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h i b e r n a t i o n  t h a n  a t  t he  beginning ,  whi le  t h e  g r ea t e s t  
v a r i a t i o n s  concern  t he  p o l y u n s a t u r a t e d  f a t t y  acids t h a t  
are  lower  before t he  h i b e r n a t i o n  t h a n  a t  t he  beg inn ing ,  
a n d  aga in  fall in  t he  las t  pe; iod.  A b o u t  p o l y u n s a t u r a t e d  
acids t h e  mos t  ev iden t  increase  is t h a t  of t he  l inolenic  
ac ids ;  in  these  analyses  a r ach i don i c  acid was no t  found .  

As t he  h i b e r n a t i o n  coincides  w i t h  t h e  pe r iod  of low 
t e m p e r a t u r e ,  ou r  resu l t s  agree  w i t h  those  of LYMAN. 

phus [errum equinum in  d i f fe ren t i  per iodi  de l l ' i be rnaz ione  
ed h a n n o  r i s c o n t r a t o  modi f icaz ion i  q u a n t i t a t i v e  net  va r i  
acidi grassi  e p a r t i c o l a r m e n t e  net  po l insa tu r i .  

E. TURCHETTO, M. G. GANDOLFI, 
a n d  1R. I~ONDININI 

Riassunto. Gli a u t o r i  h a n n o  s t u d i a t o  le va r iaz ion i  degli  [stituto di Chimica Biologica and Istituto di Istologia del- 
acidi  grassi  dei l ipidi  del t e s su to  s o t t o c u t a n e o  del Rinolo- l'Universit~ di Bologna (Italy), January 21, 1963. 

Isolation and Characterization of  a Polyhydroxy 
C o m p o u n d  i n  A d u l t  Tr ibo l ium c o n f u s u m  D u v a l  ~ 

DEVI e t  al. 2 whi le  s t u d y i n g  t he  v a r i a t i o n  in t he  c o n t e n t s  
of DNA,  R N A  a n d  nuc leo t ide  in  Tribolium con/usum 
D u v a l  3, d u r i n g  t h e  va r ious  s tages  of g r o w t h  a n d  deve lop-  
m e n t  sugges ted  t he  p resence  of a h y d r o x y l a t e d  a r o m a t i c  
c o m p o u n d  (or h y d r o x y l a t e d  a r o m a t i c  a m i n o  acid) in  t h e  
a d u l t  insects .  T h e  p r e s e n t  p a p e r  is p r i m a r i l y  conce rned  
w i t h  t he  i so la t ion  a n d  c h a r a c t e r i z a t i o n  of t h e  h y d r o x y -  
l a t ed  a r o m a t i c  c o m p o u n d  (or com pounds ) .  I n s ec t s  of 28 -  
30 d a y s  old  were  t a k e n  f rom a p u r e  s tock  c o n t i n u a l l y  
r ea red  for t he  las t  t e n  yea r s  on  a d ie t  composed  of whole  
w h e a t  f lour ,  p rev ious ly  passed  t h r o u g h  sieve No. 80 and,  
5% dr ied  b r e w e r ' s  yeas t .  T h e  cu l tu re s  a re  k e p t  in  a r o o m  
m a i n t a i n e d  a t  28=]=1°C a n d  a t  t h e  c o n s t a n t  h u m i d i t y  of 
70-4-5%. The  insec ts  were  h o m o g e n i z e d  for  5 m i n  a t  0°C 
in  cold glass dis t i l led  w a t e r  (10 ml /100  m g  of insects)  in a n  
E l v e h j e m - P o t t e r  homogen ize r ,  a n d  t h e n  f i l tered t h r o u g h  
a s in t e r ed  glass f u n n e l  in  a cold room.  T h e  f i l t r a t e  was  
freeze-dried.  A s p o n g y  mass  of l igh t  b r o w n  colour  w h i c h  
c h a n g e d  to  deep  b r o w n  on  exposure  to  air ,  was  ob t a ined .  
The  yield was 5 m g  for  e v e r y  100 m g  of t he  insec t  used.  

