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S T U D I O R U M  P R O G R E S S U S  

P r o b l e m s  of  I n s e c t  T i s s u e  C u l t u r e  t 

By M. E. ~IARTIGNONI 2 

T h e  exce l l en t  s u r v e y s  of t h e  l i t e r a t u r e  on  insec t  t i s sue  
cu l tu re  r e c e n t l y  c o m p l e t e d  b y  LOEB 3, HARTZELL 4, a n d  
DAY a n d  GRACE 5, show t h a t  r e p e a t e d  s u b c u l t u r i n g  of 
r ap id ly  p ro l i f e r a t ing  cell colonies  h a s  so fa r  e luded  all  
workers .  A t  p r e s e n t  no  in sec t  cell s t r a i n s  are  ava i lab le ,  
a n d  even  a s t a n d a r d  m e t h o d  for  t h e  r o u t i n e  p r o d u c t i o n  
of p r i m a r y  cu l tures ,  c o m p a r a b l e  to  t h e  p r e p a r a t i o n  of 
ch ick  f i b r o b l a s t  cu l tu res ,  is unava i l ab l e .  

Due  m a i n l y  to  t he  work  of TRAGER 6, WYATT 7, WYATT, 
LOUGHEED, a n d  WYATT s, a n d  GRACE 9, m e d i a  h a v e  b e e n  
deve loped  in  w h i c h  good s u r v i v a l  of some ceils of t h e  
s i lkworm,  B o m b y x  mori  (L.), is a t t a i n e d ,  and,  in  some in-  
s tances ,  even  m o d e r a t e  g r o w t h  h a s  b e e n  c la imed.  H o w -  
ever ,  i t  h a s  n o t  b e e n  poss ible  so f a r  to  p r e p a r e  la rge  
n u m b e r s  of u n i f o r m  cu l t u r e s  for  t h e  s t u d y  of g r o w t h  re-  
q u i r e m e n t s .  This ,  in  t u r n ,  h a s  r e su l t ed  in t h e  poor  k n o w -  
ledge of t h e  r e q u i r e m e n t s  of  insec t  cells i n  vitro. The  
p r e s e n t  s i t u a t i o n  in insec t  t i s sue  cu l t u r e  is a v ic ious  circle, 
because  t h e  knowledge  of cell n u t r i t i o n  a n d  t he  p r o d u c t i o n  
of cells . i n  vitro are  two  i n t e r c h a n g e a b l y  d e p e n d e n t  
factors .  

M u c h  of t h e  success  in  t h e  cu l tu re  of m a m m a l i a n  cells 
de r ives  la rge ly  f rom t h e  e x t e n s i v e  knowledge  we h a v e  
of t h e  b i o c h e m i s t r y  a n d  phys io logy  of t h e  h i g h e r  an imals .  
T h e r e  is no  s u c h  deep  a n d  e x t e n s i v e  knowledge  in insec t  
phys io logy :  t h i s  is a r e l a t i ve ly  new  field, a n d  w h a t  we 
k n o w  is ba sed  a l m o s t  exc lus ive ly  on  s tud ies  of two  
Coleoptera ,  t h r e e  L e p i d o p t e r a ,  t h r e e  D ip t e r a ,  t h r e e  
O r t h o p t e r a ,  a n d  one  species each  of H y m e n o p t e r a  a n d  
H e m i p t e r a .  A dozen  species a re  v e r y  few c o m p a r e d  to  t h e  
more  t h a n  800000 insec t  species n a m e d  u p - t o - d a t e .  
F u r t h e r m o r e ,  f u n c t i o n  differs  g rea t ly ,  n o t  on ly  b e t w e e n  
insec t  species,  b u t  also b e t w e e n  s tages  a n d  i n s t a r s  of one  
single species,  as  in  t h e  case of t he  h o l o m e t a b o l a .  F o r  
example ,  a cco rd ing  to  d a t a  compi led  b y  BUCK 1°, t h e  
h y d r o g e n i o n  c o n c e n t r a t i o n  of insec t  b lood va r i e s  in t e r -  
speci f ica l ly  b e t w e e n  p H  6 a n d  p H  7.5. I n t r a spec i f i ca l l y  
i t  va r i e s  u p  to  0.7 p H  un i t s ,  whi le  in  m a n  t h e  p H  of 
p l a s m a  va r i e s  on ly  b e t w e e n  7-35 a n d  7.45. The  osmot i c  
pressure ,  exp res sed  as g NaC1/100 ml,  va r i e s  in te rspec i f i -  
ca l ly  b e t w e e n  0.60 a n d  2.01 in insects .  I n  our  l a b o r a t o r y ,  
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we found  t h i s  va lue  to v a r y  in t raspec i f ica l ly ,  a n d  for one 
single ins ta r ,  b e t w e e n  0-80 a n d  1.03 for Per idroma marga- 
ritosa (Hawor th ) .  In  m a n  t h e  v a r i a t i o n  is small ,  b e t w e e n  
0.83 a n d  0.85. As BUCK p u t s  it, , T h e  c o n c e p t  of an  
' a v e r a g e '  i n sec t  b lood  h a s  no  va l id i ty .  ~ 

