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Chimica biologica. — Occurrence of the disulfide interchange 
enzyme in the liver microsomes of various animal species r). Nota di 
G uido M olea, D olores D ’A versa e F rancesco de L orenzo, 
presentata ^  dal Corrisp. F. Cedrangolo.

RIASSUNTO. — È stato in precedenza dim ostrato che un enzima, purificato dai mi- 
erosomi di fegato di bue e presente in tu tti i tessuti bovini, catalizza la riattivazione della 
forma ridotta ed inattiva della ribonucleasi pancreatica bovina e di altre proteine pure ri
dotte o contenenti ponti disolfuro incorretti.

In  questa N ota sono presentati i risultati della riattivazione enzim atica della ribonu
cleasi pancreatica bovina ridotta, in presenza dei microsomi di fegato di varie specie animali 
come: cane, coniglio, pecora, anitra, bue e cavallo, ed anche in presenza dei microsomi delle 
uova di riccio di m are fecondate. La presenza delhenzima microsomiale in queste diverse 
specie anim ali contribuisce a definire il ruolo di questa a ttiv ità  enzimatica, come processo 
generale deputato alla corretta formazione dei ponti disolfuro nelle proteine.

It was shown th a t ra t and beef liver microsomes [1, 2] as well as m icro
somes of other bovine tissues tested [3], and pig, pigeon and chicken pancreas 
tissue[4] contain an enzym e th a t catalyzes the reactivation of the inactive fully 
reduced or of random ly  cross-linked forms of bovine pancreatic ribonucléase, 
lysozyme [2], soy bean trypsin  inhibitor [5] and pepsinogen [6]. The enzym e 
isolated from beef liver microsomes was purified and characterized [7, 8] 
and it was shown to catalyze sulphydryl-disulfide interchange in proteins [9].

The enzyme m ay be assayed by m easuring the reactivation of fully 
reduced proteins in the presence of an added oxidizing agent [1, 2], or the 
reactivation of the inactive forms of ribonucléase and soy bean trypsin  
inh ib itor (in which incorrect disulfide bonds have been introduced) in the 
presence of low levels of a reducing agent [9].

Since the disulfide interchange enzyme catalyzes the reactivation o f 
several anim al and plan t proteins and since the enzyme is present in all 
tissues tested and is localized at the site of protein synthesis, it is suggested 
th a t the enzym e m ay catalyze, in vivo, the correct pairing of half-cvstine 
residues in newly synthesized polypeptide chains.

W e have investigated the enzym atic reactivation  of fully reduced bovine 
pancreatic ribonucléase in the presence of liver microsomes of various anim al 
species and in the presence of microsomes of fertilized sea urchin eggs 
(Paracentrotus Lividus). (*) (**)

(*) Lavoro eseguito presso l’Istituto di Chimica Biologica, Facoltà di M edicina e Chi
rurgia dell’U niversità di Napoli, e presso la Stazione Zoologica di Napoli, con l’ausilio di 
un g ran t dei N ational Institutes of H ealth, U. S. Public H ealth  Service (TW 00258-1) a 
uno degli autori (F. D. L.).

(**) Nella seduta del 13 gennaio 1968.
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Experimental Procedure.

