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Eighteen C14- labeled metabolites were compared quantitatively 

for C14 contribution to Lee virus. Virus was isolated at the end of 

a 44 -48 hour period from cultures in which a labeled compound was 

present throughout the incubation period at a concentration of 8 

mMolar. The least significant difference between mean incorporation 

values from duplicate experiments was -1.97 micromoles per 106 HA 

units of purified virus. Differences were significant between some 

of the compounds. For nine uniformly labeled amino acids mean in- 

corporation values ranged from 8.31 for L- leucine to 1.35 micromoles 

per 106 HA units for L- tyrosine. The mean value for leucine was sig- 

nificantly higher than for any other amino acid. The mean value 

for glutamic acid was the second highest. L- glutamine, L- lysine, L- 

alanine and L- arginine comprised a group with intermediate values 

which did not differ significantly from one another. However, 

values for the latter three were all lower than glutamic acid. 
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L- histidine, L- phenylalanine and L- tyrosine made up a group which 

had the lowest mean values. Incorporation values for these compounds 

was not significantly different from one another but all were lower than 

glutamine. Four sugars were tested in the same way. L- fucose -l- 

C14 did not furnish C14 to virus in amounts sufficient for calculat- 

ing incorporation values. The values for the others were: D- glucose- 

UL-C14, 5.83; D-galactose-1-C14, 5.78; D-mannose-1-C14, 5.58 micro- 

moles per 106 HA units. C14 from thymine -2 -C14 was not found in the 

virus. C14 measurements from uracil -2 -C14 and cholineC14H3 exper- 

iments were too small for calculating incorporation values. Mean 

values from experiments with D- ribose- UL -C14 and glycerol- UL -C14 were 

0.46 and 2.22 micromoles per 104 HA units, respectively. 

Tissues from cultures used to measure C14 labeling of virus 

were also analyzed for their C14 content. The amino acid values 

ranged from 27.4 to 5.8 micromoles per 100 mg dry tissue. Then 

arranged in decreasing order, the sequence was similar to that 

found for the purified virus. L- leucine provided the highest value; 

L- tyrosine the lowest. Four sugars gave the following mean values: 

D- glucose- UL -C14, 28.0; D- galactose- 1 -C14, 15.0; D- mannose- 1 -C14, 

22.4; L- fucose- 1 -C14, 3.9. Mean incorporation values for the other 

compounds were: thymine- 2 -C14, 0.9; uracil- 2 -C14, 2.2; D- ribose- 

UL -C14, 9.7; glycerol- UL -C14, 13.3 and cholineC14H3, 16.2 micro- 

moles per 100 mg dry tissue. 



Other experiments compared labeling of tissue fragments from 

uninfected and infected cultures at the end of a 44 -48 hour period, 

using 17 of the labeled compounds previously tested. A slightly 

higher content of C14 in non - infected tissue fragments was found in 

almost all cases. The C14 content of uninfected fragments labeled& 

from thymine was five times that of infected fragments. One exper- 

iment compared the C14 contents of infected and uninfected tissue 

fragments at specified intervals during incubation in medium con- 

taining L- leucine- UL -C14. Uptake of label was very similar at 

each interval for both kinds of tissue. 

A method was developed for purifying Lee influenza virus from 

chorioallantoic membrane tissue cultures. The method makes use of 

three steps: adsorption and elution using chicken erythrocytes, . 

ultracentrifugation, and adsorption and elution using a column of 

ECTEOLA- cellulose anion exchange material. A mean purity value of 

614,500 HA units per mg N was found for 14 preparations which is 

higher than the mean values for two other methods tested. This 

method was found effective for separating some labeled material 

from labeled virus preparations obtained from experiments measur- 

ing C14 contribution to virus from labeled metabolites in culture 

medium. 
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INCORPORATION OF CARBON -14 INTO LEE INFLUENZA VIRUS, USING 

LABELED METABOLITES IN A TISSUE CULTURE SYSTEM 

INTRODUCTION 

The first announcement of the use of radioactive isotopes in 

animal virus studies occurred in 1949 with the demonstration by 

Graham and McClelland (19) that influenza virus could be labeled 

with radioactive phosphorus, then isolated from cell components, and 

that some idea could be gained about the final lodging place of the 

tracer atoms in the virus nucleic acid and phospholipid. In 1956 

Blank (6) in his review paper was able to summarize in one brief 

table the important results from all the published articles on 

animal virus investigations in which tracers had been used. His 

bibliography contained twenty -two items. Among the papers listed 

eleven were reports of work on influenza virus, three were on 

vaccinia, three on encephalomyelitis, two on feline pneumonitis and 

one each on other viruses. In only three of all the studies men- 

tioned had isotopes of carbon been employed. The popularity of 

influenza virus as a subject for these investigations was attributed 

to its ease of cultivation in the laboratory and its relative lack 

of hazard for personnel as compared to some of the other viral agents 

available for study. Besides, considerable research already had been 

done with influenza virus since its indictment as the causative agent 

of "flu" in 1933 by Andrewes and Laidlaw (54, p. 634). Both 

its biological activities and physico -chemical properties have 

. 
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been extensively studied and some of the important findings are 

summarized here as an indication of the background information 

which was available in 1958 when the present study was being planned. 

