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The influenza viruses are among the few animal viruses known to possess 
enzymatic activity. Since no agent which will inactivate the enzyme without 
destroying the infectivity of the virus has yet been found, it is considered that 
the enzyme is an essential part of the virus. However, the function of the 
enzyme has not been exactly defined although many possibilities have been 
suggested. 

The earliest suggestion concerning the role of the influenza enzyme was that pene- 
tration of susceptible cells by virus was brought about by enzymatic activity (1). 
However, there is evidence that virus particles which have had their enzyme inac- 
tivated by heat can penetrate into cells and there interfere with the multiplication 
of active virus (2) or participate in genetic interactions with active virus (3). Other 
suggestions have been that the enzyme aids in the approach of the virus to susceptible 
ceils by attacking the extracellular layer of mucin (4), or that it acts on an intraeeilu- 
lax substrate resulting in the release of newly formed virus particles from an infected 
cell (5). Schlesinger and Karr (6) have recently correlated the breakdown of intra- 
cellular substrate with periods of active viral.multiplication rather than with release 
of virus from the ceil, and they suggest that the enzyme is somehow involved in the 
synthesis of new virus material. 

Study of the function of the virus enzyme has been hampered by difficulties 
in devising an adequate experimental approach. Alteration of enzymatic 
activity by chemical or physical agents appears to be accompanied by changes 
in other viral activities. Although some influenza strains differ markedly in the 
characteristics of their enzymatic activity, they usually also differ widely in 
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other  respects tha t  cannot  clearly be a t t r ibu ted  to their  enzymat ic  differences. 
I t  appeared  possible to us tha t  var ian ts  selected for certain enzymatic  char- 
acterist ics from stable, s tandard,  l abora tory  strains could prof i tably be used in 
this  problem. 

BjSrkman and Horsfall (7) found that  Lee virus which had been exposed to ultra- 
violet irradiation or treated with lanthanum acetate had a decreased rate of elution 
from chicken erythrocytes but  appeared in all characteristics tested other than 
enzymatic activity to be indistinguishable from the parent virus. While recognizing 
that the agents employed could have induced mutation, they felt that  their results 
could be explained best on the basis of the selection of a naturally occurring mutant. 
This work suggested that  naturally occurring mutants possessing markedly different 
and potentially useful enzymatic characteristics might exist within the population 
of the Lee strain of influenza B and that  it' might be possible to isolate these mutants 
by means less likely to be damaging or mutagenic than exposure to ultraviolet light 
or treatment with lanthanum acetate. 

The  present  invest igat ion has revealed tha t  such mu ta n t s  can be isolated 
using methods  tha t  are re la t ively uncomplicated bu t  which marked ly  increase 
isolation efficiency over simple terminal  di lut ion isolation. I t  will be shown tha t  
the  characterist ics  of these var iants  are stable upon repeated  subculture,  t ha t  
they  remain very  similar to the  pa ren t  s t ra in  in their  antigenic makeup  and in 
several  o ther  characterist ics,  bu t  t ha t  t hey  differ marked ly  from the pa ren t  
virus  in their  enzymat ic  act ivi ty .  

Materials and Methods 

Influenza Viruses.--The Lee strain of influenza B virus and the PR8 strain of influenza A 
virus were used. The Lee virus, a standard laboratory strain, has undergone an undetermined 
number of egg passages in this and other laboratories and is referred to in this paper as stock 
Lee virus. 

Chicken gmbryos.--Embryonated eggs were incubated at 39°C. for 9 to 12 days before 
inoculation. After allantoic inoculation with 0.2 ml. of the desired dilution of virus the em- 
bryos were incubated for 48 hours at 35°C. then chilled at 4°C. overnight and the ailantoic 
fluids harvested. Infected allantoie fluids were stored at 4°C. or at -40°C. if not used within 
7 days. 

Sallne.--A 0.15 z~ NaC1 solution buffered at pH 7.2 with 0.01 ~ phosphate was used as 
routine as a diluent. Virus dilutions for egg inoculation were made in sterile saline containing 
10 per cent by volume of sterile broth. When the inoculum contained erythrocytes, 500 units of 
penicillin and 2 rag. of streptomycin per ml. were added. 

Erythrocytes.--Blood from various animals was stored in acid-citrate-dextrose solution (8). 
The erythrocytes were washed 3 times with saline and made up by volume to a concentration 
of 1 per cent. 

Hemagglutination Titratlons.--Serlal twofold dilutions of allantoic fluid were made in 
saline. To 0.4 ml. of each dilution was added an equal volume of a 1 per cent suspension of 
chicken erythrocytes. The tubes were shaken and the erythrocytes allowed to settle for 1 hour 
at room temperature. Readings were based on the pattern of sedimented erythrocytes. The 
hemagglutination (I-IA) titer of the virus was expressed as the reciprocai of the highest dilution 
showing strong (2+) agglutination. 
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Virus lnfecffvily Titrations.--Infectlvity titrations in chicken embryos were carded out by 
inoculating 0.2 mi. of falling tenfold dilutions of virus into a group of 5 embryos for each 
dilution. After 48 hours of incubation, the aliantoie fluids were harvested individually and 
tested for virus by the hemagglutination technique. The EID6, was calculated by the method 
of Reed and Muench (9). 

