
voL. 9 (1952) BIOCHIMICA ET BIOPHYSICA ACTA 557 

T H E  T E R M I N A L  A M I N O  G R O U P S  OF C O N A L B U M I N ,  

O V O M U C O I D  A N D  A V I D I N  

by 

H. F R A E N K E L - C O N R A T *  AND R. R. P O R T E R  

National Institute [or dlledical Research, Mil l  Hill, London (England) 

Recent advances in the elucidation of the structure of insulin 1 were facilitated by 
the prior recognition that  this protein was composed of relatively short peptide chains 2. 
No other protein has yet been found to conform to a similar pattern. In the present 
study, the search has been extended to three of the biologically active proteins of egg 
white, using the fluorodinitrobenzene method 2. Conalbumin and ovomucoid of molecular 
weights 87,oo0 and 28,000, respectively, were found to consist of one peptide chain only, 
while avidin (molecular weight about 6o,ooo) appeared to have three chains per molecule. 
Alanine was the N-terminal amino acid in all three proteins. Ovomucoid and avidin 
presented special problems, probably because of the carbohydrate and nucleic acid 
present. 

METHODS AND MATERIALS 

Conalbumin and ovomucoid were the same preparations as used in previous 
studies ~, 4* *. 

Avidin was available in small quantities only, from a variety of preparations. These 
were in three forms: 

a. the glycoprotein (Avidin A). 
b. the glycoprotein in complex with nucleic acid (Avidin N.A.). 
c. the glycoprotein in complex with a second glycoprotein (Avidin X.A.). 

The different preparations varied from 50% to lOO% ill purity.  The characteristics 
of the different forms of avidin have been described 5,6. 

The technique used for the condensation of F-DNB*** with the proteins was that  
described earlier 2, 7, s. In some experiments the reaction mixture was hydrolysed directly, 
after removal of ethanol in vacuo and extraction of excess F - D N B  with ether. In other 
cases the DNP-protein*** was isolated and samples of the preparation subsequently 
taken for hydrolysis. 

* Rockefeller Founda t ion  Fellow. Present  address: Virus Laboratory ,  Universi ty of California, 
Berkeley, California. 

** The protein prepara t ions  were kindly placed a t  our  disposal by members  of the Western  
Regional Research Laboratory,  Albany,  California. 

*** Fluorodinitrobenzene wiU henceforth be abbreviated as F - D N B ,  and dinitrophenyl as D N P .  
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DNP-ovomuco id ,  l ike DNP-sa lmine  7, is read i ly  soluble in water ,  while D N P - a v i d i n  
is also pa r t i a l l y  soluble. Bo th  are p rec ip i t a t ed  b y  the add i t ion  of excess ethanol .  This 
e thanol  p rec ip i t a te  was washed wi th  more  e thanol  and  ether,  and  then d ia lysed  free 
of salts,  freeze-dried,  and  the p repa ra t ions  al lowed to equi l ibra te  wi th  air. The compo- 
sition of these a i r -dr ied  p repara t ions ,  in t e rms  of the  original  prote in ,  was ca lcula ted  
from the  mois ture  conten t  and  the  number  of D N P  groups  expec ted  to be present  if 
all  the  amino, phenol ic  and  imidazole  groups  were react ive.  The values  found are close 
to  75% in agreement  wi th  the  figures for o ther  pro te ins  s. Owing to the  l imi ted  supply  
of the  prepara t ions ,  conf i rmat ion of these values b y  amide  es t imat ion  s was not  a t -  
t empted ,  bu t  the  s imi la r i ty  of the  resul ts  ob ta ined  on the basis of th is  figure and those 
ob t a ined  f rom direct  hydrolys is ,  where the  original  weight  of pro te in  was known, lends 
suppor t  to the i r  va l id i ty .  Thus D N P - c o n a l b u m i n  conta ined  76% protein,  D N P -  
ova lbumin  78 %, D N P - a v i d i n  82 %. 

