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Synthesis  and Breakdown of Proteins and Ribo- 
nucleic Acid in Tribolium confusum, Duval 

Since v e r y  few s tudies  c o n c e r n i n g  t he  syn thes i s  of 
nucleic  acids a n d  p ro t e ins  in  insec ts  h a v e  b e e n  so far  
u n d e r t a k e n  ~ i t  is des i rab le  to  i n v e s t i g a t e  t h e  ab i l i t y  of 
Tribol ium con]usum 2, D u v a l  to  syn thes i ze  R N A  a n d  pro-  
t e in  a t  t h e  va r ious  s tages  of i ts  g r o w t h  a n d  d e v e l o p m e n t .  
The  prev ious  work  of DEvI  e t  al. 3 i n d i c a t e d  a close re la-  
t i onsh ip  b e t w e e n  R N A  c o n t e n t s  a n d  g r o w t h  of t h e  i n sec t  
a t  d i f fe ren t  s tages  of i t s  life cycle. T he  p r e s en t  i nves t iga -  
t ion  shows h o w  far  R N A  a n d  p r o t e i n  s y n t h e s i s  are r e l a t ed  
to g r o w t h  of t h i s  insect .  T he  re su l t s  of our  i n v e s t i g a t i o n  
on  t he  i n c o r p o r a t i o n  of C 14 leucine in to  p ro t e in s  a n d  C l i  
u r id ine  i n to  R N A  of Tr ibo l ium confusum,  D u v a l  a t  t h e  
va r ious  s tages  of i n sec t ' s  life are  p r e s e n t e d  in  th i s  c o m m u -  
n ica t ion .  

F o r  th i s  s t u d y  a def in i te  n u m b e r  of l a rvae  18-20 h old 
was  a l lowed to  grow in a s y n t h e t i c  d ie t  c o n t a i n i n g  74 .5% 
dext rose ,  20 .0% casein,  4 .0% sa l t  m ix tu re ,  1 .0% choles-  
terol ,  0 .5% y e a s t  p o w d e r  p lus  suf f ic ien t  q u a n t i t y  of v i t a -  
m i n  B complex  m i x t u r e  a n d  e i t h e r  C x* leucine or  C 14 
ur id ine .  T h e  insec t s  used  in  t h i s  w o r k  were  t a k e n  f rom a 
pu re  s tock  c o n t i n u a l l y  r ea red  for  t h e  l a s t  t e n  yea r s  on  
whole  w h e a t  f lour  s u p p l e m e n t e d  w i t h  5 .0% dr ied  b r ewer ' s  
y e a s t  a n d  m a i n t a i n e d  a t  28 d: I °C  a n d  a t  a c o n s t a n t  h u m i -  
d i t y  of 70 4- 5%.  On  e v e r y  t h i r d  d a y  a c e r t a i n  n u m b e r  of 
t h e  insec ts  (hav ing  t h e  same  t o t a l  weight )  was  t a k e n  out ,  
w a s h e d  t h r e e  t i m e s  w i t h  0 .85% cold sal ine,  h o m o g e n i z e d  
in  2 m l  ot t he  same  m e d i u m  a t  0 ~ C a n d  t h e n  depro te in i zed  
b y  a d d i n g  a n  equa l  v o l u m e  of 10% cold TCA. T he  precipi -  
t a t e  was  washed ,  p l a t e d  a n d  c o u n t e d  in  a window-less  gas 
flow c o u n t e r  (Nuc lear  Chicago) acco rd ing  to  t h e  proce-  
dures  desc r ibed  b y  DEvI  e t  al. 4 a n d  DEVI a n d  SARKAR 5, 
e x c e p t  t h a t  whe re  C 14 u r id ine  i n c o r p o r a t i o n  in to  cel lular  
R N A  was  s t u d i e d  t h e  ac id- inso luble  m a t e r i a l  was  n o t  
h e a t e d  in  5% TCA a t  90°C for  15 min .  

F igu re  1 (a) i nd i ca t e s  t h a t  t he  r a t e  of i n c o r p o r a t i o n  of 
C 14 i n to  p ro t e in s  increases  s lowly b u t  r egu l a r l y  in  t h e  ini-  
t ia l  s tages  of g r o w t h  of t h e  insec t  b u t  d u r i n g  t he  l a t t e r  
p a r t  of t h e  l a r v a l  pe r iod  (6 to  12 days)  t he  r a t e  of incor-  
p o r a t i o n  of C ~a increases  s h a r p l y ;  d u r i n g  13 to  16 days  of 
i t s  life t h e  specific a c t i v i t y  of t he  l abe led  p r o t e i n  does n o t  
s ign i f i can t ly  change ,  whe reas  a t  t h e  p u p a l  s tage  (17-20 
days) ,  t he  specific a c t i v i t y  is d r o p p e d  c o n s i d e r a b l y  b u t  
increases  v e r y  s lowly t he rea f t e r .  T h e  e x p e r i m e n t s  were  
d i s con t inued  a t  t he  b e g i n n i n g  of t h e  r e p r o d u c t i v e  cycle of 
t he  female  insects .  

