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FRONTAL A N A ~ S ~  STUDIES 

ON THE ADSORPTION OF CRYSTALLINE EGG ALBUMIN 

AND ITS CLEAVAGE PRODUCTS 

INGRID MORING~LAESSON 
I m H m ~  ~ P ~ l  ~ e ~ s ~  ~ d  ~ h e ~ s ~ ,  U ~  ~ ~ s M ~  ~ s M a  ~ 

The hydrolyMs of prot6ns has been intenMvely ~udied for a ~ng time, and a 
great number of different methods have been used in the inve~igat~n of the mechan~m 
of the breakdown and the produc~ formed. Ulffacentrifugation, Mectrophore~ tffra- 
fion, and precipitatiou methods are among those most frequently used. It ~ often only 
po~ible to observe e~her the increase of the breakdown products or the decrease of 
the unchanged protein. Chromatography and adsorption anMyMs seem to be advan- 
tageous in cert~n cases, as they are surfed for the ~udy of both products with ~w and 
high m~ecular w~ght. In this publication adsorption anMyMs and paper chromato- 
graphy have been employed for ~udying the hydrolyMs of crystMfine egg albumin, 
first with pepsin and then with strong hydrochloric add. 

The adsorption anMy~s devMoped by T~ELIUS and co-worke~ has been described 
in detM1 by TISELIUS ~, ~ and by CLAESSON ~ and only a ~w words will be ment~ned here, 
mol ly  concerning the three different ways in wh~h an analy~s can be cartied out. 
In a~ cases the pfincipM of the fiquid chromatogram ~ used, in which the concentration 
of the solution just Maving the adsorbent ~ determined continuously by measuring the 
refractive index ~ther with a m~rointer~rometer or with a sMGrecording apparatus 
bui~ for that purpos~ 

FRONTAL ANALYSIS 

The solution to be analysed is forced through the filter with adsorbent. The con- 
centration or the refractive index of the solution Maving the filter ~ plotted against 
the corresponding volume that has passed the filter. The resulting curves are step-like 
each step indicating a new component (Fig. I). The vMume that has pa~ed the filter 
before a certain step appears is called the retention vMume for the component cau~ng 
that step. Only the first, Mast adsorbed component ~ obtained in pure form, the 
subsequent steps conMst of mixtures. If there ~ no adsorption displacement of the 
components, the concentrations of the steps immediatdy give the composition of the 
o~ginal solution. For dosdy r~ated compounds displacement ~ the rule; even in this 
case, however, the compo~tion may often be caMulated by u~ng formulas, to be di~ 
cussed later. Irreversible adsorption does not cause any appredabM errors in frontal 
analyMs. 
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ELUTION ANALYSIS 

A small amount of the mixture to be analysed N adsorbed in the top of the filter 
with the adsorbent and then Muted by a suitabM solvent. The curves obtained when 
plotting refractive index versus volume show peaks, each one indicating one pure com- 
ponent, the area of the peak being propo~ional to the amount of substance. On account 
of tailing of the peaks and ~rever~ble adsorption this method often gives unsat~factory 
resu l t .  
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DISPLACEMENT DEVELOPMENT 

As in elufion analy~s a small amount of the mixture is first adsorbed in the top of 
the filter, then a solution of a solute that  is more strongly adsorbed than any of the com- 
ponents in the mixture is forced through the filter. The components are now displaced 
by this solute and also displace each otheL The curves from these experiments are step- 
fike, each step indicating only one component and the last step the devMoper only. 
For a given concentration of the developeE the step for a component always has the 
same constant height and its length is proportional to the amount present. Both the 
quafitative and quanti tat ive composition are thus immediatMy obtained from the dia- 
gram. The only drawback of this very elegant method ~ that  ~reversible adsorption 
may  cause losses of material. Naturally it is confined to mixtures of substances that  
displace each otheL 

TISELIOS 2, 4, 5 has found that  amino ands  and pepfides show large mutual  differen- 
ces in adsorption when uNng activated carbon as adsorbent. Both frontal analy~s, 
elufion, and displacement development have been used. The two lat ter  methods present 
difficulties in many  cases on account of the strong Kreversible adsorption, and frontal 
analy~s does not immediately give the correct concentrations of the components due 
to displacement*. 

* In  th i s  connec t ion  i t  m a y  be m e n t i o n e d  t h a t  the  p re sen t  a u t h o r  ob ta ined  improved  resu l t s  
w h e n  e N ~ n g  a m i x t u r e  of  a weaMy adsorbed  a m i n o  acid and  a ~ r o n ~ y  adsorbed  one by  uNng  t he  
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As it was a ~ M p ~  that a m K t u ~  of peptides t o m  the partially broken down 
egg Mbum~ wo~d  show stronger adsorpt%n than the amino ac~s and Mso stronger 
irreversible adsorpt%n, the present author derided to use o n ~  ffontM anMy~s in the 
~ g ~ % n ,  if ~ b M .  As o ~ y  a s m ~  percentage of the total m ~ e f i ~  ~ adsorbed 
on the carbon, neither the K ~ v ~ s ~ M  ad~rp t%n nor a p ~ e  o x ~ a t ~ n  of the sub- 
~ ~ H  ~ e  serious ~ m ~ .  A c o ~ f i o n  mu~,  howeveL be made ~ r  the d~Nacement 
effect. CLAESSO~S, ~ when ~ v ~ t ~ g  m K t u ~ s  of ~ t y  ac~s  where con~t%ns are 
~ m e w h ~  ~ L  w m ~ d  out c e ~ n  % r m ~  for the ~ r ~ n  ~ the compo~tion 
from the frontal anMy~s ~ a ~ a m .  

If the adsorption ~ h ~ m s  for the componen~ may be ~ f f t e n  

~ = L(Cl, Ct . . . . .  ~ = ~ " q " r ( c l ,  ci  . . . . . .  C~ (I)  

~ e r e  c~ ~ the concentra~on, a i the amount adsorbed, and ~ the ad~rp t%n coeffident 
for the i : th compommt, the fun~%n r arbitrary, but s u p p l e d  to approach the limK 
I when the c o n c e n ~ n s  tend to zero, then the ~ o ~ n g  recursion ~ r m ~ a  for the 
concen~at~n of the i : th component in the ~ + I) :  th step ~ v ~ d  (see ~g .  I). 

ki  v m 

km Vm+ t 
Ci, m+I ~ Ci, m ki (2) 

I - - - -  

km+ ~ 

where v m ~ the ~ n t ~ n  v~ume for the component ~ n g  ~se to step m. 
From tNs R is ob~ous that if the ragos of the adsorpt~n coeNNen~ are k n o ~  

the c o m e . O n  of the m ~ r e  may be cMcM~ed. If the ~ t ~ e  compoNt~n N 
known the case is easy as the ratios of the ~vMues may be derived Nther from the 
N~herms ~ ~ e  pure componen~ or from expefimenN with m a ~  up ~ x t u r e s  ~ k n o ~  
c o m e . O n .  

Even for a m ~ r e  where R ~ oMy known that the componen~ are members of 
the same group of compounds, R is often p o ~ N e  to ob ta~  a ~ f l y  good value of the 
ratio ~ the ~ o w ~ g  way. 

I t  has been ~ o w ~  that the k-value of the component cauNng ~ e  i : th step Mways 
is ~ven  by the e x p r e ~ n  

k i =  ~ 
r ~  c~ . . . . . .  ci, ~ ~ 

wh~h however N ~ ~ M  p r a a ~ M  vMue as it stands. By uNng a sMt~M ~ W o x ~ a t i o n  

for the ~ n ~ n  r(c), e.g: r ~  - i - - +  I lici ~ A N G M U I R  ~ h e r m )  w e  get 

i 
~ = ~ ( ~ +  ~ l~q~ @) 

j = I  

For ~osMy related substances the gvalues often do not ~ffer  very much ~om each 

~ l ~ n g  procedure.  The least  adsorbed componen t  was first  e n i d ,  t hen  the  ~ t e r  ~ o ~ u c ~ d  
~ e c i a l l y  ~ r  this  purpose) was tu rned  upNde down to enable  the  second componen t  ~ be eIuted in 
the  oppoNte d~ec~on .  In  thN way the  ~ r o ~  a ~ o r ~ d  substance o ~ y  passes p a ~  of the  filter and  
the  losses become lower. 
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otheL making it posNbM to use an average value known beforehand. The k-values can 
then be calculated immedia t~y  by the Mmple formula 

i 
k i = v i (I + 1 ~ c~,~ (5) 

---- ~ 

i 
as Z 

i = I  

cj~ is the total  concentration of the i : th step. 

In order to minim~e the influence of the error in 1 on the k-value, the product 1 Z % 
must be small as compared to I or at most of the same order of magnitude. Th~ means 
that  the gvalue can not be too large and that  low concentrat~ns are des~able. 