Data obtained from investigations with the electron microscope 

and ultracentrifuge (54, pp. 642 -43) indicate that the influenza 

virus is a spherical particle, about 80 -100 millimicrons in diameter, 

having a sedimentation constant of about 600 Svedberg units. Its 

density is said to be about 1.1 in the hydrated state. A recent 

study by Hoyle, Horne, and Waterson (29) appears to show that the 

surface of each spherical particle is actually covered with tiny 

projecting rodlike structures, whose significance is not known. 

The chemical composition of influenza virus is complex, although 

no more so than that of other animal viruses of similar size. It 

is fairly generally agreed that the virus contains ribonucleic acid, 

RNA, (54, pp. 644 -645), (29), (8), (26), (44) and (45), to the extent 

of about 1% of the total dry weight of the particle; and that deoxy- 

ribonucleic acid, DNA, if present at all, must account for 0.1% 

or less (45) of the particle and is likely to be found in prepa- 

rations insufficiently freed of host material. In spite of meticulous 

examinations such as that made by Hoyle (26, pp. 127 -128) no bases 

except adenine, guanine, cytosine and uracil have been found, and 

no unusual purine:pyrimidine ratios demonstrated in the virus. In 

combination with protein, RNA is found in the s or soluble antigen 

portion of the virus, (54, p. 644) which accounts for 14% of the 

total particle composition. Another 3.5% of the particle consists 
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of carbohydrate, 34.5% of lipid, and 34% more of the 'other' protein 

material associated with the carbohydrate and lipid components. 

The remaining 13% is attributed to the hemagglutinin antigen which 

possesses the enzyme activity accounting for the action of the virus 

on cell surfaces and is thought to be mucoprotein in nature. 

Carbohydrates present in the virus include galactose, mannose, 

fucose, ribose and glucosamine according to the investigations 

of Ada and Gottschalk (2), Frommhagen and Knight (13), and Knight 

(34). Ada and Gottschalk's data revealed a total carbohydrate 

content of 4.6% in terms of non -amino sugars and indicated an ad- 

ditional 2.6% due to a hexosamine which they believe to be glucos- 

amine. Galactose appeared to be the most abundant of the three 

hexoses found, with fucose occurring least abundantly, to about 

53% of the level of galactose. The level of mannose was intermediate 

at about 64% of that of galactose. The values obtained by Frommhagen 

and Knight (13) differ somewhat from these. Their quantitative assays 

on materials obtained using two -dimensional paper chromatography of 

virus hydrolyzates indicated that galactose and mannose occurred to 

an equal extent, i.e., about 1.2% of the virus particle, and that 

fucose was present in much smaller quantity, about 0.3% of the total 

particle composition. These workers also found glucosamine and 

galactosamine to be present in such virus preparations, but these 

were not quantitatively estimated. They considered their value for 

ribose, 0.07 %, to be consistent with Ada and Gottschalk's estimate 

of 0.28% since they assumed only 25% recovery of ribose by the 
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analytical procedures used. 

The lipid fraction of influenza virus has been fractionated also 

(14, 29) and has been found to consist of cholesterol, sphingomyelin, 

cephalin, lecithin and an unknown glycolipid, with an almost total 

absence of neutral fats or triglycerides. Frommhagen and Knight 

(14) considered all of three strains of virus tested by them to be 

alike in lipid content and very similar to the normal allantoic 

membrane phospholipids in composition. They reported the following 

values for the lipid compounds of the virus: 

1. "neutral fats ", triglycerides, less than 0.3% of dry weight 

of pure virus. 

2. cholesterol, unesterified 6.5 ± 0.6% of dry weight of pure 

virus. 

3. phospholipid, total, 11.5 t 1.0% of dry weight of pure virus 

consisting of: 

cephalin 50% 
sphingomyelin 30% % of total phos- 

lecithin 15% pholipid 

unknown glycolipid 5% 

Sedimentable virus -like material from normal and infected allantoic 

fluid had slightly less total phospholipid (7 %) and cholesterol 

(4 %). 

Probably the most thorough analysis of the amino acid content 

of protein hydrolyzates of purified preparations of influenza virus 

has been made by Knight (35). The seventeen acids found, together 

with the corresponding per cent value in terms of total virus, are 

listed here for the two strains of virus studied and for the 'normal' 

particles derived from non- infected allantoic fluid: 

. 
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Compound % of Dry Wt. of 

Purified Virus (Knight's data) 

PR8 virus Lee virus Normal allantoic 

Alanine 2.5 2.6 

protein 

- 

Arginine 5.0 4.0 3.9 

Aspartic acid 7.4 7.3 6.2 

Glutamic acid 7.7 6.2 6.1 

Glycine 2.5 2.9 1.8 

Histidine 1.4 1.5 0.8 

Isoleucine 5.2 5.4 4.1 

Leucine 5.3 5.5 4.3 

Lysine 3.6 4.7 2.5 

Methionine 2.3 2.1 1.1 

Phenylalanine 3.7 3.4 3.6 

Proline 2.6 2.7 2.8 

Serine 2.2 2.2 2.1 

Threonine 3.7 4.0 3.8 

Tryptophan 1.1 0.7 0.7 

Tyrosine 3.1 2.1 2.2 

Valine 3.4 3.2 3.2 

Here, the chemical makeup of the virus protein is seen to be 

remarkably similar to host material which has been treated in an 

identical way. Analyses of purified virus carried out by convention- 

al techniques, while yielding information that has contributed much 

to the over -all knowledge of the kinds and quantities of compounds 

present in the particle, still seem to offer little hope for il- 

luminating the mechanisms by which the agent replicates itself within 

the host cell. Before turning to a survey of some studies of the 

biological activities of influenza, the results of the analytical 

studies mentioned in the past few paragraphs may be summarized into 

a composite picture of influenza virus composition which looks as 

follows: 

