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Summary. Serum globulin fractions isolated by gel 
filtration from fasting bovine sera with simultaneous ex- 
clusion of low molecular endogenous immunoreaetive in- 
sulin (IRI), were found to contain immunoreaetive insu- 
lin-like material in quantities which equal or surpass the 
directly assayable I g I  content of native fasting sera. In  
one additional and clearly aberrant serum, independently 
isolated globulin fractions were found to contain 306 ~U 
of I R I  per ml of serum, and appeared to exert an equiva- 
lent antibody-suppressible insulin-like activity (ILA) on 
rat  adipose tissue in vitro. The I R I  content of the native 
serum amounted to 15 ~U/ml and its suppressible ILA 
content to 46 ~U/ml. The presence of insulin-binding anti- 
bodies and accidental contamination with crystalline in- 
sulin could be excluded. I t  is suggested that  in addition 
to low molecular I R I  which reflects the insulin response 
to glucose loading, normal bovine serum may contain 
small basal levels of a high molecular globulin-associated 
form of IRI ,  which may be subject to pathologic eleva- 
tion. 

Contenu en activitd insulinique ( I L A )  et en insulino 
immunordaotive ( I  R I )  do fractions protdiniques isoldes par 
filtration sur gel ~ partir de s&um de boeuf 

Rdsumg. Des fractions globu]iniqaes du s6rum ont 6t6 
isol6es par filtration sur gel ~ partir de 10 s6rums de boeuf 

jeun, avee exclusion simultan6e de l ' insuline immuno- 
r6active endog@ne de faible poids mol@culaire (IRI). On a 
trouv6 que cos fractions contenaient du mat6riel immuno- 
r6actif semblable ~ l ' insuline en quantit@s 6gales ou d@- 
passant le contenu en I R I  directement dosable de s@rums 
naturels ~ jeun. Darts un sgrum supplgmentaire et notre- 
merit aberrant, on a trouv6 clue des fractions globulini- 
ques isol@es ind6pendamment contenaient  306 ~V d ' I R I  
par ml de s6rum et exer~aient ane activit6 insulinique 
(ILA), supprimable par les anticorps, 6quivalente, sur le 
tissu adipeux du rat  in vitro. Le contenu en I R I  du s@rum 
naturel  @taft de 15 ~lY/ml et son contenu en ILA sup- 

primable 6bait de 46~U/ml. La pr6senee d'antieorps l iant 
l 'insuline et une contamination accidentelle avec de Fin- 
suline cristalline ont pu @tre exclues. I1 est sugg~r6 qu'en 
plus de l ' I R I  de faible poids mol6culaire qui refl~te la r~- 
ponse de l ' insuline ~ une charge en glucose, le s6rum nor- 
mal de boeuf peat eontenir de faibles taux de base d 'une 
forme d ' I R I  assoei6e aux globulines de poids mol6eulaire 
61ev6, qui pout gtre sujette ~ Line 61@vation pathologiqae. 

Insulini~hnliche Al~tivit~t and immunoreal~tives Insulin 
in gelfiltrierten Eiweiflfralctionen yon Rindersorum 

Zusammenfassung. Globulinfraktionen wurden aus 10 
Seren yon niichternen Rindern durch Gelfiltration isoliert 
unter gleiehzeitigem Ausschlug yon kleinmolekularem 
endogenem immunoreaktivem Insul in  (IRI). I n  diesen 
Fraktionen wurde immunoreaktive-insulin/ihnliche Akti- 
vit/it nachgewiesen in Quantit~ten, welche sich dem direkt 
mel]baren IRI-Gehalt yon nativ niichteren Seren an- 
nahern oder ihn iibertreffen. In einem zus~tzliehen und 
deutlieh abweichenden Serum zeigten unabh/~ngig von- 
einander isolierte Globulinfraktionen einen Gehalt yon 
306 ~E IRI pro ml Serum, and wurde eine gleichwertige, 
antik6rperhemmbare insulin~hnliehe Aktivit~t am Fett- 
gewebe der Ratte in vitro nachgewiesen. Der Ii%I Gehalt 
des nativen Serums betrug 15 ~E und sein Gehalt an 
hemmbarer ILA 46 ~E pro ml. Die Gegenwart yon insulin- 
bindenden Antik6rpern and eine zuf~llige Vernnreinigung 
mit Kristallinsulin konnten ausgesehlossen werden Die 
Daten lassen annehmen, dal] aui~er dem kleinmolekularen 
IRI, welches die Insulinreaktion auf Glucosebelastung 
darstellt, normales Rinderserum geringe Basalspiegel 
einer groI~molekularen globulinassoziierten Form von IRI 
enthalten kann, welche pathologiseh erhSht sein karm. 

