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A M i c r o - M e t h o d  for  the  E s t i m a t i o n  of  C y s t i n e  
in  P r o t e i n  H y d r o l y s a t e s  

A m o n g  the  m a n y  m e t h o d s  of e s t i m a t i n g  cys t ine  ~, one  
of t h e  s imples t  is t h a t  desc r ibed  b y  SULLIVAN, HESS, a n d  
HOVtARD ~ based  on  t he  r e d u c t i o n  of cys t ine  to  cys t e ine  
a n d  t h i o c y a n a t e ,  t h e  cys te ine  t h u s  fo rmed  p r o d u c i n g  a 
red colour  w i t h  s o d i u m  1, 2 - n a p h t h o q u i n o n e - 4 - s u l p h o n a t e .  
A m i c r o m e t h o d  ha s  been  der ived  f rom th i s  or ig ina l  
m e t h o d ,  w h i c h  enab les  t he  e s t i m a t i o n  of cys t ine  in p r o t e in  
h y d r o l y s a t e s  in c o n c e n t r a t i o n s  r a n g i n g  f rom 20 to a b o u t  
400 nmoles /ml .  

Materials. All c o m p o u n d s  used were  of a n a l y t i c a l  grade,  
t h o u g h  f rom d i f fe ren t  commerc i a l  sources.  

S p e c t r o p h o t o m e t r i c  m e a s u r e m e n t s  were m a d e  w i t h  t he  
B a u s c h  a n d  L o m b  record ing  s p e c t r o p h o t o m e t e r ,  Spec- 
t r o n i c  505. 

Experimental. The  or ig ina l  m e t h o d  of  SULLIVAN, HESS, 
a n d  HOWARD 2 WaS t e s t e d  in t h e  cond i t ions  of v o l u m e  
g iven  b y  these  a u t h o r s :  to 5 ml  of s a t u r a t e d  cys t ine  
so lu t ion  in 0 . 1 M  Tris  buf fe r  p H  7.2 were a d d e d  2 ml of 
5% N a C N ;  a f t e r  t0  rain,  t ml  of 1% sod ium 1, 2 - n a p h t h o -  
q u i n o n e - 4 - s u l p h o n a t e  was a d d e d  and  s h a k e n  for 10 sec;  
t h e n  5 ml  of 10% a n h y d r o u s  Na2SO ~ in 0 . 5 N  N a O H  were 
added ,  mixed ,  a n d  a l lowed to  s t a n d  30 ra in ;  1 ml  of 5 N  
N a O H  was  added ,  fol lowed b y  1 ml  of 2% Na2S~O4 in 
0.5N N a O H .  The  m a x i m u m  a b s o r p t i o n  was  found  a t  
500 rim. 

(1) Compar i son  b e t w e e n  N a C N  and  K CN  as r educ ing  
agents .  B y  m e a n s  of t h i s  m e t h o d ,  t he  5 ° /  NaCN so lu t ion  
was  c o m p a r e d  w i t h  a 5% K C N  solut ion.  7 m i n  a f t e r  t he  
f ina l  a d d i t i o n  of Na2S204, t h e  op t i ca l  dens i t i es  a t  500 n m  
were r e spec t ive ly  0.180 w i t h  N a C N  a n d  0.252 w i t h  KCN. 
A l t h o u g h  t he  f ina l  eo lour  o b t a i n e d  u n d e r  these  cond i t i ons  
was qu i t e  uns t ab le ,  K C N  was used in all f u r t h e r  r eac t ions  
i n s t ead  of NaCN.  

(2) Ef fec t  of c h a n g i n g  t he  r e l a t ive  c o n c e n t r a t i o n s  of the  
reagents .  I n  o rde r  to  increase  t he  s e n s i t i v i t y  of t he  m e t h o d  
a n d  to  h a n d l e  sma l l e r  volumes ,  t he  fol lowing so lu t ions  
were  t r i ed :  1 ml  of cys t ine  so lu t ion  (150 n m o l e s / m l ) ;  
0.1 m t  of 20% K C N ;  0.1 ml  of 2% n a p h t h o q u i n o n e -  
s u l p h o n a t e ;  1 ml of 10% Na~SO~ in  0 . 5 N  N a O H ;  0.2 ml  
of 5 N  N a O I t ;  a n d  0.1 mi  of 4 %  Na2S204 in 0 . 5 N  N a O H .  