T he livers were rem oved as soon as possible after slaughter of the anim als 
and rap id ly  processed to prepare microsomes as previously described [1 ]. 
The sea urchin eggs (Pâracentrotus Lividus) were fertilized in sea w ater 
m edium ; two hours after fertilization, the eggs were homogenized and the 
microsomes prepared. Bovine pancreatic ribonucléase (Type I I—A, Sigma) 
was fully reduced w ith ß-m ercaptoethanol in 8M  urea, and the reduced 
protein was separated from  the reagents by  gel filtration as previously describ
ed [10]. T itration  of aliquots of the effluent w ith / ’-m ercuribenzoate as describ
ed by Boyer [11] showed the presence of eight half-cystine residues per mole 
of ribonucléase. Stock solutions of reduced ribonucléase in o. 1 M acetic acid 
were kept for not longer th an  1 day  at o° to m inim ize the possibility of 
spontaneous reactivation. The supernatan t fraction of beef liver microsomes 
was used as the  oxidizing system  [1]. The concentration of proteins in the 
microsomal suspensions were determ ined by the m ethod of Low ry et al. [12]. 
Assays for reactivation of reduced ribonucléase were perform ed in duplicate; 
aliquots were rem oved from  the incubation m ixture and assayed for ribo
nucléase activ ity  by  m easurem ent of the ra te  of digestion of yeast RNA 
(Type II, Sigma) at pH  5.0 [13]- B lank determ inations were carried out to 
perm it correction for endogenous ribonucléase activ ity  in the microsomal 
preparation.

Results and discussion.

In  a previous com m unication [3] we showed the  presence of the 
disulfide interchange enzym e in the microsomes of m any bovine tissues. 
The highest am ounts of the enzym e were observed in the m icrosomes of those 
tissuès which secrete large quantities of protein containing disulfide bonds 
i.e. y-globulins, serum  album in, thyroglobulin.

In  Table I are sum m arized the results of the specific activities of the 
disulfide interchange enzym e from liver microsomes of various anim al species 
and from  microsomes of fertilized sea urchin eggs. It can be seen th a t the 
disulfide in terchange enzym e was present in the livers of all anim al species 
tested, the  highest levels being found in the dog and rab b it liver microsomes. 
I t  has to be noted that, as earlier described [2, 3], inhibition  was observed 
when levels of m icrosom al proteins higher th an  1 m g/m l were used for the 
reactivation process. I t  is notew orthy th a t the level of th e  disulfide interchange 
enzym e is h igher in the liver microsomes of horse foetus (where a higher rate 
of protein synthesis occurs) than  in horse liver microsomes. O f in terest is 
the  finding of the  disulfide interchange enzym e in the m icrosomes of fertiliz
ed sea urchin eggs; since this anim al species far precedes the m am m als evolu
tionary  origin, it gives a good evidence of the constant philogenetic presence 
and of the general distribution of this enzym atic reaction.
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T a b l e  I.

Comparison o f specific activities o f the disulfide interchange enzyme fro m  liver 
microsomes o f various anim al species and fro m  microsomes o f sea urchin eggs.
All incubations were carried out in a D ubnoff shaking bath  at 370 for 15 min. Reactivation 
m ixtures contained (total volume) T ris-H C l IX  i o - * 1 11 M , pH  7-4,25 pg of reduced ribonu

cléase, 25 pi of the dialyzable beef liver supernatant fraction, and washed microsomes.

Liver
microsomes

Specific 
A ctivity O

Liver
microsomes

Specific 
A ctivity (*) Microsomes Specific 

A ctivity (*)

D o g ...................... 177 Beef . . . . 73 Fertilized sea
urchin eggs . 20

R abbit . . . . 122 Pi g . . . . . 67

Sheep ................. 96 Horse foetus . 54

D rake . . . . 88 Horse . . . . 34

(*) The enzyme activity is calculated as the percentage of reactivation of the reduced RNAase in respect to the 
activity of an equal amount of native RNAase. Specific activities are obtained by dividing these figures for the protein 
level of the microsomal suspension used. These levels were always below lmg/ml; in this range an essential linear rela
tionship was found between ribonucléase reactivation and enzyme concentration.

The localization of the enzym e within the microsomal fraction of m any 
tissues [3], its general occurrence in the different anim al species, and its 
wide spectrum  of substrate specificity, suggest th a t the enzyme, in  vivo, 
plays an im portant role in the term inal stages of biosynthesis of proteins 
containing S--S bonds.

Studies are now in progress in our laboratory  to investigate the d istribu
tion of this enzym e in a large num ber of m arine organisms of different phyla.
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