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The difference, that might exist between insulin obtained from pig and from cattle 
pancreas has received little attention. GANGER 1 observed, that  the composition of a 
fraction, obtained after cleavage of the disulfide bridges, differed somewhat for pig and 
cattle insulin. 

In this fraction from cattle insulin, he found much alanine and no threolfine; the 
corresponding fraction from pig insulin contained some threonine and little alanine. This 
work is open to some criticism as the insulin samples used might not have been altogether 
pure, and the difference observed therefore might be described to the presence of im- 
purities. The object of our investigation was to compare absolutely pure pig and cattle 
insulin in order to see whether they actually differ or not. This comparison has been 
made with the aid of four techniques: 

a. the analysis of the amino acids present ; 
b. the solubility curve determinations; 
c. the biological assay; 
d. the original method, first used by GANGER for the demonstration of the difference 

between the two. 
Dr GANGER kindly performed the latter demonstration ot the difference with the 

aid of his original technique, thus removing every trace of doubt about their non- 
identity. 

MATERIAL 

The samples of pig and catt le insulin crystals,  obta ined from batches  of ord inary  comm ercia 
material  were recrystallized unti l  they  showed a horizontal  solubil i ty curve, as described in a previous 
paper  2. The catt le insulin did not  give rise to m a n y  difficulties. 

After only six crystallizations, material  giving a horizontal  solubil i ty curve at  p H  5 in acetate 
buffer was obtained in 70-80% yield. 

The last  two crystal l izations were made wi th  a sl ight  modification of one of the usual procedures 
in the following way:  

The crystals,  obtained f rom io  g of insulin after  4 recrystal l izations f rom acetate buffer were 
suspended in 360 ml I / I5  M phospha te  buffer p H  7 and 360 ml of acetone. To th is  suspension were 
added 15 ml 0.5 N KOH, whereupon the insulin dissolved, leaving most  of the  zinc as phospha te  
in suspension. After filtration th rough  a folded filter paper,  the filtrate was diluted wi th  144o ml 
phospha te  buffer, I3OO ml of water  and 0.9 ml of zinc acetate solution, containing 25 mg zinc per ml. 
The p H  was adjusted to 5.94 wi th  o. 5 N HC1. The solution was left overnight  for crystal l izat ion at  
room temperature .  The crystals  were centrifuged, thoroughly  washed wi th  water  and dried in vacuo. 
Yield: 6.8 g wi th  a zinc content  of o.5I %.  

The pig insulin gave far more difficulties and had to be recrystallized 8-9 t imes to give a pure  
product  in a yield of only lO-2O%. Crystallization usual ly  proceeded only very slowly, f requent ly  
yielding large crystals, visible to the naked eye. The am ou n t  of amorphous  material  which usual ly  
was present  could be great ly diminished by  a threefold increase of the amoun t  of zinc acetate added. 
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This  had an unfavourable  influence on the  zinc content  of the final product ,  which in one instance 
was 1.56%, in another  even 4.1%. 

METHODS 

a. Amino acid analysis 
For  the quant i ta t ive  de terminat ion  of the amino acids, the technique of STEIN AND MOORE 3 

has been used wi th  s l ight  modifications to adapt  i t  to our  appara tus .  
As it is believed tha t  the  modifications introduced may br ing th i s  beautiful  method within 

the reach of every laboratory,  the description given will be ra ther  extended. 
The fraction collector, described by  the  au thors  was not  available, and the appara tus  of RANDALL 

AND MARTIN 4 has been used instead. This  collector has several advantages.  Any  good mechanic can 
build one, it is independent  of an outer  source of energy and the fractions are measured by  their  
volume and not  by  a number  of drops. On the other  hand, the smallest  fractions t ha t  could be ob- 
tained, were not  less than  4 ml, at  least  wi th  an appara tus  as constructed in our  workshops.  If  the 
fractions are smaller, the collector sticks occasionnally and would have to be under constant  super- 
vision. Wi th  fractions of 4-5 ml and a proper ly  adjusted apparatus ,  it could be left working overnight  
and during the weekends. A first model, wi th  a ply-wood test  tube rack, soon became undependable,  
because the wooden base curbed, thus  interfering wi th  the proper  funct ioning of the appara tus .  
A second one with an a lumin ium rack was quite sat isfactory and remained so. The appara tus  should 
be placed in a quiet  room, where no other  work is done, free from drafts  and out  of direct sunlight .  
Ammonia  vapours  are to be avoided as they  will increase the blanks. A cons tant  tempera ture  room 
would have m a n y  advantages.  