F o r  t he  i den t i f i ca t ion  of t he  c o m p o u n d  a 5% so lu t ion  of 
th i s  m a t e r i a l  in  w a t e r  was  used  ; (a) w i t h  FeC13 so lu t ion  i t  
gave  a deep p u r p l e  colour,  (b) on  w a r m i n g  w i t h  MiUon's  
r e a g e n t  i t  gave  a r ed  co lour  a n d  (c) on  h e a t i n g  w i t h  a 
s e c o n d a r y  a m i n e  in  t h e  p resence  of su lphu r i c  acid a n d  on  
s u b s e q u e n t  a l k y l a t i o n  i t  gave  a deep  b lue  i ndopheno l .  
These  chemica l  t es t s  i n d i c a t e d  t he  c o m p o u n d  u n d e r  ques-  
t i on  was m o s t  p r o b a b l y  a n  a r o m a t i c  a m i n o  acid w i t h  free 
h y d r o x y l  g roups  or a p o l y h y d r o x y p h e n o l .  

Since t he  m a t e r i a l  was  n o t  o b t a i n e d  a t  t h i s  s tage  to  t h e  
requis i te  degree  of pu r i t y ,  i den t i f i c a t i on  of t h e  c o m p o u n d  
was car r ied  ou t  b y  two  d i m e n s i o n a l  a s c e n d i n g  p a p e r  chro-  
m a t o g r a p h y  on  a s h e e t  of W h a t m a n  No. 1 f i l te r  p a p e r  
(16 ~t X 20 ") in t h e  so lven t  s y s t em s  b u t a n o l :  ace t ic  ac id :  
w a t e r  ( 4 : 1 : 5  b y  vo lume)  a n d  p h e n o l : w a t e r  (4:1 b y  
volume) .  B e t w e e n  a p p l i c a t i o n  of t he  m a t e r i a l  on  c h r o m a -  
tog ram,  t he  spo t  was  dr ied  in a s t r e a m  of N 2. T h e  chro-  
m a t o g r a m  was r u n  u n t i l  t h e  s o l ven t  f r o n t  r e a c h e d  t h e  end  
of t he  p a p e r  (i t  usua l ly  t akes  16-18 h). So lven t s  were  re- 
m o v e d  b y  keep ing  the  p a p e r  in  a n  a i r  o v e n  m a i n t a i n e d  a t  
40-50°C.  The  dr ied  c h r o m a t o g r a m  s p r a y e d  w i t h  0 .1% 
n i n h y d r i n  so lu t ion  m a d e  in 95% e thano l ,  r evea led  t h e  
presence  of n ine  a m i n o  acids. Accord ing  to t h e i r  R f  va lues  
t h e y  appea red  to  be  cys te ine ,  a rg in ine ,  glycine,  t r y p t o -  
p h a n e ,  a lanine ,  leucine,  prol ine,  p h e n y l a l a n i n e  a n d  va l ine .  
Since on ly  n ine  a m i n o  acids in  w a t e r  e x t r a c t a b l e  m a t e r i a l  
cou ld  be  de tec ted  b y  n i n h y d r i n  tes t ,  we assume  t h a t  t h e r e  
a re  on ly  n ine  amino  acids p r e s e n t  as such  in  a d u l t  insect .  

Since t h e  use of n i n h y d r i n  is n o t  p romis ing  to  d e t e c t  
t h e  h y d r o x y l a t e d  a r o m a t i c  c o m p o u n d s  excep t  those  con-  