Key-words : Endogenous immunoreaetive insulin, total 
and suppressible ILA, gel filtration, serum protein frac- 
tions, high molecular immanoreactive insulindike sub- 
stance. 

Introduction 

Ult racent r i fuga t ion  studies suggest t ha t  endoge- 
nous insul in  is p redominan t ly  conta ined in  plasma as 
a low molecular weight substance,  directly assayable 
by  radioimmunologie  procedures [5, 8, 13]. These and  
various other observat ions have cast considerable 
doub t  on the existence of a p ro te in -bound  form of 
insul in  in  blood, t ha t  would escape detect ion b y  radio- 
immunoassay  as might  be inferred from studies re- 

* This work was supported by a grant from the Ne- 
therlands Organisation for the Advancement of Pure Re- 
search (Z.W.O.). 

por ted by  Antoniades  et al. [1]. Moreover, a t t empts  b y  
various invest igators  to increase the immunoreac t ive  
insul in  (IRI)  content  of serum or serum prote in  frac- 
t ions by  various forms of t r e a t m e n t  have remained  
unsuccessful so far [2, 4, 8, 13, 14]. 

Since this controversial  issue remains  essentially a 
problem of molecular  size, biologic and  immunologic  
assays were performed on serum protein  fractions 
obta ined by  gel f i l t rat ion of bovine sera on Sephadex 
G-100 with s imul taneous exclusion of low molecular 
weight endogenous insulin.  Except  for the recent  
s tudy  of K a j i n u m a  et al. [12], systematic studies of 
this k ind  have not  been reported. 
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The following minimum criteria for endogenous 
insulin were adopted: 1. detectability by  radioim- 
mnnoassay. 2. parallel-line response against a crystal- 
line insulin standard in the rat  adipose tissue assay. 3. 
suppression of biologic activity in the adipose tissue 
assay by  excess anti-insulin serum. 

Material and Methods 

Sera and separation procedure. The peripheral sera 
used in  this s tudy were obtained from individual cows 
at  the local slaughter-house. Bovine pancreatic venous 
serum was obtained by  canulation of a pancreatic vein 
following laparotomy under local anaesthesia. Blood 
was collected in centrifuge bottles and allowed to clot 
for 2 h at room temperature. The serum was separated 
by centrifuging at 2700 r.p.m, for 20 rain and divided 
into samples of ii ml each, which were frozen and 
stored at --25~ All experiments were conducted on 
samples which had been frozen and thawed only once. 

Fractionation of the sera was accomplished by 
gel filtration of 4--5 ml of serum on Sephadex G-100 
columns (bed-size 38• cm) at +4~ Elution was 
performed with a peristaltic pump at a rate of 25 ml 
per hour. 

a) Pilot experiments were carried out to test  the 
ability of the columns to separate endogenous insulin 
(pancreatic venous serum) or added crystalline insulin 
from the fractions containing high molecular weight 
proteins. The columns were equilibrated and eluted 
with veronal buffer (ionic strength 0.1 and pI-I 8.5) 
containing 0.025% bovine serum albumin. Fractions 
varying between 3.75 and 4 m] were collected by  
photoelectric drop counting, and individually mea- 
sured for optical density and the presence of immuno- 
reactive mate r ia l  

b) In the serial experiments serum fractions were 
obtained from 10 ml of serum by  separation on two 
columns, which were run simultaneously. To allow 
direct bioassay of combined wet fractions, the columns 
were equilibrated and elUted with Krebs-Ringer bi- 
carbonate solution [17] at pll 7.4. Eluates from both 
columns were pooled on the basis of the optical density 
readings to form two high molecular weight fractions 
which predominantly contained globulins and albumin. 