These  vo lumes  and  c o n c e n t r a t i o n s  co r re spond  exac t l y  
to  t he  o r ig ina l  me thod .  I t  was  obse rved  t h a t  t he  max i -  
m u m  a b s o r p t i o n  of t he  f ina l  colour  was sh i f t ed  to  466 nm,  
and  t h a t  i t s  va lue  increased  for  t h e  f i rs t  20 m i n  t h e n  de-  
creased d u r i n g  t he  n e x t  40 min.  Al lowing t he  co lour  to  
deve lop  in d a r k n e s s  d id  no t  c h a n g e  th i s  resul t .  

(3) Ef fec t  of the  Na~S204 c o n c e n t r a t i o n .  Cond i t ions  
were n e x t  i n v e s t i g a t e d  for  p r o d u c i n g  a f ina l  co lour  t h a t  
would r e m a i n  s t ab le  for a r easonab le  t ime .  R e a g e n t s  were 
used  in c o n c e n t r a t i o n s  as  in  t h e  o r ig ina l  m e t h o d ,  b u t  t h e  
v o l u m e s  were 5 t i m e s  smal ler .  O n l y  t he  c o n c e n t r a t i o n  of 
Na~S~O 4 was  increased  f rom 2~o to  10%,  Th i s  gave  a f ina l  
co lour  whose  op t i ca l  d e n s i t y  d id  n o t  v a r y  for  a t  leas t  
30 rain.  

A h ighe r  c o n c e n t r a t i o n  of Na2S204 was also tes ted .  The  
use of 0.1 nil  of a 20% aqueous  Na~S~O~ so lu t ion  in s t ead  
of 0.2 m l  of t h e  10% so lu t ion  in N a O H  gave  t he  s ame  
resul t .  I t  was obse rved ,  however ,  t h a t  t h i s  h igh ly  concen-  
t r a t e d  aqueous  so lu t ion  loses i t s  a c t i v i t y  v e r y  r ap i d l y  ; on  
t h e  o t h e r  h a n d ,  t h i s  c o n c e n t r a t i o n  c a n n o t  be  o b t a i n e d  in 
t he  a lka l ine  so lu t ion  because  of t he  l imi ted  so lub i l i ty  of 
t h e  r eagen t .  

Thus ,  for  t he  f ina l  m e t h o d ,  t h e  10% so lu t ion  in 0 . S N  
N a O H  was used. 

(4) Ef fec t  of the  Na2SO 3 concen t r a t i on ,  I f  Na2SO ~ is 
a d d e d  10 m i n  a f t e r  the  n a p h t h o q u i n o n e - s u l p h o n a t e  in- 

s t ead  of immed ia t e ly ,  t he  f inal  m a x i m u m  a b s o r p t i o n  is 
sh i f t ed  f rom 500 to 470 nm,  and  t he  va lue  is m u c h  de-  
creased.  Th i s  m e a n s  t h a t  t h e  c o m p l e x  fo rming  r eac t i on  
be tween  cys te ine  a n d  n a p h t h o q u i n o n e - s u l p h o n a t e  shou ld  
t a k e  place  in a h i g h l y  r educ ing  med ium.  

Therefore ,  a h i g h e r  c o n c e n t r a t i o n  of Na2SO 3 was 
t e s t e d :  a 20% so lu t ion  in 0 . 5 N  N a O H  was  used i n s t ead  
of t he  10% one. The  re su l t  was  a sh i f t  of t he  a b s o r p t i o n  
m a x i m u m  to 506 n m  and  a s t e a d y  decrease  of the  op t i ca l  
dens i ty .  