E v i d e n t l y ,  t h e  a p p r o a c h  to  insec t  t i ssue  cu l tu re  c a n n o t  
be  successful  if one  ignores  these  cons ide ra t ions .  I n s e c t  
t i s sue  cu l t u r e  p r o b l e m s  m u s t  be  so lved  for  e v e r y  single 
species,  or  poss ib ly  for g roups  of species h a v i n g  a c e r t a i n  
a m o u n t  of phys io log ica l  un i ty .  

Since v e r y  l imi ted  success has  been  d e r i v ed  f rom t h e  
empi r i ca l  app l i ca t i on  of v e r t e b r a t e  cu l tu re  t e c h n i q u e s  to  
insec t  t i s sue  cu l tu re ,  i t  b eco mes  necessa ry  to  e x a m i n e  t h e  
basic  d i f fe rences  b e t w een  t h e  two types  of o rgan i sms .  
Such  d i f ferences  m a y  be  found  p a r t i c u l a r l y  in  (1) b lood,  
(2) r e s p i r a t o r y  m e c h a n i s m  a n d  me t ab o l i s m ,  (3) m e t a -  
morphos i s ,  (4) t issues,  a n d  (5) bac t e r i a l  c o n t a m i n a t i o n .  

W h a t  d i f ferences  do we f ind b e t w e e n  the  h e m o l y m p h  
of insec t s  a n d  b lood  of v e r t e b r a t e s  ? H e m o l y m p h  is t h e  
on ly  b o d y  f lu id  p r e s e n t  in  insects ,  r e s e m b l i n g  b o t h  t h e  
b lood  of v e r t e b r a t e s  a n d  t h e  l y m p h .  I t  c i rcu la tes  m a i n l y  
in d i r ec t  c o n t a c t  w i t h  t issues,  r a t h e r  t h a n  t h r o u g h  
vessels.  Of course,  i t  will be  imposs ib le  to  cons ider  here,  
e v e n  s u m m a r i l y ,  all  t h e  d i f ferences  w h i c h  exis t  b e t w e e n  
v e r t e b r a t e  a n d  insec t  blood.  On ly  some of these  will be  
discussed,  to  give a n  idea  of t h e  d i v e r s i t y  b e t w e e n  t h e  
classes  of o rgan i sms ,  a n d  w i t h i n  t h e  one  class w i th  which  
we are  p a r t i c u l a r l y  concerned .  