From most of the sera to be tested, duplicate pools 
were prepared for assay in the wet state and following 
freeze-drying. In the latter case the two fractions were 
]yophilized immediately following separation and 
subsequently dialyzed for 48 h against water in Vis- 
king tubing 18/32 at -~ 4~ The dialysed fractions 
were then lyophilized again and stored until further 
USe. 

Bioassay. Total and antibody-suppressible insulin- 
like act ivi ty (ILA) on ra t  adipose tissue in vitro were 
determined by  the slightly modified method of Steel- 
man et al. [16], glucose uptake serving as the parameter  

for insulin-like activity. Epididymal fat  tissue (90-- 100 
mg per vessel) from a tissue pool originating from 6 
non-fasted rats of 140--150 g body weight, was in- 
cubated in 2 ml of Krebs-Ringer bicarbonate buffer 
(glucose 2 mg/ml) over a period of 4 hours at 37~ in a 
Dubnoff metabolic incubator. After dilution with 10~o 
TCA the media were centrifuged and assayed for glu- 
cose in triplicate with anthrone reagent [10]. 

Each assay involved 5 groups of 4 vessels, 3 groups 
being used to establish the basal glucose uptake and 
the response to 12.5 and 50 ~U/ml of insulin. The re- 
maining groups served to assess the response to the 
unknown preparation in the presence and absence of 
excess guinea pig antibovine insulin serum (neutra- 
lizing potency ~ 2 mU/ml  at  final dilution of 1/400) 
Antiserum was added 40--50 rain prior to incubation. 

a) Whole serum was assayed at four-fold dilution 
after adjusting the glucose concentration to 2 mg/ml. 
A four-fold dilution was chosen in view of the fact tha t  
this was the highest serum concentration to give paral- 
lel regression with the insulin standard on further di- 
lution. Basal glucose uptake and the response to 
standard insulin were determined in buffer containing 
1~o of bovine serum albumin. 

b) Wet protein fractions were assayed without 
further dilution immediately after elution from the 
columns. Basal glucose uptake and two-point s tandard 
curves were determined in buffer containing 0.25~o of 
bovine serum albumin. 

c) Dry protein fractions were dissolved in Krebs- 
l~inger buffer to a concentration of 8 mg/ml and assayed 
in 3-point design in the absence and presence of added 
antibody. In  the case of serum 51119 the fractions 
were also assayed in 4-point design to establish par- 
allelism with the insulin standard curves. 

Radioimmunoassay. The method of Yalow and 
Berson [18] with slight modifications was used for the 
immunoassay of whole serum and column fractions. 
Crystalline bovine insulin (24.9 I.U./mg) was labelled 
with 131I by  the chloramine-T procedure and purified 
on Sephadex G-75 [3]. Free and antibody-bound 
tracer hormone were separated by  hydrodynamic flow 
chromatography on Wha tman  3-MC paper. Prior to 
application on paper the protein concentration in the 
assay system was raised to 8 .2--9 .8mg/ml by  adding 
normal guinea pig serum. Concentrations of anti- 
bovine insulin serum and tracer hormone were select- 
ed to give about 65% binding of label without added 
insulin and a reduction of this percentage with 4 - - 5 %  
in the presence of 1 ~U of bovine insulin per ml. 
Maximum sensitivity of the assay amounted to 
0.5 9U/m]. Whole serum and wet column fractions 
were assayed at  a final dilution of 1/10, dry protein 
fractions at  final concentrations varying between 0.25 
and 2.0 mg/ml. Each sample was assayed in duplicate, 
a third tube being included to evaluate the effect of 
the sample on the tracer in the absence of ant ibody to 
allow correction for incubation damage. 
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Results 

Seperation of exogenous and endogenous insulin 
from serum proteins 

Serum from peripheral blood to which crystalline 
insulin had been added and pancreatic venous serum 
were used in pilot experiments to test the ability of 
our Sephadex columns to separate exogenous and 
endogenous insulin from the serum proteins. As shown 
by Figs. i and 2, both added, and endogenous immuno- 

this percentage may  be questioned in view of limita- 
tions imposed by  the sensitivity of the assay, the 
apparent  consistency of this phenomenon (see also 
Fig. 3) should be emphasized. 

