
15. VI. 1965 Brevi comunieazioni - Brief Reports 351 

fast  ra te  of change comparable  only to tha t  of the  period 
preceding tile 17th day  of age. The  90th day  approxi-  
mates  abou t  t he  age of 20 years in m a n  and the appear-  
ance in the  l iver  of an  octaploid D N A  class~L 

The  d a t a  and relat ionship for the  two organs and the 
whole r a t  h a v e  been  chosen only as an i l lustration.  Similar  
plots  for o the r  organs and tissues for a va r i e ty  of species 
m a y  p rove  useful no t  only  as basic informat ion  bu t  m a y  
have  prac t ica l  implicat ions.  A few which come to mind 
i m m e d i a t e l y  are the  de te rmina t ion  of opt imal  organ and 
tissue-specific radiosens i t iv i ty  since the la t te r  is known to 
v a r y  w i t h  phases of the  mi to t i c  cycle .2, A relat ion could 
also exis t  be tween  an imal  mor ta l i ty  and the s ta te  of the 
an imal ' s  cel lular  popula t ions  2z. Another  use m a y  be the 
ca lcula t ion of op t ima l  t iming  for the adminis t ra t ion of 
cer ta in  classes of drugs and specifically of cytos ta t ic  
compounds  24. 

Zusammen/assung. Das Verh~tltnis zwischen Lebens-  
dauer  und s toffwechselbedingter  K6rpergrOsse (kg¾) wird 
zur Analyse des Differenzia lwachstums einzelner Gewebe 
nnd Organe herangezogen.  
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P R O  E X P E R I M E N T I S  

Q u a n t i t a t i v e  N - T e r m i n a l  A m i n o  A c i d  A n a l y s i s  

b y  T h i n  L a y e r  C h r o m a t o g r a p h y  

The  f luorodini t robenzene reagent  is widely used to de- 
t ec t  t he  N- te rmina l  amino  acid in pept ides  and proteins x. 
A v a r i e t y  of co lumn chromatograph ic  procedures have 
been appl ied to iden t i fy  and es t imate  the  dini tropheny! 
(DNP) der iva t ives  2-s, b u t  these methods  are laborious 
and t ime  consuming  or  need expensive equipment .  For  
these reasons the  paper  chromatograph ic  technique de- 
scribed by  LEvY 9 has gained in favour  for quan t i t a t ive  
de terminat ions .  

Recent ly ,  BRENNER et al. 10 applied thin layer chroma- 
tog raphy  to ident i fy  D N P - a m i n o  acids. This method has 
more sensi t ivi ty ,  gives be t t e r  separat ion and consumes 
less t ime  t h a n  pape r  chromatography .  

Taking  a d v a n t a g e  of these convenient  features we have 
developed a procedure  for quan t i t a t i ve  determinat ion of 
N- te rmina l  amino  acid in proteins  and peptides using 
c h r o m a t o g r a p h y  on th in  layers of silicagel. 

Experimental. Since D N P  der iva t ives  are l ight  sensi- 
t ive,  mos t  opera t ions  mus t  be performed in the dark. 

0.05 to  1 / ,mole of the  prote in  is dissolved in 5 ml of 
0 .1M, p H  8.7, a m m o n i u m  carbonate .  If  the  analysis is 
carried o u t  Oil small  pept ides,  1% aqueous t r imethyl -  
amine 3 is used as solvent .  F luorodini t robenzene  (0.2 ml) 
is added  and the  mix tu r e  is v igorously  s t i rred for 2 h a t  
40 o C. A t  t he  end of th is  per iod the  excess of reagent  is 
ex t rac ted  w i t h  peroxide-free  ether.  To remove  the  re- 
maining dini t rophenol ,  t he  ex t rac ted  react ion mix ture  is 
dia lyzed aga ins t  dist i l led wa te r  and freeze-dried. This  
step is replaced by  the  subl imat ion  technique of MILLS s 
when the  m e t h o d  is appl ied to  small  peptides.  