Infectivity titrations in mice were carried out by the intranasal inoculation of 0.05 mi. of 
falling tenfold dilutions of virus into groups of 8 mice per dilution while the mice were under 
light ether anesthesia. The mice were observed for a period of 10 days at which time all sur- 
viving mice were sacrificed and their lungs examined for the presence of pulmonary consolida- 
tion. The degree of consolidation was scored from 0 to 4 +  and the 50 per cent maximum score 
end-point (10) was calculated. 

Immune Sera.--Adult albino rabbits were given an intravenous injection of 10 ml. of un- 
diluted infected allantoic fluid pools. The pools were obtained by passing the desired virus in 
chicken embryos and pooling the infected allantoic fluids at the end-point of infectivity. The 
rabbits were bled 2 weeks later and given an intraperitoneal injection of 10 ml. of the same 
virus pool diluted 1:2. The rabbits were exsanguinated 2 weeks after the 2rid injection. The 
sere were stored at -40°C.  and inactivated at 56°C. for 30 minutes before use. 

Antibody Titrations.--Hemagglutination-in~bition titrations were done in the following 
manner. Serial twofold dilutions of the inactivated serum were made in saline. To 0.2 mi. of 
each dilution was added an equal volume of infected allantoic fluid containing 8 hemagginti- 
hating doses (AD) of virus and 0.4 mi. of a 1 per cent suspension of chicken erythrocytes. The 
erythrocytes were allowed to settle at room temperature for 1 hour. The hemaggiutination- 
inhibition titer of the serum was expressed as the reciprocal of the highest dilution of anti- 
serum which completely inhibited agglutination of the erythrocytes. 

O~omucin.--Ovomucin was prepared from egg white according to the method of Gotts- 
chalk and Lind (11). Following dialysis against 1 per cent NaCI, the suspension was adjusted 
to pH 7.2 and stored at 4°C. 

Indicator Viruses.--Indicator viruses were prepared by heating the appropriate infected 
allantoic fluids at 56°C. for 30 minutes. 

Determination of Fgution Rat~.--The procedure employed to determine eintion rate was a 
modification of the stepwise elutinn technique of Bjarlmaan and HorsfaU (7). One mi. of in- 
fected allantoic fluid having an HA titer of 512 or higher was added to the packed erythrecytes 
from 5 mi. of a 1 per cent suspension of chicken erytbrocytes. The mixture was held at 4"C. for 
30 minutes with occasional agitation to facilitate maximal adsorption of virus to the erythro- 
cytes. The erythrocytes were then sedimented by centrifugation in the cold. The supernate 
was removed and its HA titer subsequently determined. The presence of virus in this superuate 
was taken as an indication that the erythrocytes were saturated with virus. The sedimented 
erythrocytes were washed twice with 10 mi. cold saline, suspended in 1 ml. warm (37°C.) 
saline, and placed in a water bath at 37°C. Periodically they were removed and centrifuged 
at 2500 ~t.P.M. for approximately 1 minute. The supernate (eluate) was removed and saved. 
The erythrocytes were resuspended in a new i mi. volume of warm saline and returned to the 
water bath. The HA titer of each einate was determined. When the HA titers of the eluates are 
plotted against time, an elution curve is obtained. 

EXPERIMENTAL 

Isolation of Slowly Reacting Enzymatic Variants 

I n  order  to  isolate  the  des i red va r i an t s ,  p r e sumed  to be  p resen t  in low con- 

cen t r a t i on  a m o n g  the  s tock Lee  v i rus  part icles ,  some m e t h o d  had  to  be  em-  

p loyed  which  wou ld  concen t r a t e  t he  s lowly reac t ing  f rac t ion  of  the  popu la t i on  

w i t h o u t  ser iously d a m a g i n g  the  v i rus  part icles .  P rocedures  were  des igned to 
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accomplish this  concentrat ion by  permi t t ing  the rap id ly  react ing part icles to 
elute from erythrocytes .  After  a period of elution the rap id ly  react ing part icles 
would be present  in the eluate and could be discarded. The  slower react ing 
part icles  still  a t t ached  to the erythrocytes  could then be passed in chicken 
embryos.  The  resulting infected al lantoic fluid would be expected to contain a 
higher concentrat ion of slowly reacting part icles provided tha t  stable, slowly 
react ing genetic var ian ts  were present  in the init ial  populat ion and were not  
a t  a serious d isadvantage  when mul t ip ly ing together  with non-var iant  virus 
part icles in eggs. 

