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Volumetric Determination of Amino Acid and Peptide Hydrazides 

Pep t id e  azides  are o f ten  used  in t he  p r e p a r a t i o n  of 
p o l y p e p t i d e s  1,*. Fo r  success fu l  coup l ing  b y  t h e  azide  
m e t h o d  t h e  p u r i t y  of t he  pep t ide  hydraz ide ,  t h e  p recur -  
sor  of t h e  azide 3, shou ld  be de t e rmined .  A s imple  a nd  
r ap id  m e t h o d  for q u a n t i t a t i v e  d e t e r m i n a t i o n  of pe p t i de  
h y d r a z i d e s  is there fore  of i m p o r t a n c e .  

Acid h y d r a z i d e s  are a m p h o t e r i c  4. T h e y  are also reduc-  
ing  a g e n t s  *. The i r  d e t e r m i n a t i o n  m a y  the re fo re  be ba se d  
on  ac id-base  t i t r a t i o n  or on  t i t r a t i o n  w i t h  ox id iz ing  
reagen t s .  I son ico t in ic  acid hydraz ide ,  for example ,  ha s  
been  d e t e r m i n e d  b o t h  p o t e n t i o m e t r i c a l l y  a n d  v o l u m e t r i -  
ca l ly  b y  v a r i o u s  t i t r a n t s  ba sed  on t he  above  p rope r t i e s  of 
th i s  c lass  of compoundsS-10.  

Pep t ide  h y d r a z i d e s  h a v e  been  d e t e r m i n e d  b y  a gas  
v o l u m e t r i c  m e t h o d  11. Th i s  d e t e r m i n a t i o n  was  based  on 
t he  o x id a t i o n  of t he  pep t ide  h y d r a z i d e  b y  iodine a nd  
m e a s u r e m e n t  of t he  n i t r ogen  evolved.  BRENNER a n d  
HOFER 12 h a v e  t i t r a t e d  g lycine  and  p h e n y l a l a n i n e  pe p t i de  
h y d r a z i d e s  d i rec t ly  w i th  s o d i u m  h y p o b r o m i t e  (NaOBr)  
us ing  m e t h y l  red indica tor .  W h i l e  th i s  work  was  in pro-  
gress  GREVEN la r epor t ed  t he  use  of perchlor ic  acid in t he  
t i t r im e t r i c  d e t e r m i n a t i o n  of a pep t ide  hyd raz ide .  

Th e  p u rp o se  of th i s  c o m m u n i c a t i o n  is to  r epo r t  t he  in- 
v e s t i g a t i o n  of severa l  v o l u m e t r i c  m e t h o d s  for t he  de ter -  
m i n a t i o n  of p ep t i de  hydraz ides .  K n o w n  m e t h o d s  of 
v o l u m e t r i c  an d  p o t e n t i o m e t r i c  acid h y d r a z i d e  d e t e r m i n a -  
t i on  were t e s t ed  for the i r  genera l  app l i cab i l i t y  as volu-  
me t r i c  m e t h o d s .  

Experimental .  The  pep t ide  h y d r a z i d e s  were p r epa re d  
by  the  h y d r a z i n o l y s i s  of t he  co r r e spond ing  m e t h y l  or 
e t hy l  ester.  E l e m e n t a l  ana ly s i s  and  t h i n - l a y e r  c h r o m a t o -  
g r a p h y  of t h e  h y d r a z i d e  showed  t he  m a t e r i a l  to be pure .  
T e r t - b u t y l o x y c a r b o n y l h y d r a z i d e  ( t -Boc-hydrazide)  was  
p u r c h a s e d  f ro m  E G A - C h e m i e  (KG), W e s t  G e r m a n y  a nd  
t e s ted  w i t h o u t  f u r t h e r  pur i f ica t ion .  All o t h e r  r e agen t s  used  
were an a ly t i c a l  grade.  