The puri f ied D N P  de r iva t ive  is dissolved in glacial 
acetic acid avoid ing  any  excess of solvent  and the  exac t  
concent ra t ion  of this  solut ion is found by  weight  analy-  
sis n. The  n u m b e r  of D N P  groups present  is es t imated by 
u l t ravio le t  absorp t ion  measurements .  The following for- 
mulas are  used:  

C 1 = ( 1 . 6 7  E290 - -  0 . 5 1  EAT9) × 10  "-a 

C 2 = (9.55 E370 -- 0.73 E~0) ×10 -s 

where Ez~ 0 and I;.370 are the absorbances measured  a t  
290 and 370 rot, of the acetic acid solut ion and Ct and C, 
are the  molar  concentra t ions  of O-DNP- ty ros ine  and e- 
NHz-DNP-lys ine  respectively.  

A known vo lume  of the  solut ion is hydro lysed  wi th  
5 .7N hydrochlor ic  acid in a v a c u u m  sealed ampoule  a t  
100-110 ° C. The  acet ic  acid is e l iminated  in a flash evapora -  
tor  before addi t ion of hydrochlor ic  acid to  the  ampoule .  
The  destruct ion of the N- te rmina l  amino  acid de r iva t ive  
dur ing the  hydrolysis  step is var iable  in each pa r t i cu la r  
case 3. The proper  correct ion factors are e s t ima ted  in 
parallel recovery exper iments  in which the unsubs t i tu ted  
protein is hydrolysed in the  presence of a known a m o u n t  
of the adequate  DNP-amino  acid, 

The  N-terminal  amino acid is ex t rac ted  f rom the  
hydrolysa te  and isolated by  thin layer c h r o m a t o g r a p h y  
according to BRENNER et  al.t°. The D N P - d e r i v a t i v e s  of 
aspart ie and glutamic  acids which run toge ther  in the  
original procedure, are resolved e m p l o y i n g b e n z e n e  :pyr i -  
d ine:glacial  acetic acid (80:20: I0) as second sys tem of 
solvents. 

The elution of the D N P  amino acid from the  ch romato -  
graphic plate is performed as follows: the  silica gel in the  
area of the I)N P-amino acids spot  is peeled off abou t  0.5 cm 
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Protein Amount employed Conditions of DNP amino acid 
/~moles hydrolysis recovery %" 

N-terminal amino acid mole/mole 

Pre~ent work b Results from 
literature 

Insulin (MW: 5.733) 0.24 100°C 8 h 60 
ll0°C 16 h 90 

Pepsinogen (MW: 42.000) 0.14 ll0°C 16 h 70 
0.046 61 

Bovine growth hormone 0.022 ll0°C 16 h 77 
(MW: 45.000) 79 

0.045 ll0°C 16 h 72 
71 

0.081 110°C 16 h 68 
68 

Aspartylamide 1-valine 0.33 ll0°C 10 h 64 
5-angiotensin I I (MW: 103 l) 

Human ~,-globulin 0.056 110 ° C 24 h 46 
(MW: 160.000) 

45 

0.076 110°C 16 h 60 
62 

Gly (0.9) Gly (2.2) 
Phe (0.8) Phe (1.8)lc 

Leu (0,8) Leu (1.2)13 
Leu (0.8) 

Ala (0.8) 
Phe (0.9) 

Ala (0.8) Ala (0.8) 
Phe (1.0) Phe (0.9) 14 

Ala (0.8) 
Phe (0.9) 

Asp (0.7) Asp (0.5) 1~ 

Asp (1.0) Asp (app. 
1.0) 

Glu (1.0) Glu (app. 
1.0) TM 

Asp (0.8) 
Glu (0.9) 

This column shows the recoveries of the corresponding free DNP-amino acids when submitted to hydrolysis conditions, in the presence of 
native protein, b Values corrected for actual recovery. ~ For 12.000 M~cV. 