Carbohydrate, including galactose, 
mannose, fucose and ribose, plus 

one or more hexosamines 

Per cent of virus 

3.5 



Lipid, composed of cholesterol, 
sphingomyelin, cephalin, lecithin, 
and glycolipid 

6 

Per cent of virus 

34.5 

Nucleic acid, RNA 1.0 

Protein, which includes that associated with 
carbohydrate, lipid, and nucleic acid 61.0 

Early studies of influenza virus by Hirst (22) revealed the hemag 

glutinating property or ability to agglutinate red blood cells of a 

rather wide variety of animals, including wild and domestic fowl, rep- 

tiles, and mammals. This finding has proved to be the basis for very 

valuable and widely used techniques for the demonstration of the pres- 

ence or absence and relative numbers of virus particles in many kinds 

of preparations. Infectivity for a number of hosts has also aided in 

establishing this virus as a popular subject for laboratory re- 

search. Besides man, the host range includes ferrets, mice, hamsters 

and the chick embryo. At the time this study was being planned, 

established strains of cultured mammalian cells were being tested for 

possible use as hosts for this virus and reports indicate that this 

search has met with some success. 

Infectivity is a somewhat elusive property in lots of virus held 

in aqueous suspension in vitro unless special care is taken to pre- 

vent its loss. It is well preserved in samples of infected frozen 

allantoic fluid by storage at -60 °C or in lyophilized preparations 

sealed in glass ampoules held at low temperatures. Infectivity 

is quickly lost when virus -containing preparations are heated to 

56 °C for a few minutes or are permitted to stand at room temperature 

for several hours, or come in contact with any of a number of reagents 

. 
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such as formaldehyde, alcohol, etc. The property of infectiousness 

appears to be inseparably associated with the intact particle. To 

date, no reports are available that preparations of subunits of this 

virus can initiate infection, although it is well known that ether 

readily effects the disintegration of the particle into subunits, of 

which the s antigen and hemagglutinating antigen are two demon- 

strably different biological entities. The s antigen, according to 

Hoyle and his coworkers (29) who have worked extensively with ether - 

disrupted preparations, is a small particle, about 12 millimicrons 

in diameter, having a molecular weight of about 600,000 and contains 

all of the RNA of the virus. It is also said to be responsible for 

the complement- fixing property of the virus. Hoyle further postu- 

lates on the basis of the 5% RNA content of the s antigen particle 

that the RNA of the virus must have a molecular weight of about 

32,000 and that this would provide for about 96 -100 nucleotide units 

per virus particle. The likelihood is thought to exist that this 

portion of the virus is responsible for producing the infection in a 

susceptible cell and for initiating the replication process but that 

this cannot be demonstrated with preparations of only s antigen units 

since means of introducing this RNA- containing unit into the cell would 

be lacking. The invasive property apparently resides in the protein - 

containing outer layer of the virus which has been shown (18) to 

possess enzymatic activity for altering cell surface compounds. 

Electron microscope photographs made by Hoyle, Horne and Waterson 

(29, pp. 453 -454) appear to show that the soluble antigen has a 

helical ribonucleoprotein structure but that it is hard to draw any 

. 
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conclusions about the physical form of the hemagglutinin property. 

Their thought seems to be that hemagglutinin arises from the cyto- 

plasm of the infected cell and that the intact virus particle "con- 

sists of a fragment of cell cytoplasm enclosed in cell membrane and 

having the soluble antigen helix embedded within it" (29, p. 458). 

A complete picture of the process of infection of a cell by the 

influenza virus from the time of its attachment to a cell surface 

until the emergence of the new mature infectious particles is far 

from clear at the present time. However, some indirect and some 

direct evidence has been accumulated which does contribute to the 

picture and may be briefly discussed here. Hoyle (28, pp. 474 -475) 

has summed up the points of indirect evidence that the entering 

particle disintegrates during the early stages of infection and 

these are: 

1. Saline extracts of chorioallantoic membrane one hour after 

infection contain no measurable virus, or show an infecting 

capacity only 1% or less of that which would normally be 

expected from a similar amount of fresh virus in saline 

suspension. 

2. The first evidence of virus activity in infected cells is 

the appearance of small particles (s antigen) having comple- 

ment- fixing ability; later, the larger hemagglutinating 

units appear. 

3. Simultaneous infection with two different strains of virus 

results in progeny having mixed characteristics of the two 

strains. 



9 

4. No particles of the size and shape of infecting virus can be 

demonstrated in infected cells early in the infection by 

means of electron microscopy. 

5. Infective particles can be disintegrated into a complement - 

fixing fraction, a hemagglutinating fraction and a phospho- 

lipid portion. The first two of these correspond to the 

intracellular forms mentioned in point 2 above. 

Besides these points, Hoyle and Frisch -Niggemeyer added some 

direct evidence pointing to the rapid disintegration of the infecting 

particle and the distribution of its components in the host cell. 

