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THE UNREACTIVE AMINO GROUPS OF PROTEINS 

R. ~. PORTER 
B~chem~M ~ o ~ ,  C a m b ~ e  ( E ~ d )  

INTRODUCTION 

The varying reactivffy of different groupings in the protNn mNecule has been the 
subject of a recent review by  ANSONk Most of the work discu~ed concerns SH and S-S 
groups, wh~h have been extenNvely ~udied by many  workers and which are indee~ 
with one exception, the only groups whose reactivity has been shown to Mter when the 
protNn has been denatured. I t  has been found that  the number of SH groups, for ex- 
ample, which can be e~imated  in egg Mbumin increases after denaturat~n,  the vMue 
found in the native protein depending on the reagent used for the es t imat~n.  The third 
group which appears to behave Nmflafly N the phenolic hydroxyl of tyroNne. ANSON x 
quotes unpublished work by  HERRIOTT as showing that  FOLIN'S PhenM Reagent oxidises 
more tyroNne in denatured pepNnogen and egg Nbumin than in the native form, and 
dear  proof that  the condition of this group can be Mtered was obtMned by CRAMMER 
and NEUBERGER z who foun~ uNng ul~aviNet  absorption, that  the pn at which this 
group ~nises in egg Mbumin was aRered s~nificantly by denaturat~n.  

The significance of this type of work ties in that, ff suffidently extended~ ff should 
give us a ~earer  picture of the complex folding of the pMypepfide chNns of protNn 
mMecules, on which so many  of thNr h~hly  specific biNo~cM p r o p e ~ s  appear to 
depend. We have found that  in severM serum globulins and fl-lactoglobulin, the reactivity 
of the lyNne vamino  groups depends on the condit~n of the protNn, i.e., native or 
denatured, and on the reagent used in the condensat~n. This is in contrast to our 
findings with insufin a and a number of haemoglobins% where all the lyNne ~amino  
groups reac~ quantRatively with the reagen~ tested. That  such a variation in the reac- 
t ivity could occur in ce~Mn proteins m ~ h t  have been anticipated from PAPPENHEIME~S 
obse rva t~n~  that  ketene and formMdehyde react readily with only 40 % of the total 
NH,  groups present in diphtheria toMn. BRAND ~ MSO noted a difference in the rates of 
deaminat~n of protNns by nffrous and,  but did not name the protNns examined or 
give any data. 

EXPERIMENTAL RESULTS 

Throughout th~ paper ~ :2:4 f luoro~obenzene  has been a b h r e v ~ d  to F.D.N.B. and 2. 4 
dini~ophenyl to D.N.P. 

PROTEIN PREPARATIONS USED 

fl-Lactoglobulin. Crystalline preparations obtained ~orn cow's m~k both by PALMER~ ~ and 
SORENSEN~ 8 method were kindly provided by ProCtor LINDERSTRoM-LAN~. Both preparations 
behaved ~milarly with the reagents used. 
Refemnc~ p. zIx. 

8 



106 R.R.  PORTER VOL. 2 (~948) 

Serum Globulin~ Most of the work was carried out on horse serum ps~udo~obulin prepared by 
s o d o m  sulphate ~ a c t ~ n a t ~ m  Its approximate electrophoretic compoMtion was 25 % a, 5 ° % t ,  
25 % ~. SmM1 samples of cow and pig t -  and y-~obulin and cow albumin were also used ; these had 
been prepared in the Armour Laboratory by cold ethanol ffacfionation. 

METHODS OF DENATURATION 

H e ~  d e n ~ u r ~ n .  Tim protein sMufio~ approximately 5 %, was heated at neutrM PH to 9 °0 
~ r  3 ° minute% coMed, and the coagulated pro~in  washed several times with saline and water to 
remove any undernatured or reve~ibly denatured protein. 

E ~ a n ~  den~urahon, Two vMumes of ethanol were added to one vMume of 5% protein sMutCh 
and the mixture Mbwed to stand 24 hours at room temperature, after which the protein was washed 
as before. 

