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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 to be solved. Not least among these
is the relatively 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 70°C, 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 (EMEM + 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 MO57/2

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
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mouse interferon preparations were assayed
by a dye-uptake method (10), 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 (11).

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
(Serva Feinbiochemica 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 4°C, the interferon preparations were
dialysed against phosphate buffered saline
to remove the guanidine hydrochloride.

Results. The reversible denaturation of

PREVENTION OF INTERFERON INACTIVATION

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 purification 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 4-6 M 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 (logy, units/ml)

Concentration Poly (I) -poly (C) -  NDV-induced
of guanidine Mouse Mouse induced human human tissue Human
hydrochloride serum tissue culture tissue culture culture leukocyte
(M) interferon interferon interferon interferon interferon
0 3.1 4.6 41 25 4.3
2 2.6 4.0 3.7 24 4.3
4 2.0 3.0 24 2.3 42
6 1.9 27 2.0 19 41
8 19 2.6 2.1 19 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 II. Effect of Shaking on the Activity of Various Interferon Preparations.®

Titer (logy, 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
(hr) interferon interferon interferon interferon interferon

0 29 4.0 4.0 2.8 4.0

1 24 2.6 34 2.6 4.0

4 24 24 3.1 2.3 4.1

24 19 23 24 1.6 4.1

Stationary 3.0 4.0 4.1 2.6 4.2

control

2 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)1 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 II, also (3)]. Another preparation

of human fibroblast interferon, the kind
gift of Drs. E. Havell 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 III. Guanidine Hydrochloride-Stability of
Shake-Stable Human Fibroblast Interferon.®

Concentration of
guanidine

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 III); 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 56°C
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

hydrochloride (M) Titer (logy, units/ml) (hr) Titer (logy, units/ml)
0 1.5 0 25
2 1.5 1 2.6
4 1.2 4 25
6 14 24 2.6
8 1.5 Stationary control 21

¢ Human fibroblast interferon (initial titer 10*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. Guanidine hydroghloride was removed by
dialysis against phosphate buffered saline, and the
samples were then assayed for interferon activity.

¢ Human fibroblast interferon (initial titer. 10**
units/ml) 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 frozen until as-
sayed for interferon activity.



252

TABLE V. Effect of pH on Inactivation of Human
and Mouse Interferons by Shaking.®

PREVENTION OF INTERFERON

INACTIVATION

TABLE VI. Effect of pH on Inactivation of
Human Interferon by Guanidine Hydrochloride.*

Titer (log,, units/ml)

Period of Human Mouse
shaking
(hr) pH 35 pHT70 pH35 pH?T70
0 4.3 4.0 4.3 4.0
1 45 3.6 4.2 2.5
4 4.3 28 4.1 1.9
24 4.3 2.1 4.2 <19
Stationary 44 42 4.2 4.0
control

¢ Interferon preparations [from poly (1) -poly (C) -
induced human fibroblasts or MO57/2 mouse cells]
were dialysed against citrate-HCI1 buffer pH 3.5 or
citrate-phosphate buffer pH 7.0. One milliliter sam-
ples were then shaken for the periods indicated,
then didlysed 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.e hy-
drochloride did not occur in acid medium

Concentration of

guanidine Titer (logy units/ml)
hydrochloride
(M) pH 7.0 pH 3.5 pH 2.0
v} 3.1 3.0 3.0
2 2.9 3.0 2.5
4 1.5 2.3 29
6 1.3 22 3.0
8 1.3 2.2 N.T.
¢ Human interferon from poly (I) -poly (C) -

induced fibroblasts was dialysed against citrate-HCI
buffer, pH 2.0 or pH 35, 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 buffered 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 (13).

Summary. The inactivation of poly(I)-
poly(C)-induced and virus-induced human
fibroblast interferon, virus-induced human
leukocyte interferon, poly(I)-poly(C)-in-
duced and 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.
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