The k-values derived in this way may  naturally be somewhat erroneou~ however 
the error is mostly very much reduced in theK ratio, whKh is the only value necessary 
for the ca~ulafion. 

At the time of this invesfigat%n no higher peptides or mixtures of these resem- 
bling a mixture resulting from a pepsin digestion of egg albumin were available to the 
present authoL The only possibility was to use amino acids and a few lower pepfides 
as comparison material, assuming that  the adsorpt%n condit%ns would be rathersimilaL 
Some orientation experiments were carried out wffh these substances in order to de- 
termine 

I. if the LANGMUIR isotherm could be used as an approximat%n, and in that  case 
the k- and ~values, resuRing therefrom; 

2. the displacement effect at different concentrations and the k-values derived 
from mixtures;  

3. if the composit%n could be calculated by u~ng equation (2). 
The LANGMOlR isotherm may be wri~en 

_ k .  ~ - 1  ~) 
c a 

and accordingly by p ~ i n g  I /c  versus I/a,  a straight Hne ~ obtained from which k 
and 1 are immediately found. By performing frontal analyses with the pure substances 
the amount adsorbed, a, at the concentration, q is obtained from the equation 

a = v .  c (7)  

Fig. z shows the values of I/a @om'~onta l  analyses plotted versus r/c for some 
amino adds  and one peptide (glycyl4yrosine), the latter with very strong adsorption. 
The points fall dose to ~rMght fines indicating that  the L a ~ m R  Notherm can be 
used. In  Table I the displacement effect in binary mixtures of amino acids is obtained 
by comparing q,~ with the original true concent ra tbn  for the fir~, Nast adsorbed com- 
ponent;  the ratios of the k-values are also given. For concentrations below o.2-o.~5% 
the displacement becomes less marked. Table I I  gives k- and gvalues derived both 
from the Notherms and from the experiments with mixtures. The k-values vary  from 
I to zoo but  the bvalues only from 6 to 9. In Table I I I  are also given k-values for some 
substances when uNng an average ~value of 7.5. 

From the frontal analyNs diagrams of made up mixtures of three different amino 
acids the compoNtion was first calculated uNng the correct ratio of the adsorption 
coefficients. The total  concentration of the steps was both determined ~om the nRrogen 

References p. 4o7~o& 



VOL. 2 (I948) ADSORPTION OF EGG ALBUMIN 393 

16 

c 

12 

4 

- 4  

i 

j -I I 
5 0.50 ~ 

I 
~00a>, 

F i ~  2a, I, I I ,  I I I ,  IV  are  the  LANGMUIR ~o-  
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Fig. 2b, V and  VI  are  the  LANGMUIR iso- 
t h e r m s  for prol ine  and  a lan ine ;  c is expressed 

i~ g / ioo  ml and  a in  g/g a d s o r b e n t  

T A B L E  I 

RESULTS OF FRONTAL ANALYSES ON BINARY MIXTURES OF AMINO ACIDS. ADSORBENT: CARBO ACTIV 

M i ~  

L e u ~ n e  
M ~ o ~ n e  

Origi,~a~ 
con(. 

(g/IO0 ml) 

L e u ~ n e  
M e t h ~ n e  

O. IOO 
O.IOO 

Spec. r e t e n L  
vol. v 

~ ads.) 

11.8 
23.6 

cI)I 
(g/Ioo ml) 

o.125 

Leucine  o.I23 11. 4 o . i79  
Meth ion ine  o. i 2 ~ 19.9 

Leucine o.I52 9.I o.215 
Meth ion ine  o . I5I  16.o 

Leucine  0.252 6. 7 0.367 
Meth ion ine  o.25 o I 1.8 

0.558 0.376 
0.377 

5.0 
8.4 

kl/k2 k1/~2 
calc. f rom f rom 

equ. (2) i so the rm 

o.375 

o.379 

o.389 o.4oo 

o.371 

o.4oo 

~/!~ 
m e a n  

value 

o.391 

Leucinelsoleucine o.o8oO.lOO 13.211.4 o.138 o.8IO l 0.800 0.805 

__ 

LeucineTyrosine o. 14o°" I oo 56. i I 2.2 o. i i o o. 14° [ 

o . i 8 6  2.3 
6.8 

. . . . . . . . . . . . . .  0.262 ] 0.25 ° o.169 
o.155 

ProHne 
L e u ~ n e  
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TABLE II 

Substance k 1 

TABLE III 

Substance k ~ r  1 = 7.5 

Asparfic a~d . . . . . .  5 
A r ~ n e  . . . . . . . .  82 
G~c~#yc~e  . . . . . .  4 
L e u c ~ y c ~ y c m e  . . . 79 

M a ~  . . . . .  
~ . . . . .  
~ u ~ e  . . . . .  
~o~u~ne . . . .  
M ~ o ~  . . . .  
Tym~ne . . . . .  
~ m ~  . . 

I 

5 
6.6 
7.4 
5.4 
5.9 
7-5 
7.1 
8.8 

content  and  from the h 6 g h t  of the s tep~ tha t  ~ the ~ f f ~ t ~ e  ~ d e x .  The ~ procedure 

~ p ~ M e  o ~ n g  to the fact tha t  the ~ f r ac t i ve  ~ d e x  ~ e m e ~ s  for most  a m ~ o  a c ~ s  
~ n ~  do not  ~ffer  very  much  from each otheL TMs ~ seen from ~ g .  3 where 
the refractive ~ d e x  ~ e m e m s  for a ~ e  n u m b ~  of amino a~ds  have been ~ t e d  
versus the concentrat ion,  ~ n g  a ca~brafion curve. The values for e ~  a ~ u m ~  and  
some ~ s  are also ~ d u d e d ,  ~ o ~  tha t  the same curve m a y  be used for these 

substances.  F rom T a ~ e  IV ff ~ seen t ha t  the ~ o ~  ~ e d  in bo th  cases ~ 
~ good ~ e m ~ t  ~ t h  the c o ~ e ~  one. Some ~ g h t  losses of m ~ e ~ a l  amoun t ing  to 
a ~ w  p e ~ e n t  ~ u ~ y  ~ L  the reason for w ~ c h  may  be o ~ d a t i o ~  ~ h  t ~ m e n t  
of the carbon ~ t h  HCN has no t  ~ m ~  the effect. 

~ .  ~o ~ 

50 

& 

20 

~0 

f I I I I I C 
005 0.10 015 ~20 025  

~g. 3- T ~  ~ ~ x  i ~ e ~  ~ff  p ~ e d  ~ a i ~ t  ~ e  concentration c in g/ioo ml ~r  a m i ~  
adds and a ~w lower pepfides ~ and ~r  c r y ~ H n e  egg Mbum~ ~ )  

The compo~t ion  was then  a~o determined u ~ n g  the k-values calculated from 
equat ion (5) wffh 1 = 7-5. The concentra t ions  of the steps were the ones derived from 
the refractive index. I t  ~ seen tha t  the rat io of the adsorpt ion coefficients at  low con- 
centra t ions  is good enough to give a fa~ly  accurate value of the composit ion even if the 
k-values themselves differ appreciably from the correct values. AH the data  are given 
in Table  IV. 

Before s tar t ing  the invest igat ion of the digestion products  the adsorpt ion of the 

R e f e m ~  p. 4o7~o& 
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pure crystalline egg albumin had to be ~udied. By means of frontal analyMs ff was 
found that the adsorpt~n on carbon was very low ~omparable with that of alanin~. 
Fu~hermore the protdn did not seem to be ent~ely homogeneou~ one first large step 
was followed by two or three very small steps. Very ~mi~r frontal analyMs diagrams 
were found with three different preparationg, wh~h aH appeared to be homogenous in 
the ultracentrifuge and showed the usual pattern with two peaks in the dectrophore~s 
diagram. No ffactionation of the egg albumin before digest~n was attempted, a thing 
which however would be of interest to try in the future, espec~Hy as large filters for 
preparative work have come into use during the last yeaff *~. 

The fact that egg albumin with high molecular w6ght is adsorbed Mss on carbon 
than most amino adds and peptides with low molecular w~ght is not altogether sur- 
pri~n~ as ff has previou~y been found that high polymers with suffidently high moM- 
cular wright show decrea~ng adsorpt~n with increa~ng mMecular wdghU. 

