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Before human interferon can be consid- 
ered usable for large-scale clinical trials and 
possible medical use, several problems as- 
sociated with its production and application 
remain tot be solved. Not least among these 
is the re1 atively low stability of interferon 
on storage and mechanical handling. Al- 
though most interferons are more stable 
than many other proteins upon exposure to 
high and low pH, they are readily inacti- 
vated by a wide range of other physical and 
chemical treatments (1, 2).  It was shown 
in an earlier study ( 3 )  that human and 
mouse monolayer tissue culture interferons, 
whether virus- or polynucleotide-induced, 
were rapidly and almost completely inacti- 
vated by shaking. The activity of human 
leukocyte interferon was not affected by 
such treatment. 

The activity of human leukocyte inter- 
feron can be destroyed by treatment other 
than shaking, e.g., on heating crude human 
leukocyte interferon at 7OoC, 90% of the 
activity is lost within 30 min (4). Guani- 
dine hydrochloride was found to be useful 
in the recovery of interferon from an inac- 
tive complex formed on heating crude 
concentrated human leukocyte interferon. 
There is some evidence (5) that the pH at 
which heat-treatment of mouse and human 
monolayer tissue culture interferons is car- 
ried out has a major effect on the extent 
of inactivation; at low pH the half-lives of 
mouse and human interferon activities at 
56°C and 37°C are greatly extended. 

The present paper reports an investiga- 
tion into the effects of pH, shaking and 
guanidine hydrochloride on several types of 

interferon preparations, both human and 
mouse. 

Materials and Methods. Interferon prepa- 
rations. Human fibroblast interferon was 
prepared by poly ( I )  poly ( C )  -induction of 
interferon-primed cells, followed by su- 
perinduction with metabolic inhibitors 
(6).  The interferon was harvested in 
Eagle's minimal essential medium supple- 
mented with nonessential amino acids 
and 2% heat-inactivated foetal bovine 
serum (EMEN + 2% FBS) . Virus-induced 
human fibroblast interferon was prepared 
by induction with Newcastle disease virus 
(NDV) as previously described (7) .  
Human leukocyte interferon was kindly 
supplied by Dr. K. Cantell, Central Public 
Health Laboratory, Helsinki, Finland. This 
was received 'in a concentrated form, and 
was diluted 100-fold with EMEM (without 
added serum) before use. 

Mouse tissue culture interferon was pre- 
pared with superinduction of M057/2 
mouse monolayer cultures ( 8 ) ,  and was 
harvested in EMEM + 2% FBS. NDV-in- 
duced mouse serum interferon was prepared 
by iv injection of NDV (Komarov strain) 
into male NMRI mice. After 8 hr the mice 
were bled, and the pooled sera held at pH 
2.0 for 5 days to inactivate virus. This 
crude interferon preparation was diluted 
100-fold with EMEM before use. 

All the above interferon preparations had 
protein concentrations of between 0.5 and 
2.0 mg/ml, as assayed by a modified Folin 
technique ( 9 ) ,  using bovine serum albumin 
as a standard. 

Interferon assays. Both human and 

249 

Copyright 0 1974 by the Society for Experimental Biology and Medicine 
All rights reserved. 

Printed in 77.X.A. 



250 PREVENTION OF INTERFERON INACTIVATION 

mouse interferon preparations were assayed 
by a dye-uptake method ( l o ) ,  in human or 
mouse embryo fibroblasts as appropriate, 
challenged with Mengo virus. Standard 
mouse and human interferon preparations 
were included in all the assays, and all 
titers are quoted in international research 
reference units ( 1 1). 

Inactivation of interferon. Interferon 
preparations were inactivated by shaking 
basically as described (3 ) . One milliliter 
samples of the interferon preparations were 
placed in 110 X 15 mm glass-stoppered 
glass tubes, which were rotated end-over- 
end at 50 rpm, at a temperature of 4°C. 
Under these conditions, the interferon prep- 
arations flowed from end to end of the tube, 
but very little or no foaming [known to in- 
activate interferon ( 12)] occurred. 

To test the effect of guanidine hydro- 
chloride on the activity of interferon prep- 
arations, solid guanidine hydrochloride 
(Servs Fainbiochemica GmbH & Co., 
Heidelberg, W. Germany) was added to the 
interferon solutions. Sodium hydroxide 
(2 N )  was used to neutralise the solution 
following addition of guanidine hydrochlo- 
ride, if necessary. After storage for 20-24 
hr at 4OC, the interferon preparations were 
dialysed against phosphate buffered saline 
to remove the guanidine hydrochloride. 

