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On the Stabi l i ty  ef  N - E t h y l m a l e i m i d e  A l k y l a t e d  S u l f h y d r y l g r o u p s  

N-e thy lma le imide  (NEM) is widely  used for the  alkyla-  
t ion  of free and pro te in-bound sul fhydryl  groups (SH). 
This  addi t ion  of N E M  occurs ins tan taneous ly  and has so 
far been assumed to be irreversible.  Recent ly ,  however ,  
BEUTLER et al. 1 presented evidence t h a t  the  g lu ta th ione-  
N E M  compIex (GSH-NEM),  formed in red ceils, disso- 
ciates s lowly a t  p H  7.4 and more rapid ly  at  p H  8.2. The  
released products  showed proper t ies  different  f rom N E M  
and were postulated,  by the  authors,  to be e i ther  hydroxy-  
N-ethylsucc{nimide and/or  N-ethylsuccinimide .  In  the  
following we wish to repor t  observat ions  suggest ing o ther  
possible degradat ion  of S H - N E M  complexes  at  p H  values  
above neut ra l i ty .  

W h e n  H-meromyos in  was labelled for i0 rain a t  p H  7.4 
wi th  14C-NEM (Schwartz  Bioresearch,  N.Y.) in the  pre- 
sence of 2 M  guanidine-HC1, hydrolyzed  wi th  t ryps in  for 
24 h in 0 .1M ammon iumca rbona t e  buffer,  p H  8.5, and 
the resul t ing pept ides  were separated in a two-dimens ional  
sys tem 2, the  rad ioau tograms  of the  labelled pept ides  
consis tent ly  gave the  pa t te rns  shown in Figure  i a. When,  
however ,  the  t ryp t i c  digest ion preceded the  labell ing wi th  
~4C-NEM at  p H  7.4, a different  (but in itself reproducible) 
pa t t e rn  was obta ined  (Figure lb ) .  Al though  the  number  
of pept ides  remained  the  same, the  pept ides  of the  la t te r  
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Fig. 1. Tracing of a radioautogram of t~C-NEM labelled H-mero- 
nlyosin after tryptic hydrolysis and two-dimensional separation 2. 
a) Labelling before tryptie hydrolysis, b) labelling after tryptic 
hydrolysis. 

exper iment  migra ted  considerably  faster  in the  second 
(chromatographic)  dimension.  

After  i t  had been established (both by  measur ing the  up- 
t ake  of N a O H  in an au to t i t r a to r  and the  release of non- 
t r ichloroaeet ic  acid precipi table  nitrogen) tha t  the  pro- 
teinase ac t iv i ty  per  se was no t  influenced by  the  presence 
or absence of NEM, we concluded t h a t  the  pro te in-bound 
N E M  underwent  chemical  modif ica t ion  under  the  condi- 
t ions of t ryp t ic  hydrolysis .  

To tes t  this concept,  we first  incuba ted  t h e  14C-NEM 
used in this exper iment  wi th  0.1 M a m m o n i u m  carbonate  
buffer, p H  8.5. I r respec t ive  of the  presence or absence of 
the  proteoly t ic  enzyme,  on th in- layer  plates  the  gradual  
appearance  of a second rad ioac t ive  spot  was noted  when 
al iquots  of the  mix tu re  were separated af ter  20-120 rain 
of incubat ion  (Figure 2). Concurrent  wi th  the  appearance  
of this  second substance,  a decrease of the  NEM-specif ic  
E m ~  at  303 n m  was observed (Figure 3), which is pre- 
sumably  due to hydrolysis  of the  imide l inkage a t  p H  va-  
lues above  neu t ra l i ty  s. Similarly,  the  Ema~ of the  G S H -  
N E M  complex  a t  258 nm disappeared af ter  incubat ion  at  
p H  8.5, a l though a t  a much  slower ra te  (Figure 3). W h e n  
al iquots  of this  incubat ion  mix tu re  were spot ted  a t  var i -  
ous in tervals  on th in layer  plates  and developed af ter  24 h, 
only 1 n inhydr in-pos i t ive  spot  (d) was seen a t  0 t ime, and 
as this  was qui te  different  f rom G S H  (c) and its oxidized 
form G S S G  (a), i t  was a t t r ibu ted  to the  G S H - N E M  com- 
plex. In  samples spot ted  at  2-6 h, the  gradual  appearance  
of spot  (b) was noted,  whereas spot  (d) could no t  be t raced  
af ter  24h. The  other  n inhydr in-pos i t ive  spot  (e) noted be- 
tween 2-24 h was la ter  ident i f ied as N-e thy lma leamie  acid 
(NEMA), an hydrolys is  p roduct  of the  n inhydr in-nega t ive  
NEM,  which had been used in a sl ight  molar  excess in these 
exper iments  (Figure 4). 