The me thods  of hydro lys i s  used were those descr ibed b y  SANGER AND PORTER2,7, s. 
Some exper iments  on the s t ab i l i t y  of DNP-a l an ine  and  e-DNP-lys ine  when hydro lysed  
in the  presence of bovine  serum a lbumin  or ovomucoid  are summar ized  in Table  I. 

TABLE I 

D E S T R U C T I O N  O F  D N P - A M I N O  A C I D S  D U R I N G  H Y D R O L Y S I S  O F  V A R I O U S  P R O T E I N S *  

Conditions of Hydrolysis 

Recovery of DNP-alanine after 
hydrolysis in presence of 

Recovery of DNP-lysine after 
hydrolysis in presence of 

Bovine Serum DNP-  Bovine Serum Ovomucoid Ovomucoid Albumin ovomucoid Albumin 
(%) (%) (%) (%) (%) 

Refluxed in 6NHC1 
for 4 hours - -  79 80 
for 16 hours 72 64 - -  

for 4, then 12 hours** - -  - -  - -  

12 N HC1, IOO ° ,  sealed tube 54 4 8 

95 74 
- -  89 

85 63 

* To about 2o mg of protein was added about I # mole of DNP-alanine and about io/~ mole 
of e-DNP lysine. The unchanged DNP-amino acids were recovered chromatographically as usual. 
Thus the losses are those of both hydrolysis and isolation. 

** After 4 hours of hydrolysis, the solutions were extracted with ether, then refluxing continued 
with constant-boiling HCI. 

The ra te  of b reakdown  of DNP-a l an ine  in boi l ing 6 N HC1 in presence of serum a lbumin  
is ve ry  s imilar  to t h a t  p rev ious ly  found wi th  horse globin 7. W h e n  ovomucoid  or D N P -  
ovomucoid  is added,  the  decomposi t ion  shows a definite increase.  In  the  case of e -DNP-  
lysine the  loss caused dur ing  16 hours  of ref luxing wi th  HC1 is uninf luenced by  add i t ion  
of se rum albumin,  and  ovomucoid  again  causes increased loss, which appears  to be 
p r even t ed  if the  hyd ro ly sa t e  is e x t r a c t e d  wi th  e ther  af ter  4 hours  of hydrolysis .  Hy-  
drolysis  wi th  12 N HC1 in sealed tubes  a t  IOO ° was even more  des t ruc t ive  to the  D N P -  
amino acids  used, in presence of ovomucoid .  I t  is p robab le  t h a t  the  high c a rbohyd ra t e  
con ten t  (25 %) of ovomucoid  is responsible  for the  grea te r  des t ruc t ion  of the  D N P - a m i n o  
acids dur ing  hydrolys is .  I t  has  recen t ly  been shown t h a t  add i t i on  of t r y p t o p h a n  in- 
creases the  loss of d i -DNP- lys ine  under  s imi lar  conditions% However ,  the  t r y p t o p h a n  
conten t  of horse globin, bovine  se rum a lbumin  and  ovomucoid ,  1.7%, 0.2% and  o.3%, 
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bears  no re la t ion to the  ra tes  of des t ruc t ion  dur ing  hydro lys i s  in the  presence of these 
proteins.  These resul ts  serve to emphasize  the  need to es t imate  ra tes  of b reakdown  of 
the  DNP-a ln ino  acid concerned under  ident ica l  condi t ions  to those used in the  esti-  

mat ions .  
The e ther-soluble  D N P - a m i n o  acids from the acid hydro lysa t e s  were f r ac t iona ted  

on silica gel columns according to the  scheme descr ibed earlier2,L s. Pape r  chromato-  
g r aphy  1° of the  coloured fract ions from the sil ica columns was ex tens ive ly  used to check 
the i den t i t y  of the  D N P - a m i n o  acids. I f  paper  c h r o m a t o g r a p h y  is appl ied  d i rec t ly  to 
the  acid hydro lysa te ,  one a r te fac t  bel ieved to be d in i t rophenol  moves  at  s imilar  ra tes  
to DNP-a l an ine  and preven ts  de tec t ion  of the  la t ter .  Pr ior  f rac t iona t ion  on silica 
columns removes  this  a r te fac t  and  enables  quan t i t a t i ve  es t imat ion  to be made  at  the  
same t ime.  

e -DNP lysine was i so la ted  f rom the  water -so luble  f rac t ion of the  h y d r o l y s a t e  b y  
r m m i n g  on buffered sil ica gel columns n. This  sys tem would read i ly  sepa ra te  any  D N P -  
arginine from the  c -DNP lysine. 