As the  fractions collected have about  IO t imes the volume of those obtained by  STEIN AND 
MOORE and no much  smaller  separat ing capaci ty can be tolerated, the size of the s tarch  colum used 
and consequent ly  the weight  of the sample under  invest igat ion had to be adjusted to obta in  results. 
comparable  to those of STEIN AND MOORE. The following dimensions,  weights  and volumes were 
chosen : 

Weight  sample:  lO-3O mg. 
Chromatography  tube:  38 cm long, 2.o cm internal  diameter  wi th  a sintered glass plate 
Weight  of s tarch:  55 g, calculated as dry  material  
Volume of fract ions:  4.66 ml 
Under these condit ions and with the solvent mixture  n-butanol :  n-propanol:  o.i N HC1 1:2:1, 

followed by n-propanol :  0. 5 N HC1 2: I, the  whole ch romatogram could be collected in 18o-19 ° 
fractions in the course of 5-7 days. Wi th  these mixtures,  the separat ion between the leucines and 
phenylalanine is not  sufficiently dist inct  to allow their  individual determination,  nor  can valine, 
methionine and tyrosine be distinguished. But  the same holds under  the experimental  condit ions of 
STEIN AND MOORE, who have twice as many  fractions as we obtained. As the fract ions were collected 
in ord inary  tes t  tubes  and contained about  2o × as much material  as those, described in the original 
work, the errors due to creeping of the solutions along the walls of the tubes  were so small t h a t  they  
could be neglected. For the n inhydr in  reaction, samples were taken of 0. 5 ml. The determinat ions  
were made according to MOORE AND STEIN 5 bu t  the methyl-cellosolve was replaced by  ethyl-cellosolve, 
the first one being unobtainable .  The pho tomete r  used was a Coleman. The solutions were measured 
in a single pai r  of tubes  and not  in a series of matched tubes. The results  were fully in accordance 
wi th  those of MOORE AND STEIN. 

The resul ts  obtained wi th  bu tanol :benzyla lcohol :water  as a developer, recommended for the 
separat ion of the  group phenylalanine,  leucine and isoleucine and of the group methionine, tyrosine 
and valine were disappointing,  undoubted ly  because the room tempera ture  fluctuated too much. 
In  the solvent reservoir  on top of the  column, water  condensed on the  upper  wall of the reservoir. 
The drops occasionally fell back into the  bulk of the solvent, bu t  did not  dissolve quickly enough 
not  to reach the  s tarch column. Once a drop had been adsorbed by  the column the la t ter  was com- 
pletely useless. The phenomenon  was even observed if the composi t ion of the butanol  :benzylalcohol: 
water  mix ture  was changed from I : i  :o.288 to I : I  :o.24. If  f luctuations in room tempera ture  were 
avoided and by  using a reservoir wi th  an  outflow not  at  its lowest point,  these difficulties were 
overcome, bu t  the separat ion obtained was disappointing.  The group of the leucines + phenylalanine 
was divided over 25 fractions, bu t  no differentiation was possible. The tyrosine and valine peak was 
collected in 4 ° fractions bu t  here again not  more than  a fair guess was possible about  the single 
components .  I t  should be stressed t h a t  these resul ts  p robab ly  are not  to be considered as contra-  
dic tory to those of STEIN AND MOORE, because a solvent wi th  less water  was used. They only  indicate 
t h a t  our  simplified bu t  admi t ted ly  less perfect technique was not  adequate  to give a sat isfactory 
solut ion of the  problem in th is  instance. On the other  hand  and as pointed out  already, the degree 
of differentiat ion obtained wi th  the mixture  p ropano l : bu t a no l : o . i  N HC1 was jus t  as sat isfactory 
as claimed by  these authors .  

