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PAPER ELECTROPtt()RESIS OF INSULIN 

E l e c t r o p h o r e s i s  in s t r ips  of f i l ter  p a p e r  has  been  app l i ed  wi th  success to  m a n y  

pro te ins ,  ve rona l  sohl t ion  p H  8.6 be ing  m o s t  f r e q u e n t l y  used  as a troffer I. Fo r  pat)er  

e l ec t rophores i s  of insul in  KUNI<EL r e c o m m e n d s  a buffer  of p H  3.o 2, w i t h o u t  spec i fy ing  

the  c o m p o s i t i o n  of t he  buffer .  H o w e v e r ,  the  p resen t  a u t h o r  has found  by  ex lwr i encc  t h a t  

insul in  t r a v e l s  as at poo r ly -de f ined  diffuse b a n d  wi th  h e a v y  t a i l i ng  (Fig. I), ttl bo th  

p H  8.o and  p H  3.o Th i s  is p ro l )ab ly  due  to 
some  i r r eve r s ib l e  ad so rp t i on  to t h e  paper .  

K.kLLEI~. a found  e v e n  s t r o n g e r  a d s o r p t i o n  

of r a d i o a c t i v e  i o d i n a t e d  insul in .  The  a d s o r p t i o n  

could  be  d i m i n i s h e d  by  add i t i on  of s e r u m  to 

t he  buffer .  Th i s  m e t h o d ,  howeve r ,  has  o b v i o u s l y  

on ly  l im i t ed  app l i cab i l i t y .  

I t  has  n o w  been  found  t h a t  exce l l en t  elec-  

t r o p h e r o g r a m s  of insul in  can  be o b t a i n e d  if a 

m i x t u r e  of one v o l u m e  of glacial  ace t ic  ac id  

and  two  v o l u m e s  of w a t e r  is used  as a buffer  

(pH L7).  T h e  p ro t e in  t r a v e l s  as a we l l -def ined  

n a r r o w  b a n d  w i t h o u t  a n y  t a i l i ng  or  res idue  a t  

t he  po in t  of app l i ca t ion  (Fig. I C). 

Insu l in  is suff ic ient ly  s tab le  in 33 % ace t ic  

ac id  as j u d g e d  by  i ts  c ry s t a l l i z a t i on  abi l i ty .  

In I ml 33 '~,, acetic acid 2o mg insulin was dis- 
solved. After standing at room1 temperature (20-23 ~ C) 
for one week ~ o ml water (containing I nag zinc acetate) 
and sufficient ammonia to bring the pH t(~ 5.4 were 
added. The resulting pret)aration was almost complete- 
ly crystallized after three days at teen1 temlmrature. 

The  app l i ca t ion  of the  m e t h o d  (for de ta i l s  

see METHODS AND M.VFERIALS) is i l l u s t r a t ed  in 
the following examples. 

Kig. ~. Electropherogranas of insulin (0. 5 mg 
per strip) .\. Veronal lmfler pH 8.o, # = 
o.o 4 , ~o h, 15oV, o.8-i .o mA. B. Glycine 
buffer pH 3.o, # = o.o 4 (without NaC1) 
16 h, I5o V, o .85-1 .o  mA.  A similar result 
was obtained in citrate buffer pH 3.o.C. 

o: acetic acid, pIK 1.7, i6h,  I5oV, o.4mA. 33 o 
Arrows: point  of application.  

* Presented in part before a joint meeting of tile "Belgischc Biochenlische Verenigi'lg" and the 
"Nederlandse Vereniging veer Biochemie", Ghent, Nov. ~#54. 

Relerences p. I76. 
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I"iK. 2. \ .  I n s u l i n  ol  I q f i l i p s - R o x a m ,  ( b a t c h  
*,5,N/~,*~*,). i¢~ h. 2 3 o V .  IL ( ) ld  s ;~mplc ~f 
i n su l in  ( w a r - t i m e  pIcpar ;~t i ( )n) ,  If) h. 23o \ .  
( ' .  I ' l -cpalrat iol]  o l  l ow p o t e n c y  (~ I I , m R )  
LI~ h. 14o V. l) .  ( )n the r i g h t - h a n d  hal l  o l  
the paper  I insu l in ,  on the I c f t - haml  ha l f  
u,*rmal  insu l in  was app l ied.  I~ h 2 o o \ .  

lhz l ic r  33 ",, acet ic  ac id .  

determination of the molecular weight 

I. ( 'rvstalline insulin. 
On careful examination of electrophero- 

grams containing [ mg insulin, it appeared that 
all samples analysed up to the present con- 
tained a small amount  of material of only 
slightly lower mobility than insulin and which 
was therefore not completely separated from 
the main hand (leig. 2A and ]I). A similar 
pat tern was observed by "['IM.\SHI"-FI ;I 1)V frec 
electrophoresis at pH 3.o in the rising branch 
of the Tisclius cell. 