The  following procedures were designed to isolate a slowly reacting var ian t  of 

s tock Lee virus. 

Procedure/.--Infected allantoic fluid was added to packed chicken erythrocytes in suffident 
quantity to saturate the cell surfaces with virus at 4°C. The cells were washed and resuspended 
in fresh diluent and held at 37°C. to allow elution of virus. Since all receptor sites were pre- 
sumably saturated initially, virus particles capable of rapid elution could not be readsorbed 
and could be eliminated in the supematant fluid. Virus detaching from the cells within 240 
minutes was discarded. The erythrocytes with attached, uneluated virus were suspended in a 
small volume of diluent and inoculated into a group of chicken embryos. After incubation for 
48 hours at 37°C. the allantoic fluids were harvested individually and their hemagglutiuation 
titer determined. One infected allantoic fluid having an HA fiter of 512 or higher was used for 
the next passage which was a repetition of the first. Mter four such serial passages, the rate of 
elution of each infected 4th passage allantoic fluid was determined. 

The  elution curves of the  4th  passage al lantoic fluids d id  not  differ signifi- 
cant ly  from tha t  of s tock Lee virus. I t  appeared,  therefore, t ha t  a slowly 
react ing var ian t  could not  be isolated in a few passages by  so simple a method  
as this. Another  series of passages of Lee virus  was ini t ia ted employing a pro-  
cedure tha t  combined the concentrat ion technique used previously with l imit ing 

di lut ion passage of the erythrocytes  with a t t ached  virus. 

Procedure H.--Erythrocytes were saturated with virus and the virus was allowed to elute 
as in Procedure I with the difference that at the completion of the elution period the erythro- 
cytes were serially diluted in fivefold steps. Each dilution was inoculated into a group of 
10 to 25 embryos. After 48 hours of incubation the allantoic fluids were harvested individually. 
The infected fluids from the group injected with the highest infective dilution of inoculum 
were stored at --40°C. for later testing. The fluids from the group injected with the 10 -~ 
dilution of inoculum were pooled and an aliquot of this pool was used for the next passage. 
Four serial passages were made in this way, the concentration procedure being carried out 
between each passage. 

I n  the 4th  passage of this series the highest  infective dilut ion of inoculum 
resulted in 11 infected al lantoic fluids. The  virus  in each of these fluids was 
tested for i ts enzymat ic  ac t iv i ty  and one of these vi rus  populat ions  appeared  
to have a reduced ra te  of elution from chicken erythrocytes .  This  virus  was 
passed once in chicken embryos  a t  l imit ing dilution. The  infected al lantoic 
fluids a t  the end-point  were pooled. The  virus  in this  pool and  in all infected 
al lantoic fluids derived from it  is referred to as Var iant  1. 



BILLIE L. PADGETT AND DUARD L. WALKER 57 

A new series of passages was s ta r ted  with stock Lee al lantoic fluid in an 
a t t e m p t  to repeat  the  isolation of a slowly react ing var iant .  The  procedure 
employed was a simplified version of the  preceding one. 

Procedure Ill.--Erythrocytes were saturated with virus at 4°C. and, after washing with 
cold saline, were suspended in saline and held at 37°C. In this procedure 500 units of penicillin 
and 2 nag. of streptomycin per ml. were added and the erythrocytes were incubated in the 
water bath for 20 hours. Following this period of elution the erythrocytes were sedimented by 
centrifugation at 4°C., washed 6 times with 15 ml. of cold saline, and serially diluted in fivefold 
steps. Each dilution was inoculated into a group of 5 to 8 embryos. When harvested, after 48 
hours' incubation, the infected allantoic fluids at the end-point were pooled. A portion of the 
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Fro. 1. Typical elution curves of stock Lee, Variant 1, and Variant 2 viruses from chicken 
erythrocytes. The hemagglutination titers of successive eluates are plotted against the time 
at which the eluate was removed. 

pool was used for the next passage which was a repetition of the first. The remainder of the 
pool was stored at -40°C. for later testing. Four such serial passages were made. 

Af ter  complet ion of the four passages the elution ra te  of the  3rd and 4th 
passage pools was determined.  The  elution rate  of the 3rd passage pool was not  
significantly different from tha t  of s tock Lee virus. However  the elution ra te  
of the  4th  passage pool was qui te  different. The  virus  in this  pool and  in all 
infected al lantoic fluids derived from it  is referred to as Var iant  2. 