In  order to differentiate the two above mentioned groups, their  u.v. absorpt ion was explored. 
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I t  was  found  t h a t  in  t h e  first group,  i.e., t h e  leuc ines  a n d  pheny la l an ine ,  owing to t he  presence  of 
t races  of h u m i n ,  no useful  i n fo rma t i on  could be ob ta ined  b u t  t he  d i f ferent ia t ion  of t h e  va l ine  p lus  
ty ros ine  peak  b y  m e a n s  of t he  ex t inc t ion  a t  277 m/~ was  qu i te  sa t i s fac tory .  Val ine  shows  a negligible 
abso rp t ion  a t  t h i s  wave leng th .  T he  mola r  ex t inc t ion  of ty ros ine  is qu i te  h igh.  I n  t h e  so lven t  used  
( n - b u t a n o l : n - p r o p a n o l : o . i  N HC1 1 : 2 : i )  i t  was  found  to be 157 o. E q u a l  pa r t s  of all  f rac t ions  of 
t h e  va l ine - ty ros ine  peak  were pooled, a n d  t he  ex t inc t i on  m e a s u r e d  in a B e c k m a n  spec t ropho tome te r  
mode l  D.U.  Val ine  was  t h e n  ca lcu la ted  by  subs t r ac t i on  of ty ros ine  f rom t h e  to ta l  va lue  ob ta ined  
f rom t h e  n i n h y d r i n  de t e rmina t ion ,  t ak i ng  in a ccoun t  t he  8 6 %  colour  y ie ld  of t he  tyrosine .  

Theore t ica l ly ,  t h e  sepa ra t ion  of g l u t a m i c  acid and  alanine,  a n d  of aspar t i c  acid and  th reon ine  
shou ld  be poss ible  b y  f i l t ra t ion of t he  m i x t u r e s  over  ac id-washed  a l u m i n i u m  oxide.  Th i s  m e t h o d  of 
s epa ra t ion  of t he  d ica rboxy l ic  a m i n o  acids  f rom t h e  others ,  p roposed  b y  TURBA s gave  sa t i s f ac to ry  
recoveries  w i th  q u a n t i t i e s  of a few mic romoles  of t he  a m i n o  acids  concerned,  t h o u g h  t he  b l a n k s  
were qu i t e  h igh.  W i t h  t he  ac tua l  m i x t u r e s  ob ta ined  f rom the  s t a r ch  co lumn,  t he  p rob l em how the  
b l a n k s  shou ld  be  t a k e n  in  account ,  becomes  insoluble .  

These  b l anks  do no t  ar ise  f rom t he  r eagen t  so lu t ions  only,  b u t  t he  s t a rch  co lumn  e lua te  as  
such  con t a in s  a l r eady  u n k n o w n  n i n h y d r i n  pos i t ive  subs tances .  On  t he  AI20 s c o l u m n  these  a p p a r e n t l y  
do no t  b e h a v e  un i formly ,  m a k i n g  t h e  whole ana lys i s  too unre l iab le  to m e n t i o n  t h e  resu l t s  so ob ta ined  
in  t h i s  paper .  

The  c h r o m a t o g r a p h i c  procedure  was checked  by  t he  ana lys i s  of a s y n t h e t i c  m i x t u r e  of a m i n o  
ac ids  cor respond ing  in  compos i t ion  to an  acid hyd ro l y sa t e  of ca t t l e  insul in .  The  resu l t s  are  recorded 
in  Tab le  I. In  t he  ana lys i s  of  h y d r o l y s a t e s  of insul in ,  t he  peaks  were found  j u s t  as  sha rp  as in t h i s  
e x p e r i m e n t a l  run ,  w i th  t h e  except ion  of t he  cys t ine  peak,  showing  a ve ry  s t rong  " t a i l "  in t he  hydro-  
l y sa t e  ana lys is .  Th i s  m a d e  t he  d e t e r m i n a t i o n  of cys t ine  so u n c e r t a i n  t h a t  va lues  could  be ca lcu la ted  
accord ing  to persona l  j u d g m e n t  a n d  differ ing by  more  t h a n  3o%.  The  cys t ine  va lues  in t he  ac tua l  
ana lys i s  were therefore  ca lcu la ted  f rom t h e  s u l p h u r  c o n t e n t  of t he  p repara t ions .  

