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ABSTRACT 

High performance l i q u i d  chromatography on ge l  permeation columns 
w a s  use t o  analyse the pro te in  and pept ide  content of the  neurosecretory 
corpora cardiaca of the locus t  (Locusta m'gratoria) . A v a r i e t y  of 
e x t r a c t i o n  condi t ions and mobile phase compositions w e r e  t es ted  f o r  
t h e i r  separa t ion  e f f ic iency .  

groups, could be achieved i n  32 min wi th  the f resh  homogenate from 
only two corpora cardiaca (0.5 M T r i s  buffer ,  0.3 NaC1,  0.1 2 SDS, 
pH = 7.4 ; flow r a t e  : 0.5 mljmin). Similar  RPLC p a t t e r n s  were obtained 
with three  f r a c t i o n s  previously separated on a Sephadex G-100 column as 
w e l l  as With i s o l a t e d  neurosecretory ves ic les .  

HPLC then appears as a promising technique i n  the f i e l d  of i n s e c t  
neurohormone i s o l a t i o n .  

A good reso lu t ion ,  showing 12 peaks d is t r ibu ted  wi th in  5 d i s t i n c t  
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INTRODUCTION 

GIRARDIE ET AL. 

The minute quant i ty  of a v a i l a b l e  material is t h e  main d i f f i c u l t y  

encountered i n  studying neurohormones. Contrast ing with the numerous 

neurofactors  i s o l a t e d  from 'higher '  animals, the s t r u c t u r e s  of which 

have been thoroughly determined, only two i n s e c t  neuropeptides are 

w e l l  known (5) and t h e i r  s t r u c t u r e  confirmed by synthesis .  The pro- 

t e i n s  of t h e  whole b r a i n  of l o c u s t  ( incorpora t ing  corpora cardiaca)  
have been s tudied  us ing  c l a s s i c a l  DEAE-cellulose and Sephadex chroma- 

tographic  columns ( I ) .  In t h i s  paper, the  HPLC technique performed on 

gel  permeation columns has  been used f o r  analysing the pro te ins  of 

dissected corpora card iaca  of the l o c u s t .  WLC appears t o  be a valua- 

b l e  technique i n  t h i s  new f i e l d ,  on account of i t s  high s e n s i t i v i t y  

permiting a f a s t  examination of very small q u a n t i t i e s  of b io logica l  

mater ia l .  

MATERIAL AND METHODS 

Preparat ion o f  Samples 

Mature a d u l t  l o c u s t s  (Locusta migratoria), reared i n  crowd, were 
s a c r i f i c e d  by decapi ta t ion  and t h e  neurosecretory lobes of corpora 

cardiaca r a p i d l y  removed. Three types of neurosecretory corpora ma- 

t e r i a l  were used : 

a )  Crude e x t r a c t s  of corpora card iaca  were obtained by u l t r a -  
s o n i f i t a t i o n  (CIT  A l c a t e l  apparatus  ; 3 x 20 sec)  followed by cen- 

t r i f u g a t i o n .  The prec ise  condi t ions  vary  with the  d i f f e r e n t  experi-  

ments and w i l l  be d e t a i l e d  i n  the  next  sec t ion .  The supernatants 

were i n j e c t e d  d i r e c t l y  i n t o  the  chromatographic column. 

b) Corpora cardiaca (2,000 d issec ted  samples) s tored  i n  cold 

c 

acetone (4OC) were c o l l e c t e d  b y  decantat ion,  u l t rasonica ted  i n  

0.01 M sodium a c e t a t e  b u f f e r ,  0,15 M NaC1,  pH = 7.4 and centrifuged 

(10.000 g ; 20 min). The e x t r a c t  w a s  submitted t o  ge l  f i l t r a t i o n  on 

Sephadex G-100 (900 x 15 mn column) and e lu ted  with t h e  same medium. 

c )  The technique of Nordmann et at. ( 4 )  using a sucroselmetr i -  

zamide g r a d i e n t  of an osmolal i ty  value of 0.46 was used f o r  the 

i s o l a t i o n  of  the neurosecretory v e s i c l e s  from 500 corpora cardiaca.  
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PROTEINS OF LOCUST NEUROSECRETORY ENDINGS 2503 

Techniques 

Two models of HPLC apparatus  were used : 

a) a Waters LCIV system, with a SF 770 low wavelength absorbance 

de tec tor  and a g e l  permeation column (Waters I 125, 7.8 mm x 30 cm). 

b) a Beckman bas ic  i s o c r a t i c  system with a 254 nanometers ana- 

l y s e r  o p t i c a l  u n i t ,  and a permeation column (Altex TSK, g e l  2000 SW, 

7.5 IIIID. x 30 cm). 

Samples (50 o r  100  u l )  were in jec ted  i n t o  the Waters column and 

20 u 1  i n t o  the Altex column and monitored respec t ive ly  a t  215 and 

254 nm. 

