
294 PRELIMINARY NOTES VOL, 3~  ( I959)  

A new reagent for the guanidination of proteins* 

Among  the reagents  used for the chemical  modif icat ion of the  free amino groups of 
proteins, O-methyl i sourea  t is useful since it replaces the posi t ively  charged NH.~ + 
groups wi th  posi t ively charged NHC(NH~)~ + groups causing tLeTeby no change in 
the  net  charge of the protein  molecules below about  pH 8. I t s  main d i sadvantage  is 
the  high pH,  abou t  lO .5 - I I ,  required for its reaction,  which m a y  be too severe for 
~omc proteins.  This pre l iminary  no te  describes the  use of a reagent  i -guanyl-3 ,  5- 
d imethylpyrazo le  n i t r a te  which guanid ina tes  proteins at  pH 9.5. This reagent  was 
used by SCOTT e t  a L  2 and BANNARD O t a l .  8 for the prepara t ion  of mono  and  d ia lky l  
guanidines from al iphat ie  and  a romat ic  amines.  

The reaction of GDMP with bovine serum albumin was carried out  in an ice 
ba th ;  the ex ten t  of react ion was s tud ied  as a funct ion of pH, concent ra t ion  of GDMP 
and  time. The o p t i m u m  reaction of free amino  groups was obta ined  in o.5 M GDMP.  
The reagent  was dissolved in a few ml  water ,  the  pH was ad jus t ed  wi th  con t inuous  
magnet ic  st irr ing to the desired value wi th  I N N a O H  and  water  added  to make  the  
solution o.5 N with respect to GDMP.  Serum a lbumin  wa~. dissolved in this solut ion 
td 5 % concent ra t ion  and  the  pH read jus ted  if necessary.  Af te r  s t i rr ing a t  o ° for the  
chosen time, the solution was  dialysed exhaus t ive ly  against  phospha te  buffer, p H  7.5 
I o,I .  Prote in  concent ra t ions  were ob ta ined  by  measur ing the refract ive- index in- 
crement  of solut ions wi th  a Brice Phoenix  differential  ref ractometer .  Ninhydr in  
colorimetric analyses  were used to  de te rmine  the  free amino  groups 4, wi th  solut ions 
of the  unmodif ied  protein  as s t anda rd .  

In  Fig. z the percentage of amino groups  reac ted  as a funct ion of pH and  t ime of 
reaction is compared  with the results of HUGHES at a l .  z wi th  O-methyl isourea.  I t  is 
seen t h a t  the  lowest pH  for the guanid ina t ion  of bovine serum a lbumin  wi th  G D M P  
is pH 9.5. Tl~e guan id ina ted  a lbumin sed imented  as one symmet r i ca l  peak in the  
ul t racentr i fuge,  at  a ra te  similar  to  the a lbumin itself. 

The reaction of fl-lactoglobulin was more complicated.  If  fl-laetoglobulin was 
reacted wi th  0. 5 .~I GDMP gelling took place in few hours :  s imilar  results were 
ob ta ined  using O-methyl isourca.  As O-methyl i sourea  and  GDMP are chemical ly  
re la ted to urea  and  guanidine,  t hey  m a y  cause dena tu ra t i on  of proteins.  No gelling 
took place if the react ion was carr ied out  in 0.2 .,Sat GDMP and  3 % protein concent ra-  
tion. These condi t ions gave almost  complete  reaction of the  e-amino groups of lysine 
(Tahle I). Guanidinated/3-1actoglobulin titus prepared showed an a symmet r i c  peak  
t h a t  spread very  rapid ly  upon u l t racent r i fuga t ion .  

HUGGINS ~t ctl. ~ observed gelling of various proteins in 8 ?¢/ urea, a t t r i b u t e d  i t  
to the  format ion  of in termolecular  disulphide bonds,  and  p reven ted  it by  su lphydry l  
group reagents  such as ~b-ehloromercuribenzoate. WMle p-ehloromereuribenzoate  
protected lactoglobulin from aggregat ion on guanid ina t ion  using O-methyl i sourea  
and  the product  showed one symmet r ica l  peak in the ul t racentr i fuge,  the  mercur ia l  
precipi ta ted wi th  GDMP and  did  not  protect  lactoglobulin from aggregat ion on 
guanid ina t ion  using this  reagent .  

N-e thylmale imide  ~ wlfich combines rap id ly  and quan t i t a t i ve ly  wi th  thiois, was 
reacted with lactoglobulin and  the  reault ing solution allowed to react wi th  0.2 .~r 

* Issued as N.H.C. No. 5t8 3. 
Abbreviations: GDMP, t-guanyl-3,5-dimethylpyrazole nitrate; DNP, dinitroplmnyl. 
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G D M P ,  p H  9-5, a t  o ~ for  7 days .  Ninl-tydrin ana lys i s  on  th i s  p r o d u c t  are  r e p o r t e d  in 
T a b l e  I .  T h e  g u a n i d a t e d  ~ - l ac tog lobu l in  t h u s  p r e p a r e d  gave  one  symmetr ica l ,  p e a k  
a n d  negl igible  a m o u n t s  of  a g g r e g a t e s  when  e x a m i n e d  in t he  u l t r a cen t r i f uge .  
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T A B L E  [ 