RESULTS 
Conalbumin  

Table  I I  sumarizes  the  resul ts  ob ta ined  wi th  conalbumin.  Only  one slow moving  
yel low band  was visible when the  e ther  soluble f rac t ion from an acid hydro lysa t e  was 
run  on a chloroform column.  I t  r emained  a single band  when tes ted  on a va r i e ty  of 
columns using different  solvents  as the  moving phase,  and  in each case the  ra te  of 
m o v e m e n t  was the  same as t ha t  of syn the t i c  DNP-a lan ine .  S imi lar  resul ts  were ob ta ined  
using paper  c h r o m a t o g r a p h y  and  in no case could a mix tu re  of the  unknown and 
D N P - a l a n i n e  be separa ted ,  while sepa ra t ion  of mix tu re s  of the  unknown and o ther  
D N P - a m i n o  acids was achieved.  Hence i t  was concluded t ha t  a lanine is the  only N 
t e rmina l  amino acid in conalbumin.  I t  can be seen from Table  I I  t h a t  there  is one 
t e rmina l  group per  molecule.  This  q u a n t i t a t i v e  resul t  is much lower than  the value  of 
lO free a -amino  groups  ca lcu la ted  from ana ly t i ca l  d a t a  12. S imi lar  ca lcula t ions  had  
p e r m i t t e d  an  accura te  p red ic t ion  of the  exis tence of only I chain  in lysozyme.  A possible 
exp l ana t i on  of the  d i sc repancy  in the  case of cona lbumin  was t ha t  pa r t  of i ts  t e rmina l  
amino groups  migh t  be masked  and  unreaet ive ,  as was found the case for pa r t  of the  
e-amino groups  of f l - lactoglobulin and  serum y-globul ins  13. However ,  de na tu r a t i on  by  
var ious  means  d id  not  release any  add i t iona l  end groups  in cona lbumin  (Table II) .  I t  
thus  appea r s  p robab le  t ha t  the  oldei indi rec t  me thod  12, based  largely on small  differences 
be tween  big numbers ,  is not  as rel iable wi th  pro te ins  more complex,  or of higher  
molecular  weight ,  t han  lysozyme.  

The yie ld  of e -DNP lysine ob ta ined  from the aqueous  f rac t ion of DNP-cona lbumin  
hydro lysa t e s  was in good agreement  wi th  t ha t  expec ted  from the  microbiological  assay  
d a t a  of LEWIS et al. 1~, i.e. 60 groups  per  molecule of 87,ooo M.W. 

Ovomucoid 

D N P - o v o m u c o i d  also gave DNP-a l an ine  on hydrolysis ,  this  being ident i f ied as 
previously .  As shown in Table  I I I ,  amoun t s  found ind ica ted  r a the r  less t han  one end 
group per  molecule, even af ter  app ly ing  the h igher  correct ion figures necessary to 
compensa te  for the  loss of DNP-a l an ine  dur ing  hydro lys i s  in the  presence of D N P -  
ovomucoid .  I t  is possible t ha t  the  losses are in fact  higher  when the DNP-a l an ine  is 
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TABLE II 

R E A C T I O N  O F  C O N A L B U M I N  W I T H  F - - D N B  

VOL. 9 (1952) 

Condition 
Preparation Used o] Hydrolysis 

Yield o / D N P  A mino Acids 
(tool/tool protein) 

A lanine Lysine * 

Native Protein 
Standard condition 16 hr reflux i.o, i.o 65, 58 
Standard condition 4 hr reflux i.i  63 
Repeated treatment 4 hr reflux 0.9 66 

with F-DNB 

Denatured Protein 
Heat 4 hr reflux 1. 3 57 
Guanidine HC1 4 hr reflux 1.2 60 
Urea 4 hr reflux 1.2 67 

* All lysine analyses after a total of 16 hrs of hydrolysis (See **, Table I). 