T A B L E  I 

ANALYSIS OF A SYNTHETIC MIXTURE, CORRESPONDING IN COMPOSITION 
TO A HYDROLYSATE OF INSULIN 

Solven t  n - p r o p a n o l : n - b u t a n o l : o . i  N HC1 2 : 1 : 1 fo l lowed by  p ropano l :  
o. 5 N HC1 2 : 1 a t  f rac t ion  8o. R esu l t s  expressed  in mic romoles  a m i n o  acid. 

A m o u n t s  added  corrected for colour  y ie lds  

F rac t ion  
n u m b e r s  

I2--I6 

22-3o 
49-53 
52-62 
7o-83 
92~)7 
97-1o3 

124-131 
135-14 ° 
143-152 
160--171 

A m i n o  acids  

Isoleucine, leucine  
p h e n y l a l a n i n e  

Valine,  t y ros ine  
Pro l ine  
G l u t a m i c  acid, a l an ine  
Threonine ,  a spa r t i c  acid 
Serine 
Glyc ine  
Arg in ine  
L ys i ne  
H i s t i d i ne  
Cys t ine  

Added  

30.3 
21.6 

o.83 
33-3 

9.77 
8.3o 

IO.5 
2.91 
3.80 
4.9o 
4.97 

F o u n d  
Er ror  
in % 

3i .o  -[- 2 
23.5 + 9 

0.80 - - 4  
32. 7 - - 2  

9.5 - - 3  
8.27 o 

lO. 5 
2.58 - - 1 I  
4.IO + 8 
5 -12 + 4  
5.19 + 4 

b. Determination o/the solubility curve 
The  so lub i l i t y  curves  in ace ta te  buffer  a t  p H  5.0 were de t e rmined  w i th  t h e  m e t h o d  descr ibed 

p rev ious ly  z. I t  was  found  t ha t ,  in  order  to reach  equ i l ib r ium,  p ig  insu l in  c rys ta l s  h a d  to be s h a k e n  
48 hou r s  w i th  t h e  so lven t  i n s t ead  of 24 hours .  

As  in  t h e  course  of t h i s  work  t h e  des i rab i l i ty  became  ev iden t  to e x t e n d  these  de t e rmina t i ons  
to  o the r  media ,  cu rves  were also m e a s u r e d  in  a 0.25 M p h o s p h a t e  buffer  a t  p H  6.38 in t h e  following 
way :  lO.658 g Na~HPO,  a n d  23.830 g K H z P O  4 were d issolved in  i 1 w i th  water ,  g iv ing  a solut ion 
of p H  6.38. 

75 m g  insu l in  were s h a k e n  wi th  3 ° m l  of t h i s  buffer  for 5 hours .  F r o m  t h e  h o m o g e n e o u s  sus-  
pension,  fu r the r  d i lu t ions  were m a d e  of I, 2, 4, 5 and  8 ml  wi th  25 ml  buffer  solut ion.  These  were 
s h a k e n  for 48 hou r s  to reach  equ i l i b r ium and  s u b s e q u e n t l y  filtered. F i l t r a t ion  of ten  had  to be  r epea ted  
5 -6  t imes  t h r o u g h  t he  same  filter in order  to ge t  clear  solut ions.  K je ldah l  d e t e r m i n a t i o n s  were m a d e  
in  t he  fi l trates.  
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The results with this buffer are somewhat less reproducible than those with the acetate buffer, 
probably because of the filtration difficulties. 

c. A s s a y  

The assay on rabbits, as described by DE JONGH et al. ~ has been used. 

RESULTS 

a. Amino  acid analysis 

The insulin samples (5 ° mg) were hydrolized with 9 ml 25% HC1 for 24 hours by 
boiling under reflux. The hydrolysate is evaporated to dryness in  vacuo, dissolved in 
as mall volume of water, and again taken to dryness in  vacuo. The latter procedure is 
twice repeated. The residue is then dissolved in 2.5 ml propanol:butanol:o.I N HC1 
2 : I : I ,  and 2 ml of this solution is transferred to the column. The chromatogram is 
developed with the same solvent mixture. After fraction 80, when the peak of threonine 
and aspartic acid has been collected, the solvent is changed to propanol:o. 5 N HC1 z:r.  
The results of these analysis, together with those from the literature, are condensed in 
Table II. The molecular weight of insulin has been assumed as 12,ooo, in accordance 
with CHIBNALL s. The value of 11,62o, calculated by ACHER, FROMAGEOT, AND JUTISZ 9 

is probably more accurate, but its introduction would, certainly under the conditions 
of these experiments, suggest a greater accuracy than actually has been obtained. 