Sometimes traces of material of higher 
mobility than insulin were found also. Only an 
old insulin sltmple contained more than negli- 
gible amounts  of this material (Fig. 2 l-l). 

2. An insttlin preparation of low poteimy 
(t~ IU/mg). The narrow insulin band can be 
easily distinguished from the impurities of 
higher mobility (Fig. 2C). 

3. lodinated insulin of low I content 
(2.i'!o) a*. It cannot be distinguished from 
mJrmal insulin by electrophoresis under the 
present conditions (Fig. 2D). 

The application of electrophoresis to the 
of insulin will be discussed in the next section. 

THE MOI.F.('UI..\R W E I G H T  OF INSUI. IN 

At the present time there is a certain lack of agreement about the moleortar  weight 
of insulin. According to analysis of the chemical structure the molecular weight must  be 
mooo (more accurately 5,732) or multiples thereof 6. Several authors calculated a value 
of ~2,ooo from measurements  of osmotic pressure 7, sedimentat ion velocityS, 9 and light 
scattering ",m. ('R.xm, however, derived a molecular weight of 6,ooo by application of the 
method of partial substitution combined with counter-current  distribution n. The same 
value wits calculated from the surface pressure of insulin monolayers v', from sedimenta- 
tion ext)eriments TM and from osmotic presure data  in gu.anidinium chloride solution 1L For 
the present investigation a variation of the method of partial substi tution has been used, 
which is partially similar to the procedure applied by [~.VI'TERSI~I5 ;13 to the evaluation of 
the molecular weight of gramicMine-S and tvrocidine. The present method is based upon 
the following line of reasoning. 

According to structural analysis insulin contains three amino groups (two amino 
end groups and one #' amino group of lysine) and three other basic groups (two imidazole 
vToups of histidine and one guanidyl group of arginine) per unit of molecular weight 
%ooo. Tin, charge of an insulin molecule at pH - 2  is therefore 6 t if the moh'cular  
woight is %ooo or I2 t if the moh'cular weight is , 2 , o o o .  

If thv insulin is treated with a specific amino group reagent, which is capable of 
* . \  s ;Hnl ,h '  w~m k i n d l y  s u p p l i e d  1,~ i1> I>v I)l'. (). \ .  I)1£ Ih~vIN. I ' h i l i p s  t{¢,x~mc. \ \ 'c<~sp 

[t'e'/t'l'('ltg ( ~ /5  I 7(*. 
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abolishing the basicity of these groups, the charge will be diminished by a number  of 
m~its equal to the number  of amino groups that  have reacted. Conversion of insulin in all 
its amino groups occurs in as many  stages as there are amino groups in the molecule, 
yielding an equal number  of compounds of successively lower charge and hence lower 
electrophoretic mobility. Therefore these various insulin derivatives may  be detected 
experimental ly by making electropherograms of several preparations of insulin, whose 
amino groups have been blocked to various degrees bv variation of the reaction con- 
ditions. The total number  of new compounds,  of lower mobil i ty than normal insulin, 
is then equal to the number  of amino groups in the insulin molecule. Therefore, if the 
proposed experiments reveal three compounds besides insulin itself, the molecular weight 
of insulin is 6,ooo. If six such compounds are found, the molecular weight is 12,ooo. 

Concerning the electrophoretic mobil i ty of the modified insulins the following 
predictions may  be made. The charge of the three insulin derivatives, to be found if the 
molecular weight is 6,ooo, is 5/6, 4/6 and 3/6 times the charge of untreated insulin. 
Assuming proport ional i ty  between charge and mobility, the mobilities of the three 
bands relative to the band of normal insulin will show the same ratio. Likewise the 
mobilities of the six bands to be found if the molecular weight is 12,ooo, will be I1/12, 
lO/I2 . . . .  6/12 times the mobil i ty of normal insulin. 

Generally, however, the increase in electrophoretic mobili ty of highly charged 
particles is a little less than the increase in charge 16. Therefore the mobilities of the 
insulin derivatives relative to normal insulin, which carries the highest charge, may  be 
expected to be somewhat  higher than the calculated values given above. 

