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and  MARSHALL 6. Tes t  cu l tu res  were i n c u b a t e d  con t in -  
uous ly  in m e d i u m  c o n t a i n i n g  1 vg /ml  e - bunga r o t ox in ,  a 
c o n c e n t r a t i o n  k n o w n  to  cause  i r revers ib le  b lockade  of 
cho l inorecep tors  in cu l tu red  ske le ta l  muscle6,  L Para l l e l  
cu l tu res  w i t h o u t  t he  t o x i n  were used as controls .  Cul tures  
were e x a m i n e d  a t  va r ious  s tages  up  to 12 days  in v i t ro .  
~ o r p h o l o g y  was obse rved  b y  phase  c o n t r a s t  mic roscopy ;  
r e s t ing  m e m b r a n e  p o t e n t i a l s  a n d  ace ty lcho l ine  s ens i t i v i t y  
were m e a s u r e d  by  s t a n d a r d  e lec t rophys io logica l  t ech-  
n iques ;  a n d  cho l ines te rase  a c t i v i t y  was m o n i t o r e d  b y  a 
mod i f i ca t ion  of t he  h is to logica l  s t a in ing  m e t h o d  of KOELLE 
a n d  FRIEDENWALD s us ing  ace ty l th iocho l ine  as subs t r a t e .  

D u r i n g  t he  f i rs t  2 days  d e v e l o p m e n t  proceeded  normal ly ,  
m y o b l a s t s  mu l t i p l i ed  a n d  fus ion began  on  t h e  second day.  
A t  3 days  t he re  was no  obv ious  di f ference be tween  
con t ro l  and  e - b u n g a r o t o x i n  t r e a t e d  cu l tu res  (Figure  1, 
a a n d  b). Fus ion  of m y o b l a s t s  a n d  f o r m a t i o n  of m y o t u b e s  
was u n i m p a i r e d  b y  t he  presence  of t he  tox in .  S u b s e q u e n t  
o b s e r v a t i o n  showed  t h a t  t he  c o n t i n u e d  morpho log ica l  
d e v e l o p m e n t  of muscle  f ibres  in  cu l tu re  was no t  af fected 
b y  t h e  tox in .  

R e s t i n g  m e m b r a n e  p o t e n t i a l  record ings  m a d e  on 
m y o t u b e s  a t  va r ious  s tages  of d e v e l o p m e n t  showed  t h e  
expec ted  r ise in  m e a n  r e s t i ng  p o t e n t i a l  in  b o t h  con t ro l  
and  t o x i n  grown cells. There  was no s ign i f ican t  di f ference 
be tween  t he  pa i r s  of m e a s u r e m e n t s  (Table).  

The  con t ro l  muscle  f ibres  r e sponded  a t  all s tages  of 
d e v e l o p m e n t  to  i on topho re t i c a l l y  appl ied  ace ty lchol ine ,  
whereas  f ibres  g rown in t he  presence  of e - b u n g a r o t o x i n  
were n o t  depola r ized  b y  ace ty l cho l ine  even  w h e n  t he  
ion tophores i s  c u r r e n t  was  increased b y  a fac to r  of 10 
(Figure  2). 5 ra in  exposure  to  10 -3 M ace ty lcho l ine  d id  no t  
p roduce  a n y  depo la r i za t i on  in a 10-day-cu l ture  g rown in  
1 ~g /ml  e - b u n g a r o t o x i n .  The  absence  of response  in t he  
~ - b u n g a r o t o x i n  t r e a t e d  f ibres  ind ica tes  t h a t  t h e  t o x i n  
r e t a in s  i ts  b lock ing  a c t i v i t y  t h r o u g h o u t  t he  i n c u b a t i o n  
period.  I t  has  been  shown  b y  o the r s  t h a t  in  c u l t u r e d  
musc le  r ecep to r  syn thes i s  occurs  in  t he  presence  of e- 
b u n g a r o t o x i n  and  t h a t  such  newly  syn thes i zed  recep tors  
are b locked  as t h e y  occur  9. 

