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I t  is bel ieved t h a t  the  observed  a b u n d a n c e  of tox ic  
cat ionic  pro te ins  in Buthus ~udaicus venom,  a long wi th  

Fig. 3.--Ascending boundary pattern of Buthus judaicus haemo- 
lymph. Experimental conditions as with venom. The mobilities of 
the 6 fractions resolved are in em ~. V-is -1 × 10-s; the relative con- 
centrations in % of total haemolymph protein (9'2 g[100 ml) are 
given in parentheses. From right to left: AI: -7-04 (14"9), Aa: -6"23 
(48'9), ~1: -- 5"28 (7"1),0¢~: -- 4"13 (9-6),fl: -- 2-36 (7-9), ands': -- 1-83 
(11"6). The mobility and the relative concentration of the A~ compo- 
nent could not be measured due to incomplete separation from A t 

peak. 

o the r  s tudies  4 on e lec t rophore t ic  sepa ra t ion  of scorpion 
venoms,  p rov ides  a va luable  h i n t  t owards  e luc ida t ion  of 
its toxic  proper t ies .  
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Zusammen/assung 

Die e lek t rophore t i sche  Analyse  des Skorpiongi f tes  yon 
Buthus iudaicus E.S.  e rgab  den  Geha l t  yon  mindes t ens  
6 P ro te in f r ak t ionen .  Drei  dieser  F r a k t i o n e n  waren  bei 
p H  8,6 yon  ka thod i sche r  Bewegl ichkei t  u n d  yon  of fenbar  
h6chs t e r  Toxizit~tt. D a v o n  v611ig ve r sch ieden  war  das  
e lek t rophore t i sche  Bild der  Eiweisse in der  Skorpion-  
h i imolymphe ,  

4 F. G. FISCHER and H. BOHN, Hoppe-Seylers Z. 306, ~269 (1957). 

On the Significance of Amino Acids in the Larval 
Development  of Khapra-Beet le ,  Trogoderma 
granari-m Everts.  (Coleoptera: Dermest idae)  

The amino  acid r e q u i r e m e n t  of insects  still  r emains  a 
c o m p a r a t i v e l y  less exp lored  field of s t u d y  in insect  
phys io logy  in spi te  of the  increas ingly  accumula t ing  in- 
fo rma t ion  on var ious  aspec t s  of nu t r i t i on  of insects .  I n  
r ecen t  l i t e ra ture  however  some expe r imen ta l  d a t a  are 
avai lable  on the  effect  of amino  acids on d e v e l o p m e n t  and  
m e t a m o r p h o s i s  of a few insect  species.  The  p re sen t  s t a t e  
of our  knowledge  has  been  rev iewed by  TRAGER 1, and  
LIPKE and  FRAENKEL ~. 

I W. TRAGER, Nutrition in Insect Physiology (Ed. by K. D. 
ROEDER; John Wiley and Sons, Inc. 1953, p. 350). 

H. LIPKE and G. FRAENKEL, Ann. Rev. Ent. 1, 17 (1956). 

In  the  p re sen t  work  which  forms p a r t  of the  research 
schedule  on the  nu t r i t iona l  s tudies  on Trogoderma grana- 
rium, an a t t e m p t  has  been  made  to  inves t iga te  the  role of 
amino  acids in t he  larval  d e v e l o p m e n t  of th is  beetle .  The 
resul ts  ob ta ined  are br ief ly  r e p o r t e d  here  while a detailed 
account  will be publ i shed  elsewhere.  Trogoderma has 
earlier a been  shown  to be capable  of deve loping  well on a 
chemical ly  def ined me d i u m con ta in ing  casein as a source 
of food prote in .  The casein has  now been replaced by a 
mix tu re  of 19 amino  acids in the  p ropor t ion  f irs t  suggested 
for ra t s  by  ROSE et al. 4 and  la ter  also used for Tribolium 
con/usum 5. The  all amino  ac ids-d ie t  for Trogoderma has 
been fu r the r  mo d i f i e d  to  incorpora te  nucleic acid, maize 
s ta rch  (in place of glucose) and  lard. The diets  lacking lard 
or nucleic acid were  nu t r i t iona l ly  ve ry  poor,  A necessi ty 
for these two  ingred ien ts  was no t  obse rved  earl ier  3 in a 
casein diet .  

Briefly the  compos i t ion  of the  basic a l l -amino acids- 
diet  was as follows : 
Amino acid mixture* 1 part  
Maize starch 4 parts  
Cholesterol 0.021 parts 
Lard 0.025 parts 
Nucleic acid 0.025 parts 
Osborn-Mandelsalt  mixt. 0.084 parts 
Vitamins of B group 25 /zg/g of diet except choline 

chloride and biotin which were 
used at  the rate of 500 #g and 
0.01/zg/g of diet respectively. 

* The 19 amino acids used were: L-Arginine, L-Histidine HCI, DL- 
Isoleueine, L-Leucine, L-Lysine, nL-Methionine, DL-Phenylalanine, 
DL-Threonine, L-Tryptopbane, DL-Valine, DL-Alanine, DL-Aspartie 
acid, L-Cystine, L-Glutamie acid, Glycine, L-Hydroxyproline, L-Pro- 
line, DL-Serine and L-Tyrosiue. 