These da ta  suggest  t ha t  free and pept ide-  or protein-  
bound N E M  hydrolyzes  wi th  va ry ing  rates a t  p H  values  
above  neutra l i ty ,  and t h a t  this process is independen t  of 
the  presence of pro teo ly t ic  enzymes.  Since unsubs t i tu ted  
succinimide has an Emax at  240 nm, the  disappearance of- 
the  E m ~  at  258 nm m a y  well  represent  a hydrolysis  of the  
subs t i tu ted  succinimide ring, the  spl i t t ing of which seems 

0.7 

0.6 

0.5 

0.4 

0.3 

o 02 

0.1 

!Ill 

250 250 270 290 310 530 350 370 590nm 

Fig. 3. Absorption spectra of NEM ( ), GSH (---), GSH-NEM at 
pH 6.7 (-.-.-) and GSH-NEM after 24h at pH 8.5 ( ....... ). Concentra- 
tion : 1 txM/ml. 

Fig. 2. Radioautogram of 14C-NEM after incubation in 0.1 M 
ammonium carbonate buffer, pH 8.5, from 0-120 min. Chromato- 
graphy on Silicagel S, solvent system see s. 
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Fig. 4. Chromatographic separation of the 
GSH-NEM complex incubated at pH 8.5 from 
0-24 h. (a), GSSG; (b), hydrolysis product of 
GSH-NEM; (e), GSH; (d), GSH-NEM; (e),hy- 
drolysis product of excessive NEM (NEMA). 
Stained with ninhydrin. 

Fig. 5. Thin-layer chromatogram of A, NEMA (e); 13, 
GSH-NEM (d); C, GSH-NEM hydrolyzed at pH 8.5 (b, 
d, e); D, reaction products of GSH and NEMA (a, b, e, 
e); E, GSH (c) and GSSG (a). Stained with ninhydrin. 

to  be  comple t e  a f t e r  24 h, as j udged  f rom the  t o t a l  con- 
vers ion  of G S H - N E M  (d) in to  (b) w i t h  i ts  lower Rf -va lue  
a n d  as also seen in t he  d i f fe re rn t  p a t t e r n s  o b t a i n e d  in 
F igure  1, a) a n d  b). 

I n  an  a t t e m p t  b e t t e r  to  i den t i fy  these  hydro lys i s  pro-  
ducts ,  N - e t h y l m a l e a m i c  acid was syn thes ized  4. I n  t h i n -  
l ayer  c h r o m a t o g r a p h y ,  th i s  s u b s t a n c e  h a d  an  Rf -va lue  
iden t ica l  w i t h  spo t  (e) o b t a i n e d  a f te r  a lka l ine  hydro lys i s  
of N E M  (Figure 5 ; A, C a n d  D). Since N E M A  will s lowly 
combine  w i t h  G S H  8, we i n c u b a t e d  t he  2 subs t ances  for 
72 h a t  p H  7.4 a n d  iden t i f i ed  t he  fol lowing r eac t ion  pro-  
duc ts  on  t he  c h r o m a t o g r a m  (Figure  5, D):  G S H  (c), 
G S S G  (a), N E M A  (e), t he  r eac t ion  p r o d u c t  of G S H - N E -  
MA (b) w i t h  a Rf -va lue  iden t ica l  to  t h a t  of h y d r o l y z e d  
G S H - N E M  (C, (b)). As was expected ,  G S H - N E M  itself  
(]3, (d)) was  no t  present .  

