable  pa t t e rn ,  the  chromosomes  of the  
Chinese h a m s t e r  are of ten  used in cy togenet ic  research ~, 2. 
Most ly  d i rec t  p repara t ions  f rom spleen or bone  mar row 
or cells f rom es tabl ished lines are used for th is  purpose.  
Because in cer ta in  cases, e.g. the  analysis  of mutagen ic  
ac t iv i ty  of subs tances  in vivo, it  is necessary  to  check a 
grea t  n u m b e r  of mi toses  der ived f rom exposed body-cells ,  
we have  t r ied  to work out  a m e t h o d  for the  cul ture of 
per iphera l  lymphocy tes .  On a second approach  it appeared  
t h a t  the  basic exper ience we gained by  these  exper imen t s  
could be used for mak ing  mixed  l y m p h o c y t e  cultures.  
This  will be the  subjec t  of ano ther  publ icat ion.  

Materials and methods. Cell cul ture:  0.2 ml  blood was 
t aken  by  punc tu re  f rom the  re t robu lbar  venous  plexus  
and  collected in a hepar in ized  cul ture tube.  This  blood 
was suspended  in cul ture  med ium supp lemen ted  wi th  
s t r ep tomyc ine  (100 ~zg/ml) and penicil l in (100 IU/ml) .  The 
following media  were t es ted :  199, F12, F10, Min imum 
Essent ia l  Medium (Eagle) for Suspension Cultures 
(MEM S), Trowell  T8 and  R.P.M.I .  1640. The med ium 
was supp l emen ted  wi th  fetal  ca l fserum in concen t ra t ions  
vary ing  be tween  5 and  20% (the fetal  ca l fserum was 
inac t iva ted  by  hea t ing  at  56~ for 30 rain.). Final ly  
p h y t o h a e m a g g l u t i n i n  (Wellcome MR 10) was added.  The 
concen t ra t ions  t e s t ed  were : 3, 6, 9, 12 and  15 ~zl per  ml  cell 
suspension.  The final  volume of t he  cul tures  was 6 ml, 
t h e y  were incuba ted  at  37 ~ for 72 h in t i gh t ly  capped  
10 ml  glass bot t les .  2 h before harves t ing ,  v incr is t ine  
sulfate (Oncovin, El i  Lilly & Co) was added.  

The concen t ra t ions  0.04, 0.4, 4 and  40 y/ml  cul ture 
were tes ted.  At  the  end of th is  t r e a t m e n t  the  cul tures  were 
cent r i fuged for 5 rain a t  1000 r p m  (170 g). The pel le t  was 
resuspended  in 5 ml  hypoton ic  sodium c i t r a t e  (2H20) 
solution. Here  again, d i f ferent  concen t ra t ions  were 
t e s t ed :  0.5, 0.6, 0.7, 0.9 and 1 g/100 ml. This suspension 
was cent r i fuged at  once for 5 min at  1000 r p m and  the  pellet  
r e suspended  in a fresh c i t ra te  solut ion and incuba ted  

Table I. dpm • l0 s in one series of lymphocyte cultures labelled with 
H a thymidine using different media and fetal ealfserum concentra- 
tions 

Serum concentration 

Medium 5% 10% 15% 

R.P.M.I. 1 6 4 0  6334-50 8664- 64 4224-35 
TrowellT8 5304-41 8174- 31 4974-39 
MEMS 4984- 4 7714-168 6684-51 
F 10 2464-49 4544- 9 342•  
F12 3094-16 4274-158 385-t-45 
199 1064-45 3334- 35 241•  
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at  39 ~ for d i f ferent  per iods of t ime.  Several  combina t ions  
of c i t ra te  concen t ra t ion  and  t ime  of incubat ion  were 
tes ted.  Thereaf te r  the  pellet  ob ta ined  by  cent r i fugat ion  
for 5 min at  1000 r p m  was f ixed by  slowly adding  6 ml of 
f ixat ive  (3 pa r t s  ab s o l u t e  alcohol to 1 pa r t  glacial acetic 
acid) and gent ly  shaking.  The suspension was centr i fuged 
immedia te ly  for 5 min  at  1000 r p m  and  the  pellet  was 
resuspended  in fresh f ixat ive  and  left  a t  r o o m- t emp e ra t u r e  
for 20 min.  Final ly  af ter  a last  centr i fugat ion,  the  pellet  
was p i p e t t ed  onto  clean object-sl ides,  air dr ied and  
eoloured wi th  May-Gri inwald solution, using a modifi-  
ca t ion of the  me t h o d  of MOORHEAD 3. The f requency of 
me taphases  in the  mater ia l  was checked by  count ing  100 
blastcells  in each of 3 repl icate  cultures,  which received 
0.4 ~ v incr i s t ine /ml  cul ture  for the  last  2 h. 