For the actual application of the method two amino-group reagents, viz. dinitro- 
fluorobenzene and acetic anhydride,  have been used. 

I. Electrophoresis o~ insulin preparations treated with 2,4-dinitro#uorobenze~ze (DNFB)  

Although this reagent m a y  act also upon the imidazole group of histidine, it does so 
at a much slower rate than it converts  amino groups into dinitrophenyl (DNP) amino 
groupslL For the present purpose it m a y  
therefore be regarded as a specific amino- 
group reagent. 

Insulin was treated with D N F B  for 15 
minutes, according to the directions of HAR- 
FENIST 11 and the resulting yellow compound 
subjected to electrophoresis. The results are 
given in Fig. 3- An unstained electrophero- 
gram (Fig. 3 B) revealed two ~arrow yellow 
bands which will be due to D N P  insulin 
species." A duplicate strip was stained with 
bromophenol  bhle and then showed three 
narrow bands (Fig. 3C), two bands coinciding 

* It will be recalled that DNP amino-acids and 
DNP peptides are yellow. 

On the point of application a diffuse yellow 
band was observed, probably due to dinitrophenol 
(formed by hydrolysis of the excess DNFB). This 
band was removed during the staining procedure, 
as is to be expected for dinitrophenol. 
Re/ere~ces p. ~7 6. 

Fig. 3. A. Normal insulin. B. DN1 ) insulin, 
unstained strip. C. DNP insulin, stained 
strip. Buffer 33 °o acetic acid, 16 h. 2oo V. 
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with  the  two  p r e v i o u s l y  ye l low bands  and one new band  wi th  a m o b i l i t y  equal  to t ha t  of 
no rma l  insul in  (F ig .  3 A ) .  

These  s t r ips  d e m o n s t r a t e  t ha t  i n t r o d u c t i o n  of I ) N P  groups  indeed  resul ts  in a 
decrease  in e l e c t r o p h o r e t i c  m o b i l i t y  of insulin.  Since the  reac t ion  m i x t u r e  a p p a r e n t l y  

still  c o n t a i n e d  n o r m a l  insul in,  the  two  ye l low bands,  m a y  r ep resen t  the  first two s tages  of 

conve r s ion  ( (DNP)  I insul in and  (I)NP),~ insulin) .  The  mobi l i t i e s  of these  bands  (Table 1) 

a p p e a r  to he a p p r o x i m a t e l y  5/0 and 4/6 t imes  the m o b i l i t y  of normal  insulin.  Th is  

co r re sponds  to wha t  has been p r e d i c t e d  for the  a l t e r n a t i v e  tha t  the  mo lecu l a r  we igh t  ~d 
insulin is t*,ooo. 

"l'.\ BI.E l 
E L E C T R O P H O R E T I C  MOBILITY O17 I N S U L I N  I)P2RlVA'FIVES 

• t s s u m e d  Re[at lvc  nmhi l i t y*  
] )o ' i l ,a lw¢ t~am[ .\  fJ. tdt~nhtv o/ 

l'lO;'tponoll I'ah'. (it) [ottnd (l,I [ott~ld (C 

I)N I' insulins I (DN P)l insulin o.83 o.87 
I 1 (1)NI') 2 insulin o.0 7 o.73 

.\cetyl insulins I .\% insulin o.83 o2";7 o.81~ 
I I Ac e insulin o.o 7 o. 7-' o. 7" 

11 I Ac a insulin o.5o <)-54 o-55 

* (;iven as a fraction of the mol)ilitv (H" normal insulin. 
(a) Calculated on the assumption ol proportionality between charge and nmbilitv. 
(b) Electrophoresis in free hanging strips. 
(c) l,;h~ctrophoresis in strips between glass plates. 

An a t te in t ) t  has been m a d e  to show the  t)resence of a th i rd  ye l low band,  wi th  3 '0  
of the  m o b i l i t y  of normal  insulin,  in an insul in  p r e p a r a t i o n  t r e a t e d  wi th  l ) N l q ~  for ;1 

longer  per iod.  H o w e v e r ,  such a pre t )ara t ion ,  

r e su l t i ng  f rom a r eac t ion  per iod  of 30 minu tes ,  

a p p e a r e d  to  be insuff ic ient ly  soluble  in 33°o 

acet ic  acid  to a l low e lec t rophores is .  Since this  

Fig. 4. Acety l  insulin. N. Normal insulin. A - F  
Acety lated  insulin preparations (a f). Duffer 33 % 

acetic acid, I6  11, -'3o V. 