U n t i l  some years  ago, insec t  h e m o l y m p h  was cons idered  
to  differ  f rom t h e  b lood  of o t h e r  a n i m a l s  in  h a v i n g  a h igh  
p o t a s s i u m  a n d  a low s o d i u m  c o n t e n t .  Th i s  is n o t  t r u e :  
r e c e n t  work  (see BUCK 10) h a s  de f in i t e ly  s h o w n  t h a t ,  here  
too,  natura  n o n / a c i t  saltum, There  is a c o n t i n u i t y  b e t w een  
insects  a n d  o t h e r  a n i m a l s  in  t h e  mole  r a t io  N a / K  (from 
0.1 to  25). Usua l ly ,  a n d  w i t h  on ly  a few except ions ,  the  
p h y t o p h a g o u s  insec t s  h a v e  r a t i o s  of less t h a n  1, t h e  
ca rn ivo res  h a v e  r a t i o s  g r e a t e r  t h a n  1, a n d  t h e  o m n i v o r o u s  
species h a v e  ra t ios  w h i c h  fall b e t w e e n  these  two.  Man  h a s  
a N a / K  ra t io  of 29, close (and  n o t  too  surpr is ingly)  to  t h e  
one of Cirnex lectularius L., t h e  b ed b u g .  T h e  N a / K  ra t io  
in  insec t  h e m o l y m p h  c a n n o t  be  c h a n g e d  ap p rec i ab l y  b y  
c h a n g i n g  t h e i r  d i e t s :  i t  is gene t i ca l ly  fixed, an d  insec ts  
m a i n t a i n  i t  t h r o u g h  effec t ive  r e g u l a t i o n  of the  ion c o n t e n t  
of t h e i r  b lood.  T h e  i n t r a c e l l u l a r  N a / K  rat io ,  on  the  o t h e r  
h a n d ,  is t h e  s a m e  for  m a n  a n d  t h e  few insec t  species  
i n v e s t i g a t e d  so f a r :  t h a t  is, b e t w e e n  0.3 a n d  0.4. T h e  fac t  
t h a t  t i s sue  w i t h  a h i g h  p o t a s s i u m  r a t e  is p r e s e n t  in  en- 
v i r o n m e n t s  b o t h  w i t h  h i g h  an d  low p o t a s s i u m  r a t e s  
h a s  led some to  t h i n k  t h a t  insec t  t issue m a y  be more  to le r -  
a n t  to  ion c o n c e n t r a t i o n  t h a n  v e r t e b r a t e  t issue.  T h i s  how-  
ever ,  r e m a i n s  to  be  p roved .  

T h e  free a m i n o  acid c o n t e n t  of insec t  b l o o d  p l a s m a  is 
v e r y  h igh  (see Table) .  Whi le  in h u m a n  p l a s m a  t h e  a m i n o  
n i t r o g e n  c o n t e n t  a m o u n t s  to  a b o u t  5 r a g % ,  in insec ts  
i t  m a y  r e a c h  up  to 70 t imes  t h i s  va lue ,  as in  p u p a e  of 
some species of Saturnia .  Again ,  t h e  a m i n o  acid c o n t e n t  
of insec t  b lood  var ies  c o n s i d e r a b l y  in te rspec i f ica l ly  (see 
Table)  as well  as in t r a spec i f i ca l ly  (be tween  s tages  a n d  
i n s t a r s  of t h e  same  species).  A m i n o  acids  c o n t r i b u t e  4 0 %  
or more  of t h e  t o t a l  b lood  osmot i c  p ressure  in  insects ,  
whi le  in m a n  9 2 %  of t h e  o smot i c  p ressure  is due  to  in- 
o rgan ic  ions, a n d  o n l y  1% to a m i n o  acids.  WYATT,  
LOUGHHEED, a n d  WYATT 8 were able  to  e s t ab l i sh  on ly  
one c o n s t a n t  f ac to r  in  a m i n o  acid co mp o s i t i o n  of t h e  
p l a s m a  of t h r e e  species of insec ts  : in two L e p i d o p t e r a  a n d  
one species of H y m e n o p t e r a  g l u t a m i n e  was a m a j o r  
c o m p o n e n t .  I n  t h e  s i l kworm t h e r e  seems to be  a c o n s t a n t  
p r e p o n d e r a n c e  of g lu t amine ,  h i s t id ine ,  a n d  lysine d u r i n g  
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Amino acids 

Arginine 
Arginine HC1 
Histidine 
Lysine 
Lysine HC1 

Tyrosine 
Tryptophane 
Phenylalanine 
Cystine 

Methionine 
Serine 
Threonine 

, Leucine . . . . . . . . . . . . .  

Isoleucine 
Valine 
Glutamine 

, Glutamic acid . . . . . . . . . .  

Asparagine 
Aspartic acid 
Alanine 

, Beta alanine . . . . . . . . . .  