Comparison of Elution Rates of Stock Lee and Variant Viruses from Chicken 
Erythrocytes.--Typical elution curves of stock Lee, Var iant  1, and  Var ian t  2 
al lantoic fluids are shown in Fig. 1. I t  can be seen tha t  s tock Lee virus  ex- 
hibi ted a rap id  dissociation from the ery throcytes  during the first 40 minutes.  
After  the peak  of elution was reached there was a progressive decrease in the 
amount  of virus which eluted during each succeeding t ime interval .  No virus  
detectable  by  hemagglut inat ion eluted af ter  160 minutes.  The  elution curves of 
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the two var iant  strains were quite different from tha t  of stock Lee. The  10 
minute  eluate contained l i t t le  or no virus and there was no sharp peak  of 
elution. After  the first 10 to 40 minutes  virus appeared  in the s u p e m a t a n t  fluid 
at  a low and fairly constant  level and the rate  of elution was changed very  l i t t le  
a t  the end of the 4 hour observat ion period. F rom these results i t  is evident  
tha t  the last  two procedures outl ined above were successful in isolating slowly 
eluting var iants  from the populat ion of stock Lee virus. 

Action of Stock Lee and Variant Viruses on Ovomucin.--The elution of a 
virus  from erythrocytes  is considered to be the result  of the enzymat ic  degrada-  
t ion of virus  receptors present  on the surface of the erythrocyte .  The  stepwise 
elution technique, however, does not  permit  measurement  of the  subs t ra te  
bu t  only of virus which has separated from the e ry throcyte  for one reason or 
another.  I t  was decided, therefore, to invest igate the act ion of the  var ian t  vir-  
uses on one of the soluble mucoproteins which are also substrates  for the virus  

TABLE I 
Comparison of the Destructive Activity of Stock Lee and Variant Viruses on the 

Inhibitory Titor of Ovomucin 

Virus 

Stock Lee 
Variant 1 
Variant 2 

Incubation 

1 hr. at 25°C. 
1 " " 25°C. 
1 " " 25°C. 

HI titer of ovomucin 

Initial Residual 

20,480 1,280 
20,480 10,240 
20,480 10,240 

enzyme. This  would allow measurement  of the subs t ra te  and relate  differences 
in viral  ac t iv i ty  more specifically to differences in subs t ra te  degradat ion.  
Ovomucin was chosen for this purpose as it  is obta ined from the same species of 
animal  as tha t  supplying the erythrocytes  used in the  isolation procedures. 

Serial twofold dilutions of ovomucin were made in buffered saline. To 0.2 ml. of each 
dilution was added an equal volume of active virus containing 4 hemagglutinating doses (AD) 
of virus, After an incubation period of 1 hour at room temperature the tubes were heated at 
65°C. for 30 minutes. Then they were cooled to room temperature and 5 AD of indicator stock 
Lee in a volume of 0.2 ml. was added to each tube. After 30 minutes 0.4 ml. of a 1 per cent 
suspension of chicken erythrocytes were added to each tube. One hour later the pattern of 
erythrocyte sedimentation was recorded. The hemaggintination-inhibition (HI) titer of the 
residual ovomucin was expressed as the reciprocal of the highest dilution of ovomucin that 
inhibited 2 + hemagglutination. 

The  results of a typical  experiment  using stock Lee, Var iant  1, and  Var iant  
2 viruses are shown in Table  I .  I t  can be seen tha t  stock Lee reduces the  H I  
t i ter  of ovomucin 16-fold in 1 hour at  room tempera ture  while the two var iants  
reduce the  t i ter  only twofold in the same period of t ime. I t  appears  therefore 
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that the variant viruses have a decreased capacity to degrade ovomucin as 
well as a slower rate of elution from chicken erythrocytes. 

Additional information regarding the rate of ovomucin alteration by Variant 
1 and stock Lee viruses and the effect of temperature on the reaction rate were 
obtained with the following experiment. 

Ovomuein in a volume of 1.5 ml. was mixed with 128 AD of the desired virus (0.4 ml.) 
or with 0.4 ml. of saline. Duplicate mixtures were held at 25°C. and at 37°C. After various 
time intervals aliquots were removed and heated at 65°C. for 30 minutes. Residual ovomucin 
was measured using 4 AD of indicator stock Lee virus. 

I t  is apparent from the results shown in Table I I  that stock Lee degraded 
ovomucin very rapidly. After 2 hours' incubation at either temperature the 

TABLE II 
Effect of Temperature on the Reduction in Ovomucin Inhibitory Titer by Stock Lee 

and Variant 1 Viruses 

Temperature of 
incubation 

°C. 

24-25 

37 

Virus 

Stock Lee 
Variant 1 
None 

Stock Lee 
Variant 1 
None 

Residual ovomuein HI  tlter after indicated 
time (hrs.) of incubation 

~j 2 

16,384 <8 
16,384 128 
16,384 

8,192 <8 
16,384 16,384 
16,384 

4 

<8 
32 

16,384 

<8 
8,192 

16,384 

H I  titer of ovomucin was reduced below the level of measurement. While 
Variant 1 was much less active it is interesting to note that it had greater ac- 
tivity at 25°C. than at 37°C. After 4 hours' incubation at 37°C. the variant 
had reduced the HI  titer of ovomucin only twofold whereas at 25°C. the titer 
was reduced over 500-fold. The variant virus therefore appears to be capable of 
degrading ovomucin, but its rate of action is much slower than that of stock 
Lee and the variant is more active at 25°C. than at 37°C. In confirmation of 
this it has been found that Variant 1 virus elutes from erythrocytes more readily 
at 25°C. than at 37°C. More detailed studies of the influence of temperature 
upon this reaction are in progress. 