r a i n ing  - - N H e  groups  in  t h e  x pos i t ion ,  one -d imens iona l  
p a p e r  c h r o m a t o g r a p h y  was  car r ied  o u t  b y  t he  a s c e n d i n g  
m e t h o d  in t h e  so lven t  s y s t e m  b u t a n o l ,  ace t ic  acid,  w a t e r  
( 4 : 1 : 5  b y  vo lume) .  T h e  re fe rence  s u b s t a n c e s  used  were  
dopa  ( d i h y d r o x y  p h e n y l  a lan ine) ,  c a t echo l  a n d  ty ros ine ,  
a n d  t h e  a m o u n t  used  was  10~zl (0 .1%) of t h e  k n o w n  sub-  
s t ances  a n d  50 ~1 for t he  t e s t  subs t ance .  The  dr ied  chro-  
m a t o g r a m  was  d ipped  i n to  a so lu t ion  c o n t a i n i n g  0 .44M 
K3Fe(CN)8 in 0 . 1 M  p h o s p h a t e  bu f f e r  p H  7.8. T h r e e  
coloured  spo ts  i m m e d i a t e l y  a p p e a r e d  on  a yel low b a c k -  
g round .  I n  t h e  Tab le  the  resu l t s  a re  given.  T h e  colour  of 
t h e  ensu ing  spo ts  a n d  t h e  Rf  va lues  gave  easy  iden t i f i ca -  
t i on  as ca techol .  T y r o s i n e  d id  no t  give a n y  spot ,  owing  to  
t h e  absence  of two  h y d r o x y l  groups.  A s imi la r  c h r o m a t o -  
g r a m  was also r u n  t h e r e a f t e r  a n d  t h e  a rea  c o r r e s p o n d i n g  
to  ca techo l  (based  on  t h e  R f  v a l u e  o b t a i n e d  f rom t h e  pre-  
v ious  c h r o m a t o g r a m )  was  cu t  out ,  d i p p e d  i n to  ch lo ro fo rm 
a n d  a l lowed to s t a n d  for  4 h. The  l iquid  was  d e c a n t e d  off, 

Rf values of catechol, DOPA and the compound extracted from adult 
insects with water, when subjected to one-dimensional ascending 
chromatography in a solvent mixture containing butanol:acetic 
acid:water (4:1:5); the characteristic colours as revealed on the 
dried chromatogram dipped into K3Fe(CN)8 solution prepared ill 

phosphate buffer pH 7.8, identified the compound tested. 

Rf values and colour reaction of catechol, DOPA, tyrosine, and the 
extract obtained from adult insects 

Rf Colour, characteristic of the 
Compound System: butanol/ compound after ferricyanide 

tested acetic acid/water reaction in phosphate buf- 
4 ; t ' 5  fer pH 7.8 

Catechol 0.840 brownish black which 
changed to permanent blue 

DOPA 0.250 orange brown changed to 
dark blue colour afterwards 

Tyrosine no spot no colour 

Extract of adult 0.8~0 light brownish black 
insect changed to light blue 

x This work has been supported from a grant (A-1388) received from 
the National Research Council of Canada. 

2 &NIMA DEVI, A. LEMONDE, and N. K. BAR/CAR, Exp. Cell Res. 29, 
443 (1963). 

a The life cycle of Tribolium con/usum Duval is subdivided into five 
well defined phases such as (a) embryonic stage (--6~) days), (b) 
larval stage (0-13 days), (e) prepupal stage (14-17 days), (d) pupal 
stage (18-22 days), and (e) adult stage. 
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allowed to  evapo ra t e  a t  room t e m p e r a t u r e  to a ve ry  small  
vo lume and  t h e n  sub jec ted  to  inf ra- red  analysis.  The  
presence  of two  h y d r o x y l  groups  ad j acen t  to  each  o the r  
(o-position) in t he  c o m p o u n d  was  revealed.  

A s teep  rise in opt ica l  dens i ty  of an  R N A  solut ion at  
260 mix was  no ted  upon  the  add i t ion  of an increasing 
a m o u n t  of ca techol .  This  i n fo rma t ion  allows one to con- 
c lude t h a t  t he  ma te r i a l  e x t r a c t e d  f rom adu l t  insects  wi th  
w a t e r  a n d  respons ib le  for g iv ing  a h igh  value  for free nu-  
c leot ide c o n c e n t r a t i o n  w h e n  measured  a t  260 m~t:, is 
catechol .  

Rdsumd. A c6t6 de neuf  acides amin6s un compos6 
po lyph6no l ique  est  d6cel6 dans  l ' ex t r a i t  aqueux  de Tri -  
bol ium con /usum Dura l .  Le c h r o m a t o g r a m m e  sur  pap ie r  
t ra i t6  p a r  KaFe(CN)6 et  l ' ana lyse  I .R.  rdv~lent  qu ' i l  s ' ag i t  
du cat6chol .  