I n  every  case, HPLC columns were e l u t e d  a t  room temperature. 

RESULTS 

Inf luence of Di f fe ren t  Chromatographic Parameters 

W e  have f i r s t  analysed by HF'LC the crude e x t r a c t  from 2 f r e s h  

corpora cardiaca using d i f f e r e n t  phases both as e x t r a c t i o n  and e lu-  

t i o n  media : 

EP1 = d i s t i l l e d  water ; 

EP2 = T r i s  0.5 M ; N a C l  0.3 M ; pH * 7.4 ; 
EP3 = EP2, with SDS 0.1 X ; 

EP4 = EP2/MeOH, !l:1 vol /vol  ; 
EP5 = H20/MeOH, 70:30 vol /vol .  

EP1 gave seeera1 peaks but t h i s  e luent  phase w a s  r a p i d l y  d is -  

missed, as  a high proport ion of the b io logica l  mater ia l  remains l i n -  

ked t o  the co lum.  Increasing the ion ic  s t r e n g t h  and buffer ing a t  

pH - 7.4 (EP2) dramatical ly  improved the separat ion ; a f u r t h e r  im-  
provement was the addi t ion  of 0.1 X sodium dodecylsulfate  (SDS), 

leading t o  the eluent  phase EP3 which gave a b e t t e r  resolut ion.  

A t y p i c a l  chromatographic separat ion of the  pro te in  content of 

neurosecretory endings obtained with EP3 i s  shown i n  f i g .  1 .  Two 

high molecular weight f r a c t i o n s  (Ia and Ib) were f i rs t  e l u t e d  with 

a r e t e n t i o n  time (9-11 min) c l o s e  t o  the r e t e n t i o n  t i m e  of serum 

albumin (MW : 67.000 ; tr = 1 1  min). They were followed by a second 

apparent ly  homogenous peak ( I 1  : tr - 13 min) and by a heterogenous 

group 111. The f i v e  cons t i tuent  peaks (IIIa, IIIb, IIIc, I I I d ,  
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2504 GIRARDIE ET AL. 

la II 

111 
7 

I t I I I I 1 

0 5 10 15 20 25 30 35 
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Figure 1.- HPLC separat ion of the  p r o t e i n s  e x t r a c t e d  from two f r e s h  

corpora cardiaca.  The b i o l o g i c a l  material w a s  d i r e c t l y  

homogenized i n  the  mobile phase EP3 and centrifuged 

(10,000 g ; 20 min) ; the  superna tan t  (20 p l )  was loaded 

on an Altex column ; flow rate, 0.5 ml/min ; detect ion 

a t  254 nm (0.01 AUFS) ; c h a r t  speed, 1 cm/min. 

I I I e )  with a r e t e n t i o n  time of 20-22 min correspond t o  f r a c t i o n s  

of molecular weight lower than ribonuclease (MW : 13.700 ; 

tr = 17 d n )  and higher  than i n s u l i n  (MW : 6 .OOO ; tr = 23 min) . 
IIIa, I I I b  and I I I c  were poorly separated, e s p e c i a l l y  IIIc which 

appeared more as a shoulder of I I I b  than a n  ind iv idua l ized  peak. 

The range of  molecular weights of the  111 group peaks l i k e l y  cor- 

responds t o  t h e  presence of neurosecretory products ( 1 ) .  The re- 

maining e l u t i o n  peaks appeared on t h e  diagram a s  a heterogenous 

group (IV : tr = 23-27 min) with three  minor peaks N a ,  I W . a n d  

IVc. A l a s t  minor peak (V) was e l u t e d  with a r e t e n t i o n  time of 

32-33 m i n  (somatostat in ,  tr = 32 min). 