The  i n t e n s i t y  and  d i s t r i b u t i o n  of t h e  cho l ines te rase  
s t a in  in  t o x i n  t r e a t e d  f ibres  was  s imi la r  to  con t ro l s  a t  all  
s tages  (Figure  3), a l t h o u g h  a t  8 days  some of t he  f ibres  
grown in  e - b u n g a r o t o x i n  h a d  more  d i s t i n c t l y  local ized 

Rest ing  membrane  potent ia l s  in  control  and  cr t rea ted  
cultures 

Age of cultures Resting potentials in Resting potentials in 
(days) control cultures (-mV) 0,-bungarotoxin (-mV) 

3 15.3 4- 2.1 (6) 15.1 ~ 1.1 (15) �9 
6 28.3 • 1.3 (19) 30.3 4- 2.1 (14) ~ 

10 31.9 4- 1.3 (25) 28.1 4- 0.9 (59) ~ 
12 25.7 4- 2.9 (15) 22.2 • 1.s (20) 

VaIues are mean 4- S.E.M. of the number of fibres shown in paren- 
theses. �9 Difference between control and toxin values not significant 
at P > 0.025, Student's t-test. 

regions of h igh  e n z y m e  a c t i v i t y  t h a n  d id  t he  con t ro l  
f ibres,  A t  10 days  loca l iza t ion  of e n z y m e  was t h e  same  in 
b o t h  con t ro l  a n d  ~ - b u n g a r o t o x i n  t r e a t e d  cu l tu res  a l t h o u g h  
the  i n t e n s i t y  of s t a in ing  in b o t h  sets  of cu l tu res  d imin ished .  
Local ized areas  of cho l ines te rase  a c t i v i t y  found  in aneu ra l  
muscle  cu l tu res  m a y  r ep re sen t  regions  wh ich  would fo rm 
m o t o r  endp la t e s  if i n n e r v a t i o n  were to  t a k e  place ~0. 

I t  appears ,  therefore ,  t h a t  a l t h o u g h  t he  r a t e  of r ecep to r  
i n c o r p o r a t i o n  in to  cu l t u r ed  ske le ta l  musc le  is una f fec t ed  
b y  ~ - b u n g a r o t o x i n  9, the  i r revers ib le  b lockade  of these  
recep tors  has  l i t t l e  effect  on t he  d e v e l o p m e n t  of t he  f ibre  
itself, i t s  r e s t ing  m e m b r a n e  po ten t i a l ,  or i ts  c o n t e n t  of 
chol ines terase .  

In  c o n t r a s t  to  our  f ind ings  in cul ture ,  b lockade  of 
cho l inorecep to r s  in  deve lop ing  ch ick  e m b r y o s  resu l ted  in  
p r o n o u n c e d  d y s t r o p h i c  effects  t~-13. I t  is poss ib le  t h a t  in 
t he  whole  e m b r y o  t h e  ace ty lcho l ine  r ecep to r  p lays  a role 
in  t he  f o r m a t i o n  of n e u r o m u s c u l a r  j u n c t i o n s  ~~ and  t h a t  
t he  b lockade  of t h e  r ecep to r  i n t e r r u p t s  t he  func t iona l  
r e l a t ionsh ip  be tween  ne rve  a n d  muscle  wh ich  seems 
essent ia l  for n o r m a l  d e v e l o p m e n t  of e m b r y o n i c  muscle  in  
si tu.  However ,  in  a nerve- f ree  cu l tu re  sys tem,  we h a v e  
shown  t h a t ,  desp i te  i r revers ib le  b lockade  of ace ty lcho l ine  
receptors ,  ea r ly  muscle  d e v e l o p m e n t  con t inues  normal ly .  
Our  resu l t s  i nd i ca t e  t h a t  myogenes i s  in cu l tu re  is no t  
d e p e n d e n t  on  t he  presence  of f u n c t i o n a l  ace ty lcho l ine  
receptors .  