In  c o n t r a s t  to  B~UTL~R et  al. 1, we neve r  o b t a i n e d  evi- 
dence  of a d i ssoc ia t ion  of t he  S H - N E M  complex.  G S H  or 
G S S G  do no t  r e a p p e a r  in  our  c h r o m a t o g r a p h i c  separa-  
t ions ,  and  we c a n n o t  conc lude  f rom our  spec t ropho to -  
me t r i c  d a t a  t h a t  i n t a c t  succ in imide  r ings  were released.  

A l t h o u g h  ]~EUTLER could show t h a t  th i s  release occurs  
non -enzyma t i ca l l y ,  i t  c a n n o t  be  exc luded  t h a t  t h e  de- 
g r a d a t i v e  m e c h a n i s m s  in t h e  in v ivo  red  cell s y s t e m  is en- 
t i r e ly  d i f fe ren t  f rom t h e  ones i nvo lved  in our  in  v i t ro  in- 
c u b a t i o n  mix tu res .  

F r o m  our  d a t a  we conc lude  t h a t  exposure  of S H - b o u n d  
N E M  to p H  values  a b o v e  n e u t r a l i t y  (e.g. t r y p t i c  h y d r o -  
lysis) will cause  c leavage  of t h e  imide  r ing,  as is in  accord  
w i t h  t h e  resu l t s  found  w i t h  free N E M  3. This  will r esu l t  in  
an  a l t e r a t i o n  in t h e  c h r o m a t o g r a p h i c  b e h a v i o u r  of t h e  
pep t ides  to  be  inves t iga ted .  F u r t h e r m o r e ,  i t  m u s t  be  k e p t  
in m i n d  t h a t  l abe l l ing  of b iological ly  ac t ive  p ro t e in s  w i t h  
N E M  an d  t h e  r e su l t ing  loss of t h e i r  biological  a c t i v i t y  
(e.g.5, 6) m a y  be  due  n o t  solely to  specific SH-blockade ,  b u t  
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also to  a n  increase  of ca rboxy l - res idues  close to or a t  t h e  
p r o t e i n ' s  ac t ive  site. 

Zusammen/assung. A n h a n d  yon  Mode l lve r suchen  konn-  
te  gezeigt  werden,  dass  S H - g e b u n d e n e s  N- )k thy lmale in i -  
m id  bei  p H - W e r t e n  f iber d e m  N e u t r a l p u n k t  a l lm/ ih l ich  

zur  e n t s p r e c h e n d e n  N - A t h y l s u c c i n a m i d s ~ u r e  hydroI is ier t .  
D a d u r c h  ver~Lndert s ich das  c h r o m a t o g r a p h i s c h e  Verha l -  
t en  N & M - m a r k i e r t e r  P e p t i d e  u n d  m6gl icherweise  auch  die 
biologische Akt ivi t /~t  N ~ M - b l o c k i e r t e r  P ro te ine .  
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T h e  A m i n e  and A m i n o  Acid  C o m p o s i t i o n  in the  

I t  has  b e c o m e  clear  in  r ecen t  years  t h a t  precise  bio-  
chemica l  i n f o r m a t i o n  on  t he  f unc t i on i ng  of ne rvous  
sys t ems  is bes t  o b t a i n e d  f rom e x p e r i m e n t s  on  i n d i v i d u a l  
neurons .  The  so-cal led 'col lossal '  or Ra~TZlUS cells i ill each  
a b d o m i n a l  gang l ion  of t he  leech Hirudo medicinalis are 
p a r t i c u l a r l y  su i t ab le  for b iochemica l  s tud ies  because  t h e y  
can  be  d issected  f rom t h e i r  s u r r o u n d i n g  t issues.  