This kind of information has come from their work (28) in fractionat- 

ing and studying various extracts of chorioallantoic membrane material 

in early stages of infection with P32 labeled virus. For example, 

they noted (28, p. 485) that physiological saline extracts of 

chorioallantoic membranes infected with labeled virus contained P32 

in materials of low molecular weight which were not sedimented by a 

force of 100,000 g, a force sufficient to precipitate all of the 

original labeled virus in saline suspension. Also unlike the intact 

labeled virus, these materials could not be precipitated by protein - 

specific compounds. When the nuclear material of such membrane cells 

was dissolved with 1 M NaC1 much nucleoprotein P32 from the pre - 

labeled virus was recovered, coming down with DNA and also present 

free, either having been exchanged from the labeled virus RNA or 

occurring as a result of viral RNA accompanying the cell DNA in the 

extraction process. The statement follows that "It is suggested that 

" 
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on entry into the host cell the virus particle is broken down, the 

phospholipid being destroyed and the nucleoprotein disintegrated with 

the release of free nucleic acid which enters into a close relation 

with the cell nucleus material." 

Hoyle also has made some interesting observations on the release 

of the virus from infected cells of chorioallantoic membranes (25). 

Using darkfield microscopy he noted an increased frequency of cyto- 

plasmic protrusions from these cells over the appearance of such pro- 

trusions from normal cells. He concluded that fragmentation of cylin- 

drical protrusions and contraction of some to form filaments were the 

manifestations of the appearance of new infective particles of virus 

and that "the infective particle of the influenza virus is a fragment 

of the cell cytoplasm and consists of a closely aggregated mass of 

virus protein enclosed in cell membrane." 

But, between the disintegration of the entering particle and the 

emergence of new infective viral units from the host cell surface lies 

an uncharted metabolic maze in which host cell activities and repli- 

cating virus activities must meet and become redirected. Thus the 

study and clarification of the intricacies of this relationship 

remain the difficult task in future virus studies. Explorations of 

host cell -virus interaction in the realm of animal viruses have pro- 

ceeded with difficulty for a number of reasons. First, cellular bio- 

chemical processes by themselves are not easy to delineate. Much of 

the information available now with regard to physiological mechanisms 

of cells was gathered from studies which made use of portions of 
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violently disrupted cells: cell wall debris, nuclei, mitochondria, 

microsomes, and supernatant preparations have each been examined 

separately to discover their distinctive physical and chemical pro- 

perties and reactions. Fragments of evidence gleaned from numerous 

studies when pieced together have resulted in a picture of a typical 

animal cell as a marvelously organized entity of bewildering com- 

plexity. In addition to the work with fragmented cells the culture 

and maintenance of whole cells and the establishment of strains of 

cells in continuous culture have contributed to the knowledge of cell 

metabolism and nutrition, of generation times and of growth character- 

istics peculiar to each strain. This in turn led to observations of 

the stimulatory or other effects of certain drugs at the cellular 

level. These investigations require the most careful attention to 

asepsis, development of chemically defined media, delicate and elab- 

orate culture techniques and quantitative methods for the measurements 

of cell growth and increase in numbers. Morphological studies, es- 

pecially those utilizing the electron microscope, have yielded valu- 

able data regarding the subcellular organization of normal as well as 

of virus infected cells. Here again special and complicated tech- 

niques are required to obtain reliable information. Since it is 

generally accepted that without a host cell, virus activity does not 

occur, animal virus research, bound up intimately and irrevocably 

with animal cell research, has had to rely heavily on the progress 

of cellular biology and biochemistry in order to record such advances 

as have been made. 
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A second difficulty which attends any investigation of the host 

cell -virus relationship is the general one of isolation and purifi- 

cation of the viruses themselves. Unfortunately the agents often 

resemble normal cell components in size, density and chemical compo- 

sition so that their isolation becomes a problem, and demonstration 

of their purity an even greater one, particularly since the yield may 

be quite small. Obtaining a large quantity of infected plant material 

or bacterial culture fluid as the starting material for virus purifi- 

cation does not usually present so formidable or complex a problem as 

obtaining the same volume of virus infected animal material. The 

distinctive morphology of the bacterial viruses is another advantage 

in purification studies when the electron microscope is used to ex- 

amine the product. It is encouraging to note, however, that recently 

developed methods such as the chromatographic isolation procedure 

advocated by Hoyer et al (24) for use with animal viruses, and the ex- 

ample of Schwerdt and Schaffer (56) in obtaining the poliovirus in 

pure crytalline form, have given new impetus to animal virus purifi- 

cation studies. 

The availability of radioactive isotopes for use in virus re- 

search has added new dimensions of both hope and difficulty to the 

search for the complete explanation of influenza virus replication. 

Some remarkable progress has already been made, illustrated for ex- 

ample, by the work done by Hoyle and co- workers (28)(30) with the 

aid of P32. As has been discussed, certain events can be discerned 

or inferred as the particle enters the cell. Beyond this is an area 
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which needs much illuminating. For instance, is an outer layer or 

coat of protein left behind when the virus enters the cell as occurs 

in the infection of a bacterial cell by bacteriophage? Upon gaining 

entrance to the cell, does the infecting unit of an animal virus move 

directly to the cell nucleus and "take over" the direction of the 

cell's activities, causing new viral units to be assembled with the 

cessation of certain activities normally contributing to the produc- 

tion of new cell material? If so, how does this take place? Is the 

sequence of events the same in the formation of all viruses, or 

only in those of similar size and composition? Are the new virus par- 

ticles constructed from single small molecules from the intracel- 

lular pool of nutrients, or from partially assembled larger molecules 

originally destined for the cell's own use, or from torn down bits 

of pre- existing cell material? Or does virus replication require all 

of these? Are cell ribosomes adequate templates for the virus pro- 

tein and if not, how are templates supplied for virus protein syn- 

thesis, particularly for a virus like influenza which contains so 

little RNA? These are some of the aspects of virus replication 

about which little is known. 