Rdsumd. Nous  a v o n s  6tudi6 le r61e du r6cep teur  
cho l ine rg ique  dans  la  d i f f f r e n t i a t i o n  du  muscle  de 
sque le t t e  en cul ture .  E n  pr6sence  con t inue l l e  de la  
e -bunga ro tox ine ,  les cellules n ' o n t  pas  r6agi  g l ' ac6 ty l -  
choline,  mais  la myog6n~se e t  l ' ac6 ty lcho l ines t6 rase  on t  
6t6 normales .  Nous  conc luons  que la myog6n~se en  cu l tu re  
ne d @ e n d  pas  de la pr6sence des r6cep tenrs  chol inerg iques  
fonct ionnels .  
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Inhib i t ion  of M e t a m o r p h o s i s  by J u v e n o i d s  in Nauphoeta cinerea (Ol ivier)  

I t  h a s  been  r e p e a t e d l y  p r o v e d  t h a t  j uveno ids  or  j uven i l e  
h o r m o n e  ana logues  i n h i b i t  imag ina l  d i f f e r en t i a t i on  w h e n  
appl ied  before  a cr i t ica l  per iod  in insec t  m e t am or phos i s .  
The  p r e sen t  ar t ic le  examines  t he  per iod  of s ens i t i v i t y  to  
j u v e n o i d s  in t he  cockroach  Nauphoeta cinema (Olivier) 

(Bla t todea ,  B laber idae)  a n d  compare s  ac t iv i t i e s  of 18 
selected j u v e n o i d s  on  th i s  species. 

The  s tock  of N. cinema was m a i n t a i n e d  a t  25~ and  
4 5 - 5 0 %  r.h.  on  La r sen ' s  d ie t  a n d  fresh carrots .  Groups  
of 10 las t  i n s t a r  n y m p h s  of a n  age k n o w n  w i t h i n  2 days  
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a f te r  t he  ecdysis  were used  for t he  expe r imen t s .  The  
j uveno ids  1 were a d m i n i s t e r e d  top ica l ly  u n d e r  t h e  wing  
lobes in  5 t~l of acetone.  T he  effects were e v a l u a t e d  a f te r  
t he  fol lowing ecdysis,  wh ich  was t he  imag ina l  ecdysis  in  
controls .  

I n  t h e  f i rs t  series of expe r imen t s ,  t he  groups  of 10 
n y m p h s  were a c c o m m o d a t e d  in 650 ml  j a r s  a n d  k e p t  a t  
25 ~ The  l e n g t h  of t h e  las t  l a r v a l  i n s t a r  va r i ed  b e t w e e n  
26 a n d  31 days,  t h e  ave rage  be ing  27 days.  T he  n y m p h s  

Table L Effects produced by 50 [xg of ethyl ll-chloro-3, 7,11- 
trimethyl-dodee-2-enoate (IV), 50 Fg of ethyl 3,7,11-trimethyl- 
dodeca-2,4-dienoate (VII), and 5 ~xl of acetone (used also as a solvent 
for juvenoids) applied to N. cinerea on different days after the last 
larval ecdysis 

Day of treatment IV VI1 Acetone 

1-4 5 5 5 
8 5 4 0 

12 4 3 0 
16 3 1-2 0 
20 1-2 1 0 
24 0-1 ? 0 

The effects were classified with a scoring system ranging from 0 to 5 
degrees (see text and Figure). 

rece ived  50 Fg e i the r  of e t h y l  l l - ch lo ro -3 ,  7, l l - t r i m e t h y l -  
dodec-2-enoa te  ( compound  IV in Tab le  II) or of e thy l  
3, 7, l l - t r i m e t h y l - d o d e c a - 2 ,  4 -d ienoa te  ( compound  V I I  in 
Tab le  n) a t  va r ious  t imes  a f te r  ecdysis.  A m a j o r i t y  of t he  
t r e a t e d  insec ts  m a i n t a i n e d  l a rva l  cha rac te r i s t i c s  a f te r  t he  
imag ina l  ecdysis.  Degree  of t h e  juveni l i z ing  effect  was  
classified w i t h  a scale r a n g i n g  f rom 0 (normal  adul t )  to  5 
(perfect  super la rva ,  i.e. a s u p e r n u m e r a r y  l a rva l  ins tar ) .  
Degrees 1-4  deno t ed  va r ious  i n t e r m e d i a t e  fo rms  b e t w e e n  
l a rva  a n d  a d u l t  (Figure).  