~ d d  denaturahon. HC1 was added, w~h stirring, to file protein s o f t e n  until the PH fell to I, 
when the mixture was Mbwed to ~and  24 hours at room temperature. The preMpitated protMn was 
centrHuged and washed as be~re.  

D e n ~ u r ~ n  in guani~ne sMu~on. SMid guanidine hydrochloride was d~solved in the p ro tdn  
sMutCh to give a final concen~a t~n  of GmMar. Th~ sMufio~ whose PH did not ~H bMow ~ was 
allowed to stand 24 hours at room temperature. In the case of fl-lactoglobulin the solution was dialysed 
flee of guanidine and the precipitated protein washed. W~h 1he ~ u m  ~obulin the solution of the de- 
natured protein was allowed to react w~h F.D.N.B. in the presence of guanidine. The D.N.P. protein 
remMned in sMufion but  was precipitated on diMyMs. \Ve had previouMy eMabHshed that  although 
guan~ine reac~ readily with F.D.N.B. in N-NaOH, the reac t~n  proceeds only very s~wly in bi- 
carbonate solution. 

METHODS OF ESTIMATION 

The ~ m ~ n  of the free ~o and ~NHz groups of the proteins u~ng F.D.N.~. was carried out 
as d ~ e d  l:/y SANGER 4 and PORTER and ~ANGER! 

A ~ t ~ a f i o n  w ~  effe~ed by ~ e a t ~ g  the p~ot~n ~ t ~ n  at o ~  with ke~ne,  uMng an a ~  
buffer to mMntMn the PH above 5. A ~ t ~ a f i o n  of pseudo#obM~ was aMo car r~d out w~h acetic 
anhydride by the m ~ h o d  ~ HUGHE% as d ~ e d  br~fly by OLCOTT and FRAENKEL-CONRA~. 

Lysine was determined by tbe specific decarboxyla~ m ~ h o d  of GAL# ~ and, ~ r  Mec~odialysis 
of the h y d r o ~ ,  by the ~f fe~nce  b e t w ~ n  the ~ t a l  base ~ o g e n  and the a r # ~ n e  and h ~ f i d ~e  
conten~L The nffrous acid m ~ h o d  of VAN SLVKE was used to ~ f ima te  the free a m ~ o  groups of the 
prote~% an eMven m ~ u ~  ~acf ion  time bMng allowed. For m ~ t  of l h e ~  a m ~ o  N de~rminations,  
I w~h ~ thank Mr. G. F. W~TSHIRE ~ t~S ~ b ~ a ~ r ~  

R~ults 

Table I gives deta~s of the protMn preparations used. The number of NH, groups 
per molecule ~ cMculated from the lyMne content and the assumed molecular wMght. 

TABLE I 

Protein 

fl-La~o~obuHn . . . . . .  
H ~  ~ r u m  ~ e u d o ~ o b M ~  

Cow ~ r u m  Mbum~ . . . .  

LyMne N as % 
~tM p ~  N 

x3.9 (6) 
8.6 (decarboxylase) 
8. 4 (Nitrogen difference) 

i4.6 (io) 

A~umed tool. wt 

4 ° ooo 
165 ooo 

7 O ooo 

No. of NH~ groups 
per tool 

31 
8i 
79 
59 

As a n a l y ~ s  sugges t s  t h a t  t h e  h o r s e  p s e u d o g l o b u l i n  possesses  80 e - N H  2 g roups ,  a n d  

h u m a n  y-g lobu l in  92 g r o u p s  pe r  molecu le ,  r e spec t i v e l y ,  ff ~ b e f i ev ed  t h a t  cow a n d  pig  

g lobu l ins  will  h a v e  a va lue  of t h e  s a m e  o r d e g  a n d  an  a r b i t r a r y  f igure  of 85 in  t h e s e  l a t t e r  

p ro tMns  h a s  b e e n  a s s u m e d  for  c o m p a r i s o n  w i t h  t h e  n u m b e r  of g r o u p s  w h i c h  h a v e  b e e n  

f o u n d  to  r e a c t  w i t h  F . D . N . B .  
Tab le  I I  l i s ts  t h e  n u m b e r  of e-NH~ g r o u p s  f o u n d s  to  r e a c t  w ~ h  F . D . N . B .  w h e n  (he  

Refemnc~ p. I I L  
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protNns were Ether  native or after t reatment  under various conditions. The number  
of groups which failed to react with F.D.N.B. was obtained by  difference. 

