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differences of fibrinogen( 13) ,  and Lewis has 
noted quantitative differences of various co- 
agulation factors ( 14). Although we can show 
no procoagulant activity of catfish plasma 
when tested in deficient human or canine sys- 
tems, these studies cannot be interpreted un- 
equivocally to indicate the absence of similar 
but species-specific procoagulant factors. I t  
does not seem possible to arrive at a defini- 
tive conclusion by adding plasma from one 
species to a clotting system which is capable 
of detecting “accelerators” of another species. 

Summary. The blood of the fresh water 
catfish ( Ameiurus nebulosus) clots rapidly. 
There appears to be species specificity of the 
prothrombin-thromboplastin reaction with 
both the one- and two-stage methods. Catfish 
brain thromboplastin causes rapid clotting of 
catfish plasma, but acts as a partial thrombo- 
plastin with canine plasma. Catfish plasma 
does not correct the long partial thrombo- 
plastin time of human plasmas deficient in 
factor V, factor VIII, factor IX, factor X, or 
factor XII. 
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Interferon( 1) is elaborated by animal cells 
in response to stimulation by viral and per- 
haps other substances. First definitive purifi- 
cation and biochemical characterization of an 
interferon was accomplished in this labora- 
tory( 2,3) , employing interferon elaborated 
by chick embryo infected with an RNA virus, 
influenza A (RNA-interferon) . The present 
report extends these biochemical studies to 
include the characterization of interferon 
elaborated from chick embryo cells by a 
DNA virus, herpes simplex. Additionally, 
development of technology for more precise 
estimate of isoelectric points for interferon is 
presented. ?“he essential qualitative identity 

of the interferons induced by these two 
widely different viruses in cells of the same 
host species supports the present concept that 
interferon is a host-specific substance syn- 
thesized under the host genetic code rather 
than under the viral code. 

Materials and methods. In vitro assay for 
interferon activity. The method ( 2 )  used pre- 
viously was modified slightly. By the present 
procedure, serial 2-fold dilutions of the inter- 
feron sample were diluted in medium 199 
containing 1 %  calf serum and antibiotics and 
1 ml amounts were added in quadruplicate to 
monolayer primary cell cultures of whole 
chick embryo. After overnight incubation at  
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36"C, the interferon was removed and was 
replaced with 1 ml of the same culture medi- 
um containing 100 TCIDBo of Sindbis virus 
strain 171 DA obtained from Dr. J. Enders. 
The cultures were incubated a t  36°C for 3 
days a t  which time the controls showed total 
destruction of cells. The titer was the high- 
est initial dilution of interferon sample which 
gave total suppression of viral cytopathic 
effect. One unit of interferon was 1 ml of 
the greatest dilution of substance which ef- 
fected total suppression of Sindbis virus in 
the assay. Preparation of DNA virus-induced 
interferon (DNA-interferon). Monolayer pri- 
mary cell cultures in Blake bottles were in- 
oculated with 3 to 10 TCIDSo of the McIn- 
tyre strain of herpes simplex (DNA) virus 
and incubated a t  36°C. The cells were main- 
tained in medium 199 with 1% calf serum 
during virus growth and interferon produc- 
tion. The culture fluids were harvested after 
4 days' incubation a t  36°C at  which time 
about half of the cells showed cytopathic 
degeneration. The crude fluids, clarified by 
low speed centrifugation, contained about 50 
units of interferon per ml and served as the 
starting material for purification. PartiaZ 
purification of DNA-interferon. The DNA- 
interferon was partially purified from the 
crude fluid by the method described pre- 
viously( 2 ) .  This consisted essentially of per- 
chloric acid precipitation to remove virus and 
extraneous protein, concentration and puri- 
fication by precipitation with zinc acetate at  
pH 7.4, employment of a single chromato- 
graphic separation on carboxymethyl (CM) 
cellulose, and no final electrophoretic step. 
Characterization was made using fractions 
from the CM-cellulose column with highest 
specific activity. Total purification was not 
necessary for purpose of the biophysical 
characterization. Insofar as possible, purifi- 
cation was performed using polyethylene con- 
tainers in order to preclude adsorption of the 
active substance to glass. 