Tab le  I d e m o n s t r a t e s  t h a t  a d m i n i s t r a t i o n s  of j uveno ids  
on  days  1-8 a f te r  t he  las t  l a rva l  ecdysis  (except iona l ly  
also on  d a y  12) i nduced  d e v e l o p m e n t  of supe r l a rvae  
(effect 5) whereas  those  p e r f o r m e d  on  days  8 -24  a f t e r  
ecdysis  caused  d e v e l o p m e n t  of i n t e r m e d i a t e s  (effects 1-4). 
These  resu l t s  ind ica te  t h a t  N. cinerea r e sponds  to juve-  
noids  for a b o u t  85~o of t h e  l e n g t h  of i ts  l as t  l a rva l  ins tar .  
A s imi lar  conclus ion  m a y  be  d r a w n  for Blattella germanica 
(L.) (Bta t te l l idae)  f rom the  d a t a  r epo r t ed  b y  O'FARI~XLL 
and  STOCK 2. Since N. cinema a n d  B. germanica be long  

1 The juvenoids used are listed in Tab. If. Compounds I, IV, V, 
IX-XlI, x v  and XVlfI were kindly provided by Drs. M. I~OMA- 
NUK and V. JAROL~M of the Institute of Organic Chemistry and 
Biochemistry, ~SAV, Prague; the remaining substances were 
obtained by the courtesy of the Zoeeon Corporation, Palo Alto, 
California. Art juvenoids were racemie mixtures; the aliphatic 
compounds contained about z]a of the 24rans isomers. 

2 A. F. O'FARRELL and A. STOCK, Life Sci. 3, 491 (1964). 

Table II. Activities of selected juvenoids expressed in doses causing average effects 2.5 (IDa0) and 1 (ID~o) 

Compound Compounds 

Number Strukture Effective 
doses (pig) 
ID~o Ib20 

Number Strukture Effective 
doses (txg) 
ID~o IDa0 

I ~ v ~ ~ ~ C O 2 M e  >500 500 X 

II ~ C O 2 E t  >500 200 XI 

m ~ C O 2 M e  50 1 ~(]1 

IV" CO2Et 50 10 
XI]] 

Y C ~ ~ ~ v 3 ~  CO2Et 500 50 

XIV 

V1 ~ C O 2 E t  50 3 

"VII CO2Et 5 0.5 

vm CO2CHMe2 .5 0,3 

IX COtCHMe2 3 O,05 XV]I 

XVN 

~ O ~ C 0 2 E t  >500 100 

>500 100 

O ~ ~ O ~ t ~  -cO2Me ? 50 

~ O / ~ - C 0 2 M e  40 lO 

 s00 100 o 

~ 0 ~ 0 / ~ ) - -  C02 Me 300 100 
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to different  families of the  Bla t todea ,  i t  seems probable  
tha t  most  cockroaches differ f rom Odonata 3, Mallo- 
phaga 4, Orthoptera, Heteroptera, and Dermaptera 5 by a 
very  long period of sens i t iv i ty  to juvenoids.  

I t  is in teres t ing to note  tha t  appl icat ion of pure  acetone 
to N. cinema with in  4 days af ter  the  last  larval  ecdysis 
also induced deve lopmen t  of superlarvae.  T r e a t m e n t  of 
older la rvae  wi th  acetone was ineffective.  These results 
resemble the  effect of injury,  which also causes develop- 
ment  of super larvae  if infl icted at  the  beginning of the last 
larval  ins tar  6. Snper larvae  produced bo th  wi th  acetone 
and juvenoids  developed into bigger bu t  otherwise 
normal  adults.  

In  the  second series of exper iments ,  the  groups of 
10 nymphs  were reared in 250 ml beakers and kept  at  
30~ and 70% r.h. The  nymphs  were s ta rved  for 3 days 
af ter  the  last  ecdysis in order  to synchronize thei r  
deve lopment  ~. Unde r  these conditions,  the  last  larval  
instear  lasted most ly  17-19 days in males and 19-23 days 
in females (18.7 days when averaged for both  sexes). 

