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When insulin is heated with dilute acids it is converted into an insoluble form, 
termed by DU VIGNEAUD 1 the "heat  precipitate". The conditions of formation and the 
nature of the precipitate have been studied most fully by WAUGH 2, a, 4, who has concluded 
that  the insulin is converted into fine fibrils (F-insulin) which subsequently clump 
leading to the visible precipitate. At the appropriate PH the transformation into the 
fibrous form may lead to a clear thixotropic gel exhibiting double refraction. In this 
case it is supposed that  the fibrils remain dispersed. Although the formation of fibrous 
insulin does not take place under physiological conditions, it nevertheless appears to 
provide a simple model system for the study of the transformation from soluble to 
insoluble fibrous protein. 

An observation of great importance to the understanding of fibre formation is that 
F-insulin may be reconverted to soluble insulin (G-insulin) by the action of alkali, and 
at the same time there is a recovery of biological activity. This fact and others brought 
forward by WAUGH ~ suggest strongly that  the conversion into the F-form cannot involve 
any far-reaching modification of the molecular architecture, such as the chain-unfolding 
proposed to explain the formation of artificial fibres from proteins. Rather it would 
appear that  the insulin transformation is an example of an aggregation of corpuscular 
molecules (G F transformation) which has been proposed as a fundamental step in the 
synthesis of natural flbresa, G,7, s. An at tempt  to explain the initiation of such linear 
aggregates in terms of colloidal forces has been made by REESE 

We have examined in the electrcn microscope fibrils obtained from gels of F-insulin 
in the hope of finding some evidence concerning their formation. WAUGH 2 has reported 
that  HALL has previously examined such material electron microscopically and found 
fine fibrils of widths varying between I00 and I80 A and many thousands of Angstr6ms 
long. So far as we know a full account of this work has not appeared and our own 
estimates of fibre width are smaller than those of HALL. 

EXPERIMENTAL 

A solution of 2% crystalline insulin was heated in a closed ampoule at Ioo ° C with 
hydrochloric acid at pri 2.3 for 2o minutes. These conditions lead to the production of 
a viscous solution or gel, which, from the point of view of microscopy, is more tractable 
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Fig, i. ){ 9,000, Fibrils of F-insulin. P la t inum shadowed. Photographed at I35O X. The occasional 
impression of periodicity in the fibrils is due to metal  aggregation as may  be seen in high resolution 

micrographs (Fig. 2), 

than the visible precipitate produced at lower PH values. The resulting gel was diluted 
about Ioo times, drops were dried on collodion films and shadowed with platinum 
(ca. 5 A layer). These prepaiations were then examined by means of an R.C.A. Type 
E.M.U. electron microscope. An example of the electron micrographs obtained is shown 
in Fig. z. 

F-insulin prepared in this way clearly exists in the form of beautiful fibrils many 
microns long, a most striking transformation from the unresolved particles of soluble 
insulin. There was no evidence of a periodicity in these fibrils. At the time when these 
micrographs were taken the resolving power of the microscope was better than 2o A 
and no difficulty was experienced in separating the single crystallites of the order of 
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Fig. 2. × I5o, ooo h igh resolut ion micrograph.  P l a t i n u m  shadowed field. Pho t og raphed  a t  2o,ooo × .  
Resolut ion ca. 2o )t. Single d iscre te  c rys ta l s  of the  shadowing  me ta l  are obvious.  The F- insul in  fibrils 
reveal  no s t r u c t u r a l  detai ls .  Note  the  manner  in which the  fibrils b lend wi th  the  field when shadowed  

long i tud ina l ly .  The carbon par t i c les  in the  lower left  hand  corner were used for focusing. 

15-3o A width of the platinum used as a shadowing agent (see Fig. 2). We think therefore 
that any external features of the fibrils larger than c a .  6o A would have been revealed. 
The width of the finest fibrils running in the direction of shadowing was of the order 
of 50-80 A. (See Fig. ~). This is smaller than that found by HALL although coarser fiblils 
and multiple fibrils consisting of two or three single threads were occasionally present 
having gross diameters of Ioo-2oo A. 

The fine fibrils are flexible but seem to break readily by a transverse split leading 
to the formation of many shorter rodlets. The manner of breakdown seems to be of 
some significance. As shown in Fig. 3, the rupture takes place along transverse faults, 
the two separating ends being displaced laterally over each other. 

The transformation into the fibrous form proceeds more rapidly in the presence of 
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Fig. 3. Ilhlstrating transverse rupture of fibrils of F-insulin (sec text). 

salt  as was found by  WAUGH. Pre l iminary  exper iments  show tha t  in the presence of 
salt  the fibrils aggregate  immed ia t e ly  leading to the  product ion  of a visible p rec ip i ta te  
. f  spherul i tes  which is difficult to s tudy  b y  electron microscopy on account  of its 
thickness.  At  edges it is possible to see tha t  the  fibrils form bundles  and tha t  the dia-  
meter  of the  ind iv idua l  f i laments is greater  (ca. o_oo A) than  was the  case with dispersed 
fibrils. This m a y  account  in par t  for the  greater  d iamete r  quoted  by  HALL. Yrom the 
poin t  of view of fibre genesis the relat ion between d iamete r  and  condi t ions of format ion 
is importal~t  and  is being fur ther  inves t iga ted .  