Serial investigation of serum protein fractions" 
Data on a total  of 11 non-selected bovine sera have 

been summarized in Fig. 3. In  the 10 sera shown in the 
left par t  of the figure, which were designated as nor- 
mal, the I B I  content of the native serum averaged 

OD 1-134P.U=7.3~ 1555 p.U=84.5 % recovery 

L ~ , 91.8 % 

�9 IRI 
p.U/m[ 

1.0 ]100 

6O 

40 

2O 

0 
IS 20 30 4'0 50 6'0 70 fraction 

Fig. 1. Separation on Sephadex O-100 of 4 ml  of bovine 
serum following addition of crystalline insulin (460 ~U/ 
ml). Hatched areas depict the elution pattern of immuno- 

assayable activity. Fraction volume 3.2 ml 

OD 9I ~ U=10.6 % 

1.0 / 
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0.5 
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2O 
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I 
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Fig. 2. Separation on Sephadex G-100 of 4 ml of bovine 
pancreatic venous serum containing 213 ~U of endogenous 
I g I  per ml. Hatched areas depict the elution pattern of 
endogenous immunoassayable activity. Fraction volume 

3.5 ml 

reactive insulin (IRI)  appeared to be concentrated 
predominantly in a distinct peak in the low molecular 
region of the eluate. I t  should be noted, however, tha t  
in both sera some 7 - -10% of the initial I g I  content 
was eluted in the first protein peak, which mainly 
consists of serum globulins. Although the accuracy of 

Mean values -+ S.E.M. 
for 10 normal sera 

suppr, total 
[R[ [LA ILA 

jJ. U/ml 
200 I- 

1 00 l- 

0Lr- ~ ~-~ 

Individual serum 
Nr. 51119 

suppr, total 
IR[ ILA ILA 

untreated sera /xU/m[ . 
serum equiv. 

6OO 

50O 

400 

30O 

2OO 

100 
"///~ 

2~176 

R 
wet protein fractions I J 

o l  ~ ~ ~ atb. 
dry protein fractions 

Fig. 3. Immunoassayable activity, total and antibody- 
suppressible insulin-like activity in 11 bovine sera and 
serum protein fractions isolated by gel filtration on Sepha- 
dex G-100. ~alues have been expressed in ~U per ml of 

original serum 

244.3.5 ~U/ml. Total  ILA as measured by  adipose 
tissue assay amounted to 164• ~U/ml, of which 
67•  ~U/ml appeared to be suppressible by  anti- 
insulin serum. 

To allow direct comparison with the data on whole 
serum, the activities of the two protein peaks isolated 
from these sera have been expressed per ml of original 
serum, assuming these peaks to contain equal amounts 
of protein at  a total  protein content of 65 mg per ml 
of serum. In  the lyophilized globulin and albumin 
fractions no significant amounts of I R I  or suppressible 
ILA could be detected, all biologic act ivi ty being of 
the non-suppressible type. When, however, the protein 
fractions were immunoassayed in the wet state directly 
after their collection from the column, an average 
amount  of 474.9 ~U of I R I  per ml of serum was de- 
tected in the globulin peak and 364-10 ~U per ml in 
the albumin-containing fractions. 

Expressing these values in this way involves con- 
siderable extrapolation on the original assay results in 
view of the serum dilution which occurs during elution. 
The minimal detectable level of activity per ml of 
serum, obtained by  multiplying the dilution factor for 
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each protein peak by the lowest concentration of 
insulin which is detected by our immunoassay system 
(0.5 FU/ml), amounts to 30 FU per ml of serum for the 
globulin peak and to 40 ~U per ml for the albumin 
fraction. Taking also into account that  in 7 out of 10 
sera the Ii%I content of the globulin peak actually 
exceeded the corresponding minimal detectable level, 
the mean activity of 47_-%9 FU/ml as observed in this 
peak would appear t O represent a measurable quanti ty 
of IRI .  The presence of II~I in the albumin peak re- 
mains highly questionable, however, since the mean 
value of 36 •  10 ~U/ml does not exceed the maximum 
"noise level" for this peak which amounted to 40 
~U/ml. 