Results. The reversible denaturation of 

human leukocyte interferon by guanidine 
hydrochloride, and the use of this phenom- 
enon in the reactivation of heat-inactivated 
interferon, have been described. If this pro- 
cedure could be applied to other interferon 
preparations, and following other inactiva- 
tions, then it could be of considerable im- 
portance in the purilication of human and 
mouse interferons. As however, major sta- 
bility differences between human leukocyte 
interferon and other human and mouse in- 
terferons have been reported (3, 4) the 
reversibility of guanidine hydrochloride de- 
naturation of various interferon prepara- 
tions has been tested. 

It was found (Table I )  that all inter- 
ferons tested except human leukocyte 
interferon were inactivated by treatment 
with guanidine hydrochloride, maximal in- 
activation being caused by 4-6M concen- 
tration. The stability of human leukocyte 
interferon to guanidine hydrochloride con- 
firms the findings of Mogensen and Cantell 
(4). Inactivation of the sensitive interferon 
preparations was not complete; after treat- 
ment with 4-8 M guanidine hydrochloride 
a small fraction (generally about 1 %  but 
as high as 25% with some preparations) of 
the activity consistently remained. This oc- 
curred whatever the source of interferon 
(human and mouse tissue culture or mouse 
serum interferon), and was not affected by 

TABLE I. Effect of Guanidine Hydrochloride on Various Interferon Preparations." 

Titer (logl,, units/ml) 
~- ~ ~ ~ ~~ 

Concentration Poly (I) bpoly (C) - NDV-induced 
of guanidine Mouse Mouse induced human human tissue Human 
hydrochloride serum tissue culture tissue culture culture leukocyte 

interferon interferon interferon interferon interferon (W 

0 3.1 4.6 
2 2.6 4.0 
4 2.0 3.0 
6 1.9 2.7 
8 1.9 2.6 

4.1 
3.7 
2.4 
2.0 
2.1 

2.5 4.5 
2.4 4.3 
2.3 4.2 
1.9 4.1 
1.9 4.3 

" Interferon preparations were as described in Materials and Methods. Solid guanidine hy- 
drochloride was added to the desired concentrations, and the solutions neutralised where neces- 
sary by addition of sodium hydroxide. The samples were stored at 4°C for 24 hr, then dialysed 
against phosphate buffered saline to remove the denaturant, and finally assayed for interferon 
activity. 
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TABLE 11. Effect of Shaking on the Activity of Various Interferon Preparations." 

Titer (logio units/ml) 

Poly (I) . poly (C) - 

- 

NDV-induced 
Period of Mouse Mouse induced human human tissue Human 
shaking serum tissue culture tissue culture culture leukocyte 

interferon interferon interferon interferon interferon (hr) 

0 2.9 4.0 4.0 2.8 4.0 
1 2.4 2.6 3.4 2.6 4.0 
4: 2.4 2.4 3.1 2.3 4.1 
24 1.9 2.3 2.4 1.6 4.1 

Stationary 3.0 4.0 4.1 2.6 4.2 
control 

" One milliliter samples of the interferon preparations were shaken in stoppered glass tubes 
for the periods indicated, and then stored frozen until assayed for interferon activity. 

the nature of the inducer [NDV or poly (I) 
poly(C)] used in the production of the in- 
terferon preparation. 

Human fibroblast interferon and all 
mouse interferon preparations tested have 
been found to be inactivated by shaking. 
However, human leukocyte interferon was 
totally resistant to even 24 hr shaking 
[Table 11, also (3)]. Another preparation' 
of human fibroblast interferon, the kind 
gift of Drs. E. Have11 and J. Vilcek, was 
also found to be unstable on shaking, al- 
though inactivation was less extensive than 
that reported here for human fibroblast in- 
terferon prepared according to Billiau, 
Joniau, and De Somer ( 6 ) .  As described 

TABLE 111. Guanidine Hydrochloride-Stability of 
Shake-Stable Human Fibroblast Interferon." 

Concentration of 
guanidine 

hydrochloride (M) Titer (log,o unitslml) 

1.5 
1.5 
1.2 
1.4 
1.5 

Human fibroblast interferon (initial titer 104.3 
units/ml) was shaken for 24 hr. Solid guanidine 
hydrochloride was then added to the desired con- 
centrations, and the samples stored at 4°C for 24 
hr. Guariidine hydroghloride was removed by 
dialysis against phosphate buffered saline, and the 
samples were then assayed for interferon activity. 

for the inactivation of interferon by guani- 
dine hydrochloride, a small fraction of hu- 
man fibroblast and mouse interferon was 
resistant to shaking for 24 hr. 