It is well recognized that a need exists for effective thera- 

peutic agents against diseases produced by viruses and that many in- 

vestigations have been undertaken to discover such agents. Investiga- 

tions such as those undertaken by Kundin, Robbins and Smith (37), 

Hollinshead and Smith (23), and Reich and Franklin (53) serve to 

illustrate some of the kinds of compounds being tested in the search 
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for antiviral agents. But also because of the complex relationship 

between virus and cell, it is recognized that compounds with damag- 

ing action for the virus will in all likelihood exhibit toxicity 

for the cell as well, and that in order to devise and use materials 

with selective action against the virus much information must be ob- 

tained about that relationship. The value of radioactive compounds 

used as tracers in animal and plant metabolism studies has emphasized 

the hope that these materials will prove to be equally useful in virus 

research directed toward answering the above questions and solving 

still other problems. 

The present study represents an effort to contribute to the 

general fund of knowledge regarding influenza virus by using carbon - 

14, C14, labeled metabolites in the medium in which the host tissue 

is incubated and then measuring the uptake in both virus and tissue. 

The work to be described developed through several phases. The first 

was necessary to acquire the methods and tools for adequate purifi- 

cation of small amounts of tissue culture virus. The second phase 

involved the development of more methods necessary for the demon- 

stration of the presence of radioactivity in the tiny amounts of 

purified virus obtained from the incorporation experiments. The 

third and final phase was the quantitative comparison of incorpora- 

tion of carbon -14 from a number of labeled compounds into both in- 

fluenza virus and the host choriallantoic tissue from chick embryos. 



METHODS AND MATERIALS 

Eggs 
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All eggs used during the course of the study were from the New 

Hampshire Red strain of chickens and were obtained from the Midvalley 

Hatchery in Corvallis. Embryonated eggs incubated for from nine to 

eleven days were used in the experiments and were checked for normal 

development by candling before use. 

Virus 

The strain of influenza virus designated Lee -R was used in all 

of the experiments herein reported. This virus had been obtained 

originally from the Rockefeller Institute through the courtesy of 

Dr. Frank L. Horsfall. 

Stock supplies of the virus were maintained in the form of in- 

fected allantoic fluids, stored at -60 °C. The infective capacity of 

preparations stored in this way begins to diminish after about three 

months. A new stock supply was prepared in the following way: 

A dilution of 1:10,000 was made from the old stock preparation using 

sterile, chilled, phosphate- buffered saline as the diluent. Of this 

mixture 0.1 ml was inoculated into the allantoic cavity of each of 

six 10 day old chick embryos. The eggs were incubated at 35 °C for 

35 -40 hours at which time the allantoic fluids were aseptically 

harvested, pooled in sterile centrifuge tubes and centrifuged at 

2500 rpm for ten minutes to remove cells and debris. This repre- 

sented the first egg passage. Next, a 1:10,000 dilution of the 
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clarified allantoic fluid was made in sterile, chilled, buffered 

saline. This time 30 to 40 ten day old embryos were inoculated, 

using 0.1 ml of the dilution per egg and these eggs were incubated 

at 35 °C for 42 hours. These eggs provided the pool of infected 

allantoic fluids to be stored as the new stock preparation. Allan - 

toic fluids were aseptically harvested, centrifuged to remove sedi- 

mentable material, then chilled and pooled. From the pool one ml 

quantities were dispensed into small, sterile, cotton and gauze plug- 

ged Pyrex tubes which were then closed tightly with rubber stoppers 

inserted on top of the plugs. The fluid was quick- frozen in the tubes 

using an ethanol -dry ice bath and the tubes were stored at -60 °C. 

For use in tissue cultures two tubes were thawed quickly and their con- 

tents were pooled and appropriately diluted to provide the desired 

inocula. Each stock preparation was titrated for infectivity both 

in eggs and in tissue culture in order to ascertain the optimum dose 

for infection. 

Carbon -14 labeled test compounds 

The following is a list of the labeled materials used in the 

study and gives the manufacturer's stated specific activity and the 

name of the firm from which each was obtained: 



Compound Stated specific activity Supplier 

CholineHC1-C14H3 
D-Glucose-UL-C14 
D-Glucose-UL-C14 
L-Alanine-UL-C14 
L-Arginine-HC1-UL-C14 
L-Fucose-1-C14 

D- Galactose -1 -C14 

L- Glutamic acid- UL -C14 
L- Glutamine- UL -C14 
Glycerol- UL -C14 
L- HistidineHC1- UL -C14 
L- Leucine- UL -C14 
L- Lysine- UL -C14 
L- Lysine- UL 
D- Mannose -1 -C14 

L- Phenylalanine- UL -C14 
D- Ribose- UL -C14 
Thymine -C14 

L- Tyrosine- UL -C14 
Uracil -2 -C14 

Benzoic acid- C1400H 

7 J 6 ,tcc per mg 
1.54,uc per mg 
4.15,uc per mg 
1.84,c per mg 
1.08/uc per mg 
2.49/ec per mg 

2.83pc per mg 

3.15pc per mg 
19. ,tic per mg 

26.32/Ac per mg 
7 pc per mg 
7.64,í/c per mg 
1.54,0c per mg 
1.5 ,1c per mg 
1.66,,Ác per mg 

12 /Ac per mg 
19.7 ,a .c per mg 
7.9 ,ac per mg 
1.26,íc per mg 
8.9 pc per mg 

7170 DPM per mg 
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Nichem, Incorporated 
Nuclear, Inc. 

Schwarz Bioresearch, Inc. 