Re/erences p. x76. 

Fig. 5. Acety l  insulin. A. Mixture of prepara- 
t ions analysed in Fig. 4. B. Glucose (reference 
paint). Buffer 33°',o acetic  acid, r6 h. e3o V. 
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lack of solubility might be due to the hydrophobic properties of the DNP group, the 
introduction of a more favourable group was attempted. The acetyl group appeared 
to be suitable, as will be described below. 

2. Electrophoresis o~ insulin preparations treated with acetic anhydride 

It has been shown by OLCOTT that acetic anhydride is a specific acetylating agent of 
the amino groups in proteins TM. Insulin was one of the proteins studied by these authors. 

For the present investigation insulin preparations of various degrees of acetylation 
were prepared by varying the amount of acetic anhydride and the reaction time. 
In Table If the mean degrees of acetylation, calculated from the content of remaining 
free amino groups, are presented. The corresponding electropherograms of the prepara- 
tions (Fig. 4) clearly reflect the progress of the reaction. With increasing acetylation 
bands of lower mobility appear, those of higher mobility disappear. When virtually 
all amino groups have been converted, the band of lowest mobility (Fig. 4 F, band IIl)  
is the principal one, the preceding band (Fig. 4F, band II) being only very faint. 

Fig. 5 shows the electropherogram of a mixture of all preparations. 
Apparently a total number of four bands can be observed, one due to normal 

insulin, three to acetylated insulin species. The mobilities of the latter three compounds 
(Table I), are approximately 5/6, 4/6 and 3/6 times the mobility of normal insulin. Hence 
both the number of bands and their relative mobilities are in accord with the assumption 
that the molecular weight of insulin is 6,ooo. 

TABLE II 
APPARENT AMINO-NITROGEN CONTENT OF INSULIN PREPARATIONS 

t'rcpara!ion Reaction conditions* NNII~% % acetyl~ttion 

insulin - 0.73 2o * * 0% 
prep. (a) 1/.~ drop 0.49 % 33°o /_ 

(b) a.'~ t drop o.42°.'o 42 % 
(c) I drop 0.30 % 59°0 
(d) , drop o. I8% 75% 
(e) 18o mg o. lo°.~, 86 % 
(f) twice 18o mg (0.05%) (93 %) 

* Amount of acetic anhydride per 2oo mg insulin. 
** Calculated value o.76 %, (see experimental part). 

In order to be certain that the insulin molecule is not broken down into units of 
molecular weight 6,ooo during the acetylation procedure, a sample of insulin was 
subjected to the treatment of preparation (e), using acetic acid instead of acetic anhy- 
dride. The resulting preparation could be crystallized in the normal manner. Therefore 
the acetylation conditions are sufficiently mild not to lead to denaturation. 

It  can be learned from Table I that the mobilities of the two yellow bands of the 
DNFB-treated insulin are equal to the mobilities of the first two bands of acetylated 
insulin. This confirms the assumed identity of the yellow bands as given in Table I. 

DISCUSSION 

If the actual molecular weight of insulin were 12,ooo, the observed facts could be 
explained only by assuming that the reaction rate of the second, fourth and sixth 
acetylation steps is considerably higher than the rate of the first, third and fifth steps. 

Re/erences p. I76. 



174 I . . . \ .  ,~. sl.t:vllcR.xl.~x \~,L. 17 ( I055)  

T h i s ,  h o w e v e r ,  s e e m s  v e r y  u n l i k e l y .  T h e  p r e s e n t  e x p e r i m e n t s  t h e r e f o r e  s t r o n g l y  s u p p o r t  

t h e  a s s u m p t i o n  t h a t  t h e  m o l e c u l a r  w e i g h t  of  i n s u l i n  is 6 ,ooo .  

U t) to  t h e  p r e s e n t ,  s e p a r a t i o n  of  t h e  c o m p o n e n t s  in t h e  m e t h o d  of  p a r t i a l  s u b s t i t u t i o n  

w a s  a c h i e v e d  b v  c o u n t e r  c u r r e n t  d i s t r i b u t i o n .  T h e  p r e s e n t  e x p e r i n ~ e n t s  d e m o n s t r a t e  t h a t  

i t  is p o s s i b l e  to  u se  e l c c t r o p h o r e s i s  i n s t e a d .  T h i s  m a y  w i d e n  t h e  field of  a p t ) l i c a t i o n  s ince  

m o s t  p r o t e i n s  c a n  be  s u b j e c t e d  to  e l e c t r o p h o r e s i s  b u t  n o t  to  c o u n t e r  c u r r e n t  d i s t r i b u t i o n .  