As it was now evident that any unchanged egg albumin in the digested mixture 
would interfere in the frontal analy~s experiments, ff was necessary to remove it in 
some way. TISELIUS ~ had found that crystalline egg albumin exhibits strong adsorpt~n 
on a slightly add aluminum hydroxide suspen~on ~ommerdal name Mataki gel) 
amino acids and peptides on the other hand are hardly absorbed at aH (at a concen- 
tration of 0.2% the retention 
vMume ~ r  aspartic ac~ ~ 0.5 ml, aW ~s 

f°wroulh dope t h a  ~dsorbe t 3 ml o a r  n~Nns ehowthe b r e a k d o w a  n 2 5  o ~ mm ~ f i l t e r ) w  . a ° ~  4 mL and ~ r  ~ u N n l  eownO~dsorp t~ t  n~e~roducti snTNa Snt dh e ] ] t  

could t h e r e ~  be easily ~par~ed  
from the unchanged protNn. TNs 
indeed proved to be the case. 
F~. 4 shows ~ontai analyNs ~a-  

f, 

1~ 2~ ~ ~ mJ 
~g. 4- Frontal ~alys~ ~ egg albumin hydrolys~ 17 ~cu~ 
(~wer curv~ and 71 hours Opper cur~) ~ e r  25 ° ~ mm ~ 

~Md w~h MataM gel 

grams for different times of hydroly~s. Only two steps appear, the first evidently con- 
~sting of a mixture with very low adsorption, the second due to the egg albumin present 
which in ffsdf appea~s homogenous on this adsorbent. Unfortunately pep~n shows low 
adsorption and will therefore be present in the first step. However, as the adsorption is 
somewhat higher than that of the breakdown product~ it ~ pos~bM to get ~d of most 
of the pep~n by u~ng ~rge filters and only collecting part of the first ffact~n. By 
repeating this procedure several times, enough solution is obtained for the frontal 
analy~s experiments on carbon. 

The expe~ments in which two different crystalfine egg albumins were used, A, 
five years old, and B, freshly prepared, are now car~ed out as follows. The egg albumin, 
conc. o.4-o.5%, ~ Chgested with pepsin (PAR~E, DAVIS I : I0000, the ratio of pep~n 
to egg albumin = 0.05) at 38°C in o.oI-n HC1 during different Mngths of time. The 
p~ changed somewhat during the hydroly~s but did not exceed 2.4 even after 24 ° hours. 
Buffer and strong HC1 solutions were avoided as ff was des~able to keep the saK content 

* One of these preparat~ns was made by fiL ~c. CLAES W~BUL% and I want to thank him 
~r ~ g  me u~ i~ 

** One preliminary de~ropho~Ms exp~iment w~h the first ~acfion showed o~y one peak 
However, as the concentration was low no defin~e conduMons can be drawn as yet. 
Refe~nc~ p. 4o7]4o~ 
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T A B L E  

RESULTS O~ FRONTAL ANALYSES ON TERNARY 

M ~  

A l & n ~ e  . . . .  
L e u d n e  . . . .  
M ~ M o ~ n e  . . 

~ a ~  . . . .  

L e u d n e  . . . .  
M ~ h ~  . . 

M a n i ~  . . . .  
L e u M n e  . . . .  
M ~ h ~ n e  . . 

L e u d n e  . . . .  
M ~ h ~  . . 

L e u N n e  . . . .  
M e ~  . . 

Original  conc. 
~/~oo ml) 

0.082 
0.083 
0.082 

o.175 
o.164 
o .165 

0.250 
0.249 
o.251 

0.065 
o.o84 
o.o88 

o.166 
o.165 
o.169 

Spec.  r e t e n t ,  vol .  
(ml/g ads. )  

o.7 
I 0 . I  

20.8 

0.5 

14.5 

0.5 
6.6 

11.9 

3.O 
lO.6 
20.2 

R M ~  M G ~  

~ , ~  
Conc.  f r o m  n i t r o g e n  

v a ~ e s  of  c o m D  

I 2 3 

2.1 
8.1 

15.2 

0 .050 
0 . 0 2 0  

o .3~I  

0 . 0 5 0  
0 . 0 2 0  

o.391 

O.O50 
O.O20 

o.391 

o.256 
O.IOO 

o.391 

0 .256 
O . I O O  

o.391 

0.083 
O.O8I O.IO2 

o.o81 0.086 0.075 

o.177 
o. t75 o .229 
o . r74  o.169 o.153 

0.259 
o.252 0.345 
0 . 2 5 0  O.251 0 . 2 3 8  

o.o65 
o.o63 O.lO 5 
o.o61 0.082 0.088 

o.175 
o.174 0.226 
o.167 o.173 o.155 

as low as pos~ble in all the subsequent adsorption experiment.  The enzyme act~n ~ 
~opped by adding an equal volume of o .oI-n NaOH, at the same time diluting the 
solution to a concentrat~n of 0.2-0.25%. A frontal analy~s on Mataki gM ~ then per- 
formed with the solution (see Fig. 4), giving the two mentioned steps. On account of 

0 

o ~  

O~ 

~0: 

c 

~ .  5. ~ r ~ t ~ n  ~ o ~ m  ~ c~staUine e~g a~ 
b~m~n ~) ~nd of ~ ~ ~ ~  ~ )  ob- 
e y e d  f rom ~ o ~  a ~ s  of  a hydro lysate  
on M ~ a ~  g ~ .  c ~ ~ n  in  g / i o o  m l  a n d  a in  g 

R ~ m m ~  p. 4o7~o8. 

the ex~emely  ~ w  adsorpt~n of the filst 
~ep  ~round o.3 ml for 25o n mm 3 filteO 
the adsorption displacement should be 
negligible and the egg Mbumin in the 
second step should be adsorbed as ff ff 
were alone in the sMution. 

For comparison some frontal analyses 
were then carried out on 250 n mm 3 filter 
with pure egg albumin at different concen- 
trations and the amount adsorbed calcu- 
~ted;  see Table V. The adsorpt~n ~o-  
therm ~ drawn in Fig. 5, the scattering 
of the p~nt s  b6ng  due to the variation 
of the w~ght  cf adsorbent" as Mataki g d  
~ packed wet and not w6ghed each time. 
In TabM VI the amounts adsorbed of the 
second component from the digestion ex- 
periments are given and in Fig. 5 they are 
plotted versus the concen~at~n,  which 
has been determined ~om the le~active 
index, using the curve in Fig. 3. It ~ seen 
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IV 

MIXTURES OF AMINO ACIDS. ADSORBENT: CARBO ACTIV 

Conc. f rom refractive 
index of comp. 

I 2 3 

o.o81 
0.079 o. ioo 
o.o79 o.084 o.o82 

o.178 
o.176 o.222 
o.174 o.185 o.142 

0.260 
0.253 0.336 
o.25I o.244 0.249 

0.o66 
o.o64 o.099 
0.062 o.o77 o.o91 

o.175 
o.174 0.208 
o.167 o.159 o.163 

1.2 
3I.~ 
68.9 

1.5 
35.8 
78.4 

4.5 
23.5 
55.0 

3L3 
71 .o 

Ratio of k-values ~ r  1 = 7.5 

~ , h , ~  
Conc. f rom r e . a c t i v e  index using 1 = 7.5 
and c o ~ p o n ~ n g  cMc. ~ v a ~  ~ comp. 

I 2 3 

o.o81 
0.079 o. Ioo 
0.079 0.086 o.o8o 

0.048 
o.o19 
0.400 

0.038 
O.Ol 7 
0.463 

o.o41 
o.o19 
o.456 

o.192 
o.o82 
o.472 

o.161 
0.o70 
o.44o 

O.179 
O.176 O.222 
O.174 O.185 O.142 

0.260 
0.250 O.336 
O.249 O.275 O.220 

O.066 
0.059 O.104 
0.058 0.086 0.086 

O.175 
O.155 O.227 
O.152 O.189 0.148 

T A B L E  V 

FRONTAL ANALYSES OF CRYSTALLINE EG~ ALBUMIN D~SOLVED 
IN ~ o o s - n .  N a ~  

~LTER: 25O ~ m m  ~ ADSORBENT: MATAKI GEL 

Conc. 
(g/loo ml) 

o.o3o 
o.o84 
o. ioo 
0.200 

R ~ e n L  voI. 
(m0 

50.1 
35.0 
31.2 
19.6 

A m o u n t  a d ~ r b e d  
a ~  

o.o15o 
o.o294 
o.o312 
o.o392 

that the points fall on or dose to the ~otfferm, giving evidence that  the second step 
~ caused by egg albumin. 

The ratios of anfino nitrogen to total nffrogen were determined for the first step, 
the second step, and the original solution. The values for the last two were the same 
within the experimental error, and so only the values for the p ep td e  mixture (fir~ 
~ep) and the original sMuton are given in TabM VII. Colrect~n for pepMn was always 
applied. From the data it is obvious that the breakdown process ~ the same both for 
egg Mbumin A and B, though in case of the fleshly prepared B the pa~iMly broken 
down products seem to deMntegrate more rapidly at the very eafl~st stage of the 
hydrolyMs. The maximum value of approx. 0.25 a~ained for the ratio of amino nffro- 
gen to total nitrogen ~ in dose agreement with that  one obtained under Mm~ar condi- 
t~ns  by CALVEg¥~L and CALVE, RY, BLOCK AND SC~OCK ~. 