In  an a t t e m p t  to prolong the  larval  stage for more than  
one ex t ra  la rval  instar,  we examined  the  effects of repea ted  
appl icat ion of juvenoids .  To this end, 5 groups of nymphs  
were t rea ted  with 50 ~g of e thyl  3, 7 ,11- t r imethyl-  
dodeca-2 ,4-dienoate  per  specimen at  the  end of the  
s t a rva t ion  period. All of the  50 t rea ted  insects ecdyzed as 
super larvae  in 12-18 days. 35 oi these super larvae  were 
t rea ted  again with  the same dose of the  juvenoid.  Wi th in  
16-20 days, 7 of t hem produced in termedia tes  be tween 
larva  and adult,  and all others  ecdyzed as 'second'  
superlarvae.  The ' second'  super larvae  were t rea ted  wi th  
the  juvenoid  for the  3rd t ime. Hal f  of t hem moul ted  within  
20-22 days into giant  ' th i rd '  superlarvae,  the  o ther  half  
ecdyzed as giant  adults  2-4 days later. 

The  'second'  and ' th i rd '  super larvae  possessed typica l  
larval  features bu t  had large wing buds and some of t h e m  

showed white  spots in the  cuticle, which is the  typica l  
p igmenta t ion  of the  adult .  The giant  adults  differed f rom 
the normal  ones by  bigger body size and unusual ly  long 
wings. Their  body weight  ofeen surpassed 750 mg as 
compared  to less than  500 mg of the  body weight  of 
normal  adults. Their  wings were always longer t han  the  
abdomen  while in normal  adul ts  the  wings reached a t  the  
most  to the  second last abdomina l  segment.  

The act ivi t ies  of different  juvenoids  were assayed on 
nymphs  10 days after  the  last larval  ecdysis, i.e. 7 days 
af ter  the  end of the s ta rva t ion  period. The t rea ted  insects 
were affected to  different  degrees in dependence  on the  
ac t iv i ty  of the  compound  and the  dose applied. Excep-  
t ionally,  the  affected insects could not  accomplish the  
moul t ing  process or showed a par t ia l  paralysis  of thei r  
legs. The  length of the  ins tar  was not  related to the  
degree of elicited" effect and ranged f rom 17 to 19 days,  
except ional ly  f rom 15 to 23 days (18.3 days an average).  

Table  I I  compares  doses of different  compounds  which 
caused average effects 2.5 and 1 of our scoring system. 
Since these effects represented a 50% and, respect ively,  a 
20 % inhibi t ion of imaginal  differentiat ion,  the  correspond- 
ing doses of juvenoids  were called IDs0 and ID20 (ID for 
inhibi t ion dose). The Table  I I  shows t h a t  dienoates  VII ,  
VI I I ,  and I X  were the most  act ive  of all compounds  tested. 
By  contrast ,  the  methy l  farnesoate  (I), which is closely 

a M. Mol~z~, C. r. Seane. Soe. Biol. (D) 273, 2316 (1971). 
4 D. E. HOPKINS, W. F. C~AMBERLAIN and D. E. WRIGHT, Ann. 

ent. Soe. Am. 63, 1360 (1970). 
5 F. SEHNAI. and H. A. SCHNEIOERMA~r Acta ent. bohemoslov. 70, 

in print. 
H.-J. POHLEY, ROUX' Arch. Entw.-Mech. Org. 153, 492 (1962). 
J. G. KUNKEL, J. Insect Physiol. /2, 227 (1966). 

Various effects produced by juvenoids applied to the last instar larvae of Nauphoeta cinerea: A) effect 4 (nymphoid showing some dig 
ferent~ation of the hind wings} ; B) effect 3 (larvaS-adult intermediate with both pairs of wings partly differentiated but without any well- 
outlined white spots of adult pigmentation) ; C) effect 2 (intermediate with incomplete adult pigmentation limited to the dorsal side of the 
body. The front wings may attain imaginai size}; D) effect 1 (adultoid possessing a nearly normaI adult pigmentation but with incom- 
pletely developed hind wings). 
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re l a t ed  in s t r u c t u r e  to  the  fa rnesy l  m e t h y l  e the r  used in 
severa l  s tudies  w i t h  pos i t ive  resu l t s  on cockroaches2,  7, s, 
showed t he  lowest  a c t i v i t y  of all  subs t ances  examined .  The  
a c t i v i t y  of al l  a r o m a t i c  c o m p o u n d s  t e s t ed  was also rela- 
t ive ly  low ~. 