F i n a l l y ,  it m a y  be  w o r t h  p o i n t i n g  o u t  t h a t  p a r t i a l l y  a c e t y l a t e d  p r o t e i n s  can  be  

u s e d  to  s t u d y  t h e  e l e c t r o p h o r e t i c  m o b i l i t y  as  a f u n c t i o n  of  t h e  c h a r g e  of  t h e  m o l e c u h ' .  

T h i s  p r o c e d u r e  h a s  t h e  a d v a n t a g e  t h a t  m o l e c u l e s  of  d i l~e ren t  c h a r g e  can  be  o b t a i n e d  a t  

t h e  s a m e  t i m e  in o n e  m e d i u i n ,  s ince  t h e r e  is n o  n e e d  to  u se  a v a r i e t y  of bu f f e r s ,  as  n m s t  

be  d o n e  w h e n  t h e  c h a r g e  is v a r i e d  b y  s h i f t i n g  t h e  p H .  As  f a r  as  i n s u l i n  is c o n c e r n e d ,  t h e  

p r e s e n t  m e t h o d  a p p a r e n t l y  d e m o n s t r a t e s  an  a p p r o x i m a t e l y  l i n e a r  r e l a t i o n s h i p  b e t w e e n  

c h a r g e  a n d  m o b i l i t y  in 3 3 %  ace t i c  acid ,  p H  1. 7. T h i s  m a y  be  d u e  to  a low m a x i n m m  

c h a r g e  (0 ] ) a n d  a s u t S c i e n t l )  h i g h  ion ic  s t r e n g t h  (o.o2).  

METH()I)S AND M.VfEI~IALS 
]~reparaltotz o/ I ) N P  illsztliHs 

"l",.',,'I~ prepara t ions  were lll~tde mcl)rding to the directions of I I A R F E N I S T  11 fo r  reactioll periods 
of t 5 minutes  (preparation (a)) and 3 ° minutes  (preparation (b)). Most of a sample of 9o mg prepa- 
ration (a) could be dissolved in - ml 33 " '  acetic acid and dissolved completely on addition of o. 5 ml 
0¢i ° ,  acetic acid to the mixture.  This solution was used for making electropherograms (l;ig. 3), 
using 33 % acetic acid as a lml~er. 

I ' reparat ion (b) did not dissolve very well in 33 % acetic acid lint was taken up in 5o"0 acetic 
arid. l,;leetropherograms made with 33 % acetic acid as a buiter, rexealcd the three Im]lds found 
in preparat ion (a) and a band at the ]}(lint of application, which may have contained (l)Nl')a insulin. 
Tim solution of i)reparation (1)) appeared to I)e ra ther  unstal)le, s ime sonae precipitate was formed 
ufter s tanding at room tempera ture  for 4 days. 

I'rcparatioJ~ , /  i ~ s N i ,  o~ low ::ira: c.]~l<'lt! 
Samples of insulin were made xirtuallv zinc h'ee in c~rder to make theln retire readily sohlble 

ill weakly basic medium. 
In nee ml 2% acetic acid ].o g crystalline, insulin (l'hilips-I{oxalle, lmtches O\VO, o0o5o It 3 

and 658/0()0, zille content  o. 4 %) wus suspeilded. On additi~m of one drop of concentrated H('I the 
insulin readily dissolved. Some dis(~dium salt of e thylenediaminetetraacet ie-at id (75 rag) was added 
and the solution brought  to pH 5.4. \ f t e r  s tanding at room tempera ture  overnight  the precipitate 
was centrifuged off, washed twice with distilled uater ,  with alcohol and ether and dried i~ ~acuo. 
Yield 9TO rag, zinc content  o.o 3 % (determined by spectrochelnical amdysis). 

l>rcparettiou o~ acclv/ i;~suli~:s 
l'reparalioJ: (a). In ,-, ml water 2oo mg zinc-free insulin was suspended and c(,oled in ice~ater. 