Rate of Enzymatic Activity on Ovomucin as Measured with Various Indicator 
V iruses . - - In  all previous experiments with ovomucin the indicator was heated 
stock Lee virus. Since it appeared possible that the variant virus could alter 
the substrate in a manner not detected by stock Lee indicator virus, it was of 
interest to see if additional enzymatic activity by the variant could be demon- 
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strated using the homologous virus as indicator. PR8 virus was included as a 
representative strain of type A influenza virus. 

To 2.5 ml. aliquots of ovomucin were added 128 AD of stock Lee, Variant 1, or PR8 viruses 
in 0.4 ml. saline. A control consisting of 2.5 ml. ovomucin and 0.4 ml. saline was included. 
The mixture~ were held at 37°C. and aliquota were removed at various time interval.* and 
treated as in the previous experiment. The residual ovomucin in each aliquot was measured 
with indicator stock Lee, Variant 1, and PR8 viruses. 

From the results shown in Table I I I  it is evident tha t  stock Lee virus was 
active in degrading inhibitor for indicator stock Lee and Variant 1 viruses 

TABLE II I  
Comparison of Three Indicator Viruses in the Measurement of Residual Ovomudn 

after Invubation agtk Active Stock Lee, Variant 1, or PR8 Virus a$ 37°C. 

Active virus 

Stock Lee 

Variant 1 

PR8 

None 

Indicator virus 

Stock Lee 
Variant 1 
PR8 

Stock Lee 
Variant 1 
PR8 

Stock Lee 
Variant 1 
PR8 

Stock Lee 
Variant 1 
PR8 

Residual ovomucin HI titer after indicated time Oars.) 
of incubation 

1,024 
2,048 

16,384 

8,192 
4,096 

16,384 

2,048 
2,048 

16,384 

4,096 
2,048 

16,384 

64 
128 

4,096 

8,192 
2,048 
4,096 

1,024 
2,048 
4,096 

32 
8 

2,048 

4,096 
2,048 
4,096 

2,048 
128 

8,192 

12 

<8 
<8 

2,048 

2,048 
1,024 
8,192 

256 
32 

512 

4,096 
2,048 
8,192 

but  less active against the inhibitor of indicator PR8 virus. Variant 1 virus had 
little activity on ovomucin regardless of the indicator virus used to measure 
residual ovomucin and homologous indicator virus was not more sensitive than 
stock Lee indicator virus in detecting inhibitor alteration. PR8 virus, although 
slower acting than stock Lee virus, was active against inhibitor of all three in- 
dicator viruses. I t  is notable tha t  after PR8 action indicator Variant 1 was less 
inhibited by  residual ovomucin than indicator stock Lee virus, suggesting that  
in the indicator state these viruses ma y  differ somewhat in their affinity for 
certain combining sites. 

Stability of Enzymatic Characteristics of the Variant Strains on Serial Passage. 
- - T h e  stability of the enzymatic characteristics of the variant strains was in- 
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vestigated by serial passage of the viruses in chicken embryos at low dilution. 
Two series of passages were begun with Variant 1 virus: one at end-point dilu- 
tion and the other at a dilution of 10 -4. Four passages were made in each series. 
The 4th 10 -4 passage allantoic fluid was then used to start a series of four pas- 
sages at a dilution of 10 ~x. No change in the rate of elution of the virus from 
chicken erythrocytes was noted at the completion of these passages. Variant 2 
virus also received four serial passages at end-point dilution and at a dilution 
of 10 -4. Again no change occurred in the rate of elution of the virus during these 
passages. 

The Concentration of Enzymatic Variants in tke Stock Lee Virus Population.-- 
Isaacs and Edney (12) were able to isolate an enzymatic variant of the MEL 
strain of Type A influenza virus by simple limiting dilution selection in chicken 
embryos. They found that the variant was present in the stock MEL popula- 
tion in a concentration of roughly 50 per cent. In the present case, isolation of 
the variants of Lee virus was accomplished only when a concentration tech- 
nique was combined with passage of the concentrated material at high dilution 
and, therefore, it was felt that the variant was present in stock Lee prepara- 
tions in low concentration. An estimation of the concentration of the variant 
in the stock Lee population could be obtained by analysis of data furnished 
by attempts to isolate the variant using the limiting dilution technique. 