A lower c o n c e n t r a t i o n  of Na2SO 3 was n e x t  s tud ied .  
Add ing  0.5 ml  of t h e  10% so lu t ion  i n s t ead  of 1 ml  m a d e  
no change  in the  resul t .  Th i s  las t  c o n d i t i o n  was t h u s  used 
in the  fol lowing f inal  m e t h o d :  

Final method. To 1 ml  of cys t ine  solut ion,  add  0.2 ml 
of f resh ly  p r epa red  10% aqueous  K C N ;  mix  a n d  a l low to 
s t a n d  10 ra in ;  add  0.2 ml  of 1% aqueous  s o d i u m  1,2- 
n a p h t h o q u i n o n e - 4 - s u l p h o n a t e  a n d  shake  for  10 sec;  add  
i m m e d i a t e l y  0.5 ml  of 10% a n h y d r o u s  Na~SOa in 0 . 5 N  
N a O H ,  mix  and  al low to  s t a n d  30 m i n ;  add  0.2 m l  of 
5 N  N a O H  a n d  0.2 ml  of 10% Na2S204 in 0 .5N  N a O H .  
Read  a t  504 n m  aga in s t  a b l a n k  s imi la r ly  t rea ted .  

F igure  1 gives the  a b s o r p t i o n  s p e c t r u m  of t he  f inal  
colour  t h u s  o b t a i n e d  w i t h  a cys t ine  so lu t ion  of 200 
nmoles /ml .  

F igure  2 shows t h e  s t a n d a r d  c u r v e  o b t a i n e d  w i t h  
cys t ine  so lu t ions  p r e p a r e d  b y  d i s so lv ing  c rys t a l l i ne  
cys t ine  in N HCI a n d  neu t r a l i z i ng  w i t h  c rys t a l l i ne  lris- 
( h y d r o x y m e t h y l ) a m i n o m e t h a n e .  

Results. T h e  m e t h o d  desc r ibed  a b o v e  was  appl ied  to 
t h e  e s t i m a t i o n  of cys t ine  in b o v i n e  s e r u m  a l b u m i n  and  in  
a p r e p a r a t i o n  of t o t a l  r a t  l iver  historic.  The  p ro t e in s  were 
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t R. J. BLOCK and D. BOL~.INC., The Amino Acid Composition o! 
Proteins and Foods (C. C. Ttumms, Springfield, Ill. 1951). 

2 M. X. SULLIVAN, W. C. HEss, and H. W. HOWARD, J. biol. Chem. 
145, 621 (1942). 
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dried for 4 h a t  105°C and  hydro lysed  in sealed tubes  for 
6 h a t  t20°C wi th  6 N  HCl. The hydro lysa t e s  were evap-  
o ra ted  a lmost  to dryness ,  t aken  up w i t h  1 ml of dis t i l led 
water ,  neutral ized to  p H  7.0 wi th  crystal l ine tris(hydroxy- 
methy l )aminomethane ,  and made  up  to  10 ml  w i th  0.1 M 

Estimation of cystine in bovine serum albumin 

Experiment no. i 2 3 

Dry weight of hydro- 
lysed protein, mg 10.4 

Hydrolysed protein 
in nmoles- 157.6 

Total volume of 
neutralised hydro- 
1Fsate , ml 10 

Optical density 
at 504 nm 0.550 
nmoles/ml 285.2 
#g]ml 68.4 
Molar ratio 18.1 
Weight % 6.58 

8.8 9.2 

133.3 139.4 

10 I0 

0.550 0.462 0.465 0.484 
285.2 239.5 241.1 251.0 
68.4 57.5 57.9 60.2 
18.1 18.0 18.1 18.0 
6.58 6.53 6.58 6.55 

a The molecular weight used for the calculations was 66,000, given by 
EDSNLL 4. 

Tris buffer  p H  7.0. The es t imat ions  were made  on 1 ml 
al iquots.  

Whereas  t he  h i s tone  hyd ro ly sa t e  gave only  a ve ry  fa in t  
colour, the  m a x i m u m  absorp t ion  of which  was  a t  460 nm,  
the  a lbumin  hyd ro ly sa t e s  gave val id resul ts  wh ich  are 
p resen ted  in t he  Table.  