No major d i f f e r e n c e s  could be noted when modifying the con- 

c e n t r a t i o n  of T r i s  (0.01-0.5 M) o r  t h e  f i n a l  pH of the  e l u e n t  
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a 

I 1 I I I I I 

15 20 25 3 6  15 20 25 30 * 
min rnin 

Figure 2.- Influence of methanol on the chromatographic prof i les  

of group 111 peaks. The biological material  (tvo fresh 

corpora cardiaca) was d i r ec t ly  homogenized i n  e i ther  (a) 

EP4 or  (b) 30 X methanol ; i n  both cases, a f t e r  a 20 min 

centrifugation a t  10,000 g, the supernatant (20 1111 was 

loaded on an Altex column ; e lu t ion  was performed with 

e i t h e r  EP4 i n  (a) or EP3 i n  (b) ; the chromatographic 

conditions were the same as  i n  Fig. I .  

phase (pH = 3.0, 5.0 or 7.0) ; however, the higher s a l t  concen- 

t r a t i o n  (0.5 M) and higher pH value (7.4) gave more reproducible 

r e s u l t s  and were therefore f i n a l l y  selected. Addition of methanol 

(EP4) considerably diminished the height of peak I ; peak 11 

completely disappeared, and the d i f fe ren t  peaks of IV group were 

ind i s t inc t .  The 111 group components were d i f f e ren t ,  as only three 

peaks (instead of five) were noticeable ; the medium peak was  the 

highest of the group, beginning and finishing i n  the negative 

pa r t  of the  chart  ( f ig .  2,a).  
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2506 GIRARDIE ET AL. 

The e f f e c t  of methanol was a l s o  demonstrated with solvent  

phases deprived of e l e c t r o l y t e s .  With EP5, peak I was almost sup- 

pressed and appeared as a t  least  four  small separated peaks. The 
d i f f e r e n t  components of peak I11 appeared as a unique small peak. 

As with EP,,, peak I1 and IV were absent. 

The separa t ion  was usual ly  performed with a flow r a t e  of 
0.5 ml/min ; s imi la r  r e s u l t s  were obtained with a flow r a t e  of 

0.8 mlfmin, b u t  a f u r t h e r  increase  ( 1  or  1,s ml/min) l e d  t o  a 

les'ser r e s o l u t i o n  of the  peaks. 

The chromatographic columns were loaded with crude e x t r a c t s  ob- 

tained from a maximum number of 6 corpora cardiaca (80 pg of pro- 

t e i n s )  ; a h igher  quant i ty  of extracts l e d  t o  the  s a t u r a t i o n  of the 

colunm ; t h i s  was proved by the  emergence of a series of new peaks 

which ressembled the usual e l u t i o n  diapram, a f t e r  a f u r t h e r  i n j e c t i o n  
of pure e luent .  

HPLC Analysis of Di f fe ren t  Corpora Cardiaca Preparat ions 

cru_ae__methano_lllcQxtr_ac_t_s_ 
Two f r e s h  corpora cardiaca were ext rac ted  with 30 p. 100 me- 

thanol ( s o n i f i c a t i o n  followed by cent r i fuga t ion)  and the chromato- 

graphic separa t ion  was performed with EP3 a s  described. The modi- 

f i c a t i o n s  i n t e r e s t e d  p r i n c i p a l l y  t h e  two f i r s t  peaks which almost 

disappear and group 111, where two peaks were w e l l  resoluted ( f i g .  

2,b). Increasing the  methanol concentrat ion t o  70 p.  100 i n  the 

ex t rac t ion  medium with o r  without e l imina t ing  methanol under a 
stream of ni t rogen,  gave an e x t r a c t  very similar t o  the one ob- 
ta ined wi th  30 2 methanol ex t rac t ion .  

400 corpora cardiaca were soni f ica ted  i n  d i s t i l l e d  water 

( 4  m l )  ; the  homogenate was centr i fuged (115.000 g ; 30 min)  and 
the lyophi l i sed  supernatant s tored  at  - 2OoC. The lyophi l ised ma- 

ter ia l  was dissolved i n  EP2 (4 ml) and analysed using EP2. Peaks 

I and I1 almost disappeared ; the 111 group only showed four peaks. 

Contrary t o  the  r e s u l t s  obtained with f r e s h  material, i n  which 
a very good r e p r o d u c t i b i l i t y  was always not iced,  chromatograms 

from s tored  material showed a g r e a t  v a r i a b i l i t y  i n  the four  peaks 
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b I I I I I I I c  

5 10 15 20 25 30 35 
min 

Figure 3 .- Influence of s torage  on HF'LC separa t ion  of the pro te ins .  