IsoeZectric point determination. A method 
for approximating the isoelectric points of 
interferons was developed based on elution 
profiles of interferon a t  various pH from 
CM-sephadex compared with those of puri- 
fied proteins of known isoelectric point. By 
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F I G .  1. Chromatography on  CM-cellulose of in- 
terf eron concentrate. 

such method, 1 ml of a 1.0% solution of a 
known purified protein in 0.1 M phosphate 
buffer, pH 6.0, was applied to a 1.5 X 10 
cm column of CM-sephadex (C-SO) which 
had been equilibrated with 0.1 M phosphate 
buffer, pH 6.0. A semi-continuous pH grad- 
ient was applied by adding, successively, 5.0 
ml amounts of 0.1 &I phosphate buffer with 
increasing increment of 0.2 pH unit. The 
effluent from the column was collected in 
5.0 ml samples. The optical density at 280 
mp, and the pH of each sample were meas- 
ured. Interferons were applied in similar 
manner to columns of CM-sephadex and elu- 
tion was accomplished by the same proce- 
dure. It was necessary, however, to apply 
a larger volume of pH 6.0 buffer to the 
column before the pH gradient was started 
so that the majority of impurities contained 
in the partially purified interferon prepara- 
tion could be removed. Other methods. Pro- 
tein was measured by the method of Lowry 
et aZ( 4). The additional biochemical, and 
biophysical procedures employed are de- 
scribed in the appropriate sections in the text. 

Results. Partial purification of DNA-inter- 
feron. A summary of data relating to a typi- 
cal purification of DNA-interferon through 
the first CM-cellulose chromatographic step 
is shown in Fig. 1 and in Table I. The DNA- 
interferon elution pattern shown in Fig. 1 
is essentially identical with that presented( 2 )  
earlier for interferon induced by influenza A 
virus (RNA-interferon) . The crude DNA- 
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TABLE I. Summary of Typical Partial Purifieation of DNA Virus-Induced Interferon. 

Interf e r m  Interferon 
Volume Mg protein units uaits/mg Fold- 

Purification step (ml) perm1 per ml protein purification 
~ ~~ 

Crude interferon (clarified) 
Perchloric acid clarified, 

OM-cellulose eluate fraction 

3 
10 
1 4  
1 5  
16 
17  
18 
19 
20 

zinc concentrate 

(Fig. 1) 

800 
12.5 

10  
1 9  

9 9  

9 9  

Y )  

9 9  

1 9  

1 9  

9 9  

.77 
13.9 

7.4 
.055 
.024 
.024 
.029 
.064 
. n o  
.029 
.018 

48 
2048 

0 
0 

16  
16 
24 

192 
512 

64 
48 

62 
147 

0 
435 
660 
660 
8 20 

3000 
4660 
2200 
2 7 010 

- 
2.4 

- 
7.0 

10.6 
10.6 
13.2 
49.0 
75.1 
35.5 
43.5 

interferon in the present study contained 62 
units of activity per mg protein compared 
with 52 units per mg of RNA-interferon pre- 
viously reported ( 2 ) .  The perchloric acid-zinc 
precipitation steps effected a 2.4-fold purifi- 
cation of DNA-interferon compared with 16- 
fold purification recorded for RNA-interferon. 
The single most active fraction of DNA- 
interferon from the CM-cellulose column con- 
tained 4,660 units of interferon per mg pro- 
tein and represented a 75-fold purification 
compared with 50,500 units per mg protein 
and 970-fold purification for RNA-interferon 
handled in a similar way. The most active 
fractions of DNA-interferon which were com- 
bined, i.e., fractions 16 to 20, yielded a total 
of 8,400 interferon units, or 2270 of the 
38,400 units contained in the 800 ml of start- 
ing material. At the similar step in purifica- 
tion, the yield of RNA-interferon was 18%, 
a comparable value. The lesser degree of 
purification of DNA-interferon compared 
with RNA-interferon might have been re- 
lated to the difference in original composi- 
tion, i.e., tissue culture fluid compared with 
egg allantoic fluid, or with other phenomena 
such as possible presence of proteolytic en- 
zymes in the DNA-interferon which reduced 
specific activity. 