The split percentage, x, that  ~ the percentage of the original egg albumin that  
~ broken down at a certain time (lOO% when no egg albumin ~ detectable any 

Refemnc~ p. ~o~4o~ 
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TABLE VI 
F R O N T A L  A N A L Y S E S  O ~  S O L U T I O N S  R E S U L T I N G  F R O M  H Y D R O L Y S I S  OF  C R Y S T A L L I N E  E G G  A M ~ Y M I N  

~.4 g/ioo m l  o . o t - n  HCI) W l T t ~  P E P S I N ,  T H E N  D I L U T E D  W I T I I  A N  E Q U A L  V O L U M E  O F  O . O I - - ~  g a o H  

M E D H J M :  O . O O 5 ~ 1  NaC1. F I L T E R ;  2 5 0  ~ m m  ~. A D S O R B E N T ;  M A T A K I  ( ; E L  

Tilnc of(hour~hydro~sis componcntCOnc, of second(g/ioo ml) [ ]~etent.componentVOl. of(inl)Seco~d Amount - -- (g) 

o.o 
o. 5 

17 
2 2  

7I 
142 

0.200 [ 19. 3 
°"158 'l 21"3 
o.loo / 32"1 
o.o8o 36.0 
o.o51 36.2 
0.o37 43.8 

. . . . . . . . . . . . . . . . . . . .  I 

0.0386 
0.0340 
o.o32I 
0.0288 
O . O 1 8 5  

O . O 1 6 2  

TABLE VII 
R E S U L T S  O F  E X P E R I M E N T S  W I T H  E G G  A L B U M I N  (0 .  4 g / I o o  ml) H Y D R O L Y S E D  \ V I T H  P E P S I N  

~.OlO g/Ioo ml) IN o.oi-n HC1 AT 38~ C 
_ 

Substance ~ i ~ -  1 ~ ! i ~  ~ ~ ~ ~ ~ g i '  tysedin thein3"Ca~u~tCd~act~nthe pep~de~heso~t ~nhydro_t°tal-Nandfr°m value~Iea~ 

Egg a~um~ A 

Egg a~um~ B 

2 2  

3.5 
13 
44 

188 
552 

o.o6o 
o.o98 
o.124 
o.149 
o.I69 
o.I83 
O . 2 O l  

o.~29 
0.262 

o.o81 
o.124 
o.136 
O . 1 8 0  

0.245 

o.146 
o.16o 
o.175 
o.188 
O . 2 O I  

o.211 
0.222 
0.242 
0.258 

0.207 
o.2o 4 
0 . 2 0 9  

0 . 2 2 5  

0.250 

122:2 

2 I  .0 

50.0 
60.0 
74.5 
8o.o 
8 I  .5  

88.1 
94.3 
99.8 

25.3 
52-5 
59.4 
73.6 
99.9 

23.3 24 
5 1 . O  5 1  

60. 9 61 
77.8 76 
81.6 81 
82.6 83 
89.2 89 
95.3 94 
97.6 IOO 

24.7 
53.3 
57.1 
74.0 
96.6 

26 
53 
58 
75 
98 

more and the ratio of amino nitrogen to total nitrogen ~ constant, appr. 0.25), ~ calcu- 
lated from the following formula which is easily de~ved 

__x. a + ~ o o - x ) -  d b (8) 
I00 I00 

a, b and d are the ratios of the amino nitrogen to the total nffrogen in the first step, in 
the hydrolysed solution (the same as in the second step) and in the original egg albumin 
respecfiv~y.  No knowledge of adsorption displacement N necessary for these calcula- 
tions. The values are given in Table VII. 

Assuming that there is only negligibM displacement the split percentage is di- 
rectly obtained, as both the concentration at the start and the concentration of the 
still unchanged egg albumin are known, the latter from the second step in the frontal 

References p. 4o7/4oS. 
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analy~s diagram. To use the ratio of the h~ghts  or concentrations of the first and 
second step ~ not correct, as the concentration of the cleavage products has increased 
slightly by  uptake of wateL The values are given in Table VII .  The agreement with 
those previously calculated ~ quite good and favours the assumption that  there ~ no 
displacement. 

Am~o-N 
~ I - N  

~ 0  

~ 

~ 10 
~m~ 

 oo' 
~.  6. ~ o - ~  ~ ~ta~ ~ a ~  ~e o~ ~ 

• = u~raction~ hydro~sa~ of egg Mbum~ A 
© = ~ p f i ~  fraction from h y d r ~ a ~  of egg Mbum~ A 
• = unfracfioned hydr~ysa~ of egg ~bum~ B 
~ = pepfide fraction from hydrMysa~ of egg Mbum~ B 

~ n a U y  the s ~ t  percentage has been calculated as the ratio b~ween  the t o t ~  
n i t r o ~ n  content per ml of the s ~ t  p rodu~s  ~ the first step and of the h y d r o ~ d  so- 
lution ~ a M e  VII)  and ~ g .  7. 

I t  ~ seen that  egg Mbum~ A ~ h y d r o ~ d  more r a ~ y  t h ~  B, where on the 
other hand as mentioned above the d e a v a ~  products have a ~ e r  ratio ~ a m ~ o  nitro- 
gen to ~ t ~  ~ o g e n  at correspond~g times. 

The ratio of a m ~ o  n i t r o~ n  to total  n i t r o~ n  ~ the pepfide m ~ t u r e  ~creases  
during the ~ g e ~ n  from ~ W o x .  o.Io to 0.25 ~ee ~ g .  6). T ~ s  means that  pepfides 
with IO or more a ~ n o  a d d  reMdues are ~ r m e d  ~ the e a t e r  stages o f h y d r o ~ s ~  and 
then gradually broken d o ~  until f i n ~ y  the m ~ r e  m M ~ y  congsts of tripepfides. 

~ ~ 

~o~ - g ~  ~ 

~o 

2o < 
~me 

~ 7" ~be ~p]~t ~e~ce~ta~e ~ a S ~  ~ e  of ~ y ~ o ~  
0 = ~ g  a~umin A 
~ = egg Mbum~ B 

In these last cMcu~fions the ratio of a m ~ o  nffrogen to totM n i t r o ~ n  of the c o m ~ e ~  
hydro~sed  egg ~ b u m ~  ~ taken as 0.75 ~ accordance ~ CALVER~ 0 and a c o r r e ~ n  
for the amount  of amino n i t r o ~ n  present in the intact p r o ~ n  is n a t u r ~ y  also made. 

R~rences  p. 4o7~o& 
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The m K t u ~  ~ cleavage products resulting from ~peated f fona l  analyMs on Mata~ 
gel, thus freed from all of the egg albumin and all or practically aH of the pepMn, was 

a~ ios 

J 

f 
f m  

~S ' ~ ~5 ~ 

finally investigated uMng carbon as 

1 diagram'ads°rbent'M°stl?'Fig" S3sh°ws°r 4 step s a  typicalwere 

I observed except for short digestion 
I times when they were fewer. 
II From the retention volumes of 
~ the components it was directly seen 

that the strength of adsorption was 
generally comparable with that  of 
tyrosine ; only in a few cases stronger 
adsorption than that  of glycyl- 

F i ~  8. Fronta l  analysis of the pep~de  fraction result-  
ing f rom 17 hours  hydro lys~  of egg albumin.  

Fi~er :  I75 ~ m m  a containing o.27 g Carbo Activ 

tyrosine was observed. This fact seemed to justEy the use of the same average bvalue 
7.5, as in the case of the experiments described above with amino acids, when calculating 
the adsorption coefficients by means of equ. (5): As has been pointed out before, even 
if the error in the bvalue is rather large it wiU not cause too great an error in the 
k-values and the ratio of the k-values will be still less affected. The compo~fion of the 
mixtures is calculated u~ng equ. (2). AU concentrations of the steps are derived from 
the refractive index (Fig. 3). The ratio of amino nitrogen to total nffrogen was also 
determined for each step, and knowing the concentrations of the components in the 
steps ff has been pos~ble to calculate at least approximately the ratio of amino nitrogen 
to total nitrogen for each component. In these calculations theamount  of total nffrogen 
has been assumed to be constant for all fractions (the variation is only slight). In Table 
VIII all data mentioned are given. 