AXII.~O OI~otrPs,  e - D N P- Lvs t .~v : ,  A~N'D .~=TER.XIIRAL A31I~O ACIDS IN 
.~AT1V 1~ A.~D G U A ~ ' I D 1 N A T E D  PROTP~.INS 

% Ffeeamino  No.  ot lrr¢ ~-DNP-L),.~D'~ N ter~dn~d residue 
Pl'ol¢ir~ groups f~.1 moles amino mf~tes amino 

nfnhydTitl aminn grmlps acid~mole plrot¢il| £1cid,rlltOtg ~Y¢,~*O|'I~ 

Bovine serum albumin 
Guanidinated albumin 
~-laetoglobulin (denatured) 
Guanidinated lactoglobulin 

aoo (56)" 56.5 (55} * Asp 0.06** 
io 5.6 5.2 Asp o.37"" 

1oo (3 z) ~z8 (zg) Leu 2 . 7 6 ' ' "  
TO 3.2 0_ 7 Leu 1.08 *'~ 

* Value in parentheses is from literature. 
** Value corrected for 65 % recovery TM. 

" '*  Value corrected for 75 oh rccoveryn. 

T h e  free a m i n o  g r o u p s  of  t he  n a t i v e  a n d  g u a n i d i n a t e d  p r o t e i n s  were r e a c t e d  
wi th  2 u o r o d i n i t r o b e n z e n e  a.s desc r ibed  b y  FRAI~NKEL-CONRAT, H.~rmxs AND LEX~ "s. 
The  D N P - d e r i v a t i v e s  were  h y d r o l y s e d  for  x6 h a n d  e x a m i n e d  q u a n t i t a t i v e l y  for t h e  
N - t e r m i n a l  a m i n o  ~.eid as well as fo r  e r D N P - l y s i n e  b y  p a p e r  c h r o m a t o g r a p h y  us ing  
t h e  e t h y i b e n z e n e  s y s t e m  9. Resu l t s  a re  g iven  in T a b l e  I. 

F ive  lys ine  a m i n o  g r o u p s  in s e r u m  a l b u m i n  a p p e a r  n o t  to  r eac t  w i t h  G D M P  
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po~sibly because of steric hindrance.  HUGHES et al. a fotmd t h a t  exhaust ive  reaction 
~ i th  O-methyl isourea  led to the reaction of 54-57 ou t  of 64-68 amino groups, deter-  
mined by X:a~x Slyke ami,zo ni trogen analysis.  Par t ia l  reaction wi th  GDMP occurs 
with the N-terminal  amino groups of these proteins,  About  60 % of the N- terminal  
aspart ic acid of senml  albumin reacted,  while about  3o % of N-terminal  leucine of 
laetoglobulin appeared to react.  

More complete  details  and  fur tker  studies on this rcagent  will be reported later.  
I wish to express m y  thanks  to Dr. D.xvzD B. S.~t~TH for his helpful suggestions 

and adx'icc througizout the work. 
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The C- termina l  amino acid of carboxypeptidase-A 

Although it hlt~ been shown tha t  CPase-A consists  of a single polypepticte chain wi th  
N-terminaI asparagine" and a molecular  weight  of 34,ooo 3,4, no informat ion  has ye t  
been made concerning its C-terminal  re,:ddue. The C-terminal  amino acid of CPase-A 
has now been found to bc asparagine bo th  by  the  enzymic method ,  in which the 
11~_tive erystallitle CPase-A was al lowed to act  upon the dena tu red  enzyme,  and  by  
the ca ta ly t ic -hydraz inolys is  method.  

CPase-A used in this  exper iment  was a specimen crys ta l l ized from frozen bovine 
pancreas and  reerystal l ized (~xo t imes according to NEt'RATIt'S m e t h o d  6, but  in- 
clud,.':-~g one D F P  t r ea tmen t .  I t  was shown to be homogeneous  u l t racen t r i fuga l ly  and  
to yield aspar t ic  acid (o.,~ o. 9 runic'mole) and  serine (o.o5-o.1 mole/mole) in the  
N-terminal  de te rmina t ion  by  the D N P  method,  suppor t ing  the result ob ta ined  by  
THOMPS~JN 2. The amino acid composi t ion de te rmined  by the  DNP procedure ~ was 
almost  in agreement  with tha t  ob ta ined  by SMITH at al. ~. 

The CPase-A was d e n a t u r e d  by  incubat ing  at  room tempera tu re  ( 2 3 - - 2 5  °)  for 
2-.3 h wi th  o.2 o, aq. sodium dodecyl  sulfate (pH about  7} in the presence of 0.0 4 ,~I 
fi-phenyl propionate,  a s t rong compet i t ive  inhibi tor  of the  enzymeL After  dialysis  

Aid  wev ia t i . ,ms  : ( P a s e - A ,  c a r b [ ) x y l m l ) t i d a s e - A  { ANsoN '~ t )  ; (- ! M.ne- B, b a s i c  c a r b o x y p o p t i d a s e  ; 
] ) F I ' ,  d i z s o i ) r o p y l  f l u o r o p h o s p h a t e ;  t ) N I  *, d i n i t r o p h e n y ' .  