Cell label ing : 6 ~C of H 3 t h y m i d i n e  (The Radiochemica l  
Centre, Amersham,  England ,  s.a. 2 C/mM) were added  to  
each cul ture  for the  final  24 h. At  t e rmina t ion  the  cells 
were spun down at  200 g for 10 min, washed twice wi th  
cold ammoniumch lo r ide  0.83% w/v,  twice wi th  cold 5% 
TCA, and once wi th  cold absolute  methanol .  The precipi-  
t a t e  was dissolved in 0.5 ml  N.C.S. a t  56~ for 1 h, and  
t rans fe r red  to  count ing  vials, 10 ml  l iquid scint i l la t ion 
solution, consis t ing of to luene wi th  P P O  5 g/1 and P O P O P  
50 mg/1 was added  and the  vials were counted  for 10 rain 
in a scint i l la t ion counter .  The results  reported,  represent -  
ing the  m e a n  values f rom 3 repl icate  cultures, are correct-  
ed for quench ing  and are given in dpm.  

Results: The dif ferent  combina t ions  of media  and  
complemen t s  were t e s t ed  in abou t  1000 di f ferent  cultures.  
The h ighes t  H a t h y m i d i n e  up take  was found w i t h  t he  
media  R.P.M.I .  1640, Trowell  T8 and MEM S using a 
fetal  ca l fserum concen t ra t ion  of 10%. An example  of one 
such expe r imen t  is shown in Table  I. The bes t  concent ra-  
t ion for phy tohaemagg lu t i n in  was 6 ~l/ml culture medium.  
The resul ts  of 2 expe r imen t s  are given in Table II .  The 
mos t  sa t i s fac tory  blocking of me taphases  was ar r ived at  
by  a t r e a t m e n t  of 2 to  3 h wi th  v incr is t ine  a t  concen t ra t ions  
be tween  0.4 y/ml and 4 7/ml culture.  Of the  all c i t ra te  
concen t ra t ions  used, 0.7 g/100 ml dur ing 7 min  gave the  
bes t  spread  metaphases .  R .P .M.I .  1640 supp lemen ted  
wi th  10% fetal  ca l fserum and  6 ~l/ml p h y t o h a e m a g -  
glut inin gave the  r iches t  ha rves t  of well spread mitoses.  
Table I I I  shows t h a t  the  f requency of me taphases  counted  
in our p repa ra t ions  parallels  the  results  of the  H a thy-  
midine  up take  exper imen t s  shown in Table I. On the  
whole R.P .M.I .  1640 gave mos t ly  be t t e r  or a t  least  as 
good resul ts  as the  2 o ther  media  MEM S and Trowell  

1 D. K. FORD and G. YEROANIAN, J. natn. Cancer Inst. 21,393 (1958). 
T. C. Hsu and M. T. ZENZES, J. natn. Cancer Inst. 32, 857 (1964). 
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and D. A. HUNGERFORD, Expl. CelI Res. 20, 613 (1960). 

Table II. Effect of different phytohaemagglutinin concentrations in 
~l]ml culture on H 3 thymidine uptake (dpm • 103). The results of 2 
independent experimental culture sets I and II with R.P.M.I. 1640 
and 10% fetal calfserum are given 

Table III. Number of metaphases in counts of each 300 blastcells in 2 
independent cultures I and II fed with different media, 10% fetal calf- 
serum and 6 [zl phytohaemagglutinin per ml cell suspension; vincris- 
tine, 0.4 T/ml culture, added for the last 2 h 

3 ~l/ml 6 ~l/ml 9 ~l/ml 12 ~l/ml 15 ~l/ml R.P.M.I. 1640 MEMS Trowell T8 F 10 F 12 199 

I 574•  1,053+218 4464- 140 2454-27 1 8 7 •  I 27 12 8 5 3 5 
II 6644-51 788 4-114 6404-110 1674-28 1144-4 I I  21 17 5 4 2 3 
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T8. The  o the r  med ia  gave on ly  excep t iona l ly  c o m p a r a b l e  
results .  

Zusammen/assung. L y m p h o z y t e n  des ch ines i schen  
H a m s t e r s  (Cricetulus griseus) w u r d e n  in ve r sch iedenen  
Media  m i t  ve r sch iedenen  Zus/ i tzen gezi ichtet .  Die bes te  
M i t o s e n a u s b e u t e  wurde  e rha l t en  m i t  dem  Med ium 

4 Acknowledgment: The authors thank Miss JOKE WIERDA for ex- 
cellent technical assistance and the staff of the isotope laboratory of 
the medical faculty for their kind help. 

R .P .M.I .  1640, bei  e inem Zusa tz  yon  10% f6 ta lem Kalbs-  
se rum und  6 txl/ml Phy toh~tmagglu t in in .  

B. DE JONG and G.J.P.A. ANDERS 4 

University o/ Groningen, 
Department o~ Human Genetics, 
Antonius Deusinglaan d, 
Groningen (Nederland), 
2 August 1971. 