I n  s u m m a r y ,  t he  cockroaches  seem to  m a i n t a i n  sens i t iv-  
i ty  to  j uveno ids  for a longer  p o r t i o n  of t he  las t  l a rva l  
i n s t a r  t h a n  m a n y  o the r  H e m i m e t a b o l a .  T he  l a rva l  
d e v e l o p m e n t  m a y  be  p ro longed  cons ide rab ly  b y  r epea t ed  
app l i ca t ions  of juvenoids .  N. cinema r e sponds  to  d iverse  
juveno ids  b u t  t h e i r  ac t iv i t i e s  differ  severa l  t h o u s a n d  

t i m e s .  

Zusammen/assung. 1Vfit 18 a n  L a r v e n  der  Schabe  
Nauphoeta cinerea ge te s t e t en  J H A  w u r d e n  Juven i l i s a -  
t ionsef fek te  erzielt .  Das  l e tz te  L a r v e n s t a d i u m  ist  w/~hrend 
85 % der  S t a d i e n d a u e r  sensi t iv .  F r i sch  geh~u te t e  Tiere  rea-  
gieren s u c h  auf  das  L 6 s u n g s m i t t e l  (Aceton) allein.  D u r c h  

wiederho l te  A p p l i k a t i o n  yon  J H A  k 6 n n e n  m i n d e s t e n s  
3 zusgtz l iche L a r v e n s t a d i e n  e rzeug t  werden,  die sich zu 
I m a g i n e s  m i t  a b n o r m  l angen  Fl i igeln  hgu ten .  
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Reduction of Biochemical Polymorphisms in Honeybees (Apis meUifica) 
For  severa l  years  e lec t rophores is  has  been  ex tens ive ly  

used for t he  s t u d y  of i sozyme p o l y m o r p h i s m s  in m a n y  
d i f fe ren t  organisms.  A grea t  n u m b e r  of p o l y m o r p h i c  loci 
ha s  been  de tec ted  in d i f fe ren t  an ima l s  t h r o u g h o u t  t h e  
a n i m a l  k ingdom.  The  s t u d y  of b iochemica l  p o l y m o r p h i s m s  
in honeybees  (Apis melli[ica) pre sen t ed  here,  was to 
d e t e r m i n e  if t h e i r  genet ic  s y s t e m  of pa r thenogenes i s  has  
an  i m p a c t  on  t h e  pe rcen t age  of p o l y m o r p h i c  loci p r e sen t  
in t h e  popu la t ion .  T he  enzym es  m a l a t e  d e h y d r o g e n a s e  
(MDH), p h o s p h o g l u c o m u t a s e  (PGM) and  es terase  were 
tes ted .  T h e y  are k n o w n  to  be  p o l y m o r p h i c  in o the r  
species 1-a. 

F o r  e lec t rophores is  t i s sue  e x t r a c t s  were m a d e  of en t i r e  
t h o r a x  muscles  (MDH, PGM) f rom i n d i v i d u a l  workers  and  
drones.  T h o r a x  muscles  of workers  were homogen ized  
in 0.2 ml  of d is t i l led  water ,  of d rones  in 0.5 ml  of d is t i l led  
wa te r  a n d  t h e n  cen t r i fuged  a t  30,000 g for 20 min.  The  

Reduction of biochemical polymorphisms in honeybees (Apis 
mellilica) 

Colonies Enzymes 

PGM MDH Esterase 

A. melli/ica carnica 

from Frankfurt hives 1 24W 24D 12W 12D 12W 12D 
2 13W I l W  16W 7D 
3 54W 52D 21W 17D 
4 12W 12D 12W 12D 27W 36D 

from Munich hives 5 22W 24D 22W 24D 21W 9D 
6 61W 55D 12W 12D 12W 12D 
7 12 W 10 W 
8 10W 6W 
9 12W 

