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1. Infroduction

Insnlin shows a fypical quaternary stiucture strong-
iy influenced by pH, metal ions concentration and
other factors [1—-3]. The equilibria beiween mono-
mer and polymers have been saudied mainly by sedi-
mentation analysis under var. ous conditionsz [4].

In 2 previous work we have demo.  ‘rated that in-
sulin, lef® fur suitable time in alkaline solution at a pH
highar than 12, vields persulfide groups by a mecha-
nizm of o—f' elimination of the cystiny] sulfur {5]. In
these conditions dehydroalanine residues are pro-
“duced. They could be the elective site for a possible
hydrolytic scission of protein chains, with formation
of pyruvoyl-peptide derivatives [6—-7].

This paper reports our studies on the effect of atka-
ine treatment on the quaternary structure of insnlin,
investigated by gel fiitration on Sephadex (5-30, in
conditions where o—g@ elimination reaction i minimal
0T absent.

2. Experimental

‘Beef erystalling zinc-insulin was a generous gift of
Wellcome 1talia; it had a Zn content of 0.38%, 6% of
moistuze and an activity of 24 Ul per mg. Ribonucle-
ase was purchased from Fiuka {Buchs); Sephadex G-
50 fine and blue dexiran were obtained from
Zharmacia {Uppsala). The gel "vas swelled; equilibrated
-with 0.01 N NaOH at room temp. and packed into a-
0.8 X 80 cm column. This kind of column does not al-

low to separate peptides arising from cleavage of insu- -

_lin monomer, but a complete separation between
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dimer and monoemer is obtained. The gzl chromato-
graphic analysss were performed ai room 1emp. and
at a consiant sindion rate of 10 mi per by with peri-
stalilc pumnp. Blee dexizan (0.5 my) was used 25 mark-
er dyve for void volume determination and ribonucle-
ase as slandard protein for a rough eveluation of me-
Incular weights. ,

inzulin was dissolved, at a Soncentratiom of 3.3 mp
per mi, in .01 N NaOH or in ine same solution con-
taining 6 M urea. Immediately or after 12--24 br the
solutions were submitied to chromatogiaphic separs-
tion in 0.01 N NaDH. '

in a second experiment, insulin, at the same con-
ceniration, was pretreated with §.05 N NaDE ai rotm
temperature: in Jhis condition o8 slimination reac
fion occurs at high rate. After different incubation
times the exeess of NgOH was exsctly tiirated by ad-
dition of a suitable amount of HC 10 obais a final
concentration of $.01 W NaOH. This procedure allows
1o stop completely the o—J eaimination reaction, bui
the pH is high enoush to ensure full stability of per-
sulfide groups formed {5} . Therefore the chromato-
graphic sepatation also has been performet using 0,01
N NalH as solveni.

- 3. Resulis énd Jispnssion.

Pig. 1 zhows the infloence «f & M urea on'insnlin
in .01 N N=OH. The dotted line represenis the #lu-
tion patiem of untreated insulin, whose pesk corre-

-sponds roughly to the elution peak of ~ibomclease.

In these conditions the hexameric fora of msulin
charges rapidly inio the dimeric one, whigals
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Fig. 1. Effect of nrea treatmoent en the chromatographic be-
haviour ©f Zn-insulin {5 mg) in G-50 fine Sephadex colomn;
ehution solvent .01 ¥ NaDH. Untrested: (.-~ alter 12 hr
6 M urea “reatment {----); after 24 hr & M mrea izeaiment
{——); shaded peak: blus dextran. The arrow shows the slo-
tion yolmne of ribomiclease.

compleiely stable. When it is dissolved in urea and im-
mediately applied on the SBephadex column, the
- elnted peak is gompleiely superimposrble to that of
untreated Insulin, After 12 hr in & M urea e peak
splits into Iwo components; il Is Obvious to suppose
zn equilibrium between dimer and monomer. If the
treatment is prolonged for 24 hr the iransformation is
complete and only the monomeric Form is present. A
conirol perfonmed with the protein left for 24 hrin
. 001 N NaOH, without urea, shows nn formation of
monomer at all.
A guite siziilar behaviour i observed when insulin
is treated with 0.05 N NaOGH without viea. Fig. 2
shows the elution patterns of insnlin at various inen-
bation times, after solutions have been treated as de-
scribed in the experimental section; chromatography
is always performed in 0.01 ¥ NaOH. Yet 15 min in
0.05 N NaGH are enough 1o ge1 the formation, in lit-
ile zmount. of the lighter component, which hasa
molecular weight similar, 1f not identical, to that of
the monomer obtained by urea Aissociation {fig. 2,;b).
The time course of this iransformation is easily fol-
lowed on fig. 2 (c.d, e, ). After £ hr no more dimer is

present, zs could be expected feom thie data previous-

ly reported [5]. In faci the extinction a1 335 nm of -
the incubation mixiure, dus 1o persulfide formation,

paches its maximurmn after 21 of treatmerit in 0.05

N NaQH. Of course both pheaomena do not follow
~ the zame time course, although they are intercon-
nected. Whereas the persulfide formation shows an
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Fip, 2. Effect of NaDH treatmen? on the chromatozmaphic be-
haviour of Zn-insulin {3 mg) in G-50 fine S=phadex column;
elution solvent 0.01 N MaCiH. A) Unireated: tzeated for vard
ons times with 5.05 N NaOh, B) 15 min; C) 30 min; D) 1 hr;
E) 3hr: ¥) 6 hr. The shaded. pezk represenis fhe elntion vol-
ume of blue dexiran.

initial lag period, the transformation into menomer
due to alkalinity seems to begin at once.

This fact could be explained easily if we consider
that the appearance of persulfide gioups, induced by
NaOH action, 18 only possible when a snitable amount
of monomer is prasent, which enables disnifide
bridges to be well exposed to the action of solvent.
The accessibility of disuliide bonds in function of
polymerizaticr degree is not easy to follow, but in
this contex? we could affirm that in dimeric, and, per-
haps, higher forms of insulin the disulfide brilges are
10 some exient proiecied against the solvent action.
This interpretation: is supporied by the fact thet in

0.05 N Na0OH we observe a more rapid appearznce of

persulfide groups if 6 M urea is present, owing ina -

-cencomitant action of both dissociating agents.

The complete disappearance of the dimeric form
is observed, by gel filtration, afier 6 hr. On the other
side we were not 20le 1o discriminate between mono-

‘et and polypeptides of minor molecular weight,
- which could arise from A or B chains. In fact it can

not be excluded that, also in these experimental con-

ditions, small amounts of peptides are produced by -~

the alkaline scission on A or B chains, at the level of

" . dehydroalanine residues, us has been reportad for the
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insulin freated with 0.2 N NaOH [6]. However this -
problem i3 not essential in this contexi. Further woik
is in progress to elucidate this fast, in connection
with the more peneral problem of the o—f eliming-

~ tion reaction mechanism in insulin. '
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