I t  m a y  be concluded f rom these  resul ts  t h a t  h i s tone  
a p p a r e n t l y  does no t  con ta in  a n y  de tec tab le  cys t ine ,  and  
t h a t  t he  molar  ra t io  of cys t ine  in bovine  se rum a lbumin  
is 18; th is  last  value agrees wi th  t h a t  given by  CATSlM- 
POOLAB and  WOOD 3, whereas  EDSALL 4 quotes  t h a t  of 17.5. 

Rdsumd. Nous pr6sentons  une mic ro-m6thode  colori- 
m6tr ique  qui p e r m e t  de doser  la cys t ine  dans  des hydro-  
lysa ts  de prot6ines,  dans  un  domaine  de concen t r a t ion  
compr is  en t re  20 et  envi ron  400 nmoles /ml .  
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A Differential Staining for Hypocotyl  and Radicle 

The radicle and  the  hypoco ty l  of seedl ings m a y  reac t  
very different ly  to e n v i ronmen ta l  factors ,  such  as t em-  
perature ,  i l luminat ion and  g rowth  regulators .  In m a n y  
developmenta l  s tudies ,  it  is essent ia l  to  d is t inguish  be- 
tween these  two organs. 

Facing such a p rob lem we were able to s ta in  differen-  
t ially the  radicles and the  hypoco ty l s  of whole seedlings 
by  rdacti[ genevois. This reagent ,  which  was developed by 
CHODAT, Gen~ve (Switzerland),  is a mix tu re  of the  dyes  
chrysoidin  and Congo red (STRASBURGER 1, p. 813). 
CHODAT developed this reagent  for di f ferent ia l  s ta in ing  of 
cell wall const i tuents .  Cellulose is s t a ined  pink,  l ignin 
br igh t  yellow and cut in  and suber in  yel lowish brown.  I t  
was found t h a t  ba th ing  the  whole seedling in rdacti/ 
genevois for 5 to  10 rain followed by  a rinse in wa te r  leaves 
only pink on the  growing radicle.  The h y p o c o t y l  m a y  be 
s ta ined somewha t  ye l lowish-brown b u t  t he  d i s t inc t ion  
be tween the  two colours, and hence  the  two  organs,  is 
easily made  (Figure 1). In  all species t es ted  the  morpho-  
logical b o u n d a r y  be tween the  hypoco ty l  and the  radicle,  
namely  the place where the  p rox imal ly  (oldest) s i tua ted  
root  hairs mark  it, was ident ical  wi th  t he  b o u n d a r y  of the  
s taining (Figure 2). This me thod  was successfully t r ied 
in several  species of d i f ferent  families of Angiosperms. 
There was no case in which th i s  m e t h o d  did no t  work.  
The seedlings tes ted were of: Lactuca saliva (lettuce), 
Pisum sativum (pea), Lycopersicum escuIentum ( tomato) ,  
Beta vulgaris (beet), Salsola inermis, S. volkensii and 
Atriplex d$morphostegia. 

1 E. STRASBURGER, Das botanische Praklikum, 7th Ed. (Gustav 
Fischer, Jena 1923). 

I t  is sugges ted  t h a t  the  cu t icu lar  coa t ing  of t he  hypo-  
cotyl  p r e v e n t s  t he  reac t ion  of cellulose wi th  rdacli/gene- 
vois f rom t ak ing  place. Since such  a coa t ing  is a b s e n t  f rom 
the  ep idermis  of growing radicles,  tile cellulose of t he  epi- 
dermis  reac ts  w i th  the  stain.  S ta in ing  wi th  ZnCI~-KI-I 

Fig. 1. Seedlings of Atriplex dimorphostegia stained with rgacli] 
genevois (2 on the right) and with carmine acetate (2 on the left). 
Note the sharp boundary between radicle (stained) and hypocotyl 

(unstained) with the former reagent. 