Characterization of DNA-inteqferon. Mo- 
ZecuEar weight. The partially purified inter- 
feron was insufficient in amount or in purity 
to permit measurement of sedimentation co- 
efficient by optical methods. Hence, activity 
sedimentation measurements were carried out 

and the molecular weight of the interferon 
was computed according to Hogeboom and 
Kuff (5). For the determination, the inter- 
feron contained in 2 %  sucrose solution was 
layered on an equal volume of the same inter- 
feron in 3% sucrose solution in a 5 ml cen- 
trifuge tube and the interfaces were mixed 
gently. For reference determination, purified 
egg white lysozyme (Nutritional Biochemi- 
cals Corp.) was prepared in 0.25% solution 
in 2 %  and in 3% sucrose solution and a 
gradient was established in the same manner. 
The samples were spun for 3% hours a t  
39,400 rpm in the SW-39 rotor of a Spinco 
model L centrifuge. At the end of the run, 
the contents of the 2 tubes were partitioned 
into equal “upper” and “lower” volumes 
using a tube slicer. The upper layer of the 
tube containing interferon and the original 
untreated interferon were assayed for anti- 
viral activity employing serial 1.2-fold dilu- 
tion and 8 tubes per dilution. The upper 
layer and original lysozyme samples were 
diluted 1 : l  and the optical densities a t  280 
mp were determined. The Sedimentation co- 
efficient for the interferon was calculated to 
be 3.1 S giving a molecular weight of 36,000. 
The similar calculation for lysozyme gave 
a coefficient of 1.7 S and a molecular weight 
of 14,500. The latter value corresponds well 
to the published value(6) of 14,400 t 100 
for egg white lysozyme and serves to validate 
the value of 36,0010 obtained for the inter- 
feron. 

Heat, pH and trypsin sensitivity of DNA-  
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TABTIE 11. Effect of Heat, pH and Trypsin on 
Activity of DNA-Interferon. 

Interferon activity Loss in 
(units/ml> 

Treatment Treatment (%) " 

Temperature (pH 7.0) 

23°C 
50 
60 
70 
85 

25°C 
56 
66 
76 
86 

30 min 

60 min 

pE-1 (1 hr  a t  23°C) 
1.0 
2.0 
7.0 

10.0 
11.0 

Trypsin (4 hr 37°C) 
Trypsin 
Control-no trypsin 

5°C stored 
37°C J J  

64 
48 
48 
32 
24 

512 
512 
512 
256 

96 

256 
256 
256 
256 
192 

256 
256 

- 
25 
25 
50 
63 

0 
0 
0 

50 
8 1  

0 
0 
0 
0 

25 

> 94 

interferon. The chromatographed DNA-inter- 
feron was used. Table I1 shows that there 
was significant loss of activity on heating 
at  70°C or higher temperature. The activity 
was remarkably stable in the entire pH range 
tested and the substance was no longer active 
following treatment with 0.001 % solution of 
crystalline trypsin at  pH 7.0. 