Table 1. Immunoassay of serum protein fractions isolated 
from serum 51119 

~U/mg protein FU/ml 
serum o 

Globulin 
fraction 
0.25 mg/mla 
0.5 mg/ml 
1.0 mg/ml 
Albumin 
fraction 
0.5 mg/ml a 
1.O mg/ml 
2.0 mg/ml 
Both fractions 

Batch Batch Batch 1Y[ean 
1 2 2 • S.E.IVL 
6.8 b 8.8 9.2 
8.0 7.8 8.6 8.04-0.3 
8.6 7.1 7.4 

- -  0.8 
1.1 2.3 1.4~0.3 
1.0 2.0 

260~ 10 

46• 

306 

a Final concentration in immunoassay system 
b Individual values based on quadruple assays 
c Assuxning serum to contain 65 mg/ml of protein 
equally divided over the two protein fractions 

Table 2. Adipose tissue assay of serum protein fractions 
isolated from serum 51119 

~U/mg protein ~U/ml serum b 

Globulin 
fraction 
4-point assays 
(batch 1) 
3-point assays 
(batch 2) 
Mean -4- S.E.IV[. 
Albumin 
fraction 
4-point assays 
(batch 1) 
3-point assays 
(batch 2) 
1Yiean 4- S.E.IVL 
Both fractions 

Total Suppr. Total Suppr. 
ILA ILA ILA ILA 
11 (8.1-- 15.2) a 
14 (10.7-- 18.6) 
8 6 

15 11 
124-1.6 8.5 390• 276 

4 (2.6--5.3) 
4 (2 .5-7 .1)  
7 6 
3 2 

4.54-0.9 4 146• 130 
536 406 

a 95% confidence limits 
b Assuming serum to contain 65 mg/ml of protein 
equany divided over the two protein fractions 

Serum 51119 

One serum (51119) which gave highly discrepant 
results when compared with the other ten, was in- 

vestigated more extensively. Two independent batches 
of dry serum proteins were isolated from this serum, 
freshly prepared sets of columns being used on both 
occasions. The first batch of proteins was obtained 
from 20 ml of serum in two successive runs on two 
columns, whereas the second batch originated from 
60 ml of the serum which was separated two months 
later in six double runs. Separate data on each of these 
batches are given in Tables 1 and 2. 

Table 1 shows the results obtained by radio-im- 
munoassay of the dry protein fractions at three diffe- 
rent concentrations. Immunoassayable activity in the 
globulin fraction averaged 8.0• aU per rag, where- 
as the albumin fraction contained 1.4• FU/mg. 
The possibility that  these results were due to non- 
specific interference with the reaction between anti- 
body and labelled hormone was ruled out by setting 
up standard curves in the presence of varying concen- 
trations of the protein fractions in the assay system. 
Parallel standard curves were obtained in each case 
(Fig. 4). 

~ B 
50~Globu l in  fraction 

[ �9 

50:- 

40 

~ mg/ml 

30 _ 

0.25 
x 0.5 

1.0 
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50 

40 

30 

20 
I 

I I [ I I I 
2 4 6 8 10~U/mt  

i g l m [  

0.5 

1.0 

2.0 

i I I F I 
0 2 4 6 8 IO/.LUIm[ 

Fig. 4. Standard curves for crystalline insulin at various 
concentrations of dry protein fractions from serum 51119 

in the imrnunoassay system 

The activity of the fractions on adipose tissue in  
vitro is demonstrated by Table 2. Total ILA determined 
both in replicate parallel-line and 3-point assays 
averaged 12=L1.6 ~U/mg for the globulin fraction and 
4.54-0.9 FU/mg for the albumin fraction. The anti- 
body-suppressible activity in these fractions amounted 
to 8.5 and 4 FU/mg respectively, the latter values 
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closely approaching those found by  radioimmuno- 
assay. 