Proline 
Hydroxyproline 
Glycine 
Cysteine 
Cysteine HC1 

Man 

1'2 - 3"0 

1.0 - 3"8 
2'3 - 5"8 

0"9 - 2,4 
0.9 - 3.0 
1.1 - 4.0 
1-8 ,-  5-0 

0-25- 1.0 
0-3 - 2.0 
0.9 - 3.6 
1.0 - 5.2 

1-2 - 4.2 
2-5 - 4.2 
4.6 -10.6 

0 - 1.3 

0 - 1-2 
2-4 - 7-6 

Blood plasma 

Bombyx mori 
(L.) 

mature larva 

28 

273 
164 

31 

11 
0 

14 
111 

36 

} 29 
23 

143 
10 

Galleria mello- Con- 
nella (L.) figu- 

mature larva ration 

Synthetic mixtures 

1"5 - 5,7 

0"8 - 5.4 

59 
10 
50 
39 

36 

73 
0 

199 

39 L 7 

136 L 2 
68 L 7 

COD- 

figu- Wyatt 
ration 

L 70 
L 250 

DL 125 

76 L 4 L 5 
DL 2 L 10 

11 DL 5 L 15 
0 L 2 I, 2"5 

27 DL 3 DL 10 
47 DL 5 DL 110 
62 DL 6 DL 35 

DL 12 DL 15 
42 .... 

DL 4 DL 10 
29 DL 5 DL 20 

369 L 10 L 60 
2 2  DL 1 5  L 60 

13 L 35 
38 DL 6 L 35 

225 DL 5 DL 45 
51 - -  20 

520 L 4 L 35 
L 1 - -  - -  

51 5 - -  65 
0 0-01 -- - -  

- -  8 

The flee amino acids of human plasma, the plasma of two insect species (Lepidoptera), and of two synthetic mixtures; mg/100 ml. 
(Data from SPECTOR~0; WYATT, LOUGIIIIEED, and WYATTS; MORGAN, ~fORTON, and PARKER21; and WYAtt v) 

t he  five la rva l  ins ta rs ;  b u t  o therwise ,  g rea t  va r i a t ions  
were  found.  Cyst ine,  which  is p re sen t  in cons iderable  
a m o u n t s  in h u m a n  p lasma,  has  no t  been  de t ec t ed  in the  
th ree  species s tud ied  b y  WYATT, LOUaHHEED, and  WYATT. 

A th i rd ,  and  m o s t  s t r ik ing  f ind ing  recen t ly  r epo r t ed  
(WYATT, LOUGHHEED, and  WYATTS; WYATT and  HALF 11) 
is t h e  presence  of a d i sacchar ide  in large quan t i t i e s  in in- 
sec t  h e m o l y m p h .  Glucose,  wh ich  accoun t s  for t h e  l a rges t  
p a r t  of t h e  r educ ing  s u b s t a n c e  in  h u m a n  p lasma,  is 
p r e s e n t  (wi th  fructose)  on ly  in  t r aces  in  t h e  h e m o l y m p h  
of m a n y  insects ,  a n d  pa r t i cu la r ly  in  t he  la rvae  of Lep id -  
optera .  The  reduc ing  subs t ances  in t he  b lood of  these  in- 
sects  are, for t he  m o s t  par t ,  non - f e rmen tab l e .  

I t  has  a lways  puzzled  phys io logis t s  w h y  insec t  b lood  
con ta ins  a p p a r e n t l y  only  a t r ace  of sugar.  However ,  
sugar  has  been  found  r ecen t ly  in large p ropo r t i on  b y  
WYATT and  KALF xx. I t  is a non - r educ ing  d isacchar ide ,  
~, e- t rehalose ,  and  for  th is  reason i t  has  p r o b a b l y  e luded 
prev ious  workers .  Trehalose  m a k e s  l~p over  90% of  t he  
b lood sugar  in four species of Lep idop te r a .  F u r t h e r m o r e ,  
i t  ha s  also been  found to  be a good s u b s t r a t e  for respi ra-  
t i on  of insec t  muscle  homogena te s .  This  has  a roused  t h e  
in t e r e s t  of some physiologists .  The  s t u d y  of t h e  m e t a b o -  
l ism of t reha lose  by  insect  t i ssue  will def in i te ly  p roduce  
m u c h  va luable  in format ion  for  t he  c o m p a r a t i v e  a n d  tile 
cel lular  physiologis t .  I t  is s ignif icant ,  in th is  connec t ion ,  

n WYATT, G. R. and G. F. KALF, J. gem Physiol. 40, 833'(1957). 

to  no te  t h a t  TRAGER 6, in 1935, long before  t he  d i scovery  
of t reha lose  in h e m o l y m p h ,  found  mal tose  a v e r y  effect ive  
source of ene rgy  for cu l tu red  s i lkworm tissue. Mal tose  is 
a glucose ~-glucoside, w i th  a 1,4 l inkage;  t reha lose  has  
a 1,1 l inkage.  Whi le  t he  hexose  compos i t ion  of t he  two  
d isacchar ides  is t he  same (two molecules  of glucose), 
ma l tose  is a r educ ing  sugar  and  t reha lose  is not .  