Schwarz Bioresearch, Inc. 

Schwarz Bioresearch, Incc 
National Bureau of 
Standards 

National Bureau of 
Standards 

Schwarz Bioresearch, Inc. 

Nichem, Incorporated 
Nichem, Incorporated 
Schwarz Bioresearch, Inc. 
Schwarz Bioresearch, Inc. 

Schwarz Bioresearch, Inc. 
Schwarz Bioresearch, Inc. 

National Bureau of 
Standards 

Schwarz Bioresearch, Inc. 

Nichem, Incorporated 
Nichem, Incorporated 
Schwarz Bioresearch, Inc. 
Nichem, Incorporated 
New England Nuclear, Inc 

/Ac = microcuries 

A separate estimation of specific activity was made for each 

compound by the liquid scintillation counting method used in this 

study. First a value in terms of corrected CPM (counts per minute) 

per ml was obtained in each experiment as is described in this sec- 

tion under Radioactivity measurements. A second value in terms of 

mg per ml for the compound under consideration was already known 

from the initial determination of the weight of the compound when 

received and from the volume of the stock solution containing it 

which was used in the preparation of each lot of tissue culture medi- 

um. Thus a value for corrected CPM per mg could be found: 

. 
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Example, D- Galactose -1 -C14 in Exp't TC -120; 

893,400 corrected CPM per ml = 4.855 x 106 CPM per mg 
.184 mg labeled cpd per ml 

Further, considering that a microcurie by definition has the value, 

3.7 x 104 dismutations per second (DPS) or 2.22 x 106 dismutations 

per minute (DPM), the calculation of a microcurie per mg value was 

made in this way: Example from values above for D- Galactose -1 -C14 

in TC-120;. 

4.855 x 106 corrected CPM per mg* = 2.10,í,1,c per mg 
2.220 x 106 DPM per microcurie 

*CPM, corrected to theoretical 100% efficiency values from quench- 

ing data, considered equivalent to DPM. 

The following list is a comparison of the stated specific 

activities according to the manufacturers' data with those found by 

the scintillation counting method used here. It could not be dis- 

covered how the values were obtained which are given by the supplier. 

Compound Specific activity, as microcuries per mg 

Stated by supplier Found in present study 

CholineHC1 -C14H3 7.16 4.23 

D- Glucose- UL -C14 4.15 2.03 

L- Alanine- UL -C14 1.84 0.85 

L- ArginineHCL- UL -C14 1.08 0.54 

L- Fucose -1 -C14 2.49 2.39 

D- Galactose -1 -C14 2.83 2.38 

L- Glutamic acid- UL -C14 3.15 1.47 

L- Glutamine- UL -C14 19 9.21 

Glycerol- UL -C14 26.32 16.9 

L- HistidineHC1- UL -C14 7 2.20 

L- Leucine- UL -C14 7.64 3.95 

L- Lysine- UL -C14 1.54 0.92 

L- Lysine- UL -C14 1.5 1.13 

D- Mannose -1 -C14 1.66 0.81 

L- Phenylalanine- UL -C14 12 10.38 

D- Ribose- UL -C14 19.7 20.79 



Continued: 

Compound Specific activity, as microcuries per mg 

Stated by supplier Found in present study 

Thymine -2 -C14 

L- Tyrosine- UL -C14 

Uracil -2 -C14 

7.9 

1.26 

8.9 

8.80 
0.80 

9.23 
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Tissue culture chemicals and solutions 

All chemicals used in tissue cultures were reagent grade. 

Water for preparing solutions was deionized and had a conductivity 

reading of not more than 0.3 ppm when expressed as NaCl. Glassware 

used in tissue culture or for preparing solutions was cleaned by 

first boiling it for 15 -20 minutes in Labtone or in Microsolv solu- 

tion followed by 10 rinses in tap water and five rinses in deionized 

water. 

Alsever's solution 

This solution was used for collecting chicken red blood cells 

required for the hemagglutinin titrations. Its composition was the 

following: 
Glucose 20.50 g 

Sodium chloride 4.20 g 

Citric acid -H20 0.55 g 

Sodium citrate °2H20 8.00 g 

Deionized water to 1000 ml 

One hundred ml quantities were placed in half -pint Mason jars and 

autoclaved at 121 °C for 15 minutes. Storage until use was at 10 °C. 

Physiological saline solutions 

Buffered saline used to prepare dilute virus inocula for chicken 

embryos had the following composition: 

' 
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Sodium chloride 8.500 g 

Monobasic potassium phosphate, anhydrous 0.227 g 

Dibasic sodium phosphate, anhydrous 0.710 g 

Deionized water to 1000 ml 

The solution was dispensed in 50 to 100 ml quantities in Pyrex 

bottles and autoclaved at 121 0C for 15 minutes. The pH of the 

sterile solution was 7.2 to 7.3. 

Physiological saline used for washing chicken red blood cells 

and for preparing dilutions for hemagglutinin titrations was 0.85% 

w/v sodium chloride in deionized water. It was not sterilized. 