TABLE II 
ANALYSIS OF PURE CATTLE AND PIG INSULIN IN MOLES AMINO ACID RESIDUES PER MOLE INSULIN 

Assumed M.W. of insulin: i2.ooo. Corn )arison with values from the literature 

Amino acids 

Leucine, phenylalanine 
ryrosine 
Valine 
Proline 
.~lutamic acid, alanine 
#tspartic acid, threonine 
~erine 
~lycine 
~_mide N 
~rginine 
Lysine 
bIistidine 
:yst ine 

This investigation 

pig cow 

21.5 22. 4 
8.3 8.3 
7 .8 9.5 
2. 4 I. 7 

20.6 22.0 
IO.5 8.9 
5.4 6.3 
7 .I 7.9 

12.  3 I 2 .  5 
2.0 2.0 

2.2 2.I 

3.8 3.2 
I2.2 I2.2 

TRISTRAM lo 

20.5 
8.7 
7.8 
2. 7 

2I.I 
8.2 
6.o 
6.9 

xx.6 
2 .1  

2 . 1  

3.8 
I 2 .  5 

ACHER % 
C,$. 

COW 

2I.O 

8.0 

7.7 
2.2 

21.9 

7.3 
5.9 
7.2 

I2.O 

2.0 

2.2 

3.8 
z2.4 

B R A N D  11 

20. 7 
8.2 
9.0 
3.0 

16.6+ ? 

9"4 
6.6 

7"3 
x4.4 
2.3 
2.i 
4.I 

i i .2  

V E L I C K  12 

RONZONI 

20. 3 
8.I 

9.5 
2.9 

I6 .3+ ? 
3 .5+  ? 
6.9 
7-3 

2.3 
2 . 0  

4.I 
II,2 

The sample, investigated by ACHER, FROMAGEOT, AND JUTI~Z is of the same batch 
of pure cattle insulin as the one analysed in our investigation. The high value for valine 
is somewhat unexpected. Because this value is obtained as the difference of the total 
value of the peak by the ninhydrin method and the value for tyrosine, calculated from 
the u.v. adsorption at 277 rap, the valine analysis may show a greater error than the 
others. In a sample of another batch of insulin, the still higher figure was obtained of 
Io.6 p moles per mole of insulin, but the tyrosine value was exactly the same. It  is  
remarkable that in the experiment with the amino acid mixture, described in the 

ReJere~es p. 338. 



336 "J.  LENS, A. EVERTZEN VOL. 8 (1952) 

previous section of this paper, as well as in the analysis of other proteins, the peak for 
tyrosine and valine is also too high. The values for the colour yields of tyrosine and 
valine with ninhydrin have been extensively checked and those given by STEIN AND 
MOORE have been confirmed. The cystine values recorded are not obtained by  chromato- 
graphy but calculated from the sulphur content of the preparations. 

In the calculations, the weight of the insulin sample has been corrected for moisture 
and zinc content. 

b. Solubility curves 

Crystalline cattle insulin with o.51% Zn and pig insulin with 1.56% Zn both gave 
a horizontal solubility curve in the acetate buffer solution of p H  5. The experiment was 
repeated with a mixture of 25 mg pig insulin and 5o mg cattle insulin. A curve was 
obtained, coinciding with the two first ones (Fig. I a). 

s0 I • ' - - - - - - - d - ' - ' - ~  - g - -  
- O  

e "7" ~"'- . . . .  

p u i~J 

¢ ~--~ exo.-~ -e:,~--ex ~ - - ' - - - ' o  <0. . . ._  ¢ o = cow 

2 2 - -  • = p i g  
x = c o w + p i g  

I I 
fO 40 60 80 fO0 20 40 60 aO fO0 

za xb 

Solubility curves for cattle and for pig insulin and their  mixture  in o.i M acetate buffer p H  5 (Fig. r a) 
and in o.25 M phosphate  buffer p H  6.38 (Fig. z b) 