Corpora cardiaca (400 samples) were homogenized i n  d is -  

t i l l e d  water (4 m l )  : 30 rnin c e n t r i f u g a t i o n  a t  115,000 g ; 

t h e  supernatant was dissolved a f t e r  lyophi l i sa t ion  in EP2 

( 4  ml) ; 20 u l  of t h e  s o l u t i o n  (corresponding t o  2 corpora 
cardiaca)  were loaded on an Altex column with the same 

chromatographic condi t ions  as i n  F ig .  1 .  

of the I11 group, which d i f f e r e d  i n  t h e i r  he ights  from one batch 

t o  another and, i n  the same ba tch ,  from one i n j e c t i o n  t o  another. 

Storage of corpora cardiaca enhanced t h e  importance of peak 1% 

and peak V ( f i g .  3). 

------------ Inf luence  of  a ------ p r e l i m i n a r e g e l - f i l t r a t i o n  -I------- 

Corpora cardiaca (2000 samples) were s tored ,  ex t rac ted  and 
cent r i fuged  as previously descr ibed.  

The e x t r a c t  was submitted t o  f r a c t i o n a t i o n  on Sephadex 6-100. 

Three f r a c t i o n s  a, b and c were c o l l e c t e d  a t  r e s p e c t i v e l y  60, 67 and 
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111 IV v 

i 
I I 
0 3 6 9 12 15 

1 1 I 1 -  

min 

Figure 4.- HPLC separat ion of t h e  p r o t e i n s  from f r a c t i o n  a obtained 

using Sephadex 6-100 g e l - f i l t r a t i o n .  Frac t ion  a (50 1r1 col- 

l e c t e d  a t  t h e  top of the  f r a c t i o n )  was loaded on a Waters 

column ; e l u t i o n  with EP2 ; f low rate,  1.5 m l / m h  ; detec- 

t i o n  a t  215 nm (0.01 AUFS) ; c h a r t e r  speed, 1 au/min. 

156 m l  of e l u t i o n  volume. The a and b peaks were h igher  and sharper 

than c. Samples corresponding t o  the  t o p  of these peaks were sub- 

mit ted t o  HPLC with EP2. The e l u t i o n  diagram of f r a c t i o n  a (f ig .  4) 

i s  roughly s i m i l a r  t o  the one shown i n  f i g .  I ,  wi th  t h e  exception 

of the d i f f e r e n t  I V  peaks which were a l l  s t rongly  enhanced. Peak I 

was absent  i n  the e lu t ion  diagrams of b and c f r a c t i o n s .  
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Neurosecretory ves ic les  e x t r a c t s  

The technique of Nordmann et a l . ,  appl ied t o  d issec ted  neuro- 

secre tory  corpora cardiaca prev ious ly  submitted t o  P o t t e r  treatment, 

gives  rise t o  two bands (vol  : 1 m l  ; d 1.3812 and 1.3848) which 

were c a r e f u l l y  col lected.  The two bands appeared as a homogenous 

suspension of i n t a c t  neurosecretory v e s i c l e s ,  wi th  only a few con- 

taminating mitochondria, as confirmed by-electron microscopy. 

The v e s i c l e s  were co l lec ted  by c e n t r i f u g a t i o n  (40.000 g ; 

2 0  min), resuspended i n  d i s t i l l e d  water  containing pept idase inhi- 
b i t o r s  and soni f ica ted .  After  a series of f reez ing  and defreezing 

processes ,  a las t  cent r i fuga t ion  (40.000 g ; 20 min) gave a super- 

na tan t  and a p e l l e t  which were both  analysed by HPLC With EP2 as 

e luent .  I n  both  cases ,  the e l u t i o n  diagram was per turbed by a very 

l a r g e  p l a t e a u  region (ranging approximatively from tr = 7 min t o  

tr = 13 min) due t o  sucrose and metrizamide. The p la teau  corres- 

ponded t o  t h e  r e t e n t i o n  t i m e  of t h e  l a s t  peaks of the  111 group and 

of a l l  group I V  peaks, thus masking the  occurrence of these frac- 

t ions .  Sucrose and metrizamide could not  be el iminated n e i t h e r  by 

u l t r a f i l t r a t i o n  of the  samples on a Mil l ipore membrane (cu t t ing  off  

point  1000 mw) nor by monitoring t h e  de tec tor  a t  280 nm. However, 

the  occurrence of peak I could be proved i n  the  p e l l e t  and not i n  

the supernatant  ( f i g .  5) .  