On addition of 4 drops of 2 N KOFt and stirring, the insulin dissolved slowly. The pll  of the solution, 
measured with universal indicator paper, was about  pH 8. 5 . Sodium acetate 3 aq. (3 g) was added 
and dissoh'ed. The solution became turbid.  VVhile stirring, one drop of a mixture  of equal volumes 
of acetic anhydride and acetic acid was ndded. The stirring was continued for a few minutes. The 
reaction mixture  was left s tanding at o C for 5 more minutes.  The pl l  was then ab<mt 0. 5. One 
drop of acetic acid was added to make the p l [  5 o. 

The reaction mixture  was dialysed for It) hours against  several changes of distilled water  at 
room1 tempera ture  and lyophilized. Recovery 105 rag. The sample contained ".7% sodium ion 
(determined as NaeSO 4 after destruction with H2SO:HNOa). 

The dialysis was executed in cellulose dialysing tubing of 2 cm width. Since this membrane  
is not ubsohltely impermeal~le to insulin, the dialysis <ould not be prolonged m order to (~btain 
a salt-free preparation. 

l 'reparalbm (b). In I 2 nil water  2oo illg insulin was dissolved at o (' and sodium acetate added 
as described for pretmration (a). 

In 2 ml dr}, carbon tetrachloride i drop of acetic anhydride was dissolved. Of this s~dution 
t. 5 ml was ~tdded to the insulin acetate solution. The reaction mixture  was stirred during three 
minutes  and left s tanding for io minutes. The carl)on tetrachloride was separated. All operations 
were carried out at o ° C. 

Re/cremes p. ~7c~. 
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The insul in  was sepa ra t ed  from the  reac t ion  m i x t u r e  as descr ibed for p r epa ra t i on  (a). Recovery  
i85 rag. Sodium con t en t  2.o %. 

Preparation (c). One drop of pure acetic a n h y d r i d e  was used. The r ema in ing  par t s  of the pro- 
cedure  were s imi la r  to the  p r e pa r a t i on  of (a). Recovery  195 rag. Sodium con ten t  3 .2%. 

Preparation (d). The main  difference in the procedure  compared  wi th  the above p repa ra t ions  
is the  add i t ion  of 2 drops  of acet ic  anhydr ide .  The second drop was added  5 minu te s  af ter  the first. 
The pH af ter  the comple t ion  of the  react ion was abou t  5- Therefi)re no acet ic  acid was added.  
Recovery  184 nlg, sodium con ten t  2. 3 ° '  o- 

lb'eparali(m (e} was made  s imi lar ly .  An a m o u n t  of 18o mg acet ic  anhydr ide  was added  
dropwise  over  a per iod of 4 o minutes .  Recovery  ~9I nlg, sod ium con ten t  ~.4'~i,. 

lb'eparalio~ (f). A sample  of p r e pa r a t i on  (e) was sub jec ted  to the same t r e a t m e n t  for a second 
time. Recovery  89 ?o. 

.q micro l~itrogeJ~ determbmtions 
These have  been made  in a VAN SLYKE-NEILL chamber  1~, from which the cons t r i c t ions  for 

m e a s u r e m e u t  of the gas vo lume had  been omi t t ed .  After  comple t ion  of the  reac t ion  the gases were 
t rans fe r red  in to  the  bure t  and  hempel  p ipe t  of a micro vo lumet r i c  VAN SL','Ke a p p a r a t u s  and trc.ated 
in at m a n n e r  conven t iona l  wi th  the l a t t e r  appara tus .  

For each d e t e r m i n a t i o n  1.8 2 ml pro te in  so lu t ion  in 3 ° °. o acet ic  acid, o.2 ml capryla lcohol ,  
o.35 ml acet ic  acid and I ml  wa te r  were b r ough t  in to  the  reac t ion  chambe r  in the  order given. After  
evacua t i on  of the chambe r  and  expuls ion  of the bubble  of air ra, 2 ml N a N O  2 solut ion (8o g / too  ml 
water)  and  e ml mercur i c -ace ta t e  solut ion (o.0 g / [o  ml) were mixed  and b rough t  into the  reac t ion  
chanfl)er. The reac t ion  m i x t u r e  was  shaken  dur ing  a few seconds at  the  s ta r t ,  af ter  I, 3, 6 and  lo 
minu te s  and  dur ing  the whole of the  l as t  minute .  The to t a l  reac t ion  t ime  was 15 minutes .  