Ordinate:  solubility, expressed in ttg N per ml 
Abscissae: total  amoun t  of insulin per ml also expressed in ttg N per ml 

The result was confirmed with a sample of pig insulin of a different batcb. The 
investigation was therefore extended to the behavior in phosphate buffers at pH 6.4, 
accordingly just at the alkaline side of the isoelectric point. The solubility of the insulin 
increases considerably in the range of from pH 6.5 to 7.0 and, if this range had been 
chosen, small fluctuations of the pH in the different suspensions would have influenced 
the results greatly. Furthermore, there is the additional difficulty in this range of 
securing clear filtrates, a difficulty far worse than at a slightly lower pH. Even at p H  6.4, 
as chosen for the experiment, the buffer has to be rather concentrated, otherwise clear 
filtration becomes impossible. 

With this buffer, the two solubility curves of cattle and pig insulin differed somewhat 
and the curve for the pig insulin was no longer exactly horizontal, but showed the 
presence of a small amount of impurity. However, the curve for a mixture of the two 
insulins did not show a slope of any significance (Fig. I b) but indicated by its type 
that  the mixture behaved as a solid solution with the two insulins as the components. 

c. Biological assay 

Pure cow and pig insulin show the same biological activity within the error of the 
experiment. The activity of the first one has been reported previously as 26.8 =t= 0.8 
international units per mg. For pig insulin an activity of 25.1 =t= I.O units per mg was 
found. The results are expressed as the activity on a moisture free basis. The assay 
was performed by Dr J.  HARTKAMP. 
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d. Analysis o] peptide chains 
Dr F. SANGER (Cambridge) kindly investigated our samples of cow and pig insulin 

by isolating the "fractions A" after oxidation. The paper-chromatogram, obtained by 
him demonstrates quite convincingly that in the cattle insulin fraction threonine is 
absent, where asalanine is present in much higher concentration than in the pig insulin 
fraction, which contains some threonine as well. We wish to thank Dr SANGER for this 
valuable contribution to our investigation. 

DISCUSSION 

The most satisfactory method to demonstrate the difference between insulin from 
cattle and from pig is the one originally used by SANGER. The determination of the 
solubility curves at pH 5 did not allow to draw a conclusion. At pH 6.4 the solubilities 
of the two types differ slightly and a mixture of the two behaves as a system containing 
a solid solution as the precipitate. In this respect it resembles the system of a and y 
trypsinogen at pH 4.0 in 0. 4 saturated ammonium sulphate, described by KUNITZ 13. It  
is surprising that  the solubility curve of not altogether pure insulin reacts so strongly 
to the presence of the impurities, whereas it does not to the same extent in mixtures of 
cattle and pig insulin. The impurities in almost pure insulin must closely resemble it 
in its properties for otherwise they would have been removed in the course of the puri- 
fication process. Their presence in amounts of less than lO% can easily be demonstrated 
by means of the determination of the solubility curve of the sample in question. On 
the other hand, the presence of over 30% of pig insulin in cattle insulin would pass 
unnoticed, if this curve were determined at pH 5. At pH 6.4 it would be perceptible but 
far less conspicuous than the presence of lO% of "natural"  impurities. 

The results of the amino acid analysis for the cow and pig insulin do not offer very 
convincing evidence for a difference between the two, as soon as they are compared 
with the data from the literature. The latter values have been obtained with quite 
different methods of analysis. If it may be assumed that  the results of the analyses of 
two samples with one and the same method are subject to the same systematic errors, 
the difference, if any, is still not very clearly demonstrated. The values found for the 
group glutamic acid and alanine and those for the group threonine and aspartic acid 
are consistent with the results of SANGER 1 but can hardly be claimed as a strong support 
for them, because the difference in the "A fractions" might be counterbalanced by 
differences in the other peptide chains of the molecule. 

The value obtained for valine in the analysis of the cattle insulin confirms that 
of BRAND and of VELICK AND RONZONI, but  it should be taken with reserve since, not 
only in this investigation but also in others, valine values with this technique tend to 
be shghtly too high. 

The total nitrogen contents, calculated from these data are x5.3% for pig and 
I5.6% for cattle insulin. In this calculation, the number of residues has not been 
rounded off. If the number of valine residues in cattle insulin is taken as 8 instead of 9.5, 
the calculated nitrogen content would be I5.4%, whereas the actual figure for both 
insulins is I5.3%, confirming the results of the analysis by ACHER, FROMAGEOT, AND 
JUTISZ 9. 