THE PROCESS OF FIBRIL YORMATION 

Soluble insulin (G-insulin) has a molecular  weight of 48,000 and appears  to exist  
as an aggregate  of four molecules of molecular  weight  I2,ooo. I t  dissociates into the 
smaller  molecules at  low PH values1°' 11. The appearance  of the finest fibrils of F-insul in 
is compat ib le  with \VAuGH'S view tha t  the fibrils arise from an endwise l inkage of 
corpuscular  units ,  which receives par t i cu la r  suppor t  from the manner  in which the fibres 
undergo t ransverse  cleavage. The zone of weakness ill this  direct ion revealed by  the 
manner  of b reak ing  m a y  lie between two of the  pa r t i c ipa t ing  corpuscules which are not  

resolved themselves.  
The m i n i m u m  fibril wid th  observed by  us is of the order of 50-80 A and if this 

represents  a t rue lower l imi t  of fibril d iamete r  it  is too large to allow us to th ink  tha t  
we have to deal  with a simple l inear  aggregat ion of par t ic les  of M.IV. of I2,ooo, i.e., 
of d iamete r  perhaps  3 ° A. \VAUGH'S view m a y  be sus ta ined however  if it  is assumed 
tha t  pr ior  to the l inear  polymer isa t ion ,  which leads d i rec t ly  to the  fibrous modif icat ion,  
there  occurs a p re l iminary  associat ion of several  molecules to produce a 5o-8o A unit ,  
the immedia te  precursor  to the l inear  aggregate.  The s i tuat ion is s imilar  to tha t  proposed  
in the  case of act in  where a polymeris ing uni t  of about  2o0 x 3o0 A {M.W. about  
1,5oo,ooo seems to arise as an aggregat ion of G-actin molecules of M.W. 7o,ooo~). 
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S U M M A R Y  

Elec t ron  mic rog raphs  of t he  fibrils of F- insul in ,  p roduced  by  h e a t i n g  soluble insu l in  a t  low PH, 
show t h a t  t hese  consis t  of  fine fibrils of  m i n i m u m  wi d t h  50-8o A and  indef ini te  length .  No periodic 
s t ruc tu re  was found  in t he  fibrils, b u t  the  t e n d e n c y  to spl i t  t r an sve r se ly  is in ag r eemen t  wi th  the  
v iew t h a t  t h e y  are fo rmed  b y  l inear  aggrega t ion  of par t ic les .  

The  par t ic le ,  which  pa r t i c ipa tes  in t he  ac tua l  l inear  aggrega t ion  lead ing  to fibril format ion ,  
seems  to be larger  t h a n  the  i2,ooo M.W. insu l in  molecule  p resen t  in acid solut ion,  and  th i s  sugges t s  
t h a t  a p r e l im ina ry  assoc ia t ion  of severa l  molecules  occurs  before t he  ac tua l  l inear  po lymer i sa t ion .  

R ~ S U M ~  

Des mic rograph ies  41ectroniques de fibrilles d ' insu l ine-F ,  pr6par~es en  chau f f an t  de l ' insu l ine  
soluble  g faible PH, on t  r6v61~ des fibrilles fines d ' u n e  la rgeur  m in ima le  de 50-80 A et  de longueur  
ind6finie. Nous  n ' a v o n s  t rouv~ dans  ces fibrilles aucune  s t r uc tu r e  p6riodique,  ma i s  leur  t endance  au 
e l ivage  t r ansve r sa l  es t  en  accord avec l ' id6e que ces fibrilles se f o rmen t  pa r  aggr6gat ion  l in6aire de 
par t icu les .  

La  par t icu le  qui  p rend  pa r t  A l ' aggr6ga t ion  l in6aire condu i s an t  g la  fo rma t ion  des fibrilles semble  
~tre p lus  grosse que  la moMcule  d ' i n su l ine  de poids  moMculai re  12,ooo e x i s t a n t  en solut ion acide;  
ceci suggSre l ' id6e q u ' u n e  assoc ia t ion  de p lus ieurs  moMcules  au ra i t  l ieu a v a n t  la  po lym~r isa t ion  
l in~aire en  ques t ion .  

ZUSAMMENFASSUNG 

E l e k t r o n e n m i k r o g r a p h i e n  yon  F- Insu l in -F ibr i l l en ,  du rch  Erh i t zen  von  16slichem Insu l in  bei 
n i ed r igem PH herges te l l t ,  zeigen feine Fibr i l len  yon  mi n i ma le r  Brei te  50-80  A u n d  yon  u n b e s t i m m t e r  
Li~nge. Es  wurde  keine  per iodische S t r u k t u r  in  den Fibr i l len  gefunden,  abe t  die Ne igung  zu t r ans -  
versa ler  Spa l t ung  i s t  in  ~3bere ins t immung mi t  der Ans ich t ,  dass  die Fibr i l len  d u t c h  l ineare  Aggre- 
ga t ion  yon  Te i lchen  en t s t ehen .  

Die Tei lchen,  welche s ich an  e inander  reihen,  sche inen  gr6sser  zu sein a ls  das  Insu l inmoleki i l  
(M.W. I2,OOO), welches  in saure r  L 6 s u n g  ex is t ie r t ;  es schein t ,  dass  vor  der e igen t l i chen  l inearen  
Po lymer i s a t i on  ers t  e ine Assozia t ion  yon mehre ren  Molekii len s t a t t f inde t .  
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