Th e  t i t r a t i o n s  were pe r fo rmed  on 5 15 m g  of mate r i a l .  
0 . 1 N  perchlor ic  acid (HC104) in glacial  acet ic  acid 
(CH3COOH) was  p r epa red  and  s t a n d a r d i z e d  as descr ibed  
elsewhere 14. Th e  c o m p o u n d  to  be d e t e r m i n e d  was  dis- 
solved in 1 ml  glacial  acet ic  acid and  t i t r a t e d  w i th  t he  
above  reagen t .  Th e  e n d - p o i n t  was  d e t e r m i n e d  by  a viole t  
to green  colour  ch ange  of t he  m e t h y l  v iole t  indica tor .  

An  a q u e o u s  so lu t ion  of 0 . 1 N  s o d i u m  h y p o b r o m i t e  
(NaOBr)  was  p r ep a red  by  d i sso lv ing  an  e q u i v a l e n t  a m o u n t  
of b r o m i n e  in 0 . 1 N  s o d i u m  hydrox ide .  Th i s  so lu t ion  was  

t h e n  s t a n d a r d i z e d  a g a i n s t  s o d i u m  t h i o s u l p h a t e  1~. T h e  
pep t ide  h y d r a z i d e  w a s  d isso lved  in 1 m l  glacial  acet ic  
acid to  w h ic h  was  a d d e d  1 m l  2 N  su lphur i c  acid a n d  

t i t r a t e d  w i th  t he  h y p o b r o m i t e  solut ion.  T h e  e n d - p o i n t  
was  observed  b y  a colour  c h a n g e  of red to  col0urless  of t h e  

m e t h y l  red ind ica to r  13. 
A n  a q u e o u s  so lu t ion  of 0 . 1 N  p o t a s s i u m  p e r m a n g a n a t e  

(KMnO4) was  p r e p a r e d  a n d  s t a n d a r d i z e  diS. 1 m l  of 2 N  
su lphu r i c  acid w a s  a d d e d  to  t he  pe p t i de  h y d r a z i d e  dis-  
so lved  in d i m e t h y l f o r m a m i d e .  Th i s  so lu t ion  w a s  t i t r a t e d  
w i t h  t he  p e r m a n g a n a t e  solut ion.  T h e  end-po in t ,  a c h a n g e  
in colour  f r om colour less  to  p ink ,  is s t ab le  for  10 sec a n d  is 
de t ec t ab le  w i t h o u t  t he  aid of a n  indica tor .  

T h e  d e t e r m i n a t i o n  of pep t ide  h y d r a z i d e s  was  also 
t e s t e d  w i th  a q u e o u s  so lu t ions  15 of ceric s u l p h a t e  
(Ce(SO4)2), p o t a s s i u m  d i c h r o m a t e  (K2Cr2OT), c h lo r a mine -  
T, a n d  p o t a s s i u m  fe r r i cyan ide  (K3Fe(CN)6). N o n - a q u e o u s  
d e t e r m i n a t i o n s  u s ing  perchlor ic  acid in dioxane16, po t a s -  
s i u m  t -bu tox ide  17, a n d  b r o m i n e  (Br2) in glacial  acet ic  
acid were also t e s t ed  for t he i r  appl icabi l i ty .  
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The determination of peptide hydrazides 

Hydrazide �9 Mol. w t .  
No. 

HC104/CHaCOOH NaOBr KMnO 4 

Mol. wt. % Mol. wt. % Mol. wt. % 
found error found error found error 

1 t-Boc 132 127 3.8 126 b 4.5 123 6.8 
2 Z-Gly 223 220 1.3 214 4.0 217 2.8 
3 Z-Set 253 249 1.6 255 0.8 240 5.1 
4 Z-Im-Bz-His 377 370 c 1.9 360 4.5 '371 1.6 
5 a, e-di-Z-Lys 412 422 2.4 422 2.4 420 1.9 
6 Z-Gly-Gly 280 274 2.1 270 3.6 273 2.5 
7 Z-Ser-Ser 339 337 0.6 328 3.2 328 3.2 
8 Z-Phe-Phe 460 461 0.2 445 3.3 425 7.6 
9 Z-Phe-Gly 370 359 3.0 352 4.9 364 1.6 

