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Short Communications and Preliminary Notes 

T H E  R E A C T I O N  O F  P R O T E I N S  

W I T H  1 4 C - L A B E L L E D  N - C A R B O X Y L E U C I N E  A N H Y D R I D E *  

by 

H. F R A E N K E L -  CONRAT 

Virus Laboratory, University o/California, Berkeley, Cali/. (U.S.A .) 

The usefulness of N-carboxyamino acid anhydrides for the purpose of attaching amino acids 
to proteins by peptide linkages has recently been pointed out 1. Similar studies had been independently 
initiated in this laboratory, with the particular ultimate aim of producing self-duplicating virus 
modifications (mutations) by such means. 

N-carboxy-L-leucine anhydride labelled with 14C in the chain** was used in the present study. 
The reagent, dissolved in dry dioxane, was added to a 2o-Ioo fold volume of phosphate buffered 
protein solution (pH 7.o, occasionally 6.o or 5.o) at o °. 

When dialysis and centrifugation is used as a means of isolating the protein derivatives 1, the 
reagent found associated with the protein may be present in one or more of the following forms: 
a. as contaminant (either nondialysable water soluble polymer mixed with the protein or free amino 
acid attached by secondary valences), b. as polyleucine chains built onto amino (and possibly other) 
groups of the protein, and c. as monomeric amino acid residues attached to e-amino groups of lysine 
and/or "a-amino groups of the chain ends of the protein. The last type of at tachment appeared 
of main interest, since it introduced only typical a-peptide bonds which might be duplicated during 
virus synthesis. 

The formation of non-dialysable polymer (reaction a) was definitely shown in model experiments. 
In fact, there is at present no conclusive evidence available to us tha t  protein derivatives prepared 
with an excess of reagent and isolated by dialysis and centrifugation alone 1 are not mixtures of 
protein and polymer. However, when working with Tobacco mosaic virus (TMV), ultracentrifugation 
appeared to supply a tool for the quantitative separation of these two molecular species. 

To resolve the question concerning the mode of a t tachment  of the reagent residues (possibilities 
b and c, above), two methods of amino-end group analysis have successfully been employed in 
recent experiments. By means of fluoro-dinitrobenzene (FDNB) treatment  of a protein derivative. 
all the terminal (i.e. not polymerized) amino acid residues can be tagged and isolated together with 
any unsubstituted original chain end residues, all of which can then be identified and determined 
by standard chromatographic methods 4, 5. Definite evidence for the total number of substituted 
protein amino groups is yielded by the decrease in the original chain end and lysine e-amino groups 
(also determined with FDNB) of the derivative as compared to the original protein. Quantitation 
of the proportion of the bound radioactive leucine which is terminal, and thus isolated as the ether- 
soluble DNP-derivative, is possible also by means of the Geiger counter. 

The recent application of EDMA~'S method" to the endgroup analysis and stepwise degradation 
of proteins ~ has supplied similar evidence. The potential advantages of phenyl isothiocyanate (PITC) 
over FDNB in the present study lie in I. supplying positive evidence of the extent of polymerisation 
of the reagent, and 2. obviating the high correction factors due to hydrolytic destruction of dinitro- 
phenyiamino acids under certain conditions 4, 5. 

* Aided by a grant from the National Foundation for Infantile Paralysis. 
* *  This material was prepared by means of phosgene z from L-leucine to which was added a 

small amount of the leucine fraction of a hydrolysate of Rhodospirillum rubrum a, kindly placed at 
our disposal by Dr H. TARVEe. 
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Fur the r ,  two m e t h o d s  were used  for t he  de t e rmi na t i on  of the  to t a l  a m o u n t  of 14C-labelled 
amino  acid associa ted  wi th  the  protein,  i.e., t h e  Geiger coun te r  and  microbiological  assay .  Such 
analyses ,  however ,  yield by  themse lves  lit t le in fo rmat ion  since the  ent i re  a m o u n t  of added  a m i n o  
acid m i g h t  be p resen t  in the  form of c o n t a m i n a t i n g  polymer ,  or a t t a c h e d  on only  a single site of a 
pro te in  molecule.  