On the basis of these results, the combined globulin 
and albumin fractions of serum 51119 can be calcu- 
lated to have contained 306 ~U of immunoassayable 
activity per ml of original serum and 406 ~U of anti- 
body-suppressible ILA (Fig. 3, right side). These values 
exceed those obtained by  direct assay of the native 
serum by  a factor of about ten, its I R I  content and 
suppressible ILA being 15 ~U/ml and 46 ~U/ml respec- 
tively. The lat ter  activities fall in the range of the 
other native sera investigated. I t  should be stressed, 
tha t  all assays on serum 51119 in the native state were 
conducted after isolation of the serum protein batches. 

Discussion 

When bovine pancreatic venous serum was passed 
through Sephadex G-100, endogenous I R I  was eluted 
for the greater par t  as a low molecular weight sub- 
stance, comparable with added crystalline insulin. The 
recovery of 66--88~ of the initial I R I  content in this 
fraction is in excellent agreement with studies on dog 
pancreatic venous serum separated on Sephadex G-50 
[12], and on ultracentrifuged human plasma followil~lg 
glucose loading [5]. Taking also into account tha t  the 
ILAin low molecular serum fractions is of the antibody- 
suppressible type [11, I2, 13], there can be little doubt  
tha t  in normal plasma or serum containing high levels 
of endogenous I R I ,  insulin is predominantly present 
in the form of a free and relatively small molecule, 
which can be separated from the serum proteins on the 
basis o~ its size. 

The present s tudy and various data from the lite- 
rature, however, make it highly questionable whether 
this conclusion may  be extrapolated to sera with low 
fasting levels of Ii~I. Our wet globulin fractions from 
10 random sera with an II~I  content of 24d:3.5 ~U/ml, 
were found to contain 4 7 ~ 9  t~U of I I~I  per ml of 
serum. The latter value not only would exceed the 
minimal detectable levels of I g I  in such fractions, but  
also the II~I content of the native serum, which is the 
more remarkable if one assumes tha t  gel filtration did 
actually exclude small size I R I  from the protein 
moiety. 

Small amounts of I i~I  (7--14 9U/ml of serum) in 
gel-filtered serum protein fractions have also been re- 
ported by  Kaj inuma et al. [12], but  no further atten- 
tion was given to this finding in view of the absence of 
suppressible ILA in these fractions. The latter phe- 
nomenon, which was also observed in the present 
study, can be fully explained by the relative insensi- 
t ivi ty  and inaccuracy of adipose tissue assays compared 
with radioimmunoassay. Considering the mean lambda 
of 0.13 of our adipose tissue assay and the total  ILA 
content of the globulin fractions, suppressible activity 
in these fractions should exceed 40 ~U/ml of serum at  
least to become detectable with the inaccuracies 

characteristic for this assay. The lack of immunologic 
act ivi ty in our dry globulin fractions is less clear, 
although this would already be accounted for by  a 30 % 
loss of activity during the procedures of dialysis and 
concentration. 

Results strikingly similar to ours have also been 
obtained by Kipnis and Stein [13] in a study on five 
human plasmas with a mean I R I  content of 42 9U/ml. 
Following ultracentrifugation 32 ~U of I R I  was de- 
tected in the supernatant,  whereas an additional 52 
~U/ml of serum was recovered in the protein layer. 
Again, the reported lack of detectable amounts of 
suppressible ILA in this fraction is not surprising. 
Current adipose tissue assays do not allow the detec- 
tion of 5% suppressible act ivi ty at  a total  ILA content 
of about 1100 ~U/ml of serum as found in this fraction. 

We believe tha t  these findings furnish suggestive 
evidence for the existence of a high molecular form of 
I t~I in quantities which equal or even surpass the 
directly assayable I R I  content of fasting serum or 
plasma. Since the plasma insulin response to glucose 
loading is mainly reflected in the low molecular II~I 
fraction [5, 12], the relative significance of high mole- 
cular I g I  would seem to be restricted to fasting con- 
ditions. Obviously, its possible physiological signifi- 
cance remains to be established. In  this connection, it 
may  be relevant tha t  appearance of antibody-sup- 
pressible ILA has been observed in serum globulin 
fractions, isolated by gel filtration on Sephadex G 200, 
after dialysis for 48 hours at  37~ against 1 mM CaC12 
at  p H  7.7--8.1 [1l]. 