10 Z-Ala-Leu 350 329 6.0 333 5.0 329 6.0 
11 Z-Ala-Ala-Ala 379 375 1.1 340 a 10.3 381 0.5 

L-Amino acids were used throughout. The abbreviations are: t-Boc, tertiary-butyloxycarbonyl; Z, carbobenzoxy; Im-Bz, N-benzyl-imida- 
zole; Gly, glycine; Ser, serine; His, histidine; Lys, lysine; Phe, phenylalanine; Ala, alanine; and Leu, leucine, b This titration was performed 
without sulphuric acid. o This tool. wt. determination is based on 2 equivalents acid to 1 equivalent hydrazide, since the imidazole ring is also 
titrated by HC104 la. a This determination was performed on 2 mg of material. 
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Results and discussion. T he  e x p e r i m e n t a l  e r ror  i n h e r e n t  
in  t he  d e t e r m i n a t i o n s  was  3%.  Th i s  e r ror  arises f rom t h e  
dev i a t i ons  possible  in  t h e  weighings  of t he  s ample  and  t he  
d rop le t  size. 

The  tool. wt.  of a pep t i de  h y d r a z i d e  d e t e r m i n e d  b y  
perch lor ic  acid t i t r a t i o n  was ca lcu la ted  f rom t he  fol lowing 
s t o i c h i o m e t r y  : 

RCONHNH~ + HC104 --~ RCONHNH3+ C10r 

The  t i t r a t i o n  us ing  t he  perchlor ic  acid in  glacial  acet ic  
acid a n d  m e t h y l  v io le t  i n d i c a t o r  h a d  s h a r p  end -po in t s  
whi le  t h e  same  acid in d i oxane  us ing  t h y m o l  b lue  as indi-  
c a t o r  gave  poor  end-po in t s .  T h e  fo rmer  t i t r a n t  gave  re- 
su l t s  wh ich  on  t h e  ave rage  were  w i t h i n  t h e  e x p e r i m e n t a l  
e r ror  (Table).  

The  s t o i c h i o m e t r y  for t he  t i t r a t i o n  of pep t ide  hydraz i -  
des w i t h  N a O B r  isl~ 

RCONHNH 2 + 2HOBr-->- RCOOH + N 2 + 2HBr + H20. 

T h e  e n d - p o i n t  w i t h  m e t h y l  r ed  i nd i ca to r  is s h a r p  a n d  t he  
d e v i a t i o n  of t he  molecu la r  we igh t  found  f rom t he  t r ue  
tool. wt.  is on  t he  ave rage  3.6% (Table).  

The  o x i d a t i o n  of acid h y d r a z i d e s  b y  KMnOr invo lves  a 
3.5 e lec t ron  change  pe r  h y d r a z i d e  group 9. 

4RCONHNH~ + 3 .502 - ~  RCON = NOCR + 2RCOOH 
+ 3N~ + SHOO. 

The  t i t r a n t  does  n o t  need  a n  i n d i c a t o r  a n d  t h e  tool. wt.  
d e t e r m i n a t i o n s  h a d  t he  s ame  accu racy  as t h e  sod ium 
h y p o b r o m i t e  d e t e r m i n a t i o n s  (Table).  

Base  t i t r a t i o n  of t he  pep t i de  hyd raz ides  w i t h  p o t a s s i u m  
t -bu t0x ide  1~ (0.05N) us ing  a n y  of t he  fol lowing ind ica to r s  
gave obscure  e n d - p o i n t s :  o-n i t roani l ine ,  t r opae r o l i n  00 or 
b r i l l i an t  cresol blue.  The  bes t  e n d - p o i n t  was  o b t a i n e d  w i t h  
o-ni t roani l ine ,  t he  er ror  be ing  10 -15%.  

The  reac t ion  of K,Fe(CN)6 w i t h  acid h y d r a z i d e s  is s 

RCONHNH 2 + 4K~Fe(CN)~ + 4NaOH--~ 3KcFe(CN)~ 
+ NacFe(CN)~ + N~ + 3H~O. 