b e y o n d  i ts  visible per iphery .  The  powder  is suspended  
in I ml  of Tris buffer ,  p H  8.6, 0 .05M in a glass s toppe red  
vo lumet r i c  f lask which  is shaken  for 5 min a t  r o o m  t em-  
pera ture .  The suspens ion  is cen t r i fuged  and  the  absorb-  
ance of the  s u p e r n a t a n t  is de t e rmined  a t  360 m/~ (385 m#  
in t he  case of DNP-pro l ine)  aga ins t  a b lank  p r epa red  in 
t he  s ame  w a y  b u t  using a s imilar  area  of silica gel f rom a 
zone of t h e  p la te  where  no D N P - d e r i v a t i v e  h a d  been  
p r e s e n t  a t  a n y  t ime  dur ing  the  run.  The  abso rbance  is 
conve r t ed  t o / , m o l e s  us ing a mola r  ex t inc t ion  coeIf ic ient  
d e t e r m i n e d  w i t h  a sample  of ch roma tograph ica l ly  pure  
D N P - a m i n o  acid (Mann Resea rch  Labora tor ies) .  

Results and discussion. Since m o s t  D N P - p r o t e i n s  are 
soluble in glacial acet ic  acid, i t  is possible  to e s t ima te  t h e  
D N P - g r o u p s  a t t a c h e d  to  t h e m  by  absorbance  measure-  
m e n t s  a t  two  wave leng ths ,  w i t h o u t  p rev ious  hydrolys is .  
This  p rocedure  was  or iginal ly  i n t roduced  by  SMITH a2 for 
m i x t u r e s  of  free D N P - a m i n o  acids dissolved in 1 M hyd ro -  
chloric acid. We  h a v e  observed  t h a t  t he  abso rp t i on  
cu rves  of so lu t ions  of O - D N P - t y r o s i n e  or  e -NH2-DNP-  
lysine in glacial acet ic  acid show a blue sh i f t  and  conse-  
q u e n t l y  h a v e  m e a s u r e d  t h e  abso rbance  of t he  D N P -  
pro te in  solut ion a t  s l ight ly  sho r t e r  wave leng ths .  The for-  
mulas  used to  e s t i m a t e  t he  molar  c o n c e n t r a t i o n  of O- 
D N P - t y r o s i n e  and  e -NH2-DNP- lys ine  were  es tab l i shed  
a f te r  a p re l imina ry  s t u d y  of t he  abso rp t ion  curves  of 
acet ic  acid solut ions of t he  free amino  acid der iva t ives .  

The  Table  shows the  resul ts  ob t a ined  wi th  five dif- 
fe ren t  p ro te ins  and  one oc tapep t ide .  Di f fe ren t  t imes  of 
hydro lys i s  were  appl ied  to  each  sample ,  accord ing  to  t he  
n a t u r e  of t he  N- t e rmina l  amino  acid. A l t h o u g h  recoveries  
be tween  97 and  100% were  ob t a ined  w h e n  pu re  D N P -  
amino  acids  were c h r o m a t o g r a p h e d  and  eluted,  the i r  re- 
coveries  were  regular ly  lower  w h e n  s u b m i t t e d  to  t h e  
whole  procedure .  

All va lues  o b t a i n e d  are in good a g r e e m e n t  w i t h  those  
exis t ing  in t he  l i tera ture .  I t  is in te res t ing  to  po in t  out  
t h a t  the  g rowth  h o r m o n e  was  a special ly pur i f ied  sample  ~7 

wi th  a biological ac t iv i ty  a lmos t  double  c o m p a r e d  to  t h a t  
of L114 

The h u m a n  y-globulin was puri f ied by  D E A E  cellulose 
c h r o m a t o g r a p h y  xs in 0 .01M p h o s p h a t e  buffer  p H  8.1 and  
had  a s e d i me n t a t i o n  coeff icient  of 7 $19,*°. 

Z~sammen/assung. Eine  Methode  ffir die q u a n t i t a t i v e  
B e s t i m m u n g  N-ends t~nd ige r  Aminos~uren ,  P ro te ine  und  
P e p t i d e  mi t t e l s  D i i n n s c h i c h t c h r o m a t o g r a p h i e  wurde  en t -  
wicket t .  
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