TABLE II 

N U M B E R  OF L Y S I N E  S - N ~  G R O U P S  R E A C T I N G  W I T H  F . D . N . B .  

No. of reacting No. M n o m ~ a c t i n g  
P m ~  C o n d ~ o n  groups per tool groups per mol 

~ob~. 

Horse serum pseudoglobulin.  

~ow ~ o b ~  
~ w  7-globul~  
~g ~#obmm.  
~ g  ~ g M b ~ .  
~ow ~ b u m ~  

Native 
Acid denatured 
Alcohol denatured 
Heat  d e n a ~ d  
Guanidine d e n a ~ d  
Native 
A~d  denatured 
A~ohM d e n a t u ~ d  
Heat  denatured 
G u a n i n e  d e n a t u ~ d  
Ace ty l~ed  native 
Native 
Native 
Native 
Nat ive  
Native 

19 
32 
32 
29 
31 
57 
76 
77 
75 
78 
23 
4 ° 
47 
4 ° 
41 
57 

1 2  

O 

O 

2 
O 

23 
4 
3 
5 
2 

O 

45 
38 
45 
44 

2 

The resM~ quoted for fl-lacto~obMin and horse pseudoglobulin are the mean of 
two or more ~ t i m a t ~ n s ,  the variation in no case excee~ng 5 %- Only Nn~e de~rmina-  
tions could be carried out on the small quant i t~s  of cow and # g  protNns w ~ c h w ~ e  
avMNbM. 

The number  of v N H ,  groups ac~yla ted  by  k~ene  or acetic anhydride was deduced 
from the totM amino N be~re  and after acetylat~n.  The results obtMned are ~ven  ~ 
Table I I I .  

TABLE III  

T H E  N U M B E R  O F  E - N ~  G R O U P S  A C ~ T Y L A T E D  B Y  K ~ T E N E  OR A C E T I C  A N H Y D R I D E  

P r o ~  

f l -Lac to#ob~in  . . . . .  
Horse serum pseudo#obul in  

Condition 

Native 
Native 
Heat  denatured 
D.N.P. nat ive 

NH,  groups be- 
fore acetylat ion 

36 
79 
80 
24 

NH,groups after 
acetylat ion 

O 

24 
4 
I 

No. of reacting 
groups 

36 
55 
76 
23 

I t  can be s~en that  a~ the amino groups of fl-lactoglobulin react with ketene, but 
in native horse pseudoglobulin 23 of the amino groups fail to react either with acetic 
anhydride or ketene, or to combine with F.D.N.B. 

DISCUSSION 

The results are s u m m ~ e d  in Table IV. For the purposes of ~scus~on ff ~ con- 
~dered that  very small num be~  ~ unrea~ive  amino groups fall w i t~n  the expef iment~  
e~or  and we ne~e~ed .  

References p. zzz .  
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Protein 

~ L ~ o b ~  

Horse serum pscudoglobulin 

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

Total no. of No. of NHz groups 
~ndK%n NH 2 groups ~iling to react 

per mol with F.D.N.B. 

3 I  

3[ 
80 
8o 

85 
85 
85 
85 
59 

1 2  

O 

2 4  

2 - -3  

37 
45 
45 
44 

2 

Cow ~#obMin . . . . .  
Cow ~ o b ~  . . . . .  
~ g  ~ o b ~ m  . . . . . .  
~ g  y-~obulin . . . . . .  
Cow Mbum~ . . . . . .  