TABLE III 

R E A C T I O N  O F  O V O M U C O I D  W I T H  F D N B  

Condition 
o/ Hydrolysis 

Yield o / D N P  Amino  .4 cids 

A lanine Lysine * 

16 hr reflux 
4 hr reflux 

0.7, 0.77, 0.77 14.6, 13.7, 14.5 
0.94 , 0.86, o.81, 0.85 11.9, 11. 4 , 11.6 
0.64 , 0.75 

* See footnote * Table II. 

bound  to the protein. When  larger amount s  of DNP-ovomucoid  were hydrolysed, a 
much fainter  second yellow band  became visible with an R value slightly lower than 
that  of DNP-glycine.  When  examined on other columns and by paper  chromatography,  
it could not  be identified with any  of the known amino acids. I t  may  arise frcm the 
decomposit ion of DNP-a lan ine  or possibly from DNP-glucosamine.  

The e-DNP lysine content  was in good agreement  with the value of LEWIS et al. 1~, 

i.e. 13 groups per mol. 

A v i d i n  

The results obta ined with avidin  were less consistent  t han  those obta ined with the 
other two proteins. This is surely in par t  due to the great n u m b e r  of different av id in  
preparations,  none of which was available in appreciable amount s  for sufficient repli- 
cation. Avid in  was s tudied as the water-soluble glycoprotein, and its na tu ra l  complexes 
(avidin NA and avid in  XA), with samples of vary ing  puri ty.  A further  difficulty arose 
from the fact tha t  DNP-av id in  was par t ly  water  soluble. I t  was noted  tha t  in experi- 
ments  in  which the end group result  was lower t han  usual, the e-DNP-lysine result  
was proport ionate ly  lower, suggesting con tamina t ion  of the prepara t ion  with salt. 

Quali tat ively,  a lanine was again the only appreciable ether soluble DNP-amino  
acid, a l though it  was accompanied by  apparen t ly  the same as yet  uncharacter ised 
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component  which was encountered  with  ovomucoid,  amount ing  again to lO-15 % of the 
DNP-a lan ine  found. Quant i ta t ive ly ,  there appeared to be 2, or more probably  3 chains 

wi th  te rminal  alanine (Table IV), and no differences which seem significant under  the 

c i rcumstances  were noted between the 3 types  of avidin,  nor between preparat ions  of 
different degrees of puri ty .  The average e-DNP-lys ine  content  was again in excellent  

agreement  wi th  the microbiological ly de te rmined  value 12. Dena tu ra t ion  had no definite 

effect on the number  of reac t ive  amino groups. 

TABLE IV 

R E A C T I O N  O F  A V I D I N  W I T H  F - - D N B  

Time o[ hydrol. 
Preparation Used Condition o/Reaction (hrs) 

Yield o] D N P  
Amino Aeid 

A lanine Lysine * 

Avidin A Direct Analysis 16 1.8 --- 
12 2. 4 26 

Avidin XA DNP protein isolated 4.3 3.3 25 
Direct Analysis 16 3.1 28 

Avidin NA DNP protein isolated 4 3-3 33 
Direct Analysis 16 3.1 27 
Direct Analysis 4 1.7 23 

Denatured Avidin NA Repeated treatment with F-DNB 4 3.3 32 

* See footnote * Table II. I 

TABLE V 

S U M M A R Y  O F  R E S U L T S  

Protein 
Terminal Reactive Lysine Lysine Content 

Microbiological 
Alanyl  Residues e-amino groups Analysis 12 

( mol /mol) ( mol] mol) (tool~tool) 

Conalbumin 
Native I .o 63 60 
Denatured 1.2 61 - -  

Ovomucoid o. 81 12.4 12 
Avidin A 2.1 26 26 
Avidin NA 3.2 28 - -  
Avidin XA 2.7 28 27 