The ratio of amino nffrogen to total nffrogen ranges from approx, o.35 to o.Io, 
higher values corresponding to lower adsorption. The ratios are plotted versus the 
k-values in Fig. 9 .  In Fig. IO the per- 
centage of the original egg albumin that  
has been hydrolysed is plowed ag~nM 
the corresponding k-values. In the 
earlier stages of the dige~ion only 
Mrongly adsorbed components with low 
ratio of amino nffrogen to total nitrogen 
are formed, probably with IO or more 
amino add  refidueG for longer d ige~bn 
times the ratio is higher, at last even 
dipeptides seem to be present and the 
amount of strongly adsorbed compo- 
nents becomes too small to be observed 
in the diagrams. That they would be 
non-exi~ant is not probable as some 
must always be formed until aU proton 
~ broken down, but they will be present 
in decreasing amoun~ for decreafing egg 
albumin concentrat~ns. The same kind 
of products seem to result from the 

Am/~-N 

040 

0%0 

&20 

010 

o ~ 

0 

0 

0 

~ ~ 

~0 ~0  S~O z~O ~ 
Fig. 9- Amino-N to fotal-N plotted against  the 

adsorp~on  coeffident k 
O = egg a lbumin  A /N = egg a lbumin  B 
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digestion of both egg Nbumin A and B though the rate of formation N somewhat 
different. 

In some experiments the ofiginM d i g e ~ n  mixture was directly subjected to frontal 
analys~ on carbon. In these cases the egg albumin appeared ~ng before any of the 
cleavage product~ The unchanged character of the protein obtained in this manner 
fol~wed from the fact that the total nffrogen and the amino ni~ogen contents were 
the same as for the o~ginal crystalline product. 

It is rather surpfiNng that so few componen~ show up in the frontal analyNs 
diagrams; evidently each ~ep must be a mixture of a large number of different ~eavage 
products with very sim~ar adsorption on carbon. In order to obtNn further informat~n 
on this question it was deeded to try paper chromatography. 

I Ioo 
% 

lq ~ 5o 

, , . , .  , _ o  

51% 50 58 % - EO 

, . , .  . . . .  ,.,o , , , 

| | , , , , , |  , , 

8¢ % I 50 85 % 50 

, I I i i , ' 1 - ' 85 Z 50 , ¢2 % 50 

' ~  ~ ~ I I [ I I 

, | 1  ~ 0 ~ 0 o 1oo ~o ~bo *bo* * 0 700 200 500 400 

~g. ioa and b. Per cent ~ , o H ~ l  ~g  ~bum~ ~ans~r~ed ~n~ c~ava~e ~roduc~ ~ e d  as~n~ 
correspond~ k v~ue~ ~ ~ r e ~  ~ ~ r c e n ~  the latter r e ~ e s e ~  by ~e co~mn to t~e very 
~ on the ~=~s.  ~ ~ r  e~  ~bvm~ A ~ e  ~ d ~ a ~  and ~ ~ eg~ a~um~ ~ ~ e  H ~ t  d ~ a ~  

~aper c~om~o~aphy ~ worked out by CONSD~N, GO~DON AND ~RTIN has 
been described ~ det~] by these authors~ The m~hods ~s naturaUy most s~ted ~ r  
~ v e ~ g  m~tures of ~ o  acids and lower ~ s  for w~ch the characteristic 
po~ons on the ~ter paperare a~eady k n o ~  befbre~and. ~or ~ t u r e s  of peptides 
res~t~g ~om a prote~ hydro ids ~ is ~ c ~ t  to ~ r m i n e  ~e ~ua~ative compo~tion 
because o£ lack of m~ed~ for comparison, and the ou~ ~ r m ~ n  ~edved ~ those 
cases ~11 be the number o£ ~fferent components as ~ c ~ e d  by the spot~ 

The expeHme~ arrangemen~ used by the present author were ~m~ar to those 
~ s c d b ~  ~ the abov~men~oned pape~K In the two-~mens~n~ procedure the two 
sy~ems ~ate~phen~ and ~ate~oI l i~ne were mo~y  used and the ~ter papers were 
the Swe~s~ ~ n k t ~ |  OA and 0~. 

The frac~ons from the ~ov~men~on~ front~ an~yses on ca~on showed ~oth 
• st in~ spots ~ n o ~  ~ e  ~ d  l ~ e ~  spots th~  had rem~ned unreso~ed on account 
of the= very slow movement. The ~ f ~ a ~  u s u r y  showed two or t~ee ~ 
~ots ap~t ~ m  the ~ready men~oned ~ e  one, the next ~ a ~ n  thes~ same ~ots 
but also a fe~ a d ~ o n ~  ones and so on. The spots on~ showed up after he~n~ even 
R~rences p. 4o7~o& 
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T A B L E  

R E S U L T S  OF F R O N T A L  A N A L Y S E S  OF P A R ~ A L L Y  

A D S O R B E N T :  CARBO A C T I V E  

S u b s t a n c e  

~ g a ~ u ~ n A  . . 

E g g  ~ b u m ~  B . . 

Split- 
percentage  

51 

76 

81 

83 

89 

19 

58 

F rac t i on  
EO.  

Conc. of 
f rac t ion  
g / ioo  ml  

0 . 0 7 0  

0.084 
O.lO 4 

0.082 
o.137 
o.153 

o,oi  4 
o.145 
o.168 

o.o61 
o.147 
o.164 

0.090 
o.144 
o.164 
o, i82 

o.o41 
0.048 

O . I I O  

o.118 

Spe~  r e t enL  
vol. v 

ml /g  ads .  

lO9 
I31 
255 

k calc. 

165 
213 
459 

60 97 
77 156 

155 247 

29 32 
55 115 
66 I5o 

43 63 
57 119 

IiO 

4 ° 

49 
74 
84 

178 
311 

246 

67 
lO 3 
165 
I99 

233 
423 

139 
468 

76 
248 

85 

92 

IOO 

0.074 
o.I iO 
o.149 

0.028 
o.I64 
o.176 
o . i83 

0.035 
o.186 
o.218 
0.227 

0.053 
o.231 
0.248 

48 74 
76 I39 
98 208 

47 56 
52 126 
78 ~8i 
83 198 

37 47 
43 io3 
58 152 
7 ° 189 

35 49 
43 116 
64 182 

Ra t io  of 
a m ~ m X  
~ ~ M ~  

o.181 
O.I7O 
o.16o 

0,249 
0 , 2 0 2  

o,I88 

0.363 
o.2o6 
0.201 

0,256 
0.234 
O . 2 I I  

0.277 
0.258 
0.240 
0 . 2 2 2  

o.139 
o.131 

0.21~ 

0.209 

0.343 
o.281 
0.225 

0.358 
0.248 
0.237 
o.231 

o.411 
0.275 
0.256 
0,243 

o.386 
0.264 
0.253 

when udng as ~rge  a m o u n ~  of m a t e f i ~  as 1-2 mg, which ~ rather surpfi~ng as di- and 
tfipeptides such as leucylglycine and Mucyl-glycyl-g~dne are detected as easily as the 
a m ~ o  acids. Free amino acids seem to be present in very small a m o n n ~  ff at all; one 
might have e x p e ~ e d  tyroMne and c y c l e  to show up. From these expef imen~ only the 
confirmat~n of the assumpt~n  that the fractions cons~ted of ~ v ~ M  componen~  was 

References p. 407]408. 
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VIII 
HYDROLYSED EGG ALBUMIN (THE PEPTIDE FRACTION) 
M E D I U M :  o.oo5-n ~q'aCl 

fractions of c o m p o n e C  nt a~" conc. (g/ioo ml) of --CO2nP~-" Conc. of 
the 

~ o .  
i 2 3 4 

0.070 
0.053 o.o31 
o.o51 0.028 0.026 

0.082 
0.048 0.089 
0.046 0.o8o 0.027 

O.Ol 4 
o.oo9 o.136 
0.009 O.lO 7 o.o52 

o.o61 
o.o31 o.116 
o.o3o o . i io  0.024 

o.o9o 
0.049 o.o95 
0.047 o.084 o.o33 
0.046 0.079 0.024 o.033 

o.o41 
0.039 0.009 

o . i io  
O.lO8 O.OLO 

0.074 
0.059 
0.054 

0.028 
0.009 
0.009 
0.009 

o.o35 
o.o08 
0.oo8 
0.008 

0.053 
O.O~6 
O.O16 

O.O51 
0.035 0.060 

O.I55 
O.I36 O.O31 
O.130 0.023 O.O2I 

O.178 
O.141 0.069 
O.137 O.O62 O.O20 

O.215 
O.197 0.035 

component 
g/loo ml 

o.o 5 i 
0.028 
0.026 

o.o46 
o.08o 
0.027 

0.009 
O.lO 7 
0.052 

o.030 
O.IIO 
0.024 

0.O46 
O.079 
0.024 
0.O33 

0.039 
o.o09 

O.lO8 
O.OLO 

0.054 
0.035 
0.060 

0.009 
o.13 ° 
0.023 
o.o21 

o.oo8 
o.137 
0.062 
0.020 

o.o16 
o.197 
0.035 

ComponenN in 
% of total pep- 

tide ffac~on 

48 
27 
25 

3 ° 
52 
18 

5 
64 
31 

18 
67 
15 

25 
43 
13 
I8 

8I 
19 

92 
8 

36 
24 
4 ° 

5 
7I 
13 
II 

4 
60 
27 

9 

6 
79 
14 

Percent of oM~n~ 
egg a~umin  hydro- 

lysed into comp. 