As a preliminary step the EID60 of stock Lee virus was determined. A dilu- 
tion of the virus beyond the calculated EIDs0 was inoculated into a large group 
of embryos and the infected allantoic fluids harvested individually after 48 
hours' incubation. The enzymatic activity of each virus clone was determined. 
Five such experiments were performed resulting in 76 end-point isolations at a 
level below 50 per cent infection. In no instance was a slowly reacting variant 
isolated. Analysis of these results using the inverse solutions of the incomplete 
beta function ratio at a probability of 0.9 indicated that the chances were 9 in 
10 that the true percentage of slowly reacting variants in the stock Lee virus 
population did not exceed 2.95 per cent. Although the actual incidence of slowly 
reacting variants in the stock virus population may have been much below 
this figure, this could not be determined experimentally without many addi- 
tional end-point dilution selections. 

Comparison of Other Ckaracteristics of Variant and Stock Viruses 

A. Serologic Relationskip of the Variant Viruses to Stock Lee Virus.--Cross 
hemagglutination-inhibition titrations were carried out with stock Lee, Variant 
1, and Variant 2 allantoic fluids. Anti-stock Lee, anti-Variant 1, and anti-  
Variant 2 immune sera were used. There were no significant differences be- 
tween the HI  titers obtained with stock Lee and the variants isolated from it. 
The results indicated that the two variants had the same immunological 
specificity as the strain from which they were isolated. 
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B. Infectivity for Chicken Embryos and M/ce.--Infectivity titrations in 
chicken embryos and in mice were carried out using Variant 1 and stock Lee 
virus preparations of comparable hemagglutination titer. I t  was found that 
there was no significant difference between the final infectivity end-points ob- 
tained with Variant 1 and stock Lee viruses in mice or in chicken embryos in- 
cubated at 35°C. 

C. Hemagglutination of Erythrocytes of Various Species.--The capacity of 
Variant 1 and stock Lee viruses to agglutinate the erythrocytes of various 
species was determined in parallel. Hemagglutination titrations were performed 
using 1 per cent suspensions of chicken, guinea pig, human group O, sheep, and 
mouse erythrocytes. The latter two titrations were carried out at 4°C.; the 
others at room temperature. From the results shown in Table IV it is apparent 
that Variant 1 and stock Lee virus suspensions which were similar in their ca- 

TABLE IV 
He~magglutination Titers of Stock Lee and Variant I Viruses with Erythrocytes of 

Various S ~ede.s 

Erythrocytes 

Chicken . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Guinea pig . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Human group 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sheep (at 4°C.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mouse (at 4°C.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Stock Lee 

2048 
512 

2048 
256 

8 

Variant 1 

1024 
512 

1024 
256 
16 

pacity to agglutinate chicken erythrocytes were also similar in their capacity 
to agglutinate erythrocytes of other species. 

D. Thermal Inactivation of the M~olytic Enzyme.--Afiquots of undiluted 
stock Lee and Variant 1 aUantoic fluids were heated at various temperatures 
for 30 minutes. Residual enzymatic activity was determined in the following 
manner : -  

Heated aUantolc fluid was added to packed chicken erythrocytes in sufficient quantity to 
saturate the cell surfaces with virus at 4°C. The erythrocytes were washed, resuspended in 1 
ml. of fresh saline, and held at 37°C. for 3 hours to allow elution of virus. After this time 
the erythrocytes were centrifuged and the supernate removed. The HA titer of the superuate 
was determined. The virus enzyme was considered to have been inactivated ff the 3 hour eluate 
had an HA titer of less than 4. 

I t  was found that the enzyme of stock Lee virus was inactivated by heating 
for 30 minutes at a temperature between 53°C. and 54°C. In contrast, the 
enzyme of Variant 1 virus was inactivated in 30 minutes by heating at a tem- 
perature between 46°C. and 48°C. indicating that it was markedly more suscep- 
tible to thermal inactivation than was the enzyme of stock Lee virus. 
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E. Thermal Inactivation of the Hemagglutinin.--As it was found that  the 
enzymatic activities of Variant 1 and stock Lee viruses were inactivated at  
different temperatures it was of interest to determine the temperatures at  
which the capacity of these viruses to combine with receptor sites and cause 
agglutination of erythrocytes was destroyed. 

Aliquots of partially purified suspensions of Variant I and stock Lee viruses in 0.I ~¢ 
sodium phosphate (pH 7.5) were distributed in 0.5 ml. volumes in small, rubber stoppered 
tubes and heated at  various temperatures for 30 minutes. Duplicate hemagglutination titra- 
tions were then ca~ied out and the hemagghitinin was considered to have been inactivated 
when the hemagglutination titer was reduced to less than 8. 

No significant difference was found in the thermal stability of the hemag- 
glutinin of these viruses since the temperature at  which the hemagglutinin was 
destroyed by 30 minutes exposure was found to be 64.5°C. for both Variant 1 
and stock Lee viruses. 