A fair ly  iden t i ca l  p i c tu re  h a s  also been  n o t e d  as s h o w n  
in F igure  1 (b) in  t h e  case of i n c o r p o r a t i o n  of C 14 u r id ine  
in to  cel lular  R N A .  T h e  r a t e  of i n c o r p o r a t i o n  s t ead i ly  in-  
creases ove r  t he  en t i r e  pe r iod  of t h e  l a r v a l  pe r iod  a l t h o u g h  
m a x i m u m  i n c o r p o r a t i o n  occurs  b e t w e e n  4 -10  days ;  a few 
days  ear l ier  t h a n  t h e  m a x i m u m  i n c o r p o r a t i o n  of C ~* leu- 
cine in to  p ro t e in  is obse rved .  D u r i n g  t h e  p u p a  s tage  a 
s t e a d y  d rop  in C 14 u r id ine  u p t a k e  occurs,  a n d  t h e  rad io-  
a c t i v i t y  s lowly increases  t he rea f t e r .  

Since t h e  specific a c t i v i t y  of t h e  l abe led  p r o t e i n  or  
R N A  does n o t  s ign i f i can t ly  c h a n g e  b e t w e e n  12 to  17 d a y s  
in the  fo rmer  case a n d  10 to  15 days  in t h e  l a t t e r  case i t  
m a y  be  conc luded  t h a t  t he  r a t e  of i n c o r p o r a t i o n  of C ~4 
in to  p ro t e in s  or R N A  and  i ts  re lease f rom t h e  labe led  pro-  
t e in  or  R N A  b a l a n c e  each  o t h e r  d u r i n g  t h i s  t ime .  The  
d rops  in t h e  a m i n o  acid i n c o r p o r a t i o n  d u r i n g  17-20 d a y s  
a n d  in  t h e  u r id ine  i n c o r p o r a t i o n  d u r i n g  15-18 days  of 
insec t ' s  life m i g h t  poss ib ly  b e  due  to  t he  absence  of a n y  
ac t ive  t r a n s p o r t  of C ~4 f rom ou ts ide  (diet) d u r i n g  t h i s  
per iod.  I t  shou ld  be  r e m e m b e r e d  t h a t  t h e  insec ts  do n o t  
t a k e  a n y  food d u r i n g  t h i s  per iod.  I t  m a y  also be  possible  

t h a t  t he  r a t e  of p ro t e in  or  R N A  c a t a b o l i s m  d u r i n g  t h i s  
pe r iod  exceeds  t he  r a t e s  of t h e i r  syn thes i s .  

Since t h e  inc reased  r a t e  of a m i n o  acid i n c o r p o r a t i o n  
in to  p ro t e in s  (be tween  6-12  days)  co r re sponds  w i t h  t h e  
ac t ive  g r o w t h  per iod  of t he  insect ,  t h e  p r o t e i n  s y n t h e s i s  
m a y  be  cons idered  as a n  i n d e x  of g r o w t h  of t he  insect .  
F igu re  2 r e p r e s e n t s  such  a g r o w t h  c u r v e  of Tr ibo l ium co~¢- 
[usum,  Duva l .  Our  p r e s e n t  resu l t s  sugges t  t h a t  R N A  syn-  
thes is  p recedes  t he  p r o t e i n  syn thes i s  as shou ld  be  because  
R N A  is k n o w n  to  be  d i r ec t ly  i n v o l v e d  in  p ro t e in  syn-  
thes is  e. Our  resu l t s  also i nd ica t e  t h a t  in  l a r v a  t he  p ro t e in  
syn thes i s  exceeds  t he  p r o t e i n  c a t a b o l i s m  whi le  in  p u p a  
t he  reverse  is t rue .  

The  g r a d u a l  loss of r a d i o a c t i v i t y  m i g h t  be  due,  as h a s  
b e e n  sugges ted  earl ier ,  to  t h e  b r e a k d o w n  of l abe led  pro-  
t e i n  b y  i n t r ace l l u l a r  p ro teases  or  labe led  R N A  b y  nucle-  
ases. T h a t  such  a process  of p ro t e in  a n d  R N A  c a t a b o l i s m  
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x B. BnEEM~SWAR, Proc. ot the IX. Int. Congr. of Biochemistry, on 
Insect Biochemistry, vol. 11 (Pergamon Press, London 1959), p. 78. 