'These neu rons  are  g lobe - shaped  w i t h  a d i a m e t e r  of up  
to  80 ~m a n d  are k n o w n  to c o n t a i n  se ro ton in  3, 3. A l t h o u g h  
t h e  Re t z iu s  cells can  v a r y  in size, t h e i r  c o n s t a n t  pos i t ion  
a n d  superf ic ia l  loca t ion  al low t h e m  to  be  easi ly  dis t in-  
gu ished  f rom the  s u r r o u n d i n g  cells in  l iv ing  p repa ra t ions .  
W e  appl ied  t h e  mic rob iochemica l  t e c h n i q u e  deve loped  b y  
NEUHOFF et  al.4,5 to  i n v e s t i g a t e  t h e  a m i n e  a n d  a m i n o  
acid c o n t e n t  of t he  Re tz ius  cells a n d  also t h e  a b d o m i n a l  
ne rve  cha in  of t he  leech. T he  c o n t e n t  of t he  1Retzius cells 
is c o m p a r e d  w i t h  t h a t  of t h e  s e r o t o n i n - c o n t a i n i n g  n e u r o n  
in t he  m e t a c e r e b r a l  gang l ion  of t he  sna i l  wh ich  has  b e e n  
descr ibed  e lsewhere  6, 7. 

Materials and method. Act ive  leeches were o b t a i n e d  
f rom a local  dealer  a n d  groups  of a b o u t  7 gangl ia  were 
i so la ted  as descr ibed  b y  W A L I ~  s. The  gangl ia  were 
p inned ,  v e n t r a l  side up  on to  t he  base  of a sma l l  d i ssec t ing  
dish  c o n t a i n i n g  a shee t  of plast ic ,  f i l led w i t h  cold sal ine 9, 
a n d  were p laced  on a specia l ly  cooled d issec t ing  micro-  
scope stage.  Single 1Retzius cells ( there  are two ill each  
a b d o m i n a l  gang l ion  of the  ne rve  chain)  were care fu l ly  
freed f rom t h e  s u r r o u n d i n g  n e r v e  t i ssues  us ing  t h i n  
t u n g s t e n  needles  a n d  s h a r p e n e d  forceps.  Cells were t h e n  
i n d i v i d u a l l y  l i f ted free b y  suc t ion  f rom t h e  u l t r a  t h i n  t i p  
(15 ~xm in d iamete r )  of a glass p ipe t te ,  a t t a c h e d  to t h e  
m o u t h  b y  r u b b e r  t ub ing .  40 neu r ons  were t r a n s f e r r e d  to 
a 10 ~zl cap i l l a ry  ( D r u m m o n d  microcap)  which  h a d  been  
hea t - sea led  a t  one end  a n d  c o n t a i n e d  3 [zl of 0.05 M 
sod ium b i c a r b o n a t e  p H  10. T he  cells were t h e n  h o m o -  
genized  us ing  a special  ne rve  cana l  drill ,  3 ~1 ace tone  were 
added  to  p rec ip i t a t e  t he  p ro t e in s  and  t he  cap i l l a ry  was 
t h e n  cent r i fuged6.  The  s u p e r n a t a n t  was  n e x t  t r a n s f e r r e d  
to  a c lean microglass  t u b e  and  reac ted  w i t h  a n  equa l  
v o l u m e  of 5 ~.M/ml 14C-dansyl-chloride (Schwarz /Mann ,  
Orangeburg ,  New York)  specific a c t i v i t y  49 m C / m M ) .  A 
n u m b e r  of t r i a l  e x p e r i m e n t s  were in i t i a l ly  car r ied  ou t  to  
d e t e r m i n e  t he  c o n c e n t r a t i o n  of ~4C-dansyl-chloride re- 
quired,  since i t  is k n o w n  t h a t  t h i s  is of i m p o r t a n c e  in 
order  to  o b t a i n  o p t i m a l  r eac t ion  cond i t ions  10. Af te r  
i n c u b a t i n g  t h e  micro-glass  t u b e  a n d  i ts  c o n t e n t s  for 
30 ra in  a t  37 ~ t he  m i x t u r e  was e v a p o r a t e d  to  d ryness  
u n d e r  r educed  pressure  a n d  t i le  d a n s y l a t e d  subs t ances  
r e suspended  in 2 [zl ace tone /ace t i c  acid (3 : 2 v/v). Al iquo t s  
of 0.5 [zl were spo t t ed  on to  a corner  of a 3 • 3 cm p o l y a m i d e  
layer  and  deve loped  b y  two d i m ens i ona l  c h r o m a t o g r a p h y  
(Figures  l a  a n d  2a). A t h i r d  c h r o m a t o g r a p h y  in t he  
second d i m e n s i o n  was r equ i red  to s epa ra t e  a l an ine  f rom 
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dansyl -NH2,  a spa r t i c  acid f rom g lu t amic  acid a n d  ser ine 
f rom th reon ine ,  g l u t a m i n e  and  a s p a r a g i n e  (Figures l b  
a n d  2b),  a l t h o u g h  th i s  resu l ted  in a poor  def in i t ion  of 
some o the r  subs tances .  The  c h r o m a t o g r a p h i c  p rocedure ,  
a m e t h o d  for o b t a i n i n g  a u t o r a d i o g r a m s  a n d  for t he  
q u a n t i t a t i v e  m e a s u r e m e n t  of each  s u b s t a n c e  on a single 
m i c r o c h r o m a t o g r a m  is descr ibed  e lsewhere  4-6. I n  ad- 
di t ion,  a f t e r  t he  Re tz ius  ceils h a d  been  dissected,  t h e  
a b d o m i n a l  n e r v e  cha in  was homogen ized  (1 m g  t i ssue  pe r  
10 ~1 sod ium b i ca rbona t e )  and  cen t r i fuged  a n d  3 ~1 of t he  
s u p e r n a t a n t  was  t h e n  r eac t ed  w i t h  t h e  same  q u a n t i t y  of 
5 vM/ml  14C-dansyl-chloride a n d  i n c u b a t e d  for 30 ra in  
a t  37~ The  m i x t u r e  was t h e n  e v a p o r a t e d  to  dryness ,  
red isso lved  in 5 ~1 ace tone /ace t i c  acid a n d  appl ied  in 
a l iquo t s  of 0.5 [zl to  m i c r o c h r o m a t o g r a m s  for analysis .  

