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addit ion of reduced  g lu ta th ione  does no t  mod i fy  the  shape  
of the  curve  in d e u t e r o H b .  
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Fig. ~2.-Oxygen equilibrium of reconstituted deutero lib (2 x 10 -4 3I 
as Fe) curve 1 and meso Hb (1 × 10 -4 M as Fe curve ~). 30°C; 

Trisbuffer 0-1 M, pH 7-7. 

Reconstituted mesoHb. The resul ts  ob t a ined  wi th  meso-  
Hb (Fig. 2) are s imilar  to  those  ob t a ined  wi th  deu t e roHb .  
For  t he  curve  r epo r t ed  in t he  Figure,  t he  value of n in t he  
Hill equa t ion  is 1.5. 

The resul ts  r epo r t ed  above  d e m o n s t r a t e  t h a t  reconst i -  
tu ted  p r o t o H b  shows the  same h e m e - h e m e  in te rac t ion  as 
the na t ive  p igment .  The  behav iou r  of deu te ro-  and  meso- 
Hb po in t s  ou t  the  role of the  v inyl  groups  of the  po rphy r in  
in h e m e - h e m e  in te rac t ion .  

The oxygen  equi l ib r ium of the  r econs t i t u t ed  Hbs  in 
different  condi t ions  of t e m p e r a t u r e ,  pH,  etc. and  the  
discussion of these  resul ts  will be r epo r t ed  in extenso in 
another  publ ica t ion .  
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venom.  E lec t rophore t i c  s epa ra t ion  a t  p H  8-6 revealed  t h a t  
the  venom is composed  of a t  least  6 p ro te in  f ract ions  
(Fig. 1 and  2), th ree  of t h e m  of ca thod ic  mobi l i ty .  The 
relat ive concen t ra t ions  of the  p ro te in  f rac t ions  var ied 
s o mew h a t  wi th  d i f ferent  v e n o m  pools,  t he  anodic  frac- 
t ions  A~ and A,,  as well as t he  ca t h o d i c  f rac t ion  K~, 
being affected in par t icular .  These  va r ia t ions  s eemed  to  
be caused by  differences in compos i t ion  of pa r t s  A and  B 
of the  venom.  On the  o the r  hand ,  t he  p ro t e in  p a t t e r n  
ob ta ined  af ter  d i rect  app l ica t ion  of t he  v e n o m  f rom scor- 
p ion 's  telson to  the  fi l ter  p a p e r  was  essen t ia l ly  t h e  s ame  
as wi th  freeze dried venom.  No l ipopro te ins  were  d e t e c t e d  
on v e n o m  e lec t ropherograms  s t a ined  wi th  Oil Red  0, 
while a feeble spot  ref lect ing p ro t e in -bound  c a r b o h y d r a t e  
appeared  at  the  site of the  K2 f rac t ion af ter  periodic acid-  
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Fig. 1.-- Paper eleetrophoretic separation of pooled Bulhus ~udaicus 
venonl. The venom was separated on Whatman 3 MM filter paper in 
the apparatus of K61w, X, VALLENIUS, and GR()NWALL 2, in barbital 
buffer pH 8.6 and ionic strength 0.05. The strips were stained with 
Anfido Black and scanned in an automatic photoelectric recorder 
(Spinco Analytrol). The relative concentrations of the fractions were: 
AI: 11-0%, ,4~: 9"9%, O: 21"1%, Na: t9-8%, K2: ~3-1%, arid Kl: 

15.1%. 

The venom was also separa ted  p r epa ra t i ve ly  by  electro-  
phoresis  on fil ter paper.  P re l imina ry  assays  of t he  e lu ted  
f ract ions  on mice indica ted  t h a t  m o s t  of t he  t o x i c i t y  
resided in the  ca thodic  f rac tkms of  the  venom.  
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Riassunto 

s ta to  d i m o s t r a t o  che nel la  p ro toemoglob ina  r icost i tui-  
ta l ' in teraz ione  Ira gli emi  ~ iden t ica  a quella della emo- 
globina na t i va  m e n t r e  ~ fo r t emen te  d iminu i t a  nella deu-  
tero e mesoemoglobina .  

Electrophoresis of the Venom and Haemolymph 
of the Scorpion Buthus Judaieus E. S. 

During w o r k  on  the  tox ic i ty  of t he  b lack  scorpion 
which occurs  c o m m o n l y  in the  Medi t e r ranean  regions of 
Israel, a s t u d y  of the  p ro te in  c o m p o n e n t s  of its v e n o m  
was under t aken .  Spec imens  of the  v e n o m  were ob ta ined  
by electric s t imu la t ion  of l abo ra to ry -kep t  scorpions.  The 
first clear  d rop  was  col lected a p a r t  f rom the  r ema inde r  
of the secre ted  venom.  The  v e n o m  par ts ,  deno ted  A and  
B respect ively,  were del ivered  in to  small  quant i t i es  of 
distilled w a t e r  and  s tored  a t  4°C unt i l  freeze drying.  The 
total  p ro te in  of t he  fresh v e n o m  as e s t ima ted  by  b iure t  
reaction was 8-7 g/100 ml and  a m o u n t e d  to  abou t  50% of 
the dr ied venom.  No m a r k e d  difference in the  pro te in  
content  was  obse rved  be tween  pa r t s  A and  B of the  

Fig. 2.--Descending boundary pattern of pooled Buthus judaicus 
venom analysed in Perkin-Elmer electrophoresis apparatus at total 
protein concentration of about 1%, barbital buffer pH 8.6, ionic 
strength 0't and I°C. The venom was dialyzed for 24 h prior to 
analysis. The mobilities of the five fractions from left to right, are 
in cm 2. V-is -1 × 10-5:A1:--3.36, Az:--l.57, K3:+0.58 , K~t:+l-9 
and K l: + 2.2. The arrow indicates the position of the boundary at 
start. The non-moving 0 fraction encountered in paper electrophero- 
gram was not discernible in the moving boundary pattern. The 
distended peaks of the cathodic fractions indicate their heterogeneity. 

The pro te in  p a t t e r n  of Buthus judaicus h a e m o l y m p h  
as shown in Figure  3 does no t  reveal  any  s imi la r i ty  w i t h  
t h a t  of the  co r respond ing  venom.  I t  is in te res t ing  t h a t  t he  
albumin-l ike main  pro te in  f rac t ion of the  h a e m o l y m p h  
comprised  a t  least  3 componen t s .  On p a p e r  e lectro-  
pherogram,  th is  f rac t ion con ta ined  also 46% of h aemo -  
l y m p h  g lycopro te in  (total  c o n c e n t r a t k m  170 mg/100 mP).  
Only t races  of l ipoprote in  s ta in ing  mater ia l  were d e t e c t e d  
a t  t he  origin of h a e m o l y m p h  e lec t ropherogram.  

1 E. Kihw, G. ~VALLENIUS, and A. GRtiNWAI.L, Stand. J. clin. 
Lab. Invest. 4, 47 (19.5'2). 
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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 .  

ADINA ~VEISSMANN, A. SHULOV, 
and  E. SHAFRIR 

Department o~ Zoology and Department o/ Biochemistry, 
Hebrew University-Hadassah Medical School, Jerusalem 
(Israel), December 9, 1957. 

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 
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