The  tes t s  were pe r fo rmed  in smal l  shell  vials conta in ing  
2 g of d ie t  and  30 newly  h a t c h e d  larvae a t  a cons tan t  
t e m p e r a t u r e  of 36°C and  a b o u t  50O/o re la t ive  humid i ty .  

In  t he  absence  of any  one of the  f i rs t  10 amino  acids 
l isted above,  t he  larvae failed to  grow or pupa te .  They 
were however  able to  survive  w i t h o u t  ga in ing weight  for 
a long per iod of 22 days  when  the  average  weigh t  per 
l a rva  was  f rom 0-3 to 0-4 mg  in all d ie ts  lacking in one of 
t he  10 essent ia l  amino  acids.  The  co r r e spond ing  weight 
in t he  cont ro l  was 1.92 mg. The larvae were al lowed to 
r emain  in the  diets  and  e x a m i n e d  af ter  40 days  when  33% 
larvae were alive w i t h o u t  arginine or valine, 50% without  
isoleucine or leucine, 63% w i t h o u t  lysine or phenylalanine ,  
83% w i t h o u t  his t idine,  me th ion ine  or t h reon ine  and 
100% w i t h o u t  t r y p t o p h a n e .  The average  we igh t  was 
more  or less the  same as recorded  a f te r  22 days  and no 
p u p a e  were formed excep t  in con t ro l  ( i0  amino  acid diet). 
i n  t h e  absence  of any  one or all t he  r emain ing  9 amino 
acids larvae  deve loped  no rma l ly  a l though  a 19-amino 
acids-die t  was s o m e w h a t  super ior  to  a m i x t u r e  of 10 
amino  acids.  I t  is therefore  a p p a r e n t  t h a t  for Trogoderma 
the  f i rs t  10 amino  acids  are essent ia l  while  o the r s  are not 
so v i ta l ly  impor t an t .  

The  amino  acid r e q u i r e m e n t  of Trogoderma closely 
resemble  those  of o the r  insects  like Tribolium ~, Aedes 6, 
AttagenuJ or Drosophila s and  a ve r t eb ra t e ( ra t )  b u t  differs 

a N. C. PANT, Ind. J. Ent. 18, 259 (1956). 
4 W. C. RosE, M. J. OSTER~a~O, and M. WOMACK, J. biol. Chem. 

176, 753 (1948). 
5 A. LEMONDE and R. BERNARD, Canad. J. Zool. 29, 80 (1951).- 

G. FRAENKEL and G. E. PRINT'f, Biol. Bull. 106, 149 (1954). 
6 D. GOLBERC and B. DEMELLION, Biochem. J. 43, 379 (1948). 

W. MOORE, Ann. ent. Soc. Amer. 39, 513 (1946). 
s T. HIsTON, D. T. NoYEs, and J. ELLIS, Physiol. Zool. 24, 379 

(1951). 
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from t h a t  of Oryzaephilus 9 which can  do welt wi thout  
leucine, lysine, th reonine  or phenyla lan ine  bu t  requires 
cystine and glycine. 
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Rdsumd 

On d6crit  un  milieu de composi t ion  ch imique  d6finie, se 
pratant  k l ' ana lyse  qua l i t a t ive  des acides amin6s n6ces- 
saires au d6ve loppement  des larves de Trogoderma. A cet  
effet, d ix  acides amin6s sont  indispensables:  l 'arginine,  
l 'histidine, l ' isoleucine,  ta leucine, la lysine, la m6thionine,  
la ph6nylalanine,  la thr6onine,  la t r y p t o p h a n e  e t  la valine.  
Le lard e t  l ' ac ide  nucl6ique sont  6galement  n6cessaires 
l ' a l imenta t ion  de ces larves. 

G. R. F. DAvis, Canad. J.  Zool. 34, 82 (t956). 

S t u d i e s  o n  t h e  D y e - B i n d i n g  F r a c t i o n  o f  S o l u b l e  

L i v e r  P r o t e i n s  f r o m  R a t s  F e d  A m i n o a z o  D y e s  z 

~E. C. MILLER and J .  A. MILLER 2 observed,  when car- 
cinogenic azo dyes  are  fed to rats,  the  dye  is bound by  
covalence to  cer ta in  proteins  in the  liver, prior  to the  
appearance of tumors .  Two- th i rd  to three-four th  of the  
cytoplasmic bound  dye is a t t ached  to a par t icu lar  electro- 
phoretic fract ion,  which has been called the  'h '  proteins  b y  
SOROF et al. 3. Since this 'h '  f ract ion is considerably  lowered 
in hepa tomas  induced wi th  azo dyes 3, the  idea was ad- 
vanced by  E.  C. MILLER and J .  A. MILLER 4 tha t  the  'h '  
protein m a y  p lay  a role in the  carcinogenic process. A 
brief account  is g iven  of var ious  studies on this  'h '  frac- 
tion, isolated in mg  amoun t s  by  electrophoresis  on starch, 
and of a compara t i ve  s tudy  of the  e lectrophoret ic  pat-  
terns of ra t  l iver  and h e p a t o m a  supe rna tan t  fluids. 