24 
14 
I3 

23 
4 ° 
14 

4 
52 
25 

15 
56 
12 

22 
38 
12 
16 

15 
4 

53 
5 

27 
18 
3 ° 

4 
60 
II 
9 

4 
55 
25 

8 

6 
79 
14 

Ratio of 
a m ~ N  ~ 
~ b N  calc. 

o.18 
o.15 
o.13 

0.25 
o.18 
o.12 

0.36 
0.25 
o.18 

0.26 
0.23 
0.o8 

0.28 
0.25 
o.17 
o.12 

o . 1 4  
o.Io 

0.2I 
0. I 0  

0.34 
o.~1 
o.13 

o.36 
o.24 
o.18 
o.16 

o.41 
o.27 
o.zI 
o.o9 

0.39 
0.26 
o.18 

o b t a ~ e ~  e v e n  t h e  e x a c t  n u m b ~  c f  s p o ~  w a s  ~ f f i c u l t  t o  d ~ e r m i n e .  T h e  on ly  w a y  Mff 

w a s  t h e n  to  h y d r o l y ~  t h e  f r a c t i o n s  c o m p l e t e l y  d o w n  to  a m i n o  a d d s .  Th i s  w a s  d o n e  w i t h  

c o n c e n ~ a t e d  h y d r o c h l o r i c  a d d  d u r i n g  2 4 h o u ~  a t  I o o °C .  T h e  f r a c t ~ n s  n o w g a v e  t h e  t y -  

p i c ~  a m ~ o  a c ~  spo t s ,  u s u ~ l y  w i t h  0.2 m g  of m a t e r i M  p u t  on  a t  l h e  ~ a r t .  O n ~  f r a c t i o n s  

o b t M n e d  f r o m  egg M b u m ~  B were  i n v e s t i g a ~ d .  In  TabM I X  t h e  r e s u ~ s  of t h e s e  expe r i -  

R e f e ~  p. 4o7~o8. 
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T A B L E  I X  

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

E G G  A L B U M I N  ( ~ -  M A R K S  P R E S E N C E  I N  M O S T  C A S E S )  

Compo~f ion  of egg a lbumin  Amino a d d s  present  in fracth)ns with ratio 
according to CnlBNALL ~a amino-N to total-N 

a m i n o a d d s  N as % p r o t d n - N  > o.3o o . 25 - o4o  o.2o-o.x 5 o . i 5 - o . i o  

~ u ~ m ~  acid . . 9.7 
Asparfic a d d  . . . .  5.4 
~ e  . . . . .  3.8 
A ~ n e  . . . . . .  6. 7 
Valine . . . . . .  3.5 
Leu~ne~eu~n e' " " " . . . } Io.8 

~r~ei~o~nei~i~h~ni i i " ' ' "  " . . . . '  3.i4.o2"°2"51.2 

Cys~e . . . . .  ] 1.2 
Seine . . . . . .  i 6.9 
Threo~ne . . . .  ! 3.0 
Arginine . . . . . .  i i. 7 
H ~ d ~ e  . . . .  4. i 
Ly~ne . . . . . .  [ 7.4 

i 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 

÷ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

i 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 

-i 
+ 
+ 

ments are given. For the fractions with lower adsorpt~n and higher ratio of amino 
nitrogen to total nitrogen the most abundant amino adds seem to be those which 
themselves show rather low adsorpt~n. The lower peptides then seem to be buik up 
mainly, of glutam~- and aspart~ add, g l y d n ~  valine, and Mudne, the other amino 
a~ds forming part of the structure of higher peptides. 

DISCUSSION 

The breakdown process of a protein by a proteolytic enzyme may proceed mainly 
along two different Hnes. Either aH the moMcules are attacked at the same time and 
then gradually broken down, leaving no intact protein molecuMs as soon as the hydro- 
ly~s  has started, or only part of the molecules are attacked at first and broken down 
relatively quickly, leaving intact moMcules untH the very end of the hydroly~s. The 
first type of reaction has been observed for instance by ANNETTS 14, the second by, for 
instance, TISELIUS AND ERIKSSON-QUENSEL 15, PETERMANN TM, HAUGAARD AND ROBERTS 17 
and WINNICK TM. In several of the last-mentioned cases it has also been reported that the 
cleavage products formed are the same during the whole hydrolyMs. 

The results from the investigation described in this paper indicate that the hydro- 
ly~s of crystalline egg albumin with pep~n is a reaction of the second type mentioned 
above. Intact protein has been observed all the time until the ratio of amino nitrogen 
to total n~rogen became constant. However, the composition of the peptide mixture 
was not the same all the time, in the earfier stages of hydr01y~s peptides with IO or 
more amino a~d re ,dues  are most frequent, while later penta- and tetra-peptides 
seemed to be prevalent until finally at constant ratio of amino nitrogen to total nitrogen 
the main part con~sts of tripeptides ~ee Fig. IO and 9). This is somewhat in contrast 
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with the findings of T~ELIUS AND ERIKSSOs-QuENSEL~; howeveL ff may partly be 
due to the fact that different kinds of pep~n were used. The ~wer pepfides probably 
c o n ~  of glutam~ and aspartic add, vafine, ~ y ~ n ~  Manine and Mudne. A more d ~  
tailed study both of the higher and lower peptides will probably be carried out in 
the future. 

E X P E R I M E N T A L  

The two different egg albumins used were : Egg albumin A, prepared 5 years ea f l~L containing 
15.5 % nitrogen (KjeId~ll) and having a ratio of amino-nitrogen to total  ni trogen of 0.035. 

Egg albumin B, freshly Frepsred according ~o LA RosAX~ containing 15.1% nitrogen (Kj~dahl) 
and with a ratio of amino nitrogen to total  nitrogen of o.o31. 

Adsorben~ use~ Sl~ghfly acid aIuminium-hydroxide suspen~on, Mataki gel of A. B. MAVAKI, 
Malm6, Sweden. (To ioo ml of the suspension was added io g of filter ce~. 

Carbo Activ of Merck Darmstadt ,  Germany, t reated in the way described by CLAESSON~ 
Experiment I. o.4oo g of egg a lbumin A d~solved in IOO ml o.oi n HC1 containing ~ o 2 ~  g 

pepsin (PARKE, DAVIS I : IOOO~ was digested a t  380 for 17 bourn  The reaction was stopped by  adding 
ioo ml o.oi n NaOH. The solution was subjected to frontal  analy~s on Mataki geI u~ng a 25 ° ~ 
mm ~ fi~er. The fi~er ~ previou~y washed through with o.oo 5 n NaC1. The d iagram showed 2 steps 

t hi  end e~e tentioi n n c r e  menV to lu mwae s f3o~ : ~ o  fi_,~s~ ~ t ~ i c ~  SaOp~rY ° xiO..L~ ~olr war she secgnd d u e  to32 .plep ~mnl.anTdhe 18 .t3o ta~ur ee fractivt e o  the 

second componenL According to the caHbration curve the la t ter  corresponded to a concentrat ion 
of o.ioo g/ioo ml and the amount  adsorbed was o.o321 g, assnming no displacement. The split  

/ - -  ~ 

percentage is obviou~y ioo (1 - -  o°~'~ ~) = 5 ° %, ~2  g/Ioo ml being the concentrat ion of the  egg a lbumin 

if no hydroly~s has taken place. The rat io betweeh the amino nitrogen in the first step, in the 
% 

second step and in the original hydrolysed solution was o.159, O.lO2 and o.ioo, the last  two agreeing 
w~hin  the ~m~s  of error. From these the split percentage was calculated w~h formula (8) and the 
value 52.3 % was obtained. The total  nitrogen content  per ml in the first step was o.158 rag, 
in the hydrolysed solution o.31o mg and thMr rat io o .5 i~  t h a t  means the split percentage ~ 5 I ~  %. 
In all these calculations a correction has been made for total  nitrogen and amino nitrogen due 
to the pepMn ~ O.OLO g/ioo ml pep~n solution contained O.Ol 4 mg KjMdahl ni trogen and about  
o.o003 mg a~hino nitrogen). From frontal  analy~s with a solution of 0.2 g/ioo ml egg albumin and 
O.OLO g/ioo ml pep~n in o.oos-n NaC1 where no enzyme reaction had taken place, ~ had been 
found t h a t  the pep~n Ead a r e t e n t ~ n  volume of 30-35 ml on a 125o ~ mm ~ filter. On account of 
t h ~  several frontal  analyses were performed with the original hydrolysed solution on I25o ~ mm s 
fi~er with Mataki gel, taking care to colMct only the first 30-35 ml each time. The fractions, 
somewhat diluted by this procedure, were put  together and w~h  t h ~  solution a frontal  analy~s 
on a I75 ~ mm ~ filter containing a wMghed amount  of Carbo Activ was performed, the filter having 
previou~y been washed wffh o.oos-n NaC1. Three steps appeared w~h  total  refractive index in- 
crements Of 12.5, 15.o and 18. 7 . Io  -~, corresponding to concentrations of o.o7~ 0.o84 and o.io 4 
g/ioo ml. The spe~fic re tent ion volume (ml/g adsorben~ were lO8.5, 13o.8 and 255 ml[g absorbent.  
The ratios of amino nitrogen to total  nitrogen in the fractions were o.181, ~17o and o.16o respectively 
For fur ther  calculated d ~ a  see Ta[le  VIII .  When performing a frontal  analysis on I75 ~ mm a with 
Carbo Activ d~ecfly with the original hydrolysed solution the egg a lbumin already appeared a t  
3.o ml, giving a rat io of amino nitrogen to total  nitrogen of o.o34. 