W h a t  are t he  s t r ik ing  charac te r i s t i c s  of t he  r e s p i r a t o r y  
m e c h a n i s m  and  m e t a b o l i s m  of insec ts  ? Because  of  the i r  
open  t y p e  of  c i rcula t ion,  insects  c a n n o t  Utilize b lood  effec- 
t ive ly  for t h e  ex ch an g e  of  r e sp i r a to ry  gases.  I n  m o s t  
species,  t he  gas ex ch an g e  is car r ied  on t h r o u g h  a compl i -  
ca ted  t r achea l  sys tem.  The  t r acheae  end  in fine t racheoles ,  
wh ich  are  in close co n t ac t  w i th  t he  var ious  t issues.  
W h e t h e r  or n o t  t he  c y t o p l a s m  is p e n e t r a t e d  b y  the  t r ache-  
oles is sti l l  u n k n o w n .  There  are  ind ica t ions  t h a t  t r ache -  
oles end  a b r u p t l y  on the  surface of t he  ,tissues. W e  m a y  
say  t h a t  each  t i ssue  has  i ts  own sepa ra t e  gas exchange  
pipel ines.  The  f inal  cont ro l  of t he  exchange  of r e sp i r a to ry  
gases  b e t w e e n  t racheoles  a n d  t i ssue  has  been  s tud ied  only  
in  a few species and  var ious  s y s t ems  h a v e  been  sugges ted  
a n d  p a r t l y  s u p p o r t e d  b y  e x p e r i m e n t a l  evidence .  However ,  
the  end  effect  of t h e  p roposed  r egu l a to ry  m e c h a n i s m s  
seems to  be  on ly  one:  to  'al low the  select ive ex ch an g e  of 
r e sp i r a to ry  gases j u s t  where  th is  is needed ,  for  ex amp l e  
in muscles  dur ing  fl ight,  w i t h o u t  genera l ly  increas ing  the  
oxygen  co n cen t r a t i o n  of blood.  In  fact ,  b o t h  the  oxygen  
t ens ion  and  the  ox ida t ion - r educ t ion  po t en t i a l  in insect  
b lood are v e r y  low. In sec t  blood p l a s m a  canno t ,  ~; i thout  
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special precaut ions,  be used or  t ransfer red  as is done 
rout inely wi th  ve r t eb ra t e  se rum:  this  would  immed ia t e ly  
unbalance the  phenoloxydase-dehydrogenase  system, 
which is of grea t  impor tance  in vivo and m a y  be of great  
impor tance  for the  cu l tured  tissue. There  h a v e  been m a n y  
a t t empts  to  inh ib i t  the  ac t ion  of blood tyrosinase  in vitro. 
Phenyl th iourea  has been used (ScHralDT and WILLIAMS 1~) 
as a ty ros inase- inh ib i tor  in insect  t issue cul ture  and has 
always been  considered harmless.  KURODA and TAMORA 13, 
however,  h a v e  repor ted  t h a t  this  ca rbamide  comple te ly  
inhibits  the  g rowth  in vitro of the  in tes t ina l  melanot ic  
tumors  in organ  cul tures  of two  strains of Drosophila 
rnelanogaster Meig. I t  is therefore  no t  surprising tha t  
WYATT7 repor ted  toxic  effects of pheny l th iourea  'or  an 
impur i ty  in i t '  for cul tured insect  tissue. WYATT prefers 
to inh ib i t  blood and  cell melanosis  by  prec ip i ta t ing  the  
enzyme pro te in  (heat t r ea tmen t ,  60°C for 5 min). We 
now h a v e  some evidence  t h a t  a change in oxidat ion-  
reduct ion po ten t i a l  m a y  be v e r y  cr i t ical  when insect  cells 
are r emoved  f rom the  in t ac t  an ima l  (MARTIGNONI, u n -  
p u b l i s h e d  mater ia l ) .  I t  is known,  in fact ,  t h a t  such changes 
occur in vivo a t  cr i t ical  phases  of the  insect  me tamor -  
phosis; fur thermore ,  the  ac t iv i ty  of m a n y  enzymes  play- 
ing an  i m p o r t a n t  role dur ing the  fo rmat ion  of adul t  
tissues, is dependen t  on the  po ten t i a l  of the  hemolymph.  