Since all avidin  prepara t ions  contain hexoses and glucosamine (about 8% for 

avidin  A and NA, 10-12 % for avidin  XA), the usual correction factors for des t ruct ion 
of D N P - a m i n o  acids dur ing hydrolysis  are p robab ly  sl ightly too low. However ,  the 
scarci ty  of avidin  p reven ted  a detai led s tudy of the ra te  of dest ruct ion of D N P - a m i n o  

acids in avidin  hydrolysates .  
The  amino groups of the nucleic acid of avidin  NA were expected  to react  wi th  

F - D N B ,  but,  to our surprise, no differences were de tec ted  in the chromatographic  
behav iour  of hydrolysa tes  of avidin  NA, as compared  to the nucleic acid free prepa-  
ra t ions of avidin.  This migh t  have  been a t t r ibu ted  to ins tabi l i ty  of DNP-pur ines  and 
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p y r i m i d i n e s ,  or  p o s s i b l y  to  t h e i r  b e i n g  o b s c u r e d  o n  t h e  c o l u m n s  b y  a n o t h e r  D N P -  

c o m p o u n d ,  s u c h  as  e - D N P - l y s i n e .  H o w e v e r ,  t r e a t m e n t  of  t h y m u s  d e s o x y p e n t o s e n u c l e i c  

ac id  w i t h  F - D N B  y i e l d e d  a c o m p l e t e l y  c o l o u r l e s s  r e a c t i o n  p r o d u c t .  S ince  D N P - a d e n i n e  

is s t r o n g l y  c o l o u r e d ,  i t  m u s t  be  c o n c l u d e d  t h a t  t h e  a m i n o  g r o u p s  of  d e s o x y p e n t o s e  

n u c l e i c  a c id s  a re  n o t  a v a i l a b l e  for  r e a c t i o n  w i t h  F - D N B .  
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SUMMARY 

I. Conalbumin was found to consist of a single peptide chain, the terminal amino group per- 
taining to alanine. 

2. Ovomucoid also appeared to consist of a single peptide chain, terminat ing in alanine. Probably 
because of its high carbohydrate content, recovery of DNP-alanine was incomplete. 

3. Avidin, whether in form of the glycoprotein or one of its complexes, seemed to be made up 
of three peptide chains, terminating in alanine. Neither the desoxypentose nucleic acid of avidin, 
nor tha t  of thymus ,  appeared to yield yellow DNP-derivatives. 

R ~ S U M ~  

i. Nous avons trouv6 que la conalbumine contient une seule chaine peptidique dont le groupe 
amino terminal fair patt ie d 'un  reste d'alanine. 

2. L 'ovalbumine consiste 6galement en une seule chaine peptidique qui se termine en alanine. 
La r6cup6ration de DNP-alanine 6tait incomplete dans ce cas, probablement ~, cause de la haute  
teneur en hydrate  de carbone. 

3. L'avidine (sous forme de glycoprot6ine ou d 'un  de ces complexes) semble 6tre constitu6e de 
trois chaines peptidiques qui se terminent  en alanine. Ni l'acide d6soxypentosenucl6ique de l 'avidine, 
ni celui du t h y m u s  ne donn&rent de d6riv6s de DNP jaunos. 

ZUSAMMENFASSUNG 

I. Es wurde festgestellt, dass Conalbumin aus  einer einzigen Peptidket te  besteht,  und dass 
seine endstXndige Aminogruppe einem Alaninrest  angeh6rt.  

2. Weiters ha t  sich gezeigt, dass Ovomucoid aus einer einzigen Peptidket te  besteht, die mit  
Alanin endet. Wahrscheinlich auf Grund des hohen Kohlenhydratgehaltes,  verlief die Zuriick- 
gewinnung yon DNP-Alanin unvollst~ndig. 

3. Avidin (als Glycoprotein oder in Form eines seiner Komplexe) schien aus drei Pept idket ten 
zu bestehen, die auf Alanin enden. Weder die DesoxypentosenukleinsAure des Avidins, noch die des 
T h y m u s  gaben gelbe DNP-Derivate.  
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