The Effect of Calcium Ion on the Elution of Variant l from Chicken Erythrocytes 

Briody (13) and Edney (14) have each reported enhancement of the enzy- 
matic activity of influenza viruses by calcium ion under certain conditions. On 
the possibility that the strikingly reduced enzymatic activity of these slowly 
reacting variants might be altered by additional calcium ion, experiments were 
designed to follow the elution of virus from chicken erythrocytes under condi- 
tions of controlled calcium ion concentration. 

Chicken erythrocytes were saturated with Variant 1 and stock Lee viruses at 4°C. These 
erythrocytes were then washed and aliquots were resuspended in the following solutions ad- 
justed to pH 6.9: (a) borate buffered saline with 0.009 x~ (0.1 per cent) calcium chloride, (b) 
borate buffered saline brought to an ionic strength equivalent to solution described under (a) 
with sodium chloride, (c) borate buffered saline with 0.009 ~¢ calcium chloride plus the sodium 
salt of ethylenediaminetetraacetic acid (EDTA) in a concentration of 0.018 ~. These sus- 
pensions were placed at 37°C. to allow elution of the virus from the erythrocytes. 

The results of such an experiment are shown in Fig. 2. I t  is evident that the 
elution rate of stock Lee virus was not affected by additional calcium ions. The 
elution curve obtained in the presence of added calcium is superimposable at 
all points on that  obtained in saline alone. The addition of EDTA resulted in 
a moderate increase in elution of virus during each interval. In contrast, the 
elution rate of Variant 1 virus was greatly accelerated by the presence of addi- 
tional calcium ions and depressed by removal of free calcium ion by EDTA. 
The elution curve obtained in 0.009 M calcium chloride is almost indistinguish- 
able from that of stock Lee virus in saline, 

I t  appears that calcium ions accelerate the rate of enzymatic activity of 
Variant 1 virus. This effect is not attributable to changes in ionic strength and 
it can be overcome by the addition of the calcium chelating compound EDTA. 
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Sodium ions cannot substitute for calcium ions in this respect. Investigations 
are underway to determine the minimum concentration of calcium required 
for maximum activity of Variant 1 virus and to determine whether other 
divalent cations can substitute for calcium. 

ILl 

L STOCK LEE VARIANT I 

~) 5121T'--~ •-SALINE - •-SALINE ÷÷ 
2561& "~ O-SALINE+CA'.~. + O-SALINE+CA++ 
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FIG. 2. The effect of calcium ion concentration on the rate of elution of stock Lee and 
Variant 1 viruses from chicken erythrocytes. The hemagg]utmation titem of successive eluates 
are plotted against the time at which the e]uate was removed. Each point represents the 
8eometrJcal mean of duplicate experiments. The suspending fluids were borate buffered saJine 
-I- 0.009 ]~ CaCh (open symbols), borate buffered saline brought to equJvaJent ionic strength 
with NaC] (solid symbols), and borate buffered saline ~- 0.009 M CaC]2 -h 0.018 ~r EDTA 
(dotted symbols). 

DISCUSSION 

It is apparent from the results obtained in this study that enzymatic vari- 
ants can be isolated from the population of Lee virus particles. That such vari- 
ants can be isolated by means of relatively simple procedures which do not in- 
volve the use of mutagenic agents supports the assumption that the variants 
are naturally present in the Lee population and that the methods used have 
simply selected from the population certain preexisting variant virus particles. 
This selection can be repeated with ease. The procedures employed were so 
designed that, even though present in low concentration, variants with certain 
desired characteristics were isolated; namely, those having decreased enzymatic 
activity on the mucoprotein of chicken erythrocytes. Advantage was taken of 
the property by which the desired variants differed from the other virus par- 
ticles to effect their concentration and eventual isolation. Now that more is 
known concerning the enzymatic characteristics of the variant more efficient 
methods, utilizing control of calcium ion concentration and temperature, could 
be devised to effect its concentration. A concentration procedure was neces- 
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sary since the variant was present in the initial population in such a low con- 
centration as not to be readily isolated by the terminal dilution method. The 
same general approach could be applied to the isolation of other variants. 

The variant differs strikingly from stock Lee virus in certain characteristics 
of its enzymatic activity. The variant has a much slower rate of enzymatic 
activity than has stock Lee virus as evidenced by the marked differences in 
their patterns of elution from chicken erythrocytes and the decreased per- 
centage of variant virus which dissociates from the erythrocytes within 4 hours. 
Approximately 70 per cent of the stock Lee virus particles adsorbed to chicken 
erythrocytes elute within 4 hours at 370C. whereas only about 20 per cent of 
the variant elutes during the same time interval. That the altered elution 
characteristics of the variant are in fact due to a slower rate of enzymatic ac- 
tivity is indicated by the decreased action of the variant on the soluble substrate 
o v o m u c i n .  