10 12W 
11 6W 5W 

A. mellificaHg~stica 12 12 W 12 W 12 W 
A. mellifica caucasica 13 12 W 12 W 9 W 
A. mellifica fascists 14 12 W 12 W 10 W 

w, workers; D, drones. 

clear s u p e r n a t a n t  mate r ia l ,  wh ich  h a d  a p ro t e in  c o n t e n t  
of 25 mg/ml ,  was  used for e lec t rophores is  on  cellulose 
ace t a t e  s t r ips  ( 8 x 8  cm). H a e m o l y m p h  samples  were 
t a k e n  f rom the  dorsa l  vessel  of i n d i v i d u a l  bees  and  used 
d i rec t ly  for e lec t rophore t i c  s epa ra t i on  of esterase,  Elec- 
t rophores i s  was  car r ied  ou t  for all  enzymes  in a S h a n n o n  
Unive r sa l  a p p a r a t u s  a t  + 5 ~ 

Mala te  dehyd rogenase  --  5 txl of t he  t issue e x t r a c t  were 
appl ied  to t h e  gel-s t r ips  a n d  e lec t rophores i s  was  con- 
d u c t e d  a t  8 mA/240  V for 30 ra in  us ing  a 0.1 M verona l -  
N a  buf fe r  (pH 8.4). Fo r  e n z y m e  de tec t ion ,  t he  s t r ips  were 
i n c u b a t e d  in  t he  da rk  a t  37~ in a so lu t ion  of 0.2 M 
I)L-malic acid, 0.001 M D P N ,  0.000163 M p h e n a z i n e  
me thosu l fa t e ,  0.00043 M N B - t e t r a z o l i u m  and  0.05 M tris 
(ph 7.0). Fo r  t he  r eac t i on  m e c h a n i s m ,  see BRXWER% 

P h o s p h o g l u c o m u t a s e  --  5 tzl of t he  t i ssue  e x t r a c t  were 
appl ied  to  t he  s t r ips  a n d  e lec t rophores i s  pe r fo rmed  a t  
7 mA/100  V for 80 ra in  us ing  a 0.1 M tris-maleic acid 
buffer  (ph  7.6). F o r  s t a in ing  t he  s t r ips  were i n c u b a t e d  a t  
37~ in t h e  d a r k  in a so lu t ion  of 0.0046 M glucose- l -  
p h o s p h a t e ,  0.01 M MgC%, 0.0012 M T P N ,  0.00033 M 
p h e n a z i n e  m e t h o s u l p h a t e ,  0.00024 M MTT- t e t r azo l i um,  
0.075 m g  G-6-PD/100  ml  s t a in ing  so lu t ion  and  0.03 M 
Iris (ph 8.0). 

g s t e r a s e  - 3 ~zl of h a e m o l y m p h  were appl ied  to t he  s t r ips  
a n d  e lec t rophores i s  pe r fo rmed  a t  7 mA/150  V for 30 ra in  
us ing  a 0.3 M bor ic  acid buf fe r  (pH 8.0). Fo r  e n z y m e  
de tec t ion  t he  s t r ips  were i n c u b a t e d  a t  r oom t e m p e r a t u r e  
in  t he  fol lowing s t a in ing  m i x t u r e :  0.006 M ~ - n a p t h y l  
ace ta te ,  200 m g  Blue  RIR sal t /100 ml  s t a in ing  so lu t ion  and  
0.08 M tris (pH 7.0) 8. 

Bees f rom 14 d i f fe ren t  h ives  were s tudied,  inc lud ing  
4 d i f fe ren t  races of Apis  melli/iea (see Table) .  All  bees  
p roved  to he  m o n o m o r p h i c  for  t he  3 enzymes ,  showing  t he  
same  b a n d i n g  p a t t e r n  in workers  a n d  drones  of all  
colonies:  1 b a n d  of e n z y m e  a c t i v i t y  was de tec ted  for 
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