Al though  insul in  con ta ins  3 amino  groups  per un i t  of molecu la r  we igh t  5,732 an a p p a r e n t  
n u m b e r  of 3.35 groups  has been found 6. The d i sc repancy  is known  to be due tu  the t e rmina l  glycyl-  
residue, since pept ides  wi th  a t e rmina l  g lycy l - res idue  yield more t h a n  the  theore t ica l  a m o u n t  of 
n i t rogen  2". Glycylglycine ,  for instance,  gives 135 o{, ni t rogen.  

Addi t ion  of mercur ic  sa l t s  to the  reac t ion  m ix tu r e  has a favourable  effect. G lycy l -pep t ides  
then  give abnos t  theore t i ca l  va lues  in a volumetric appara tusZk  Under  the condi t ions  descr ibed above,  
g lycy lg lyc ine  appea red  to yield io9°'o n i t rogen  even in the presence of mercur ic  salts .  If this  is 
t aken  into accoun t  insul in  m a y  be expec ted  to have  an a p p a r e n t  n u m h e r  of 3. I groups,  or 0.70 % 
amino  ni t rogen.  Ac tua l ly  a va lue  of 0.73 7! 0.02 % was found, which is sul f ic ient ly  accura te  for 
the  present  purpose.  

The values  presented  in Table  I I  are correc ted  for the sod ium con ten t  of the prepara t ions .  
This  sodium was assumed  to be p resen t  in the  form of anhydrous  sodium acetate .  

Paper electrophoresis 
Mainly the  me thod  of free ha ng ing  s t r ips  was used, following the  procedure  of I:LYNN 22. The 

e lec t rophore t ic  t a n k  was made  of p o l y m e t h y l m e t h a c r y l a t e .  The lm qer was con ta ined  in glass t roughs.  
The space of the  t a n k  above  the  t roughs  was d iv ided  in to  8 c o m p a r t m e n t s  in order  to ensure equal  
condi t ions  for all paper  str ips.  Each c o m p a r t m e n t  con ta ined  one strip.  

The walls and  cover of the  t a n k  were l ined wi th  filter paper  mois tened  with buffer in order 
to s a t u r a t e  the  a tmosphe re  wi th  vapour .  Al though  all e v a p o r a t i o n  from the  paper  s t r ips  dur ing  
the  runs  can not  be p reven ted ,  th i s  is no serious d i sadvan tage ,  since a s imple  ca lcu la t ion  shows 
t h a t  the re la t ive  mobi l i t i es  are not  affected if the e va po r a t i on  is un i form along the s t r ip  za. This could 
be conf i rmed by at few e xpe r im e n t s  wi th  s t r ips  s andwiched  be tween  glass p la tes  e. The re la t ive  mo- 
bi l i t ies  fouud by  the  former  and the  l a t t e r  procedures  were only  s l igh t ly  different  (Table I). 

S t r ips  of f i l ter  paper  W h a t m a n  No. 3 nnn, 4 × 45 cm, were immersed  in the  buffer and b lo t t ed  
be tween  sheets  of f i l ter  paper  in order to r emove  the excess of l iquid.  Samples  of o.o5 m l i  2°0, 
pro te in  so lu t ion  were appl ied  to the  s t r ips  by  means  of a comb as proposed by TOI'-'NNtES 'a4. A large 
drop of the so lu t ion  to be ana lysed  is b rough t  on at surface made  wa te r - r epe l l en t  with sil icone grease. 
A comb, whose tee th  have  been ground  down un t i l  the  app rop r i a t e  vo lume could be t a k e n  up in 
the  spaces  be tween the  tee th  wi th in  a l eng th  of 4 cm, is passed th rough  the  top  of th is  drop. Thus  
the  spaces  be tween  the tee th  are filled wi th  solut ion.  The comb is then  placed upon the paper  s t r ip  
a long the  s t a r t i n g  line. The s t r ip  sucks  up the solut ion.  This  procedure  has three  a d v a n t a g e s :  

i. In a s imple  manne r  the same vo lume  is a lways  applied.  
2. A well-defined uni form band  is obta ined.  
3. One half  of the  comb can  be filled wi th  one solut ion,  the  o ther  half  wi th  ano the r  solut ion.  

Thus  two different  so lu t ions  can be appl ied  ve ry  close to each o ther  on one strip.  This  procedure  
has been used for ins tance  for the  s t r ip  p resen ted  in Fig. 2 D. 

I t  is essent ia l  for successful app l i ca t ion  t h a t  the  comb be kep t  in wa te r  or in tt d i lu te  soap 
solut ion.  The comb is dr ied only i m m e d i a t e l y  before use. 