Isoelectric point. Ionophoresis. Ionopho- 
retic experiments were previously carried out 
( 2 )  for RNA-interferon using cellulose ace- 
tate paper and the isoelectric point was esti- 
mated to be approximately pH 8.0. The 
precision of measurement was improved some- 
what by use of Sepraphore" type cellulose 
acetate paper which minimized endosmosis 
and adsorption of the interferon to the paper. 
Studies of purified proteins of known iso- 
electric point revealed anomalies and it was 
possible, therefore, to fix the isoelectric point 
of DNA-interferon only as near neutral, i.e., 
somewhere between pH 6.0 and 8.0. CM- 
sephadex e2ution profile. The elution profiles 

* Sepraphore, Gelman Instrument Co., Ann Arbor, 
Mich. 

for the DNA- and RNA-interferons and of 
the proteinst of known isoelectric point ( 7 -  
13) are shown in Fig. 2, and Table IV sum- 
marizes the calculations which were carried 
out. By the method employed, the pH of the 
peak activity fraction ranged from 0.4 to 
0.6 pH units below the known values ob- 
tained by other methods. The average dif- 
ference was 0.4 and this factor was added 
to the peak activity-pH values for DXA- 
and RNA-interferons. The calculated isoelec- 
tric points for DNA- and RNA-interferon 
were pH 7.0 and 6.9-7.1, respectively, and 
these are fully in accord with the data which 
indicate that interferon is neither highly basic 
nor highly acidic but more nearly neutral. 

Biologic specificity. Primary cell cultures 
of the variety shown in Table I11 were treated 
overnight with chromatographed DNA- or 
RNA-interferon, after which the interferon 
was removed and replaced with 1 ml of 

I E S T  INTERFERONS c o n i R o L  KNOWN P m T E i m  

pH OF EFFUKNT pHOF EFFLUENT 

6 7 6 9 L ) l l  

075 -  f 5  

200 ;  

OW 

0 20 40 €0 80 IM)I20140 
EFFLUENT VOLUME 1.1 I 

F I G .  2. pH elution profiles of DNA- and RNA- 
interferon of chick embryo origin compared with 
those of control purified proteins. 

~~ ~ 

t Hemoglobin, 2 X crystallized, Nutritional Bio- 
chemicals Co. ; Globin, purified, Nutritional Bio- 
chemicals Co. ; Ribonuclease, crystallized, chromato- 
graphically pure. Mann Research Labs. ; delta Chy- 
motrypsin, 3 X crystallized, Nutritional Biochemicals 
Co. ; Lysozyme, 3 X crystallized, Sigma Chemical Co. 
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TABLE 111. Comparison of Activities of DNA- 
Interferon and RXA-Interf eron” of Chick Embryo 
Origin Amayed in Various Host C d  Systems Using 

Vesicular Stomatitis Virus its Challemge. 

InteTf eron-titer 
Host cell 
species DNA-interf eron RNA-interferon” 

Chick embryo 1 : 1536 1 : 10124 
Mouse ” <1: 16 <1:16 
Grivek kidney <1: 16 <1: 16 
Bovine ’” <1: 16 <1:16 
Rabbit ” <1: 16 <1:16 

* Interferon present in allantoic fluid of embryo- 
nated hen’s eggs infected with influenza A (WS 
strain) virus, 

medium 199 containing 1% calf serum and 
100 TCDSO of a strain of vesicular stomatitis 
virus. This virus strain was obtained ori- 
ginally from Dr. Werner Henle and was 
passed one time, prior to use, in cells of the 
homologous cell systems shown in the Table. 
Strict host species specificity was shown. Ac- 
tivity of both DNA- and RNA-interferon 
against vesicular stomatitis virus was discern- 
ible only in homologous chick embryo cells. 

Discussion. These findings indicate that 
chick cell interferon induced by a DNA virus 
is a protein of low molecular weight (about 
3 6,000) which is trypsin sensitive, relatively 
heat stable (70°C) and is stable over a wide 
range of p H  (pH 1 to 11). The substance 
displays a high degree of host species speci- 
ficity when tested in a variety of cells in 
culture and exhibits an isoelectric point 
around neutral, based on the profile of elu- 
tion by pH gradient from CM-sephadex. The 
qualities are quite consistent with those re- 
ported earlier (2) for highly purified chick 

interferon induced by RNA-type influenza A 
virus. The described properties for chick 
DNA-interferon are not in disagreement with 
the findings recorded in a limited character- 
ization of a DNA-interferon induced in mouse 
cells by vaccinia virus( 14). 