Free Amino Acids in the Haemolymph of Eoperipatus weldoni (Onychophora) 

A r t h r o p o d s  be long ing  to  t he  class O n y c h o p h o r a  are of 
special  zoological in t e res t  in  t h a t  t h e y  are cons idered  to be  
the  m o s t  p r i m i t i v e  t e r re s t r i a l  a r t h r o p o d s  closely r e l a t ed  
to t he  m y r i a p o d a n - i n s e c t a n  s t e m 1  A charac te r i s t i c  
f ea tu re  of I n sec t a  a n d  M y r i a p o d a  is the  presence,  in  t h e i r  
h a e m o l y m p h ,  of free a m i n o  acids in v e r y  h igh  concen t ra -  
t ions,  r ang ing  f rom 219 mg to  2340 m g  per  100 ml~, a. I t  
will the re fore  be of i n t e r e s t  to  f ind  ou t  if t he  h a e m o l y m p h  
of O n y c h o p h o r a  also has  a s imi la r  fea ture .  

The  species i nves t i ga t ed  was Eoperipatus weldoni, 
col lected f rom T e m p l e r ' s  Park ,  Malaysia ,  as g iven  b y  
SUNDARA RAJULU and  SINGH 4. T h e y  were collected,  
b r o u g h t  to  t he  l a b o r a t o r y  a n d  m a i n t a i n e d  as descr ibed  
e lsewhere  5. 

The  h a e m o l y m p h  was o b t a i n e d  f rom l iv ing  an ima l s  b y  the  
m e t h o d  descr ibed  b y  SUNDARA R A J U L U  6. The  sample  of 
h a e m o l y m p h  o b t a i n e d  f rom each  a n i m a l  was k e p t  
s epa ra t e ly  and  cen t r i fuged  a t  5~ for 15 rain  a t  2000g /min  
to s epa ra t e  haemocy tes .  The  clear  s u p e r n a t a n t  was  
col lected a n d  depro te in ized  fol lowing the  m e t h o d  of 
STEIN and  MOORE 7. The  Fol in  me thod ,  as g iven  in t he  
p u b l i c a t i o n  of HAWK et  al. s, was  a d o p t e d  for q u a n t i t a t i v e  
e s t i m a t i o n  of t o t a l  free a m i n o  con ten t .  For  q u a n t i t a t i v e  
e s t i m a t i o n  of i n d i v i d u a l  free a m i n o  acids, s amples  of 1 to  
2 ml  of t he  depro te in ized  h a e m o l y m p h  were ana lyzed  in 
a n  a u t o m a t i c  a m i n o  acid ana lyze r  s. Q u a n t i t a t i o n  was 
based  on  t he  n i n h y d r i n  colour ing i n t e n s i t y  of t he  e f f luen t  
f rom ion-exchange  columns.  The  a b s o r b a n c y  of t he  
colour  deve loped  was e s t i m a t e d  a t  570 and  440 n m  in a 
s p e c t r o p h o t o m e t e r .  The  peaks  on  t he  recorded  curve  were 
i n t e g r a t e d  for loads v a r y i n g  f rom 0.1 to  3.0 txmoles for 
each  a m i n o  acid. 

F r o m  the  resu l t s  recorded  in Tab le  I, i t  is ev iden t  t h a t  
Eoperipatus weldoni has  a n  ave rage  of 261.67 m g  of free 
a m i n o  acids pe r  100 ml  of h a e m o l y m p h ,  the  m i n i m u m  
be ing  254 mg/100  ml  and  the  m a x i m u m  be ing  271 mg/  
100 ml.  This  va lue  is m u c h  h igher  t h a n  t he  va lues  repor ted  
for c rus t aceans  10 a n d  a r achn ids  11, b u t  c o m p a r a b l e  to  t h a t  

Table I. Concentra t ion of to ta l  free amino acids in the haemolymph  of 
Eoperipatus weldoni in mg/100 ml 

No. of specimen Free amino acids 

1 263 

2 271 

3 254 

4 259 

5 268 

6 255 

Average 261.67 

Table  I I .  Free amino  acids in the haemolymph  of Eoperipatus weldoni 
ill mg/100 ml 

No. Amino acids Q u a n t i t y  

1 
2 
3 
4 
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Alanine 7.9 i 1.6 
Aspar t ic  acid 15.1 i 1.9 
Arginine 2.2 4- 0.4 
Cystine 3.1 4- 0.3 
Glu tamic  acid 18.7 4- 0.8 
Glycine 56.6 4- 5.2 
His t id ine  23.2 4- 1.8 
Isoleucine 3.9 4- 0.2 
Leucine 12.4 4- 2.1 
Lysine  8.2 4- 0.6 
Methionine 4.7 4- 1.2 
Phenyla lan ine  13.3 4- 1.6 
Proline 42.1 4- 3.3 
Serine 9.2 4- 1A 
Threonine 11.5 4- 1.8 
Tyrosine 18.4 4- 1.7 
Valine 9.8 4- 0.7 

Total 260.3 4- 11.8 