I 
. . . . .  i Native 

Denatured 
Native 
Demttu~d 
Native 
NaNve 
Native 
Naive  
~ i ~  

No. of NHe groups 
failing to react 

w. ketene or Ac. An. 

o 

o 

23 
2 -  3 

E l h a n d  dena tura t ion  

The condensat ion  of ~ .D.N.B.  wi th  prote ins  ~ carr ied out  under  the  following 
condi t ion~.  A 5 % to IO % solut ion or suspen~on of prote in  in IO % NaFICO3 so lu~on  
is added  to  twice its volume of a IO % solut ion of F .D.N.B.  in ethanol .  This m i x t u r e  
is s h a k ~  for 2 hours at  room t empera tu r e  aud the D.N.P.  p r o t 6 n  washed free from the 
excess reagents.  Some dena tu ra t ion  would be expected  to occur dur ing the  react ion,  
and  i t  was therefore i m p o r t a n t  to examine the effect of e thanol  de na tu r a t i on  more  
~osMy in order  t ha t  the  ~gnificance of the resu~s  could be evalua ted .  

~-Lactoglobul in  which had  s tood 24 hours at  room t empera tu r e  in 66 % e thanol  
had  no unreac t ive  a m ~ o  group~  and i t  seemed possible tha t  the  12 unreac t ive  amino 
groups found for the  na t ive  pro te in  might  represent  an i n t e rmed ia ry  figure of pa r t i a l l y  
dena tu red  or mixed  na t ive  and  dena tu red  protein.  SampMs of ~qac tog lobul in  were 
therefore allowed to s t and  in 66 % aqueous e thanol  for 4 hour~  2 hour~  and  2 minutes ,  
respect ively.  In  each case i t  was found tha t  v i r tua l ly  the  whom of the ma te r i a l  was 
rendered  comple te ly  insoluble in saline and tha t  a lmost  all the amino groups  now 
reac ted  with  1CD.N.B. To enmlate  the  condi t ions of the  react ion more closely, the  pro te in  
was dissolved hi IO % NaHCOa solut ion and  2 volumes of e thanol  added,  the  p rec ip i t a t ed  
p ro tNn  i m m e d i a t d y  centr i fuged down and  ex t r ac t ed  with  saline. A p p r o x i m a t d y  25 % 
was still  soluble and thus  2 fract ions could be obta ined.  T r e a t m e u t  w k h  F .D.N.B.  gave 
the following results.  

TABLE V 
T I l E  D E N A T U R A T I O N  O F  f l - - L A C T O G L O B U L I N  B Y  E T H A N O L  

. . . . . . . . . . .  Conditions of denatura~on I Fraction reactingNO, of - ---  F.D.N.B.groups 

S~l'sol. in in ~:;l~I~(~H~2~;~ls~_c~l~(?~l~(i~if~;~ninutcs | . ~ ! i ! i ~ i ~  28~8~ 7 

I t  would appear  t ha t  a l though the presence of NaHCO 3 slowed the dena tura t ion ,  
it  was still  rapid.  The soluble fract ion had  the same number  of unreac t ive  amino groups 

l¢~Ter,,nccs p. ±zx. 
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as the native proton,  while the insoluble fraction was similar to the ' ful ly denatured 
protein, the slight difference bring probably due to incomplete e x ~ a c t ~ n  with sMine. 
The sharp differengat~n between these two fractions makes it un~kdy  that  we are 
estimating the Lee amino groups of a pa~iMly denatured protein and suggests that  the 
values obtained for the native prot6ns  are correct. The reaction of the F.D.N.B. with 
the amino, sulphydryl, phenolic hydroxyl, and imidazde groups must fix the structure 
of the pro t6n  so that  the McohM ~ unable to disorient the configurat~n of the peptide 
chains and expose aH the amino groups as occurs when F.D.N.B. is not present. Th~ is 
perhaps comparable to the increased s tab t f fy  of diphthc~a toxin, as measured by its 
ability to combine with antitoxin, after conver~on to t ox~d  by reaction with formaV 
dehyde or ketene. 