The small amount of human fibroblast 
interferon activity that remained after shak- 
ing was completely stable to guanidine 
hydrochloride (Table 111) ; likewise the re- 
maining activity after guanidine hydrochlo- 
ride treatment could be shaken for up to 24 
hr with no loss in potency (Table IV). 
This remaining activity was sensitive to 
trypsin, was inactivated by heating at 56OC 
overnight, and was species specific, and was 
therefore probably interferon. 

Low pH has been shown to protect human 
and mouse interferons against heat-inacti- 

TABLE IV. Shake-Stability of Guanidine Hydro- 
chloride-Stable Human Fibroblast Interferon.' 

Period of shaking 
(hr) Titer (logl,, units/ml) 

0 2.5 
1 2.6 
4 2.5 
24 2.6 

Stationary control 2.1 

" Human fibroblast intmferon (initial titer 104.8 
unitslml) was made 4 M with guanidine hydro- 
chloride, stored at 4°C for 24 hr, and then dialysed 
against phosphate buffered saline. One milliliter 
samples were shaken in stoppered glass tubes for 
the periods indicated, and then frown until as- 
sayed for interferon activity. 
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TABLE V. Effect of pH on Inactivation of Human 
and Mouse Interferons by Shaking." 

Titer (log,, units/ml) 

Period of Human Mouse 
shaking 

(hr) pH 3.5 pH 7.0 pH 3.5 p H  7.0 

0 4.3 4.0 4.3 4.0 
1 4.5 3.6 4.2 2.5 
4 4.3 2.8 4.1 1.9 

Stationary 4.4 4.2 4.2 4 .O 
24 4.3 2.1 4.2 <1.9 

control 

a Interferon preparations [from poly (1) apoly (C) - 
induced human fibroblasts or M057 /2 mouse cells] 
were dialysed against citrate-HC1 buffer p H  3.5 or 
citrate-phosphate buffer pH 7.0. One milliliter sam- 
ples were then shaken for the periods indicated, 
then dialysed against phosphate buffered saline, 
and finally assayed for interferon activity. 

vation (5) .  Therefore, the effects of shak- 
ing and of guanidine hydrochloride treat- 
ment at low pH on the activity of human 
and mouse tissue culture interferons were 
tested. Interferon, shaken at pH 3.5, re- 
tained full activity after even 24 hr (Table 
V). Similarly, at low pH guanidine hydro- 
chloride had greatly reduced effect on the 
activity of human tissue culture interferon 
preparations (Table VI) . 

Discussion. Interferons have been found 
to differ greatly in their stability to various 
treatments (1, 2), e.g., human leukocyte 
and human fibroblast interferons have very 
different resistance to shaking (3)  and 
heating (4). In the present work stability 
differences have also been found on treat- 
ment of interferon with guanidine hydro- 
chloride, which was found to inactivate 
human and mouse monolayer tissue culture 
interferons, poly( I )  .poly( C) or virus-in- 
duced, and virus-induced mouse serum in- 
terferon, but not virus-induced human 
leukocyte interferon. As both polynucleo- 
tide- and virus-induced interferons are in- 
activated, it is clear that the stability of the 
interferon does not depend on the nature 
of the inducer. 

Inactivation by shaking or guanidi-le hy- 
drochloride did not occur in acid medium 

TABLE VI. Effect of p H  on Inactivation of 
Human Interferon by Guanidine Hydrochloride." 

Concentration of 

hydrochloride 
guanidine Titer (log,, units/ml) 

(MI pH 7.0 p H  35 pH 2.0 

0 3.1 3.0 3.0 
2 2.9 3 .0 2.5 
4 1.5 2.3 2.9 
6 1.3 2.2 3 .O 
8 1.3 2.2 N.T. 

a Human interferon from poly (I) -poly (C) - 
induced fibroblasts was dialysed against citrate-HC1 
buffer, p H  2.0 or p H  3.5, or against citrate-phos- 
phate buffer, pH 7.0. Solid guanidine hydrochloride 
was added to the above concentrations, and the 
samples stored at 4°C for 24 hr. After dialysis 
against phosphate bulCfered saline, the samples were 
assayed for interferon. 

N.T. = not tested. 