W h e n  t he  pep t i de  h y d r a z i d e  is d issolved in D M F  a n d  
excess N a O H  is added ,  t he  d i rec t  t i t r a t i o n  w i t h  K~Fe(CN)6 
p roduces  no  coIour  c h a n g e  a t  t h e  equ iva lence  po in t .  How-  
ever,  if excess KaFe(CN)~ is p r e s en t  in  t h e  a b o v e  pep t i de  
solut ion,  t he  excess N a O H  m a y  be t i t r a t e d  w i t h  t he  aid of 
p h e n o l p h t h a l e i n  i n d i c a t o r  (red to  yellow) a n d  t he  mol.  
wt.  m a y  be  d e t e r m i n e d  for t h e  pep t ide  hydraz ide .  Such  
d e t e r m i n a t i o n s  gave  on ly  10 -15% accuracy .  0 . 2 N  
K~Fe(CN)6 in 0 . 1 N  N a O H  us ing  p h e n o l p h t h a l e i n  as indi-  
c a to r  was  t e s t ed  as a d i rec t  t i t r i m e t r i c  m e t hod .  In  th i s  case 
t h e  colour  change  (yellow tO red) occurs  before  t he  equi-  

va lence  p o i n t  b u t  s lowly r eve r t s  to  t he  in i t ia l  colour.  The  
r e a p p e a r a n c e  of the  in i t i a l  colour  ind ica tes  t h a t  pep t ide  
hyd raz ides  are s lowly oxid ized  b y  K3Fe(CN)6. There fore  
t h i s  o x i d a n t  is a poor  v o l u m e t r i c  t i t r a n t  for  th i s  class of 
compounds .  

S imi la r  diff icul t ies  were encoun t e r ed  w i th  the  o x i d a n t s  
Ce(SO4)2, K~Cr,O7 a n d  ch lo ramine -T .  

D e t e r m i n a t i o n s  of t he  pep t i de  h y d r a z i d e  m a d e  w i t h  Br~ 
in glacial  acet ic  acid i nvo lved  a colour  change  a t  t he  end-  
p o i n t  of colourless to  fa in t -ye l low in  t he  absence  of a n  
indica tor .  Since the re  was so l i t t le  difference be tween  t h e  
in i t ia l  and  t he  f ina l  colour, t h e  mol.  wt.  of the  h y d r a z i d e s  
could no t  be determined w i t h  a n y  confidence.  

In  conclus ion  i t  m a y  be  s t a t e d  t h a t  pep t ide  hyd raz ides  
can  be  d e t e r m i n e d  b y  s imple  t i t r i m e t r i c  methods .  Of t h e  
t i t r a n t s  tes ted ,  perchlor ic  acid in glacial  acet ic  acid w i t h  
m e t h y l  v io le t  as i nd i ca to r  appea r s  to  be  t he  bes t  as i t s  
s t o i c h i o m e t r y  is one- to-one,  t h e  e n d - p o i n t  is sha rp  a n d  
s tab le  a n d  i t  gives t he  m o s t  a ccu ra t e  mol.  wt .  d e t e r m i n a -  
t ions .  I f  t he  pep t i de  h y d r a z i d e  has  a n  acid t i t r a t a b l e  
g roup  (e.g. c o m p o u n d  4, Table)  t h e  equ iva lence  p o i n t  
changes  accordingly .  If, however ,  one wishes to  pe r fo rm 
aqueous  t i t r a t ions ,  t h e n  a n  oxid iz ing  t i t r a n t  would be  of 
choice. Of those  o x i d a n t s  t e s t ed  K M n O  4 or N a O B r  w i t h  
m e t h y l  red  i n d i c a t o r  a p p e a r  to  be  t he  best .  The  dis- 
a d v a n t a g e  for  genera l  use of ox id iz ing  t i t r a n t s  for de ter -  
m i n a t i o n  of pep t i de  h y d r a z i d e s  is t h e  ex is tence  of oxidiz-  
ab le  a m i n o  acids.  T h u s  i t  is a d v a n t a g e o u s  to  h a v e  
ava i l ab le  b o t h  a n  ac id imet r i c  a n d  an  ox id imet r ic  me thod .  