BAILEY 1~, when measuring the reactivity of SH groups in the edestin-edestan reac- 
tion, found that  the number of flee SH groups was proportional to the amount of edestan 
in the mixture. As in the ethanol denaturation of ~-lactoglobulin, ~ would seem unl ikdy 
that  pa~ial ly  denatured protein is present, and both are probably cases of a~ or none 
denaturation. 

a-Amino groups. The a-amino groups of these protons  were also e s t m a t e ~  and 
no protein has yet been found in which the number of a-amino groups reacting with 
F.D.N.B. has been changed by  denaturat~n.  #-Lactoglobulin was foun dto have three 
terminal leucyl r e ,dues  per molecule. The serum globlflins, ~ke ~he haemoglobinS, 
showed a marked specks variation, the horse pseudoglobulin presenting a complex 
picture of some ten different terminM ie~due~ yet together they were h~rdly suffic~nt 
to account for one ~ee a-amino group per molecule. I t  seems probable that  we were 
dealing here with a mixture of different mMecules each c o n ~ i n g  of one long chain. 
This was in marked contrast to pig ~-globulin, in which a single es t imat~n sugge~ed 
about 6 ~ee a-amino groups per mMecule. 

The detailed structure of the serum globulins is of great interest when con~defing 
the chem~al  identity of antibodies with each other and with MormM' serum globulin. 
I t  may  be remembered that  CHOW and BACON ~ found that  an immune horse serum 
globulin fraction, of wh~h 80 % was precipitated by pneumococcus pMysaccha~d~ 
reacted with ketene so that  all its amino groups were acetylated. The substituted 
globulin remained soluble and apparently none of the phenolic hydroxyls reacted. Th~ 
is in contrast to the present resul~ ~ t h  normal horse serum pseudoglobulin, wherethe 
ace ty la t~n  does not go to complet~n unMss the protein ~ first denatured, or the p~ 
~ allowed to fall during il~e react~n below 4, when a completely acetylate~ insolubM 
protein results. 

~-Lactoglobulin 

CANNAN ~ al. ~ have shown t~at  in this p ro t6n  the whMe of the a- and vamino  
groups can be tffrated in aqueous s d u t ~ n .  All these group~ moreover, react wffh ketene 
under conditions wh~h would not be expected to cause denaturat~n.  Both these resu~s 
are in contrast to that  obtained on condensation with F.D.N.B., when aH the a-amino 
group~ but only 19 out of a total  of 31 ~amino group~ react. I t  ~ sugge~ed that  the 
configuration of the polypeptide chMns prevent a suffi~enfly dose approach of the 
F.D.N.B. molecule, though not of the small ketene moMcule or the hydrogen ions. This 
ste~c hindrance could be local, i.e., due to the proximffy of the ~dc chains of neigh- 
boufing amino a d d  re ,dues  to the ~amino group of the ly~ne; or di~ant,  i.e., 12 of 

Re femnc~  p. I z~ .  
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the ly~ne ~de chains could be directed to the interior of the molecule and the entry 
of F.D.N.B. prevented by the stefic pattern of the surface of the molecule. It  ~ impos- 
~ble to d e , d e  which phenomena we are dealing wffh in the present case, but in stefic 
hindrance of any type non-polar ~de chains would be expected to play an important 
part. They could thus influence the reactivity of polar groups and presumably therefore 
the biological behaviour of p ro t tns .  This empha~ses the point recently made by 
EDSALL ~ that  in con~dering the reactions of prot~n~ the number~ types and por t ions  
of the non-polar re ,dues  cannot be neglected as has often been the tendency. 

Serum globulins 

The distinction between serum albumin and serum globulins is again stressed by 
the presence of unreactive amino groups in the latter and their absence in the cow 
serum albumin. The ~- and ~-globulins of the spedes examined appear to be alike in 
that one half to one third of the ly~ne e-amino groups of the native p ro ton  fail to react 
wffh F.D.N.B. 