E X P E R I M E N T S  WITH P A P E R  CHROMATOGRAPHY 

The c h a m b ~  used in the experiments had the ~ p  and two la rge~ wars  made of ~ass.  T h e  
t ray  into which the f i ~ r  pape~  were d ~ n g  was ~aced  ~ a holder which co~d  be easily brought  
in and out  ~ the chamber even when the [ a p e ~  w ~ e  put  ~ por t ion ,  which was ~pecia l ly  convenient  
when the papers had to be sprayed with phenol be~ re  start ing the experiment.  Both t rays of #a s s  
and a ~ m ~ m  were used though in case of phenol solution the # a ~  ~ a y s  were p ~ r r e d .  Several 
fi~er papers  both  Swedish and G ~ m a ~  w ~ e  ~ d  and severM proved to be very good. The Swedish 
Munk~H OB, p r e ~ o u ~ y  used by EDMA~ z° and f i t t i n g  about  twice as r a ~ y  as the English What-  
man No. I TM, and MunktMl OA, a very fine but  a Htfle ~ower paper t han  OB and # ~ n g  nice compact 
spots with n inhyd f i~  were mostly used in the e x p ~ i m e n ~ .  C o ~ n e - w a t e r  usually seems to be a 
bet ter  system than  amylalcohol-pyridine-wate# ° and was used in the twoMimens~nal  runs ~ g e t h e r  
with phenol-water as second sy~em. The experiments w~h  phenoNwater were often ca~ied  out  in 
an  a t m o s p h ~ e  containing ammonia and carbon monoxide. In a ~ w  oneMimen~on~  exper imen~  
butanoNwater was u~d .  

Refe~nc~ ~ 4o7[4o~ 
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Experiment. Egg a l b u m i n  B was hyd ro lysed  du r i ng  408 hours ,  92 % was spli~ and  the  expe r~  
m e n t  e a r n e d  ou t  as descr ibed above.  The  da t a  m a y  be seen in Table  VI I I .  T h e n  f r a c t ~ n s  of each 
s tep  f rom the  f ronta l  a n M y ~ s  on Carbo Act iv  were inves t iga ted  wifl~ paper  c h r o m a t o g r a p h y .  ~Vlmn 
only  o.2 m g  in to~tl  was b r o u g h t  on the  paper  no spots  could be seen even  af te r  h e a ~ n g .  Inc reas ing  
~ e  a m o u n t  of ma t e r i a l  to 1-2 m g  in total ,  p ink  spots  were seen af te r  hea t ing .  I t  was pos~Me to 
d i s t ingu ish  fl~ree spots  in the  first f r a c t ~ n  ; in the  la ter  f rac t ions  the  n u m b e r  of spo t s  increased wi th  
~ to 3 for each  fract ion.  However ,  some  of t r a m  were dose  toge the r  and  had  no t  moved  on ~ e  
paper .  By  hydro lys ing  the  sepa ra te  f rac t ions  wi th  s t r ong  HC1 for 24 hour s  a t  IOO ° t lmse were b roken  
down to a m i n o  acids. F rac t ion  i,  ra t io  of  a m i n o  n i t rogen  to to ta l  n f f rogen  = o.41, showed g l u t a m ~  
acid, ~ s p a r t ~  a d d ,  g lydue ,  valine,  a lan ine  and  t races  of possibly ~ u N n e  and  cyst ine .  F r a c t ~ n  2 showed 
all the  ones m e n t ~ n e d  for f r a c t ~ n  i and  aNo serine and  pro~ne.  F r ac t i on  3 aNo Mlowed fl~reonine 
and  the  g roup  pheny la lan iue ,  meth ion ine ,  a rg in ine  and  t races  of lyNne and  h is t id ine  (the basic 
a m i n o  acids showed up  r a t h e r  poorly).  In  f rac t ion  4 a t  las t  some tyroMne also seemed  to be present .  

The author wishes to express Nncere thanks to Professor ARNE T~ELIUS for 
suggesting this investigat~n and for aH his hMp and advice. 

The author also wan~  to thank Pro%ssor THE SVEDBERG for the privilege of Working 
at hN Instffute and for his intere~ in this work. 

This investigation was carried out during the years 1944-1946 and finandally 
supported by Statens Tekn~ka Forskningsr~d, Sweden. 

S U M M A R Y  

I. The  po~ ib i f i t y  of  uMng f ronta l  analyMs on ac t i va t ed  ca rbon  in order  to de t e rmine  the  corn- 
p o r t i o n  of amino  acid m i x t u r e s  ha s  been  inves t iga ted .  I t  has  been  ~ u n d  t h a t  the  LANGMmR~othe rm 
can  be used and  t h a t  the  adso rp t ion  d i sp l acemen t  can  be compensa t ed  ~ r  by  u ~ n g  cer tMn ~ r m u ~ m  

Bina ry  and  t e r n a r y  m i x t u r e s  of  a m i n o  acids  have  been s tud ied  and  t h N r  compoMtion ha s  been 
d e t e r m i n e d  wKh fair accuracy .  The  conc~Mons  d r a w n  f rom these  e x p e r i m e n ~  ~ r v e d  as a guide  ~ r  the  
s u b s e q u e n t  i nves t iga t ion  of u n k n o w n  pept ide  m i x t u r e s  ob ta ined  f rom the  hydrolyMs of egg Mbumin .  

2. Crysta l l ine  egg a l b u m i n  and  the  p roduc t s  ob ta ined  f rom par t i a l  hydrolyMs of crys ta l l ine  egg 
M b u m i n  wKh pepMn have  been  inves t iga ted  by  f ron ta l  ana lys i s  on a l u m i n u m  hyd rox ide  (Mataki  ge~ 
and  on  carbon.  The  d e a v a g e  p roduc t s  a re  ob ta ined  s epa ra t e ly  by  u ~ n g  t he  f i ~ t  m e n t i o n e d  adsorbenL 
and  the  u n c h a n g e d  p ro te in  by  uMng the  second.  The  ra t io  of a m i n o  n i ~ o g e n  to to ta l  n i t rogen  of the  
different  f ract!ons and  the  ~,plff pe rcen tage  have  been  ~ a l c u ~ t e d  for different  d%est ion  t imes .  Concern ing  
the  b r e a k d o w n  process  of  the  egg a l b u m i n  t he  ~ l l o w i n g  was c o n c e d e d .  Only  pa r t  of the  p ro te in  
molecules  a re  a t t a cked  a t  first  and  i n t ac t  p ro t e in  is observed  un t i l  t he  v e r y  end  of the  react ion.  The  
d e a v a g e  p roduc t s  a t  t he  b e # n n i n g  conM~ of deca or h ighe r  pep t ides  b u t  a t  t he  end  t ~ p e p t i d e s  are  
t he  ave rage  c o n s t i t u e n t .  

3- The  f rac t ion  con ta in ing  the  cleavage p roduc t s  on ly  ~ e p t i d e  , f r a c t~n  )was i n v e ~ i g a t e d  by  
f ronta l  anMysN on ca rbon  and  the  compoMtion d e t e r m i n e d  in the  s ame  way  as %r the  a m i n o  acid 
m i x t u r e s  m e n t i o n e d  above.  T he  n u m b e r  of f r a c t ~ n s  observed  was l e ~  t h a n  five. The  c o m p o n e n t  
w ~ h  the  ~ w e ~  a d s o r p t ~ n  had  t he  h i g h e ~  ra t io  of  a m i n o  n i t rogen  to to ta l  n i t rogen .  I n  the  e a f l % ~  
~ a g e s  only  r a i n y  Nrge  p roduc t s  ~ e m e d  to [e  ~ r m e ~  while in  the  final m i x t u r e  e~en  some  d ipept ides  
were indica ted .  