Phosphate buffer solutions 

Stock solutions of 0.1 Molar Na2HPO4 and 0.1 Molar KH2PO4 

were prepared in deionized water. A very small crystal of para- 

chlorothymol was added to each liter of solution to discourage the 

growth of molds and the solutions were stored in the refrigerator at 

5 to 7 °C. When weak buffer solutions were required dilutions from 

these stock solutions were made using deionized water. The two solu- 

tions, when mixed in the correct proportions provided the buffered 

solutions in the pH range from 6.4 to 7.8. 

The proportions of the two solutions used in preparing 100 ml 

of buffer solutions of a desired pH were as follows: 

pH ml of M KH PO 
10 

ml of M Na2HPO4 
10 

6.4 73 27 

6.6 63 37 

6.8 51 49 

7.0 39 61 

7.8 8 92 

The appropriate quantities of the two solutions were mixed in a 500 
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ml volumetric flask and diluted to volume with deionized water to 

obtain the 0.02 Molar buffer solution required. 

Glucosol medium 

This medium was the basis for all nutrient solutions used for 

tissue culture during the study. It represents a modification of 

the original Fulton- Armitage solution used for tissue suspensions 

(16) and had the following composition: 

Solution A 

Na2HPO4, anhydrous 
KH2PO4, anhydrous 

0.2% aqueous phenol red 
Deionized water to 1000 ml 

Solution B 

7.105 g 
2.269 g 

10 ml 

NaCl 8.000 g 

CaC12H20 0.265 g 

MgC12.2H20 0.500 g 

Glucose, anhydrous 1.44 g 

Deionized water to 1000 ml 

Each solution was dispensed in approximately 100 ml quantities in 

pyrex bottles and autoclaved at 121 °C for 12 to 15 minutes. 

At the time of use equal portions of Solution A and Solution B 

were aseptically combined to furnish a medium having a final glucose 

concentration of 4 milliMolar and a pH of 7.2 to 7.3. Antibiotics, 

penicillin and streptomycin, were also incorporated into the medium 

to give a final concentration of 10 units of penicillin and 40 micro- 

grams of streptomycin per ml. 

Low -potassium Wheaton glass vials 

These vials, which were designed especially for the measurement 

/ 
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of radioactivity in samples by scintillation counting, were ob- 

tained from the Packard Instrument Company, Inc. of LaGrange, 

Illinois. Each had a capacity of approximately 20 ml and was fitted 

with a foil -lined plastic screw -on cap. 

Toluene 

Reagent grade toluene, used as the solvent for the liquid scin- 

tillation counting medium, was 'Baker Analyzed' reagent and was pur- 

chased from the Scientific Supplies Company, Portland, Oregon. 

Tween 80 and Span 80 

Both reagents were manufactured by the Atlas Powder Company, 

Wilmington, Delaware and were purchased from Ruger Chemical Company, 

Incorporated, New York. 

Thixotropic gel powder 

Cab -O -Sil (trademark of Godfrey L. Cabot, Inc) was the thixo- 

tropic gel powder employed in preparing the gel for liquid scintil- 

lation counting of the aqueous samples. It was purchased from the 

Packard Instrument Company, Incorporated. 

p- Terphenyl 

This material was obtained as the scintillation grade reagent 

from the Packard Instrument Company, Incorporated. 
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POPOP 

This material, 1,4- bis- 2- (5- phenyloxazolyl)- benzene, scintil- 

lation grade secondary fluor, was obtained from the Packard In- 

strument Company, Incorporated. 

Hyamine 

Hyamine 10 -X (Registered Trademark of Rohm and Haas, Inc) a 1 

Molar Solution of p-(diisobutyl-cresoxethoxyethyl)-dimethyl-benzyl- 

ammonium chloride in absolute methanol, manufactured by Rohm and 

Haas, Inc. was purchased from the Packard Instrument Company, 

Incorporated. 

Ion -exchange cellulose material 

ECTEOLA cellulose anion exchange material was purchased from 

the Brown Company, North Stratford, New Hampshire. The capacity 

of the material used was given as 0.3 milliequivalents of N per g; 

it was reagent grade, lot no. 7061. 

All other solutions for column chromatography and nitrogen 

measurements were prepared from reagent grade chemicals and deion- 

ized water. The material is described as a mono -functional anion 

exchanger containing tertiary amine groups attached to Solka -floc 

cellulose. It has been used for the resolution of both desoxy- 

ribonucleic acid and ribonucleic acid. A quantity of 30 g of ECTEOLA- 

cellulose exchange material was treated in the following way before 

being used in the preparation of columns for the adsorption of 

virus as described under Virus isolation and purification. 

First the material was suspended in about 800 ml of deionized 
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water and allowed to stand for four hours. The supernatant was 

poured off to remove fine particles. The remaining slurry was 

poured into a large glass chromatograph tube having a sintered glass 

bottom plate. Suction was applied to remove the water. Next the 

following fluids were used to wash the material and were drawn 

through with suction supplied from a water pump aspirator: 

(1) 500 ml of 0.5 N NaOH, 500 ml 0.5 N HC1, 800 ml 0.5 Molar NaCl 

in water, 300 ml 95% ethyl alcohol and 200 ml absolute ethyl alcohol. 

Suction was continued until fluid no longer dripped from the column. 

Then the material was transferred to two large beakers and dried at 

55 °C for three days. It was stored in closed jars until used in 

virus purification experiments. 

Statistical methods 

Analyses for accidental error in methods and for least signif- 

icant differences in results of incorporation experiments were made 

according to methods outlined by Mainland (41) for the treatment of 

small sample data. 