The remarkable properties of the aberrant  serum 
51119 may  lend additional support to the views ex- 
pressed above. Whereas assays performed on the na- 
tive serum gave values closely approaching those ob- 
served in the other sera, the gel-filtered protein frac- 
tions were found to contain 306 ~U of I g I  per ml of 
serum, of which 260 ~U appeared to reside in the glo- 
bulin fraction. Roughly equivalent amounts of sup- 
Ioressible ILA were found in the bioassay of these 
fractions. The validity of these results was confirmed 
by  replicate assays on two independently isolated 
batches of serum proteins and by  additional control 
experiments. I t  would seem, therefore, tha t  under 
certain conditions the serum globulin fraction may  
actually contain considerable ~mounts of I I~I ,  its 
presence in the native serum being masked by  some 
unknown mechanism. 

In  view of the controversial nature of these results, 
the possibility of accidental contamination with crys- 
talline insulin deserves serious attention. Theoretically, 
contamination might have occurred either prior to, 
during or after the isolation of the serum protein 
fractions. The first of these possibilities can be ruled 
out, since all assays on the native serum were perform- 
ed after the isolation of the second batch. Moreover, 
contaminating insulin would have behaved like a low 
molecular weight substance (Fig. 1). Contamination 
of the Sephadex gel can also be excluded since new 
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columns were prepared for the isolation of each batch. 
Contamination of the elution buffer would have caused 
equally distributed activity in both protein fractions, 
which was not the case. Thirdly, no plausible reason can 
be given for assuming that  contaminated glassware 
could be responsible for an unequally distributed and 
reproducible degree of contamination of globulin and 
albumin fractions from different size batches which 
were isolated with an interval of two months. 

The apparent presence of a masked form of high 
molecular I R I  in serum 51 119 poses many questions, 
which cannot be answered at present. Unmasking of 
this activity apparently occurred during gel filtration 
or any of the subsequent preparative procedures such 
as freeze-drying or dialysis against water. The results 
of the adipose tissue assay furthermore suggest that  
the high molecular activity was biologically inactive in 
its native state. Definite proof for this is lacking since 
the untreated serum was not tested for insulin anta- 
gonism on adipose tissue. The presence of a neutra- 
lizing immune-globulin in this serum can be ruled out, 
however, since the labelled bovine insulin in our 
immunoassay system did not complex with the serum 
proteins in the absence of anti-insulin serum. 

Little can be said on the nature of high molecular 
Ii~I in serum. Since this material mainly resided in the 
globulin fraction with a molecular weight of 100 000 at 
least, the presence of insulin polymers, proinsulin or 
the "big insulin" described by Roth et al. [15] seems 
highly unlikely. The most obvious explanation there- 
fore would be that  the activity resided in a protein 
complex. The existence of a protein-bound form of 
insulin in serum has been postulated by Antoniades 
et al. [1], but the experimental evidence in support of 
this concept has been severely criticized [6, 7, 13, 19]. 
Attempts to demonstrate the presence of Ii~I in ion- 
exchange-resin fractions prepared according to Anto- 
niades, have so far remained unsuccessful. This argu- 
ment calmot be raised against the high molecular 
activity observed by us. The activity in serum 51119 
appears to meet three minimum criteria for endogenous 
insulin as defined in the introduction of this paper. 

The underlying cause of the aberrant properties of 
serum 51119 remains unclear. In  view of the suggested 
presence of small quantities of high molecular II~I in 
random normal sera, it is tempting to speculate that  
the difference was mainly quantitative thus represent- 
ing an exaggerated picture of a basically normal 
pattern. Whether this might be due to a pathologic 
condition remains conjectural, since further data on 
the cow from which serum 51119 originated are lack- 
ing. 

The possible significance of these findings is further 
supported by our recent observation that  milli-Unit 
quantities of high molecular I R I  can be generated in 
the globulin fraction of any normal serum by briefly 
incubating the serum with crystalline insulin at 37 ~ C. 
This phenomenon is facilitated by the presence of 
small amounts of liver homogenate [9]. Generated high 

molecular It~I is biologically active both in vivo and 
in vitro and appears to dissociate rapidly into I R I  of a 
molecular size similar to that  of crystalline insulin. 
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