Results and discussion. A u t o r a d i o g r a m s  showing  t h e  
occurrence  of subs t ances  wh ich  reac t  w i t h  d a n s y l  chlor ide  
are shown  in F igures  1 and  2. E a c h  s u b s t a n c e  can  be 
ident i f ied  b y  c o m p a r i n g  t h e  spot  n u m b e r s  on  t he  m a p s  
w i t h  those  shown  in t he  Table .  The  r a d i o a c t i v i t y  as- 
soc ia ted  w i t h  each  s u b s t a n c e  f rom ch roma~ograms  of 2 
d i f fe ren t  e x p e r i m e n t s  for b o t h  Re t z iu s  cells a n d  ab-  
d o m i n a l  ne rve  cha in  are also shown  in t h e  Table .  Com- 
pa r i son  of t he  p e r c e n t a g e  compos i t i on  of each  d a n s y l  
d e r i v a t i v e  in t he  d i f fe ren t  e x p e r i m e n t s  d e m o n s t r a t e s  t h a t  
r ep roduc ib le  resu l t s  are ob ta ined .  Since t h e  m e t h o d  
depends  on  t he  r eac t ion  of dansy l -ch lo r ide  w i t h  a l ipha t i c  
a m i n o  or h y d r o x y  groups  to  fo rm f luoresc ing c o m p o u n d s  
a t  a lka l ine  pH,  a s ingle s u b s t a n c e  w h i c h  con t a in s  all 
a l i pha t i c  a m i n o  a n d  h y d r o x y  group,  as does serotonin ,  
can  p rov ide  3 poss ible  f luoresc ing compounds ,  i.e. N-, OH-  
a n d  Bis-form. I n  pract ice ,  however ,  t he  n u m b e r  of com- 
p o u n d s  p r o d u c e d  depends  on  t he  e x p e r i m e n t a l  con-  
d i t ions  4,11. One of t he  m o s t  s t r i k ing  fea tu res  of these  
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