4. The  Fept ide fracf io=s were inves t iga t ed  wi th  paper  c h r o m a t o g r a p h ~  showing  more  f rac t%ns  
t h a n  could be de tec ted  on carbon.  No ami no  a d d s  seemed  to be p resenL Af te r  comple te  hydrolyMs 
wi th  s t r ong  h y d r o c h l o r ~  acid, the  f f a c t ~ n s  were aga in  inves t iga t ed  on  paper .  The  amino  acids  in 
the  Kacf ion  showing  the  ~ w e ~  a d s o r p t ~ n  on  carbon were mos t l y  a m i n o  acids  t h a t  t h e m ~ l v e s  
show low a d s o r p t ~ n  on  carbon.  The  lower pep t ides  a re  a c c o r d i n ~ y  mMnly  m a d e  up  of ~ u t a m i c  
and  aspar t i c  a d d ,  # y M n %  val ine,  aNnin% and  ~ u d n e .  

R~SUM£ 

L On a examin6 la possibi]it6 d%mpbyer l%nalyse ~onta~ par chromatographie sur charbon 
acfiv6 pour  d6 te rmine r  ~ c o m p o N t ~ n  de m ~ a n g e s  d % m i n o ~ d d e s .  On  a t rouv6  q u ' o n  peu t  utf lNer 
l ' i so the rme  de LANGMUIR et  que  M d6p lacemen t  de l%dsorpt ion  peu t  6tre corrig~, grgce A cer ta ines  
Iormules .  

Les  m ~ a n g e s  b i n a k e s  e t  t e rnMres  d ~ m i n o - a c i d e s  on t  6re 6tudi6s e t  leur  compoMtion a 6t~ 
d6termin6e  avec  une  bonne  p r6M s~m Les  c o n c ~ N o n s  f ir6es de ces exp6r%nces  s e rven t  ensui te  de 
guide  darts Ms recherches  sur  Ms m ~ a n g e s  i nconnus  de pept ides  p r o v e n a n t  de l ~ y d r o l y s e  de 1Mlbumine 
de l ' ~ u L  
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2. L~ lbumine  de l 'muf cfi~Ml~6e et ses produi~  d~ydrolyse  parfieHe par la pep~ne ont  6t6 
~tud~s par l%nalyse ffontMe sur l~ydroxide  d ~ l u m i n i u m  ~el  MATAKI) et  sur M carbone. On obfient  
Ms produffs de coupure s~parement en e m p ~ y a n t  M premier adsorbant  et les pro t~nes  non touch6es 
en employant  le second. On a determin6 le rapport  azote amin6 - -  azote total pour les diff6rentes 
~act ions  et M rendement  en produffs de coupure pour diff~ren~ temps de d~es t iom 

On a fir6 les conclu~ons suivantes  quan t  au proce~us  de coupure de l%lbumine de l '~uL Une 
patt ie  seulement des mM6cules pro t~ques  est attaqu6e au d6but et la p ro t~ne  intacte est  pr6sente 
jusqu '~ la fin de la r 6 a ~ n .  Les p rodui~  de coupure sont  au d6but constitu6s en moyenne de d6ca- 
peptides et de peptides plus ~ev6s ma~,  ~ la fin, sur tout  de tripeptides. 

3. La fraction c o n s t a n t  seuMment des produffs de coupure ~racfion pept idiqu~ a 6t6 examin6e 
avec l~nalyse ~ontaM sur charbon et la composition d6terrnin6e de la m6me fa~on que pour Ms 
m~anges  d~mino~cide~; d~A mentionn6s. Le nombre de fractions ~rouv6es est plus pet i t  que cinq. 
Le composant d%dsorpt~n la plus faibIe a le rapport  azote amin6 - -  azote total  le plus 61ev~. Dans 
le stade inf f~l  H semble qu'il  ne se forme que des p rodui~  dont M p~ds  mol6culaire est encore essez 
~ev6, t a n d ~  que dans 1~ m~ange  final on peut  t rouver  jusqu% des dipepfides. 

4. Les f f ac t~ns  ~ t i d i q u e s  soum~es  ~ la chromatographie sur papier o~t montr6 pl~s de 
f f ac t~ns  qu%n en ava~  trouv6es par M charbon. I1 ne semble pas y avoir d%mino a d d e ~  Les frac- 
tions compl~tement hydrolys6es par de l~cide chlorhyd~que fort ont 6% de nouveau chromato- 
g raph~es  sur papicr, b~s amino-addes  dans les fractions mont ran t  la plus petite adsorption sur 
charbon sont  sur tout  le~ amino addes  qui eux-m~mes mont ren t  une Mible adsorption sur charbon. 
Par suffe Ms peptides M~ plus bas sont sur tout  constitu6s dMddes ~ u t a m i q u e  et aspar t iqu~  de # y -  
~ne ,  de vMine, d ~ n i m ~  et de Mu~ne. 

ZUSAMMENFA$SUNG 

I. D ~  M 6 ~ h k M L  Frontanalyse an aktiver Kohle zur Besf immung der Zusammensetzung von 
Aminos~uregemischen zu benutzen, wurde untersuchL H~rbM wurde ~ g e ~ ,  dass die LANG- 
MUIR-~otherme benutzt  werden k a n ~  und d a ~  d ~  Adsorptionsverdr~ngung dutch  Verwendung 
bes t immter  Foimeln ausgeglichen werden kann. 

Bin~re und tern~re AminosAurengemi~he wurden untersucht  und ihre Zusammensetzung m ~  
f iemhcher  G e n a u ~ k ~ t  tmsfimmL Die Schlussfolgerungen aus diesen E x p e r i m e n ~ n  d i e n ~ n  danach 
Ms Le~Mden ffir die U n ~ u c h u n g  unbekannter  Peptidgemische, die b ~  der H y d r o l y ~  yon E~ lbu -  
rain erhaRen wurden. 

2. I4_ristallisiertes EiMbumin und d ~  bei partieHer H y d r ~ y ~  kristaHisierten E ~ u m i n s  mi t  
PepMn e rh M~ n en  Produkte wurden m ~  Hi l~  der F ron t ana ly~  an A ~ m i n ~ m h y d r o x y d  (MATAKI- 
Ge 0 und Kohle untersuchL D ~  Spa~produkte werden dutch  Verwendung des ersten Absorbens 
g e ~ e n n t  e r h ~  das unver~nderte  EiwM~ u n ~ r  Benutzung des z w ~ n  Adsorbens. Das Verh~ltnis 
Aminostickstoff-Gesam~tickstoff  der v e ~ c h ~ d e n e n  Frakt ionen und der Spa~prozentsatz wurden 
ffir verschiedene Verdauungszeiten berechneL Bezflglich des Abbauproze~es des E i ~ b u m i n s  wurden 
d ~  folgendea ~chlfisse gezogem Nut  ein Te~ der EiweissmoMkfile wild erst  angeg~iffe~ und intaktes  
E i w 6 ~  ~ t  bis zum End¢ der Reaktion noch zu beobachten. Die Spa~produkte bestehen a m Pmfang 
aus Deka- oder h6heren Pepf ide~ w~hrend am Ende Tripeptide d ~  Durchschni~sbes tand~f le  ~nd.  

3. Die Frak t io~  d ~  nur  d ~  SpMtproduk~ enth ie~  (Peptidfraktio~ wurde dutch F ron t a na ly~  
an Kohle un tersucht  und ihre Zusammensetzung in ~eicher  Weise wie bei den obenerw~hnten Amino- 
sAurengemi~hen bes t immL Eie Zahl d£r wahrgenommenen Fraktionen ~e ~ug  weniger a~ ffinL 
Der Be~andtM1 mi t  der ge r ings~n  Adsorption hat te  das h6chste Verh~ltnis Aminos t ick~off /G~ 
sam~t ick~off .  In den ersten Stadien scheinen nur  f i eml~h  grosse Produkte gebildet zu werde~ 
w~hrend im E n d g e m i ~ h  sogar ~ g e  Dipeptide nachgewicsen wurdem 

4. Die Peptidfraktionen wurden dutch Papierchromatografie untersuchL wobei mehr  Frak- 
fionen a~  m ~  Kohle entdeckt  werden konnten. Keine Aminos~uren sch~nen  vorhanden zu seim 
Nach voHst~ndiger Hyd~My~ m ~  starker  Salzs~ure wurden die F r a k t ~ n e n  wiederum mi t  Hfl~ 
yon P a ~ e r  untersuch~ D~  Aminos~uren in dcr Fraktion m ~  der g e ~ n g ~ e n  Adsorp t~n  an KoMe 
waren m ~ e n s  A m i n o s ~ e ~  d ~  selbst geringe Adsorp t~n  an Kohle z~gem D ~  nied~gen Pepfide 
bestehen Mso, wie damff  f iberonsf immL h a u p ~ c ~ h  aus Glutamin- und Aspara~ns~ure,  Glykoko~ 
Valin, Alanin und Leucin. 
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