A considerable  n u m b e r  of de r iva t ives  of TMV, insulin,  lysozyme,  egg and  bovine  s e r u m  a lbumin  
(]3SA), ovomucoid ,  and  c o n a l b u m i n  h a v e  been  p repared  by  th i s  t echn ique  and  are being ana lysed  
by  mos t  of the  above  me thods .  T he  more  definite f indings,  exemplif ied by  the  p resen ted  data ,  m a y  
be s u m m a r i z e d  as follows, i .  The  reac t ion  was  a lmos t  comple te  af ter  i m inu t e  a t  o ° and  p H  7, 
and  on ly  s l ight ly  slower a t  p H  5, 2. W i t h  all p ro te ins  con ta in ing  identif iable cha in -end  amino  groups,  
these  become p a r t l y  s u b s t i t u t e d  by  leucine; however ,  in on ly  a few ins tances  (e.g. BSA) were tile 
original  end  groups  no longer  de tec tab le  in the  der ivat ive .  3, The  e -amino  groups  of lysine were 
only  par t ia l ly  blocked in all proteins ,  even  wi th  a g rea t  excess of reagent ,  which  favoured  polymer i -  
sa t ion  on to  the  protein.  4. W h e n  the  r eagen t  was  no t  in excess, monomer i c  amino  acid addi t ion  
appea red  to be the  rule, b u t  abou t  half  of the  added  r eagen t  was  no t  b o u n d  to the  prote in  even 
unde r  such  condi t ions .  

I t  appear s  of interest ,  and  in line wi th  the  k n o w n  role of the  amino  groups  for the  biological 
act iv i t ies  of insul in  and  lysozyme,  t h a t  the  former  re ta ined  mos t  of i ts ac t iv i ty  even  af ter  ex tens ive  
modificat ion,  while the  l a t t e r  was progress ive ly  inac t iva ted* .  The  s table  rad ioac t ive  insul in  de r iva t ive  
m a y  prove a useful  tool in s tudies  of t he  mode  of ac t ion  of the  hormone .  

Af ter  sub jec t ing  TMV to the  reac t ion  wi th  N-carboxyleuc ine  anhyd r ide  unde r  var ious  con- 
di t ions,  the  der iva t ives  were purified by  3 or 4 cycles of differential  cent r i fuga t ion .  The  p roduc t s  
con ta ined  r a the r  lit t le of the  reagent ,  cor responding  general ly  to only a b o u t  one- th i rd  of the  a m i n o  
n i t rogen  of the  v i rus  p ro te in  (which is abou t  5ooo]Molea). W i t h  a grea t  excess  of reagent ,  up  to 
4o00 res idues  appea red  to be bound ,  b u t  over  half  of th is  was  no t  te rminal ,  indica t ing  polymer isa t ion .  
Unava i l ab i l i t y  or u n r e a c t i v i t y  of m a n y  of the  ami no  groups  of the  v i rus  represen ted  an  obstacle  
also in o the r  react ions,  n o t a b l y  t h a t  wi th  F D N B .  The  vi rus  modified b y  addi t ion  of a b o u t  iooo 
leucine res idues  was u n c h a n g e d  e lect rophoret ica l ly  (in one p re l imina ry  t e s t  run),  and  r e t a ined  i ts  
full ac t iv i ty ,  as t es ted  b y  t he  half- leaf  m e t h o d  on Nicotiana glutinosa 9. Progeny  of such  virus,  isolated 
f rom T u r k i s h  tobacco p lan ts ,  was no t  d i s t ingu i shabIy  different  f rom the  original TMV, and  cer ta in ly  
con ta ined  fewer (if any) N- t e rmi na l  leucine residues,  t h a n  t he  chemical ly  modified p a r e n t  p repara t ion .  
T h u s  t he  in t roduced  leucyl  res idues  appea r  to be p r o p a g a t e d  no be t t e r  t h a n  ace ty l  and  o ther  acyl  
subs t i tuen tsa ,  9. However ,  un t i l  difficulties in the  analys is  for the  n u m b e r s  o{ each t ype  of amino  
group  in TMV have  been overcome**,  no q u a n t i t a t i v e  in te rp re ta t ion  of thei r  react ion wi th  amino  
acid ca rboxy  anhyd r ide s  is possible, nor  a detai led analy t ica l  comparison of p a r e n t  and  p rogeny  
prepara t ions .  
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* W e  are indeb ted  to E ly  Lilly and  Co., and  to Dr  R. E. FEENEY of the  W e s t e r n  Regiona l  
Resea rch  Labora to ry ,  U.S.D.A. ,  respect ively ,  for samples  as well as b ioassays  of der iva t ives  of 
insul in  and  lysozyme.  

** A t  present ,  t he  occurrence  of reac t ive  (E DNB  or PITC) cha in -end  amino  groups  in TMV 
appea r s  ve ry  doub t fu l ;  the i r  n u m b e r  is cer ta in ly  far  smal ler  t h a n  t h a t  of threonine ,  released by  
ca rboxypep t idase ,  and  therefore  p r e s u m e d  to be c a r b o x y t e r m i n a l  1°. 