Contemporary reports ( 15,16) , which state 
that the molecular weight of chick interferon 
is still controversial, fail to take cognizance 
of the decisive information published pre- 
viously. A summary of available data is 
given in Table V and is listed chronologically 
with time af appearance. 

The original molecular weight determina- 
tion (63,000) made by Burke(l7) was based 
on sedimentation in a centrifugal field em- 
ploying optical rather than the essential ac- 
tivity measurement of the sedimentation 
boundary. It has been estimated(2) that 
Burke’s interferon was largely impurity and 
that sedimentation of extraneous material 
was being observed. The purported support- 
ing data given by Porterfield(l8) was not 
considered contributory because of the strong 
adsorption of interferon to agar which ren- 
dered the data meaningless. By contrast, all 
measurements of molecular weight determined 
by assay of biologic activity are consistent 
with a molecular weight in the general area 
of 30,000. 

In our previous report(2), the isoelectric 
point of chick RNA-interferon was estimated 
to be around pH 8.0 based on studies of 
ionophoretic mobility on cellulose acetate 
paper. The reliability of such determination 
was improved by use of Sepraphore cellulose 

TABLE IV. Estimate of Isoelectric Point of DNA- and RNA-Virus Induced Chick Embryo 
Interferon Based on pH Elution Profiles Compared with Those of Enown Proteins. 

Measured Deviation of 
Established measured value Calculatedt 

CM- S ephadex 
pH Of fraction 
showing peak isoelectric point from &&fished 

Substance tested activity pH Lit refs isoelectric point isoelectrk point 

DNA-interf eron 6.6 7.0 

Hemoglobin 6.5 6.9 7 + .4 6.9 

Ribonuclease 7.4 7.8 9-11 + .4 7.8 

6.9-7.1 RNA-int er f er on * 6.5-6.7 

Globin 6.9 7.5 8 + .6 7.3 

A Chymotryps;in 7.7 8.1 12 + -4 8.1 
Lyslozyme 10.4 10.5-11.0 12,13 + -4 10.8 - 

Avg: + .4 

* Interferon B prepared as described previousiy(2). 
t $um of observed value plus average deviation of + 0.4. 
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acetate paper which minimized interferon ad- 
sorption and water flow. Careful study of 
a variety of proteins of known isoelectric 
point revealed, however, such degree of anom- 
aly as to prevent fixing the isoelectric points 
of DNA- and RNA-interferon more precisely 
than in the range of pH 6 to 8. The newly 
developed method for isoelectric point de- 
termination based on pH elution profile from 
CM-sephadex provides a more precise method 
for isoelectric point determination than 
achieved heretofore. The elution peaks ob- 
tained for each of the control proteins were, 
on the average, 0.4 pH units less than the 
known isoelectric point as determined by free 
electrophoresis. Hence, such correction fac- 
tor was applied to the values obtained fo'r 
the DNA- and RNA-interferons. Support for 
the validity of such correction is provided 
(23) in the correlation between the elution 
diagrams of various hemoglobins from carb- 
oxymethyl cellulose and the isoelectric point 
as determined by free electrophoresis. In the 
latter example, there was a constant correc- 
tion factor of approximately 0.4-0.6 pH unit. 
The principle for operation of the elution 
method is based on electrostatic repulsion of 
the negatively charged protein from the nega- 
tively charged column at  any pH which ap- 
proaches or exceeds the isoelectric point of 
the protein. One marked advantage in the 
elution method is the provision for compari- 
son of behavior of several proteins by a uni- 
form procedure under identical conditions of 
ionic strength and buffer composition. 