2 The life cycle of Tribolium conlusum, Duval is divided into five 
well defined phases such as: (a) Embryonic stage (6 to 0 days), 
(b) Larval stage (0 to 13 days), (c) Prepupal stage (14 to 17 days), 
(d) Pupal stage (18 to 21 days), and (c) Adult stage. 

3 ANIMA DEVI, A. LEI~IONDE, UMA SRIVASTAVA, attd N. K. SARKAR, 
Exp. Cell. Rcs. 29, in press (1963). 

4 A~I~IA Devl, S. LERMAN, and N. K. SARKAR, Nature 190, 1193 
(1961). 

5 ANIMA DEVl and N. K. SARKAR, Nature 191, 1094 (1961). 
6 j .  BRACIIET, in Biological Role o] RIVA (Elsevier Publishing Com- 

pany, Amsterdam 1960). 
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is con t inuous ly  going on in the  insect  cell is i l lus t ra ted  in 
the  Table.  In  order  to  show this ,  insects  previous ly  la- 
beled wi th  C 14 leucine or C 14 ur idine are t r ans fe r red  and  
allowed to  grow in a nonrad ioac t ive  diet .  A t  regular  in te r -  
vals a def in i te  n u m b e r  of t h e m  are w i t h d r a w n ,  washed,  
homogenized  and  depro te in ized  b y  add ing  5% cold TCA. 
The p rec ip i t a t e  was  washed ,  p l a t ed  and  coun t ed  as 
descr ibed  before. The  resul ts  of t he  Table  show a regular  
decline in t he  r ad ioac t iv i ty  in t he  acid insoluble precipi-  
t a t e  un t i l  ve ry  l i t t le ac t iv i ty  is r e ta ined  by  the  insect .  
These resul ts  can  only  be i n t e rp re t ed  on the  basis of con- 

The progressive loss of radioactivity in Tribolium con/usum due to con- 
tinuous degradation of proteins and RNA by intracellular proteases 

and RNase's respectively during the life cycle of the insect 

Counts permin per mg of TCA -insolublematerial 
8th l l th  14th 17th 20th 24-26th 
day day day day day day 

t inuous  b r e a k d o w n  of p ro te ins  by  in t racel lu lar  pro teases  
and  R N A  by  RNase  in t h e  cells of t he  insect.  

In  s u m m a r y ,  f rom th is  s t u d y  one can conclude t h a t  the  
insect  Tribolium con/usum, Duval ,  shows grea t  var ia t ions  
in the  act ivi t ies  of those  e n z y me s  involved  in the  syn the -  
sis and b reakdown  of p ro te ins  and  nucleic acids dur ing  its 
ent i re  life cycle. The results ,  o b t a i n e d  in t he  course of th is  
invest igat ion,  fu r the r  ind ica te  t h a t  R N A  synthes i s  pre-  
cedes pro te in  syn thes i s  and  the  prote.in syn thes i s  can be 
considered as an index  of g r o w t h  of t he  insec tL  

R#sumd. Dans no t re  6tude,  l ' i nco rpora t ion  de la leu- 
cine-C 14 dans  les prot6 ines  e t  de l 'u r id ine-C 14 dans  le 
R N A  chez le Tribolium ¢on/usum s ' e s t  r6v6Me ma x i ma l e  
d u r a n t  la phase la plus ac t ive  de croissance,  et  min imale  
d u r a n t  la phase de pupe,  p e n d a n t  laquelle l ' an ima l  ne 
mange  pas. La synth~se  du R N A  pr6c~de celle des pro-  
t6ines, tel  que pr6vu. Nos r6sul ta ts  m o n t r e n t  aussi  une  
cont inuel le  d6gradat ion  des pro t6 ines  pa r  des prot6ases  
intra-cel lulaires  e t  du R N A  pa r  des RNases .  

Protein labeled 40-45 18-20 6-8 3--4 very nil 
with C14-1eucine little 
RNA, labeled 90-95 50-60 35~i0 14-16 4-6 practically 
with C14-uridine nil 

ANIMA DEVI, P. LINDSAY, and  N. K. SARKAR 

Department o/ Biochemistry, Faculty o/ Medicine, Laval  
University, Quebec (Canada), October 22, 1962. 

The insects were fed radioactive diets containing either C~4-1eucine or 
C~i-ttridine for 7 days; then on 8th day the radioactivity in the acid 
insoluble material was determined; a definite number of the insects 
was removed to a jar containing non-radioactive diet. At regular 
interval the radioactivity retained by the insect was determined. For 
experimental details see the text. 

This work has been supported by a grant received from National 
Research Council of Canada.--We are grateful to Dr. A. LEMONDE 
of this department for providing us with the insect. 