In the biological assay, cattle and pig insulin show equal activities within the error 

Re/erences p. 338. 
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of t h e  e x p e r i m e n t .  On t h e  o t h e r  hand ,  t h e  di f ference b e t w e e n  t h e  t w o  is bes t  d e m o n -  
s t r a t e d  w i t h  t h e  m e t h o d ,  o r ig ina l ly  used  by  SAI~GER. No  q u a n t i t a t i v e  ana lys i s  is neces-  

s a r y  to  d i s t i ngu i sh  t h e  one  f r o m  the  o t h e r  w i t h  t h e  a id  of th i s  t e chn ique .  

T h e  d i f ference  e n c o u n t e r e d  b e t w e e n  ca t t l e  and  p ig  insu l in  in t h e  pur i f i ca t ion  b y  

r ec rys t a l l i z a t i on  m u s t  m a i n l y  be  due  to  t h e  p rope r t i e s  of t he  impur i t i e s .  T h e  low y ie lds  

c a n n o t  be  e x p l a i n e d  on t h e  basis  of  t h e  so lub i l i t y  of t h e  p u r e  p ig  insu l in  crysta ls .  I n  t h e  

i m p u r e  c rys ta l s ,  t h e  impur i t i e s  m u s t  h a v e  a cons ide rab le  so lub i l i z ing  effect  on the  

insul in ,  o the rwi se  t h e  y ie lds  w o u l d  h a v e  been  m u c h  be t t e r .  T h i s  fol lows also f r o m  the  

so lub i l i t y  cu rves  of t h e  i m p u r e  crys ta ls ,  wh ich  h a v e  no t  been  desc r ibed  in th is  pape r ,  

b u t  wh ich  s h o w  a so lub i l i t y  m a n y  t imes  g r ea t e r  t h a n  found  for t h e  p u r e  subs tance .  

SUMMARY 

Insulin from pig pancreas has been obtained in the pure state according to the solubility cri- 
terium. Its over-all amino analysis gives a result not sufficiently differing from that  of cattle insulin 
to warrant the conclusion that  the two are different. Their biological activity is equal. The solubilities 
at pFI 6. 4 differ slightly. 

The solubility curve of a mixture of the two shows that  they form a solid solution. The only 
conspicuous difference is found in the composition of the "A"  fractions of SANGER. 

R]~SUM~ 

A partir de pancr6as de porc il a 616 isol6 de l'insuline, dont la puret6 fut d6montr6e A l 'aide 
de la courbe de solubilitY. La diff6rence entre la teneur totale en acides amin6s de cette pr6paration 
d'insuline d'une part et de l'insuline pure obtenue du pancreas de boeuf ne permet pas de conclure 
que ces deux pr6parations soient diff6rentes. De plus leurs activit6s biologiques sont identiques. Leurs 
solubilit6s A pH 6. 4 ne sont que faiblement diff6rentes. 

La courbe de solubilit6 d 'un m61ange de ces deux pr6parations d6montre qu'elles donnent lieu 
une solution solide. La seule diff6rence nette rut trouv~e en comparant la composition des deux 

fractions "A"  de SANGRR. 

ZUSAM2vIENFASSUNG 

Aus der Bauchspeicheldriise von Schweinen ist reines Insulin isoliert worden. Als Kriterium 
der Reinheit diente die LSslichkeit. Die AminosRuren-Analyse dieses Insulins ergab Resultate, die 
nur wenig yon einer analogen Analyse yon Rinder-Insulin abweichen, so dass man auf Grund dieser 
Resultate nicht behaupten kann, dass die beiden Insuline verschieden sind. Die biologische Aktivit~t 
der beiden Pr~parate ist gleich und ihre I~slichkeit bei pFI 6. 4 unterscheidet sich nut wenig. 

Die LSslichkeitskurve einer Mischung der beiden Insuline deutet auf Bildung fester l_~ungen. 
Der einzige auffallende Unterschied zwischen den beiden Insulinen wurde in der Zusammensetzung 
der Fraktion "A"  yon SANGER gefunden. 
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