In horse serum pseudoglobulin a ~mHar number fails also to react with ketene or 
acetic anhydride, suggesting a more complex state than exists in fl-lactoglobulin. I t  was 
thought that the same groups were in each case unable to react with these reagents and 
that  therefore they were protected by tighter steric hindrance, or possibly bound by a 
labile Hnk to a n~ghbouring polar group. To test thi~ the acetylated native globufin, 
which was soluble and had 23 'free' amino groups per molecul~ was allowed to react 
with F.D.N.B. Unexpectedly, as shown in Table II, the groups unable to react with 
acetic anhydride now reacted with F.D.N.B. Conversely, the unreacfive amino groups 
of D.N.P. native pseudgolobufin reacted with acet~ anhydride. This could be taken 
as evidence that the identity of the number of unreactive amino groups in each case 
was coincidental and that the presence of three classes of amino groups had been 
established. These classes would be: (I) of amino groups able to react with acetic 
anhydride and F.D.N.B.; (2) of amino groups unable to react with D.N.F.B. but 
reacting with acetic anhydride; (3) of amino groups abM to react with D.N.F.B. but 
not wffh acetic anhydride. I t  is, however, possible that the acetylation of some of the 
amino and other groups prevents the F.D.N.B. from reacting and protecting against 
subsequent ethanol denaturation during the reaction in the manner discussed earlier. 
The D.N.P. globulin, which ~ insoluble, may be suffidenfly altered to expose the 
unreactive groups to acetylation though not to condensation wffh F.D.N.B. The 
evidence ~ con~dered to be incondu~ve and the question of ~asses (2) and (3) of 
the amino groups being distinct or the same remains open. 

Effect o/different types o/denaturation 
Table II shows that  each type of denaturation examined has exposed aH the amino 

groups. This result is similar to the findings w~h the tyro~ne groups of egg albumin 
(2) and wffh the sulphydryl groups of various proteins. 

It  ~ interesting to note the contrast in the effect of different conditions of denatura- 
tion on the antigen~ spe~ficity of proteins. ]~RICKSON and NEURATH ~ found urea and 
guanidine denaturation did not influence the specifi~ty of serum albumin, while MAc- 
PaERSO~ and HEIDELBERGER TM found that  heat, alkali and acid denaturation caused 
a marked alteration of the specificity' of egg albumin, though aH the denatured proteins 
reacted fully with antisera produced against the differently denatured protons.  If these 

Refe~nc~ p. z I I .  
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resuKs could be confirmed using the same prot6n, and corrMated with the chem~al 
reacfivffy, an indication might be obtained of the factors determining the antigenic 
specificffy of native proteins. 

I wish to thank Dr F. SANGER for the continual advice and asAstance which he has 
given me. My thanks are also due to Professor A. C. CHIBNALL for his hMp and en- 
couragement. 

S U M M A R Y  

I. Twelve  of the  t h ~ t y  one lyMne v N H ~  groups  per molecuM of ~4ac tog lobu l in  will no t  r eac t  
wi th  F .D .N.B .  ( 1 : 2 : 4  f l u o r o d i n i t r o b e n z e n e ) u n l e s s  the  p ro te in  is first d e n a t u r e d .  All t he  g roups  
can  be ace ty l a t ed  in lhe  na t ive  prote in .  

2. One haH to one t h u d  of the  lysine vNH~ groups  of severa l  n a i v e  s e r u m  globul ins  will no t  
r eac t  w ~ h  F .D.N.B .  I n  horse  s e r u m  pseudoglobul in  a ~ m f l a r  n u m b e r  f a t s  to reac t  wi th  ke tene  or 
acet ic  a n h y d r i d e .  All the  g roups  become r eac~ve  to aH the  r eagen t s  af ter  d e n a t u r a t i o n .  

3. The  m e c h a n i s m  of t he  e thano l  d e n a t u r a t i o n  of ~- lac toglobul in  ha s  been s t u d ~ d  by  e s ~ m a ~ n g  
the  a m i n o  g roups  l ibera ted .  