DISCUSSION 

HPLC allowed a c l e a r  separa t ion  of t h e  p r o t e i n s  of the neuro- 
s e c r e t o r y  endings of the  locus t .  This  could be achieved using a per- 

meation column and a high osmotic s t r e n g t h  e l u t i o n  medium, contai-  

ning SDS. Our r e s u l t s  agree wi th  t h e  conclusions of  Jenik and P o r t e r  

(2)  and of Takagi e t  al. (6) : these two groups reported the benefi- 

c i a l  in f luence  of increas ing  the i o n i c  s t r e n g t h  and adding SDS i n  

reducing the absorption of pro te ins  and pept ides  t o  the  matrix. The 

b e s t  separa t ions  Were obtained With a low flow r a t e  (0.5 ml/min). 

We have t h u s  confirmed t h e  previous r e s u l t s  obtained by Meek and 

Rosse t t i  (3) ,  who emphazised t h e  n e c e s s i t y  of using a flow rate less 
than o r  equal  t o  1 ml/min. 

The major advantage of HPLC was the p o s s i b i l i t y  of exploring 

minute q u a n t i t i e s  of crude b i o l o g i c a l  m a t e r i a l s  as the neurosecre- 
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t o r y  endings o f  only two corpora card iaca  were needed, thus a l l o -  

wing a n a l y s i s  on f resh  mater ia l  i n  a wide v a r i e t y  of experimental 

condi t ions .  A more heavier  loading of the column diminished the 

q u a l i t y  of t h e  separat ion,  whereas t h e  s tbrage  of the  sample, an 

o b l i g a t i o n  when a l a r g e r  weight of b i o l o g i c a l  m a t e r i a l  i s  necessa- 

ry ,  was followed by a low degree of r e p r o d u c t i b i l i t y .  Preliminary 

column g e l - f i l t r a t i o n  did not  improve the  r e s o l u t i o n .  

Five groups of p r o t e i n s  of molecular weights  ranging from 

60,000 t o  1,700 were d i s t i n c t l y  separated.  Peaks I1 and V always 

appeared homogenous ; Ia, I b  and I1 were p r e s e n t  i n  a l l  the sam- 
p l e s  analysed. Peaks belonging t o  groups 111 and IV showed the  

g r e a t e s t  v a r i a b i l i t y  i n  height .  We genera l ly  observed tha t  s tora-  

ge of t h e  samples w a s  assoc ia ted  with a decrease of group 111 

peaks t o g e t h e r  with an enhancement of group I V  peaks suggesting 

t h a t  the  smal le r  compounds may be generated by ,an  enzymatic a t t a c k  

of the l a r g e r  pro te in  molecules. Group 111 f r a c t i o n s  include 

t h e  range of molecular weights corresponding t o  the neurosecre- 

t o r y  p r o t e i n  i s o l a t e d  from locus t  b r a i n  and corpora cardiaca by 

F r e i d e l  e t  a l .  ( 1 ) .  Using methanol i n  the  e x t r a c t i o n  medium, an 

alcohol  which allowed t h e  ex t rac t ion  of two i n s e c t  neuropept ides  (5), 

was followed by  a notab le  enhancement of peaks I I I b  and IIIc. 

Prepara t ions  of neurosecretory v e s i c l e s  obtained by t h e  tech- 

nique of Nordmann e t  a l .  (4) appeared f r e e  from contaminating mate- 

r i a l  and showed a good morphological qua l i ty .  The c o n s t i t u a n t s  of 

the grad ien t  unfor tuna te ly  could not be el iminated and i n t e r f e r e d  

with the  subsequent spectrophotometric ana lys i s .  The exclusive occu- 

rence of t h e  f i r s t  compound i n  the p e l l e t  and i t s  la rge  molecular 

weight suggest  t h a t  t h i s  compound can be a membrane p r o t e i n ,  where- 

as group 111 compounds, e n t i r e l y  contained i n  the supernatant ,  

appear t o  be neurosecretory products. 

The r e s u l t s  repor ted  i n  t h i s  paper are c u r r e n t l y  appl ied  t o  

the i s o l a t i o n  and b i o l o g i c a l  charac te r iza t ion  of the n e u r o h o m n e s  

of l o c u s t  corpora cardiaca.  
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