The pro te in  bands  were s t a ined  by  immers ing  the s t r ips  for i0  hours  in a dye  ba th  con ta in ing  
o.2 g b romopheno l  blue, 5 ° g HgCI~ and 5 ° m l  acet ic  acid in I 1 wa te r  25. The excess dye  was removed  

Re/erem:es p. i76. 



176 I,. A..,t~;. SLUYTERMAN VOL. 1 7  ( I 9 5 5 )  

by  w a s h i n g  for ha l f  an  h o u r  in t h r e e  c h a n g e s  of 2~}{) ace t i c  ac id .  The  s t r i p s  were  d r i ed  a n d  he ld  in 
alllUlOlli;t v a p o u r  in o r d e r  to  p r o d u c e  the  b lue  f<wm of bronlopheu<)l  blue.  

.\C 1,2 NOWL E I)GF.ME N TS 

( ; r a t e f u l  t h a n k s  a re  due  to Dr  J .  Dl,; J{>N(;F. a n d  Dr  5. A. "I'RoELSTR~\ for  v a r i o u s  

d i s c u s s i o n s  a n d  to Mr H. A. HAUMERS~CN for his  t e c h n i c a l  a s s i s t ance .  

.SUMMA R Y  

i n s u l i n  t r a v e l s  as  a wel l  d e l i n e d  b a n d  in electr<)pher<~grams if a ce t i c  a c i d - w a t e r  ~:e (v/v)  is 
used  as  a. buffer ,  l ' r e p a r a t i o n s  of p a r t i a l l y  aee ty la te< l  i n s u l i n  were  a n a l y s e d  b y  t h i s  meth<)d. F r o m  
t h e  r e s u l t s  i t  cou ld  be d e r i v e d  t h a t  t h e  m o l e c u l a r  w e i g h t  (>f i n s u l i n  is 0,ooo. An i m p r o v e m e n t  in 
t he  a m i n < > n i t r o g e u  d e t e r i u i l m t i o n  r)l" i n s u l i n  is d e s c r i b e d  in  t he  e x p e r i m e n t a l  p a r t .  

RI;;S [ iMl;" 

I J i n s u l i n e  se d d p l a c e  sous  fo rme  d ' u n e  b a n d e  b ien  dd t in ie  su r  des  d l e c t r o l > h d r o g r a m m e s  l o r s q u ' o n  
u t i l i s e  c o m m e  t a m p o n  un  m d l a n g e  a t | d e  a c d t i q u e - e a u  ] : -' (v/v) .  Des p r d p a r a t i o n s  d ' i n s u l i n e  p a r t i e l l e -  
m e n t  acd ty l6e  on [  dt6 a n a l y s d e s  p a r  c e t t e  mdtho( le ,  l ,es r d s u l t a t s  p e r n [ e t t e n t  d ' a t t r i b u e r  h l ' i n s u l i n e  
un p o i d s  m o l d c u l a i r e  de  0,ooo. l ) a n s  lu p a r t i e  e x p d r i m e n t a l e ,  <m ddc r i t  une  a m 6 1 i o r a t i o n  <lu d o s a g e  
de  l ' a m i n o - N  de  l ' i n s u l i n e .  

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

[ n s u l i n  w a u d e r t e  a l s  ein g e n a u  b e g r e n z t e r  S t r e i f en  in e i n e m  E l e k t r o p h o r e g r a m n [ ,  in de ln  e ine  
M i s c h u n g  w m  E s s i g s / i u r e - W a s s e r  ~ : -  (v/v) als  I ' u l t e r  v e r w e n d e t  w u r d e ,  l>r i tpara te ,  | l i e  au s  t e i l w e i s e  
a c e t y l i e r t e m  I n s u l i n  b e s t a n d e n ,  w u r d e n  n[ i t  Hi l fe  d i e se r  M e t h o d e  a n a l y s i e r t . . . \ u s  den  E r g e l m i s s e n  
w u r d e  ge fo lge r t ,  <lass da s  M o l e k u l a r g e w i c h t  des  I n s u l i n s  6,ooo is[. h n  e x p e r i m e n t e l l e n  Tei l  w i r d  
e ine  v e r b e s s e r t e  ] 3 e s t i m m u n g s m e t h o d e  fiir  \ I n i n o s t i c k s t o f f  im  I n s u l i n  b e s c h r i e b e n .  
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