4. The  Mgni f i can~  of these  r e s u ~ s  in r ~ a ~ o n  to the  s t r u c t u r e  of the  p r o t 6 n s  ~ d~cussed .  

R ~ S U M ~  

i .  Douze des  t r en t e  e t  u n  l y ~ n e ~ v N H ~  groupes  con t enus  dans  une  moMcule de ~- lactoglobul ine 
ne r6agissen t  pas  avec  F .D.N.B.  ( f luoro- i  d i n ~ r o - 2 : 4  benz~ne),  M la p r o t ~ n e  n ~  pas  dMbord ~t6 
d6natur6e .  Tous  ces  g roupes  p e u v e n t  6tre ac6tyl6s A lMtat  naf iL  

2. La  m o i l 6  j u squ%u  t ~ r s  des  l y ~ n e ~ v N H ~  groupes  de p l u ~ e u r s  globul ines  de s 6 r u m  n a ~ v c s  
ne  r6ag i s san t  pas  avec F .D .N.B .  A l a  pseudoglobuHne de s ~ r u m  de cheval ,  u n  h o m b r e  6gal m a n q u e  
darts la r 6 a c ~ o n  avec  le k6t6ne ou l ~ d e  ac6f ique a n h y d r i q u e .  Apr~s d 6 n a t u r a ~ o n  de ces g lobul ine~ 
t o u s l e s  g roupes  son t  a c ~  avec  tous  Ms r 6 a c ~  appl iqu6s .  

3. Le m 6 c a n ~ m e  de d ~ n a t u r a t i o n  de la ~- lactoglobul ine  pa r  l%thanol  a 6t5 6tudi~ au  m o y e n  des  
g roupes  qui  o n t  6t6 r ~ a c ~  a d d i ~ o n e H e m e n L  

4. La ~gn i f i ca f i~ l  de ces r 6 s u ~ a t s  es t  d~cu t6e  en r M a ~ o n  de la s t r u c t u r e  des  p r o t ~ n e m  

' Z U S A M M E N F A S S U N G  

I. Von den  31 in ~ n e m  M M e k ~  ~ - L a c t o ~ o b u l i n  v o r h a n d e n e n  L y s i n - v A m i n o g r u p p e n  r e a ~ e r e n  
z w ~ f  n i ch t  m i t  F .D.N.B.  (I : 2 : 4  F luo rd in i~obenzo l ) ,  wenn  das  E iwe~s  n i ch t  vo rhe r  d e n a t u ~ e r t  
wurde .  AHe G r u p p e n  k 6 n n e n  ~ d o c h  i m  n a f i v e n  Eiweiss  aze ty l ie r t  werden .  

2. B ~  m e h r e r e n  n a t i v e n  S e r u m ~ o b ~ i n e n  r e a ~ e r t  d ~  H ~ f t e  Ms ein  Drff te l  der  L y ~ n - v A m i n o -  
g r u p p e n  n ~ h t  m i t  F .D.N.B.  Bei P s e u d o # o b ~ i n  aus  P ~ r d e s e r u m  ~ e i b t  bei e iner  ~ h ~ h e n  Anzah l  
die R e a k t i o n  m i  K e ~ n  oder  E s ~ g s ~ u ~ a n h y d ~ d  aus.  All d ~  G r u p p e n  werden  nach  D e n a t u ~ e r u n g  
ffir alle g e n a n n t e n  R e a g e n t i a  z u g ~ n ~ h .  

3. Der  M e c h a n i s m u s  der  A e t h a n M d e n a t u r i e r u n g  yon  ~ - L a c t o ~ o b ~ i n  wurde  d u t c h  B e s ~ m m u n g  
der  ~ g e ~ n  A m i n o g r u p p e n  u n t e r s u c h t  

4. E ie  B e d e u t u n g  d ~ r  R e s ~ t a ~  im Z u s a m m e n h a n g  m i t  der  5 t r u k t u r  dcr  EiweisskSrper  wird 
e r 6 r t e r t  
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