(pH 2 and 3.5). A similar protective effect 
has been described in studies on the heat- 
sensitivity of mouse serum interferon, mouse 
and human monolayer tissue culture inter- 
ferons and human leukocyte interferon (5). 

In neutral medium a small fraction (gen- 
erally about 1% of initial activity) resisted 
inactivation by either shaking or guanidine 
hydrochloride. Moreover, the residual ac- 
tivity from guanidine hydrochloride inac- 
tivation was completely resistant to shaking 
and vice versa. 

The following possibilities could explain 
the existence of this residual activity. (i) 
The resistant residue may represent a small 
amount of leukocyte-type interferon present 
in all preparations. This seems unlikely, 
since the resistant fraction is a fairly con- 
stant proportion of the initial activity re- 
gardless of the source of the interferon or 
the inducer used in its preparation. (ii) 
After denaturation by either shaking or 
guanidine hydrochloride, the interferon 
molecules refold or reassemble at random. 
A small number regain in this way the bio- 
logically active configuration. (iii) After in- 
activation by either shaking or guanidine 
hydrochloride, all the molecules of inter- 
feron are in such a configuration that they 
possess greatly reduced biological activity. 
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At present there is no firm evidence to 
exclude either of these two latter hypotheses. 

It has been suggested that low pH protects 
interferon against heat-inactivation by pre- 
venting the formation of random hydrogen 
bonds during the cooling of the interferon 
preparation ( 5  ) . This explanation might also 
be applied to the data on the pH protection 
observed on the shaking- and guanidine hy- 
drochloride-inactivation of interferons. The 
possibility that guanidine hydrochloride is 
inactive at low pH can be discounted ( 1 3 ) .  

Summary. The inactivation of poly(1) 
poly (C) -induced and virus-induced human 
fibroblast interferon, virus-induced human 
leukocyte interferon, poly ( I )  poly (C) -in- 
duced and1 virus-induced mouse tissue cul- 
ture interferon and virus-induced mouse 
serum interferon by shaking and by guani- 
dine hydrochloride was studied. Only human 
leukocyte interferon was completely resistant 
to these treatments. All other interferons 
examined were largely inactivated, but a 
small amount of each preparation was re- 
sistant to inactivation. The residual activity 
from either treatment was completely re- 
sistant to the other. 

Inactivation by both shaking and guani- 
dine hydrochloride was prevented in acid 
(pH 2 and 3.5) conditions. Possible ex- 
planations for these observations are con- 
sidered. 

assistance. This investigation was supported by a 
Grant from the Belgian A.S.L.K. Cancer 
Foundation. 

1. Fantes, K. H., in “Interferons and Interferon 
Inducers” (N. B. Finter, ed.), 2nd Ed., p. 171. 
North Holland, Amsterdam ( 1973). 

2. Ng, M. H., and Vilcek, J., Advan. Protein 
Chem. 26, 173 (1972). 

3. De Somer, P., Joniau, M., Edy, V. G., and 
Billiau, A., In vitro. in press (1974). 

4. Mogensen, K. E., and Cantell, K., Acta 
Pathol. Microbiol. Scand. B81, 382 (1973). 

5. Marshall, L. W., Pitha, P. M., and Carter, 
W. E., Virology 48, 607 (1972). 

6. Billiau, A., Joniau, M., and De Somer, P., 
J. Gen. Virol. 19, 1 (1973). 

7. Billiau, A., Joniau, M., and De Somer, P., 
Proc. SOC. Exp. Biol. Med. 140, 485 (1972). 

8. m y ,  V. G., Billiau, A., and De Somer, P., 
Appl. Microbiol. 26, 434 (1973). 

9. Lowry, 0. H., Rosebrough, N. J., Farr, 
A. L., and Randall, R. J., J. Biol. Chem. 193, 
265 (1951). 

10. Finter, N. B., J. Gen. Vird. 5, 419 (1969). 
1 1. International Symposium on Standardisa- 

tion of Interferon and Interferon Inducers. Lon- 
don, 1969. Symp. Ser. Immunobiol. Standard. 14, 
326 (1970). 

12. Fantes, K. H., J. Gen. Physiol. 56, 113s 
(1970). 

13. Tanford, C., Advan. Protein Chem. 23, 
121 (1968). 

The aut!hors are indebted to Francine Cornette 
and Machteld Vrolickx for excellent technical Received Nov. 26, 1973. P.S.E.B.M., 1974, Vol. 146. 