Stock Lee virus is most active enzymatically at a temperature of 37°C. or 
slightly higher while in contrast the variant is much more active at 25°C. than 
at 37°C. It is generally considered that enzymes become more active as the 
temperature is increased until an optimum temperature is reached beyond 
which activity decreases owing to heat denaturation of the enzyme. It would 
appear that the variant enzyme has a lower optimum temperature than that 
of stock Lee and it is noteworthy that the variant enzyme was inactivated at a 
lower temperature than that of stock Lee. More detailed studies of the thermal 
stability of these enzymes and of the effect of reaction temperature on their 
activity are in progress and preliminary evidence suggests that the decreased 
activity of the variant at 37°C. is not due solely to heat denaturation of the 
enzyme. 

While it has been suggested (13, 14) that calcium increases the rate of enzy- 
matic activity of influenza viruses, such an influence has been hard to demon- 
strate experimentally with Lee virus and when demonstrated has been of small 
magnitude. Often no positive effect of calcium could be demonstrated but its 
influence was inferred from the decreased activity of the virus in the presence 
of calcium deionizing agents. However Porterfield (13), using virus suspensions 
and reagents which had been decalcified by an ion exchange resin, found no 
change in the associative or enzymatic characteristics of the viruses. She at- 
tributed the decrease in virus activity observed following the addition of cal- 
cium deionizing agents to changes in the ionic strength of the system. The 
enzymatic activity of the variant isolated in this study however exhibits marked 
changes with alteration of calcium ion concentration. When 0.1 per cent CaCl~ 
is added to the system the rate of elution of the variant from chicken erythro- 
cytes is increased to such an extent that it can no longer be distinguished from 
stock Lee virus. The activity of stock Lee virus is unaffected by this concentra- 
tion of calcium. It is noteworthy that elution experiments are carried out as 
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routine in the presence of 0.85 per cent NaC1 suggesting that the enzyme of 
the variant virus may have a specific requirement for calcium or divalent 
cations. 

It is apparent from the effect of temperature upon the reaction rates, from 
the differences in thermal stability of the enzymes, and from differences in 
their sensitivity to calcium ion concentration that there are qualitative differ- 
ences in the mucolytic enzymes of stock Lee and variant viruses. Whether there 
are also quantitative differences in the number of enzyme molecules present 
on the virus particles cannot be stated at this time. Burner and Edney (16) 
have suggested that influenza viruses carry calcium ions firmly integrated into 
their enzyme groupings and Briody (13) has reported that in the presence of 
calcium ions the temperature at which the influenza enzyme is inactivated by 
heat is increased. Whether a deficiency in calcium is the basis for the qualita- 
tive differences observed in the enzymatic characteristics of variant and stock 
Lee viruses, particularly with respect to the influence of temperature, remains 
to be determined. 

It is notable that in the characteristics of immunological specificity, in- 
fectivity and pathogenicity for mice, infectivity in chicken embryos, hemag- 
glutination of erythrocytes of various species, and heat stability of the hemag- 
glutinin the variant and parent viruses were indistinguishable. These represent 
all characteristics studied other than those related to the virus enzyme. Al- 
though the combining reaction of enzyme and substrate has not been studied 
specifically, no differences have been observed in the rate or extent to which 
variant and stock Lee virus combine with substrate. This clear separation of 
enzymatic characteristics from other viral properties lends support to the 
possibility that such variants might be useful in the study of the role of the 
viral enzyme in the life cycle of the virus. 

Since the preparation of this report a paper by Smith and Cohen (17) has 
appeared describing an attempt to obtain stable, homogeneously eluting frac- 
tions of influenza A and A prime viruses. The methods employed to fractionate 
allantoic fluid into rapidly and slowly eluting components were somewhat simi- 
lar to the ones used in the present study. Smith and Cohen however were un- 
able to obtain fractions with different enzymatic activities which were stable 
on passage. 

SUMMARY 

Slowly reacting enzymatic variants of the Lee strain of influenza B virus 
were isolated by the serial application of a technique which concentrated the 
fraction of the virus population obtained by slow elution followed by passage 
of this fraction at high dilution in chicken embryos. The variants were stable 
upon serial passage in chicken embryos and did not differ significantly from 
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the parent virus in any of the characteristics tested other than those relating 
to the virus enzyme. 

Enzymatically, the variants had a much slower rate of activity on chicken 
mucoproteins than the parent virus. Their activity was greater at 25°C. than 
at 37°C. and was much enhanced by calcium ions and depressed by a calcium 
chelating agent. The enzyme of the variant virus was more labile to heat than 
that of the parent virus although their hemagglutinins were equally stable. I t  
was estimated that the variants comprised less than 3 per cent of the original 
population of the Lee strain of influenza B virus particles. 
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