ANIMA DEVI, M. A. MUKUNDAN, 
F. V. PATIL, a n d  N. K, SARKAR 

Department  o] Biochemis try ,  Facu l t y  o/ Medic ine ,  Lava l  
Universi ty ,  Quebec (Canada), November  26, 1962. 

Mutant  E x p r e s s i o n  in Inbred Lines and Cr os s e s  

W h e n  a q u a n t i t a t i v e  cha rac t e r  can be scored more  t h a n  
once on single individuals ,  i ts  p h e n o t y p i c  var iance  m a y  
be rega rded  as made  up  of two  componen t s ,  V~ and  V i. 
V c refers to  the  va r iance  c o m m o n  to  t he  r epea t ed  scores 
on an  ind iv idua l  while  Vi refers  to  the  i n d e p e n d e n t  var i -  
ance of each score alone 1. For  a cha rac t e r  which  can be 
measured  on the  r igh t  and  the  l e f t -hand  side of an indi-  
vidual ,  t he  var iance  from, say, t he  left  side will be 
V L = V~ + V~ and  the  var iance  of t he  sum of t he  measure-  
m e n t s  on the  two  sides will be z VL+R = 4V c + 2 V  i. 

In  genet ica l ly  homogeneous  popula t ions ,  the  c o m m o n  
c o m p o n e n t  of var iance  V c is a t t r i b u t a b l e  to  var ia t ion  in 
the  ex t e rna l  e n v i r o n m e n t .  The  i n d e p e n d e n t  c o m p o n e n t  is 
var ious ly  descr ibed  as ' chance  or s tochas t i c  var iab i l i ty '  a, 
' d e v e l o p m e n t a l  error '4,  ' d e v e l o p m e n t a l  no ise ' : ,  and  ' in-  
t e rna l  acc iden t s  in d e v e l o p m e n t  "~, t e r m s  in wh ich  t h e  
au thors  t r y  to  express  t he  o rgan i sm ' s  inab i l i ty  to  realize 
a comple te ,  b i la te ra l ly  ident ica l  course of d e v e l o p m e n t  
n o t w i t h s t a n d i n g  ident ica l  genet ic  a n d  e n v i r o n m e n t a l  con- 
di t ions.  

I t  has  been  shown  in Drosophi la  t h a t  t he  re la t ive  con- 
t r ibu t ions  of t h e  two  c o m p o n e n t s  of va r iance  di f fer  ac- 
cord ing  to  t he  t y p e  of q u a n t i t a t i v e  charac te r .  This  is 
fu r the r  ref lected in cha rac te r i s t i c  differences be tween  in- 
b red  lines and  crosses w i th  respec t  b o t h  to  var iance  and  to  
the  value  of t he  mean ,  re la t ive  to those  of the  pa ren t s .  The 
causes and  consequences  of such  di f ferences  are  still  ob-  
scure. We  need  s imilar  analyses  on a g rea te r  v a r i e t y  of 
charac te rs  in d i f fe rent  e n v i r o n m e n t a l  s i tua t ions  and  in 
novel  genet ic  condi t ions  as in t h e  express ion  of m u t a n t s  of 
var iable  express ion.  There  t he  proper t ies  of the  sy s t e m 
can h a r d l y  be a t t r i b u t e d  to a long es tab l i shed  a d j u s t m e n t  
by  n a t u r a l  selection.  