An in te res t ing  fact  which emerged f rom the  work  o5 
HARVEY and WILLIAMS 14 is the  adap t a t i on  capac i ty  of 
pupal  hea r t  t issue to low oxygen  tensions.  Af te r  exhaus-  
tion of the  anaerobic  reserve, the  pupa l  hear t  is micro- 
aerophilicl and  normal  h e a r t b e a t  is sus ta ined by  oxygen  
par t ia l  pressures lower t h a n  0-5% atmospheres .  Accord- 
ing to  HARVEY and WILLIAMS 14, th is  pa r t i cu la r  charac te r  
of an insect  t issue can be expla ined by  the  presence of a 
subs tant ia l  t i t e r  of cy toch rome  oxidase  in conjunct ion  
with  on ly  a t race  of cy toch rome  c, w i th  a m a j o r i t y  of 
cy tochrome oxidase exis t ing in the  oxidized state.  

The  fai lure of cer ta in  cells to p ropaga te  cont inuously  
in vitro has been considered to be re la ted  to  the  persistence 
of ox ida t ive  metabol ism.  The shif t  to glycolysis seems 
to be a charac te r i s t i c  of ma l ignan t  cells of ver tebra tes ,  
for example :  these can  be readi ly  p ropaga ted  in culture.  
The main  quest ion,  for those  in teres ted  in insect  t issue 
culture,  is: w h a t  is the  best  metabol ic  pa t t e rn  for the  
insect cell in vitro ? H o w  prone are these  cells to shif t  to 
a metabo l ic  pa t t e rn  which would  pe rmi t  cont inuous  
propaga t ion  ? 

Ano the r  po in t  to consider  when  cul tur ing  tissues of 
insects is the  exis tence of metamorphos is .  W e i g h t  does 
not  increase cont inuous ly  t h roughou t  the  insect ' s  imma-  
ture life bu t  only  a t  g iven  periods, in re la t ion to molt ing.  
In  m a n y  insect  species, the re  is a sequence of cel lular  
b reakdown and recons t ruc t ion  a t  each mol t ,  a sys tem 
more complex  t h a n  simple d icho tomous  division. Dur ing  
the phases be tween  mol t ing,  the re  is v e r y  l i t t le  or  no in- 
crease ill cell number .  Growth  in insects hav ing  complete  
metamorphos is  (such as t he  si lkworm, which has been 
largely used in t issue cul ture  exper iments)  is regula ted  
by a t  least  two hormone- l ike  substances :  the corpus- 
allatum hormone  or  juveni le  ho rmone  (neotenin), and 
the g rowth  and mol t ing  ho rmone  (ecdyson) f rom the 
thoracic  glands,  wi th  the  add i t ion  of the  so-called 'brain 
factor '  (WIGGLESWORTH15). A p r ima ry  cul ture  mus t  be 

x, E. L. SCtIMIDT and C. M. WILLIAMS, Biol. Bull. 1Of, 174 (1953). 
13 y .  I{URODA and S. TAMURA, Dobytsugaku Zasshi rift, 219 

(1956). 
14 W. R. HARVEY and C. M. WILLIAMS, Biol. Bull. 11,4, 36 (1958}. 
15 V. B. WIGGLESWORTI-I, Symposia Soc. exp. Biol. 11,204 (1957). 

es tabl ished a t  periods when  the  ho rmona l  balance of the  
insect  is such as to  al low g rowth ;  the  media  should con- 
ta in  ihsect  blood p lasma wi th  high t i te r  of ecdyson 
(SCHMIDT and WILLIAMS 10). Insec t  ex t rac t s  r ich in growth  
and mol t ing  ho rmone  m a y  be a paral le l  to the  embryon ic  
ex t rac t s  rou t ine ly  used in ve r t eb r a t e  t issue cul ture .  