The F igure  shows the  typ ica l  d is t r ibut ion  pa t t e rn  of 
the supe rna tan t  fluid f rom the  l iver  of rats  fed for 2 weeks 
3 ' -Methyl -p-d imethylaminoazobenzene  (3'-Me DAB).  A- 
bout two- th i rd  of the  dye  is associated wi th  the  first 
shoulder f rom the  lef t  on  the  prote in  pa t te rn ,  the  ' h '  
fraction. I t  is interest ing,  t h a t  the  e lect rophoret ic  pat-  
terns of the  soluble prote in  and of the  bound dye, ob- 
tained wi th  the  re la t ive ly  non-carcinogenic isomer 
2-Me DAB,  (2 weeks),  h a v e  shown an overal l  s imilar i ty  
to those of t he  carcinogenic 3"-Me D A B  (Figure). The  
supernatant  fluid, ob ta ined  f rom rats  fed the  same semi- 
synthetic diet ,  bu t  con ta in ing  no dye, gave  also essential ly 
the same pa t te rn .  However ,  the  'h' fract ion and the  bound 

z This investigation was supported by the Institutional Grant 71 
from the American Cancer Society and the Grant C-355 of the 
National Cancer Institute, Public Health Service to Drs. J. A. MIL- 
LeR and E. C. MILLER, to whom we are greatly indebted. 

2 E. C. MILLER and J. A. MILLER, Cancer Res. 7, 468 (1947); 9, 
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S. SOROF and P. P. COHES, Cancer Res. 11, 376, 383 (1951). 
4 E. C. MILLER and J. A. MILLER, Cancer Res. 12, 547 (1952}. 

dye were absent  in the  supe rna t an t  fluid of h e p a t o m a  in- 
duced wi th  3"-Me D A B  (Figure).  The  isolat ion of mg 
amount s  of 'h '  f ract ion was carr ied o u t  in s imilar  condi-  
tions, bu t  2 ×  5 ×  31 cm blocks were used and  1500 mg  
samples of lyophi l iza te ;  t ime  21-24 h. Af t e r  dialysis  and  
lyophil izat ion of the  ex t rac t s  of t he  cor responding  seg- 
ments,  the  yield was 5-10 mg  'h '  pro te in  per  block.  
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Origin 
Electrophoretic patterns on starch block of liver and hepatoma 
supernatant fluid of rats fed 0-06% 3'-Me DAB in a riboflavin low 
semi-synthetic diet. 150 mg samples of lyophilizate in sucrose were 
used, containing 20% protein. The parallel, horizontal blocks were 
1 × 2 × 31 era. The electrophoresis was carried out in a 0.02 3I pH 
7-4 barbital buffer, containing also 0.055 KCI/1, at ~25 V, with 
10-I'2 mA per block, during 12-16 h. The protein distribution has 
been followed by a modified Folin reaction and the bonnd dye pat- 
tern by measuring the optical densities at 525 m# in forznie acid, 

on the extracts  of the segments of the blocks. 

Amino acid composition. Pape r  c h r o m a t o g r a p h y  of the  
hydrolyzates  of bo th  the  normal  and 3'-Me D A B  conta in-  
ing 'h '  fractions,  by  the  concur ren t  use of the  me thods  of 
MCFARREN 5 and CLAYTON a n d  STRONG 6, h a s  shown no 
qua l i t a t ive  differences in amino  acid composi t ion.  The  
chromatograms  showed for bo th  high propor t ion  of leu- 
cin, alanine, valine,  lysine, and probab ly  arginine. Cyst ine  
and cysteine were de te rmined  q u a n t i t a t i v e l y  af ter  NAKA- 
MURA and BINKLEY 7. The  percentage  of tyros/t ie and  
t ryp tophane  was measured by  U.V. absorp t ion  af ter  
BEAVEN and HOLIDA~ s. The following amino  acids have  
been ident if ied:  aspar t ic  and g lu tamic  acids;  serine;  
glycine;  threonine  (traces);  a lan ine ;  cyste ine (normal :  
0.18%, dye  conta in ing:  0 .22%);  cyst ine  (normal :  0 .21%, 
dye conta ining:  0.15 %) ; arginine:  lysine ; proline ; his t id-  
ine; t r y p t o p h a n  (normal:  0.95%, dye conta in ing  : 0.94%) ; 
tyros ine  (normal :  3-24%, dye  conta in ing :  4%) ;  meth io-  
nine;  va l ine ;  leucine;  phenyla lanine .  The  cyst ine  + cys t -  

5 E. F. McFARREN, Analyt. Chem. 23, 168 (1951). 
R. A. CLAYTOn and F. M. STRONG, Analyt.  Chem. 26, 1362 

(I954). 
7 K. NAKA~IURA and F. BINKLEV, J. biol. Chem. 173, 407 (1948). 
s G. H. BEnVEN and E. R. HOLIDAY, Adv. Proteiu Chem. 7, 319 

(1952). 

Exper. 12 