The m u t a n t  used for th is  purpose  was cubitus in terrup-  
tus d o m i n a n t  (ci D, 4 th  chromosome)  of Drosophila melano- 
gaster. I n  single dose i t  causes  a t e rmina l  i n t e r rup t i on  of 
the  4 th  long i tud ina l  ve in  of t he  wing. W i t h  the  he lp  of 
sui table ,  m a r k e d  s tocks  th i s  m u t a n t  has  been  i n t roduced  
into severa l  inb red  lines so t h a t  t he  va r iance  of  express ion  
can be s tud ied  in d i f fe ren t  gene t ic  backgrounds .  The  lines 
were der ived  b y  long con t inued  b ro the r - s i s t e r  m a t i n g  
f rom t h e  Gabar ros  a n d  Pacif ic  wild stocks.  The  d i f fe ren t  
inb red  lines a n d  crosses b e t w e e n  t h e m  were  r ea red  in 
1/s 1 c reamers  a t  25°C and  a t  low densi t ies  to  e l iminate  
possible effects  of c rowding.  B o t h  wings  were  scored  for 
express ion  of ci D on 20 ind iv idua l s  of each  sex  per  cul ture .  
Express ion  is m e a s u red  as t he  ra t io  of t he  l eng th  of t h e  
4 th  ve in  p r e s e n t  to  t h a t  of t h e  u n i n t e r r u p t e d  3rd vein, 
bo th  m e a s u r e d  f rom t h e  an t e r io r  crossvein  7,s. 

The resul ts  are shown in the  Table.  Only those  lines and  
crosses arc shown  in wh ich  the  en t i re  d i s t r i bu t ion  of ex- 
press ion falls w i th in  t h a t  p a r t  of t h e  scale where  expres-  

sion is a p p r o x i m a t e l y  l inear  in re la t ion  to  genet ic  a n d  
env i ronmen ta l  changes ,  A desc r ip t ion  of t he  var ious  t e s t s  
and  a discussion of th is  p r o b l e m has  been  given ear l ierL 

In  all crosses the  m e a n  va lues  of the  scores in ~ are 
close to t h a t  of the  m i d p a r e n t  value,  t h e r e b y  p rov id ing  
addi t iona l  suppor t  for t he  l inear i ty  of th is  p a r t  of the  
scale. Wi th  respect  to t he  var iance ,  t h e  i n d e p e n d e n t  com- 
p o n e n t  V i is several  t imes  larger t h a n  the  c o m m o n  com- 
p o n e n t  V c. This is in a g r e e m e n t  w i th  unpub l i shed  exper i -  
ments ,  carried ou t  in co l labora t ion  wi th  Dr. F. "W. RoB- 
ERTSON, which showed t h a t  considerable  changes  in b o d y  
size and deve lopmen ta l  t ime  on d i f ferent  chemica l ly  de-  
f ined sterile media  were no t  a ccompan ied  b y  a l te ra t ion  in 
the  average express ion of ci D which  is there fore  insens i t ive  
to such  gross changes  in the  e n v i r o n m e n t .  Also d i f f e ren t  
levels of c rowding and  larval  g r o w t h  a t  successive per iods  
in live yeas t  cul tures  d id  no t  a f fec t  t he  express ion.  

In  the  Table  all e s t ima te s  of Vi a n d  l~ are  c o mb i n e d  in 
we igh ted  e s t ima tes  for all crosses  a n d  all i nb reds  respec-  
t ively.  The values  of Vt are r e m a r k a b l y  similar,  b u t  t he  
1~% value  for crosses is smaller .  As, however ,  b o t h  Vi and  
V e are n o t  homogeneous  w i t h i n  inbreds  and  w i t h in  
crosses (using B a r t l e t t ' s  t e s t  P < 0.05 for V i values  and  

Means and variance components of the expression ratio of ci D in 
inbred lines and crosses. :Explanation in text 

Inbred line or cross mean ~ N VL+R 2 Vi 4 l:c 

Gabarros 2 39,8 120 27.32 17.65 9.67 
Gabarros 4 41.7 80 32.98 30.63 2.35 
Gabarros 6 37.1 160 41.54 22.85 18.69 
Pacific 4 60.4 120 36.01 17.03 18.98 
Gab. 2 × Gab. 4 41.9 160 20.14 19.35 0.79 
Gab. 2 ×Pac. 4 51.0 40 44.77 31.54 13.23 
Gab. 2 × Pac. 10 49.8 160 29.10 23.35 5.75 
Gab. 4 ×Pac. 4 52.2 40 35.41 22.68 12.68 
Gab. 4 × Pac. l0 53.8 160 34.36 21.10 13.26 
Pac. 4 ×Pac.  10 58.5 160 40.58 30.31 10.27 
Total inbrcds 480 35.30 22.55 12.75 
Total crosses 720 31.40 23.52 7.88 
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