The  small  size o5 insects (not to speak of insect  embryos)  
is a fur ther  fac tor  m a k i n g  tissue cul ture  a diff icult  task.  
Dissect ions mus t  be per fo rmed  ma in ly  under  dissect ing 
microscopes, and are v e r y  t ime  consuming.  The  t issue 
mass is usual ly  smal l ;  since insects  do no t  h a v e  s t ra t i f ied  
epithelia,  the  n u m b e r  of cells one can  ob ta in  for a p r ima ry  
cul ture  is l imited.  MARTIGNONI, ZITCER, and  WAGNER x6 
have  obta ined  only 160 000 cells by  enzyma t i c  dispersion 
of the  three thoracic  segments  of  one full g rown la rva  of 
a cu tworm,  Peridroma margaritosa. The lack of t issue 
bulk m a y  be a cause of failure in es tabl ishing p r i m a r y  
cultures,  unless one works wi th  a v e r y  small  vo lume  of 
medium,  in capi l lary  tubes,  for example .  This  m a y  expla in  
why  the  best  success in the  cul ture  of insect  t issues has  
been obta ined  a lmos t  in eve ry  case in hanging  drops,  
where, as compared  to o ther  methods ,  the  dens i ty  of t he  
cell popula t ion  is high. Of all the  insect  t issues used so 
far, the  inner  envelope of the  ovar ian  follicle o5 larvae  of 
Lep idop te ra  has been main ta ined  in vitro with  the  h ighes t  
degree of success by  m a n y  workers,  beginning wi th  
TRAGER e. However ,  these cells m a y  be ident ica l  wi th  
some type  of hemocy te  which has become sedentary ,  as 
suggested by WIGGLESWORTH 1', a phenomenon  no t  a t  
all u n c o m m o n  in insects. I n  v iew of this,  i t  seems t h a t  
the use of hemocy tes  in tissue cul ture  should be given 
fur ther  a t t en t ion :  insect  blood would  provide  a great  
concent ra t ion  of cells (up to 100000 per  m m  3) for the  
es tabl i shment  of cultures.  

Last ,  bu t  pos i t ive ly  no t  least,  is the  ever  present  micro-  
bial  con tamina t ion  which  is diff icult  to el iminate .  Micro- 
bial con taminan t s  appear  no t  only  outs ide the  insect  body,  
where s ter i l izat ion is no problem, or  in the  in tes t ina l  t rac t ,  
bu t  also in t he  t racheospi racular  appara tus  and even,  
sometimes,  in the  h e m o l y m p h  of the  no rma l  insect. 
Therefore,  even  if the  ope ra to r  succeeds in ex t r ac t ing  
tissue f ragments  w i thou t  rup tu r ing  the  del icate  in tes t inal  
epi thel ium or one of the  Malpighian tubules ,  i t  is stil l  
possible t h a t  the  exp lan t  is na tu ra l ly  con tamina ted .  One 
way  of overcoming  the  pitfal ls  of con tamina t ion  is to  rear  
the  insects under  axenic  condit ions.  This  has  been suc- 
cessful wi th  on ly  a l imi ted n u m b e r  of species (DouG- 
HERTY 18) such as the  E u r o p e a n  corn borer,  and the  Asiat ic  
rice borer.  Unfor tuna te ly ,  phy tophagous  species of in- 
teres t  to the  virologist ,  such as the  c u t w o r m  Peridroma 
margaritosa, cannot  be reared  axenical ly ,  so far. 

In  conclusion, one could say t h a t  i t  is up to  the  bio- 
chemist  to solve mos t  of the  p rob lems  jus t  out l ined.  
Two are of pa r t i cu la r  u rgency:  (a) more exhaus t ing  studies 
on h e m o l y m p h  composi t ion,  and (b) s tudies on the  nut r i -  
t ion and metabo l i sm of insect  t issues and cells ma in ta ined  
(even though" no t  growing) in vitro. 

These  are only a few aspects  of an  area  of 'biological  
ignorance '  which  needs the  a t t e n t i o n  of more  biologists.  
W h e n  we examine  the  mass ive  b ib l iography  of t issue 
cul ture  (MURRAY and KoPEcH19), knowing  t h a t  the  

16 M. E. MARTIGNONI, ELSA M. ZITCER~ and R. 13. WAGNER, 
Science 128, 360 (1958). 

1= V. B. WIGGLESWORTH, Ann. Rev. Entomol. 4, 1 (1959). 
is E. C. DOUGHERTY, Aml. N. Y. Acad. Sci. 77, 27 (1959). 
19 I~[ARGARET R. ~[URRAY and GERTRUDE KOPECH, A Biblio- 

graphy of the Research in Tissue Culture 1884 to 19~0 (Academic 
Press, Inc., New York 1953), 2 vols. 
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number  of papers concerning insects amounts to little 
more than a hundred (DAY and GRACe5), we can not but  
feel discouraged. This is an area tha t  badly needs more 
concentrated efforts. 