Recent findings by Davies(24) show that 
crude interferon prepared in bovine cells may 
be complexed with albumin which is an acidic 
protein. Such combination might explain the 
purported acidic quality of interferon re- 
ported by Burke( 1 7 )  based on studies of ad- 
sorption and elution of interferon from 
DEAE-cellulose. Complexing with albumin 
might also explain the anodic migration ob- 
tained by Phillips et a2( 15) on electropho- 
retic analysis. The rather strongly basic na- 
ture of interferon, as would be implied by 
Merigan's ( 16) data is inconsistent with pres- 
ent findings. Merigan makes no mention of 
measurement or control of water flow in his 
system which might have moved the inter- 

feron toward the cathode. The elution pat- 
tern of interferons from CM-sephadex estab- 
lished the isoelectric p i n t  as similar to that 
for hemoglobin (pH 6.9). Bod0 and Jung- 
wirth( 22)  recorded an isoelectric point of 
pH 6.0 to 6.6 by zonal density gradient elec- 
trophoresis in tris-maleate buffers. It has 
been demonstrated that the ionophoretic mom 
bilities of many proteins are strongly de- 
pendent on buffer composition and ionic 
strength. 

The present data indicate that DNA as 
well as RNA viruses stimulate production 
of interferons of similar chemical and bio- 
physical quality and are consistent with the 
concept that interferon is synthesized by the 
host cell employing the host, rather than the 
viral, genetic code. It is of some interest 
that recent reports( 25-28) indicate that the 
activity of interferon in inhibiting virus in 
cells depends not only on cell RNA synthe- 
sis but on protein synthesis as well. Sonna- 
bend(28) has noted depression of normal 
host cell RNA production by interferon and 
has postulated that interferon induces the 
synthesis in cells of an unstable enzyme 
which degrades newly synthesized host as 
well as viral RNA. This theory implies no 
direct action of interferon on the virus and 
provides a basis for explaining the virus- 
generic activity of interferon. 

Summary. Biochemical, biophysical and 
biological characterization was carried out 
previously for highly purified chick embryo 
interferon induced by an RNA virus, influ- 
enza A (RNA-interferon). The present re- 
port summarizes the findings in studies to 
characterize partially purified chick embryo 
interferon induced by a DNA virus, herpes 
simplex (DNA-interferon) . DNA-interferon 
was shown to be a protein of low molecular 
weight (about 36,000) which is trypsin sensi- 
tive, relatively heat stable (70'C) and is 
stable over a wide range of pH (pH 1 to 11). 
The findings by others are reviewed and ana- 
lyzed. Development of a new method for 
measuring isoelectric point based on pH elu- 
tion profile from CM-sephadex established 
the isoelectric point for DNA- and RNA-in- 
terferon at pH near neutral. Both DNA- 
and RNA-interferon were active against ves- 
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Vasopressin Effect on Urinary Concentration in Rats with Hereditary 
Hypothalamic Diabetels Iasipidus (Brattleboro Strain) .* (29871) 

AVERY R. HARRINGTON~ AND HEINZ VALTINS (Introduced by R. E. Gosselin) 
Department of Physiology, Dartmouth Medical School, Hanover, N .  H .  

Patients with hypothalamic or neurohypo- 
physial diabetes insipidus (D.I.) respond to 
administration of exogenous vasopressin with 
increased concentration of the urine; such a 
response, in fact, distinguishes these condi- 
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tions from nephrogenic diabetes insipidus. 
However, even with administration of vaso- 
pressin many patients with hypothalamic or 
neurohypophysial D.I. fail to achieve the 
urine osmolalities which normals attain( 1 ) .  
Rats with surgically induced D.I. do not con- 
centrate the urine normally when given exo- 
genous vasopressin in acute experiments( 2 ) .  
The same is true of rats with hereditary hypo- 
thalamic D.I., which probably can synthesize 
no vasopressin whatsoever (3,4). 

We have recently discovered that the sub- 