Rdsumd. Nous  avons  d6 te rmin6  p a r  t i t r age  vo lum6 t r i que  
une  s6rie d ' h y d r a z i d e s  pep t i d iques  et  tes t6  les t i t r ages  
acides, ba s iques  et  ox idan t s .  U n  t ab l eau  condense  les 
r6su l t a t s  o b t e n u s  avec  les t ro is  mei l leurs  r6actifs  de 
t i t r age  (acide pe rch lo r ique  dans  l ' ac ide  ac6t ique glacial,  
l ' h y p o b r o m i t e  de sod ium et  le p e r m a n g a n a t e  de po tas -  
s ium) qui  son t  t ous  u t i l i sables  5. ce t  effet.  
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Culture  de ce l lu le s  e m b r y o n n a i r e s  d ' U r o d ~ l e s  sur  

Les t r a v a u x  de t~APPAPORT et  al. 1 o n t  m o n t r 6  que  pou r  
q u ' u n e  cellule adhere ,  s '6 ta le  e t  se diff6rencie sur  une  sur-  
face, celle-ci do l t  p r6sen te r  ce r ta ines  ca rac t6 r i s t iques  
phys ico -ch imiques ,  n o t a m m e n t :  1. une  cha rge  61ectrique 
su f f l san te  p a r  un i t6  de surface  pou r  p e r m e t t r e  l ' a t t a c h e -  
m e n t  d ' u n  t y p e  cel lulaire  donn6 ;  2. u n  m6can i sme  de 
p r o t e c t i o n  de ces <~sites>> con t r e  l ' excr6 t ion  des p ro tons  
p a r  la cellule apr~s a t t a c h e m e n t .  Selon ces au teurs ,  ces 
p a r a m ~ t r e s  d o i v e n t  s ' a d a p t e r  aux  ca rac t6 r i s t iques  de la 
cellule, sa taille,  son m6tabo l i sme ,  ainsi  que  la densi t6  de 
cha rge  de sa m e m b r a n e  cy top la smique .  

D ' a n t r e s  au t eu r s  se son t  6ga lemen t  int6ress6s au pro-  
b lSme de , l ' a t tachement~> de cellules A un  suppor t .  E n  
pa r t i cu l i e r  CURTIS * a d6velopp6 p lus ieurs  th6or ies  de 

u n  s u p p o r t - g e l  d ' a c r y l a m i d e  

d ' a t t achement~>  des cellules au  verre .  I1 suppose  que  cet  
a t t a c h e m e n t  r6su l t e ra i t  d ' u n  6qui l ibre  en t re  les forces 
adh6s ives  de v a n  der  W a a l s  et  les forces 61ectrostat iques  
de r6puls ion dues  aux  c h a r g e s  de surface.  

Nous  nous  s o m m e s  inspir6s  des t r a v a u x  d'HOFFMAN 
et  a l )  Pour  6 tud ie r  l ' a c t i on  de ce r ta ines  subs tances  bio-  
logiques,  s6par6es p a r  61ectrophor~se sur  gel,  sur  la  
d i f f6 renc ia t ion  cellulaire.  Nous  avons ,  d a n s  ce t r ava i l  pr6- 
l iminai re ,  r echerch6  u n  suppor t -ge l  p e r m e t t a n t  l '6 ta le-  
m e n t  et  la  d i f f6 renc ia t ion  de cellules e m b r y o n n a i r e s  
d 'Urod~les ,  selon une  t e c h n i q u e  de cu l tu re  d~j ~ d6cri te  4, 5 

Matdriel. Les cellules uti l is6es pou r  ef fec tuer  ce t r a v a i l  
son t  des cellules e m b r y o n n a i r e s  de Pleurodeles waltlii et  
d'Ambystoma mexicanum pr61ev6es sur  la  p l aque  e t  les 