A e k n o w l e d g m e 9 t . - - I  am gra tefu l  to  ELSA M. ZITCER and  to  
HAROLD T. GORDON, University of California (Berkeley), for pleasant 
discussions on problems of tissue culture and of invertebrate physi- 
ology. 

Riassunto 

Non si ~ riusciti finora ad ottenere da un insetto un 
clone di cellule che si moltiplichi indefinitamente in vitro. 
D'al t ra  parte, esistono numerosi cloni di cellule prove- 
nienti da vertebrati .  Perch~ questa discrepanza ? Fra  For- 
ganismo degli insetti e quello dei vertebrat i  esistono dif- 
ferenze fondamentali.  ~ chiaro, dagli studi finora pubbti- 
carl, che nel case degli insetti non + possibile adot tare  
diret tamente i metodi di coltura da lunge tempo usati per 
cellule e tessuti di vertebrati .  Per peter  definite i fattori  
necessari alia nutrizione ed alla moltiplicazione cellulare 

necessario, fra l 'altro, che si approfondisca lo studio del- 
l 'emolinfa e che si analizzi in maggior dettaglio il rnetabo- 
lismo di cellule d' insetti  in vitro. 

Kandidaten dfirfen in dem Jahre, in welchem sie den 
Preis erhalten, das 45. Lebensjahr n i eh t  tiberschritten 
haben. Sie k6nnen dem Kuratorium yon dri t ter  Seite vor- 
geschlagen werden oder sich auch selbst um den Preis 
bewerben. 

Die Preiserteilung erfolgt auf Antrag eines Kuratoriums 
durch den Schweiz. Sehulrat. Die HShe des Preises wird 
auf Antrag des Kuratoriums in jedem einzelnen Fall 
durch den Schweiz. Sehulrat Iestgesetzt. Die l~berrei- 
ehung des Preises erfolgt im September 1960. 

Bewerbungen und Antr/ige sind unter Angabe der ehe- 
mischen Arbeiten, fiir welche der Preis erteilt  werden sell, 
bis spdtestens am Samstag, den 30. April  1960 dem Sekre- 
tar iat  des Schweiz. Schulrates, Eidg. Technisehe Hoch- 
schule, Leonhardstr. 33, Ziirich 6, einzureichen. 

Ziirich, 9. Februar  1960. 

Der Pr~isident des Schweiz. Schulrates: 
Prof. Dr. H. PALLMANN 
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P R A E M I A  

EIDGEN~3SSISCHE T E C H N I S C H E  H O C H S C H U L E  

Fonds fiir den Ruzicka-Preis  

Ausschreibung des Preises ]iir 1960 

Aus dem Fends fiir den Ruzicka-Preis wird allj/~hrlich 
einem jungen Forscher fiir eine hervorragende ver6ffent- 
lichte Arbeit auf dem Gebiete der allgemeinen Chemie 
ein Preis erteilt. Die chemischen Arbeiten, welche mit  
einem Preis ausgezeichnet werden sollen, mfissen ent- 
weder in der Sehweiz oder yon Schweizern im Ausland 
ausgefiihrt worden sein, 

SCH%VEIZ 

Internationales  S y m p o s i u m  fiber Polar isat ions-  
ph~inomene mit  Nukleonen 

Basel, den 4.-8. Juli  1960 

In Basel findet yore 4. Juli  bis 8. Juli  1960 ein Sympo- 
sium tiber Polarisationsphi~nomene mit  Nukleonen statt. 
An diesem Symposium werden zur Behandlung gelangen: 
1. Herstellung von Quellen ffir polarisierte Kerne. 

2. Erzeugung von polarisierten Nukleonen und Deutero- 
nen dutch Kernreaktion. 

3. Reaktionen und Streuexperimente mit  potarisierten 
Teilchen. 

4. Theor ien  fiber Polarisationseffekte mit  Nukleonen. 

Anfragen sind zu richten an Prof. Dr. P. HUBER, Physi- 
kalisches Inst i tut  der Universit/it  Basel, Klingelberg- 
strasse 82. 