O c c u r r e n c e  o f  ' P a r t i a l l y  A c i d - F a s t '  C e l l s  i n  

C u l t u r e s  o f  G e n u s  Staphylococcus a n d  G e n u s  

M i c r o c o c c u s  ~ 

The occurrence  of ' pa r t i a l ly  ac id- fas t '  (PAF) cells in 
cul tures  of Escherichia coli was no ted  previous ly  2. The 
cells were d e m o n s t r a t e d  by  a s imple  s ta in ing  m e t h o d  s, 
which  resembles  the  MACHIAVELLO 4-7, CASTA~IEDA 8, and  
K~STER 9,1° s tains .  

These  e x p e r i m e n t s  were  e x t e n d e d  to  G r a m  posi t ive  
cocci, namely ,  genus  staphylococcus and  genus Micro- 
coccus growing on nu t r i t i ve  agar  (Difco), free f rom a n y  
agents  such  as ant ibiot ics .  

Smears  were p repa red  f rom cul tures  i ncuba ted  a t  37°C 
for 17 and  41 h, and  cul tures  i ncuba t ed  a t  room t e m p e r a -  
ture  for four  weeks. The  ' pa r t i a l ly  ac id- fas t '  s ta in  revealed 
P A F  pos i t ive  (red s ta ined)  and  P A F  nega t ive  (blue 
s tained) cocci in all cul tures  of b o t h  genera  (Figure).  The  
posi t ive  forms were a lways  o u t n u m b e r e d  b y  the  nega t ive  
forms. 

I t  has  been  s t a t e d  t h a t  t he  carbol  fuchsin  pene t r a t e s  the  
dead  cells of Staphylococci more  easi ly t h a n  l iving ce l l sn ;  
however ,  divis ion of P A F  pos i t ive ly  s ta ined  cells was  
clearly obse rved  in these  e x p e r i m e n t s  (see i l lustrat ion) .  
This divis ion some t imes  leads to  d e v e l o p m e n t  of smal l  
microcolonies  cons is t ing  of P A F  pos i t ive  cocci. 

A to ta l  of 66 s t ra ins  of Staphylococci and  62 s t ra ins  of 
Micrococci were s tudied .  In  the  Staphylococci, 87% were 
P A F  pos i t ive  a n d  in the  Micrococci, 38%. Thus,  the  
Staphylococci are more  a p t  to  p roduce  P A F  posi t ive  forms.  

Most  of t h e  cul tures  con ta ined  G r a m  nega t ive  cocci as 
well as Gram pos i t ive  forms,  and  i t  was shown t h a t  the  

P A F  charac te r  coincides wi th  the  Gram pos i t ive  cocci. 
This  observa t ion  was made  by  compar i son  of color  
p h o t o mi c r o g r a p h s  t aken  from the  same area  of smea r s  
s ta ined  first  by  the  P A F  m e t h o d  and  la te r  by  t h e  G r a m  
technique .  Thus,  the  Gram posi t ive  cocci can  now be sub-  
d iv ided  on the  basis of s ta in ing into P A F  pos i t ive  and  
P A F  nega t ive  forms. 

1 These studies were done with the aid of the Medical Research 
Council of Canada. Grant MA-729, 1962. 

2 G. NOGRADY, XIIIth Meeting of the Canadian Public Health 
Association, Seigniory Club, Montebello (Quebec, Canada), De- 
cember 6th (1962). 

a P A F  staining method: Stain with alcalinized 0.2% basic fuchsin 
solution (w/v) for 5 min at room temperature. Rinse with distilled 
water. Dip in 5 o  acetic acid for I see and rinse again. Counterstain 
with 5% aqueous methylene blue for 1 min (saturated solution in 
95% ethyl alcohol). Blot and dry without rins!ng. Basic fuehsin 
should be prepared daily. Alcalinize 50 till basic fuchsin solution 
(23°C) with 3 drops of n/1 Sodium hydroxyde (which must be 
stored in polyethylene bottle to avoid silicate contamination). 

4 A. MACmAVELLO, Zentralbl. Bakt. Abt. I. Orig. 139, 291 (1941). 
5 A. W. STABLEFORTH and I. A. GALLOWAY, InJectious Diseases o/ 

Animals (Butterworth, 1959), vol. 1, p. 63. 
6 H. ZINSSER, F. FITZPATRICK, and H. WEt, J. exp. Med. 69, 179 

(1939). 
7 p. F. ZDODOVSKH and H. M. GOL1NEVICH, The Rickettsial Diseases 

(Pergamon Press 1960), p. 170. 
s M. R. CASTA~EDA and S. J. ZIA, J. exp. Med. 58, 55 (1983). 
9 K. HANSEN and H. K6STER, Dtsch. tieriirztl. Wschr. 44,739 (1936). 

t6 H. K6STER in K. HA~SEN and H. K6STER, Dtseh. tiertirztl. Wschr. 
44, 739 (1936). 

n S. D. ELEK, Staphylococcus pyogenes and its Relation to Diseases 
(Livingstone 1959), p. 50. 