Hemagglutination titrations 

Titrations were done using a tube method and were set up in 

the following way. Two rows of tubes were arranged in which the 

initial tube of each row contained a mixture of virus -containing 

material and physiological saline. The titration was designed to 

give a 1:4 dilution of the virus -containing material in a total 

volume of 2.0 ml in the first tube of the first row and a 1:6 
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dilution in a total volume of 2.1 ml in the first tube of the second 

row. All other tubes in both rows received 1.0 ml of physiological 

saline. A duplicate set of two more rows of tubes was prepared at 

the same time. In cases where it was desired to obtain a more pre- 

cise endpoint, three rows of tubes were set up in duplicate. The 

initial dilutions of virus in such rows were 1:4, 1:5, and 1:6. 

Serial two -fold dilutions were then made by mixing the fluids in 

the initial tube thoroughly with a 1 ml serological pipet, drawing 

up and expelling the fluid eight times and then transferring 1.0 ml 

to the next tube in the row. One ml was discarded when the mixing 

of the fluids in the last tube of each row was completed. The final 

volume of fluid remaining in each tube was 1.0 ml before addition of 

chicken red blood cells. 

Chicken red blood cells, which had been collected in Alsever's 

solution, were washed three times with physiological saline and stor- 

ed in the refrigerator as a 10% v/v suspension in physiological saline 

until needed for the titrations. A fresh supply of blood was ob- 

tained weekly from a local slaughter house and cells were washed as 

described. When needed for the agglutination titrations, the 

10% suspension of the chicken red blood cells was used to prepare 

a final suspension of 0.5% cells in physiological saline. One ml 

of this suspension was added to each tube of the titration series 

to give a final volume of 2.0 ml in each tube. After standing for 

35 minutes at room temperature, 22 -25 °C, the tubes were examined 

visually for the degree of agglutination of red cells at 

the bottom of the tubes. The final tube containing the 

' 
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highest dilution of virus which caused complete agglutination of 

the red cells, according to the pattern method of Salk, was con- 

sidered to be at the endpoint of the titration. The calculation of 

the final dilution included the volume of the red cell suspension 

added. Final readings for the duplicate sets were averaged. The 

titer was expressed as the reciprocal of the final dilution of 

virus -containing material giving the complete or 4+ agglutination 

reaction. 

The results of a number of duplicate hemagglutinin measurements 

on solutions containing Lee virus were subjected to analysis in order 

to estimate the accidental error of the method used in the titra- 

tions. Table I lists the reciprocal values of dilutions indicating 

the endpoints of duplicate measurements of hemagglutinating activ- 

ity for 114 samples of virus -containing materials. These materials 

included 40 samples of infected tissue culture fluids and 74 

samples of virus preparations obtained from the column elution pro- 

cedure and from ultracentrifuge treatment of partially purified 

material. The range of activities extends from 24 to 1920 HA 

units per ml. In 22 of the 114 cases differences were found between 

the endpoints of the paired measurements. The mean of the squared 

differences, or variance, is seen to be 0.00222 log10 units and the 

estimated standard deviation for the series is 0.00222 or ± 0.04713 

log10 units. It may be assumed that 95% of the items in a sample 

will be included in the range described by approximately ± 2 S.D. 

from the mean. In the case of small samples of less than 50 items, 
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TABLE I 

Evaluation of accidental error in 114 paired hemagglutinin measurements 
on fluids containing Lee influenza virus 

Exp. no. 

Reciprocal 
of dilution 

at end point 
A B 

Log10 of 

reciprocal 
A B 

Difference 
between 
A and B (diff)2 

96 1 384 384 - - - - 

" 2 256 256 - - - - 

3 256 256 - - - - 

4 192 192 - - - - 

97 5 256 256 - - - - 

6 384 384 - - - - 

7 256 384 2.4082 2.5843 0.1761 0.03101 

8 256 256 - - - - 

98 9 192 192 - - - - 

" 10 32 32 - - - - 

11 256 192 2.4082 2.2833 0.1249 0.01560 

12 192 192 - - - - 

102 13 256 256 - - - - 

" 14 256 256 - - - - 

15 256 256 - - - - 

103 16 256 256 - - 

" 17 512 384 2.7093 2.5843 0.1250 0.01562 
" 18 256 256 - - - - 

" 19 256 256 - - - - 

112 20 512 512 - - - - 

" 21 512 512 - - - - 
If 22 384 512 2.5843 2.7093 0.1250 0.01562 

113 23 768 512 2.8854 2.7093 0.1761 0.03101 
" 24 512 512 - - - 

" 25 512 512 - - - - 

" 26 384 384 - - _ _ 

119 27 512 512 - - - _ 

" 28 384 512 2.5843 2.7093 0.1250 0.01562 
" 29 512 512 - - - - 
It 30 512 512 - - - - 

- 

" 

" 

" 

" 

- - 



Table I - continued 

Exp. no. 
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Reciprocal Difference 

of dilution Log10 of between 

at end point reciprocal A and B (diff)2 

A B A B 

120 31 256 256 - - - - 

" 32 384 256 2.5843 2.4082 0.1761 0.03101 

" 33 384 256 2.5843 2.4082 0.1761 0.03101 

34 256 256 - - 

130 35 256 256 - - - - 

" 36 256 256 

" 37 256 256 - 

131 38 256 256 - - - - 

" 39 256 256 - 

" 40 256 256 - 

96 41 320 320 - - 

" 42 640 640 - - 

43 160 160 - 

,, 44 80 80 - - 

,, 45 24 24 - - 

46 640 960 2.8062 2.9823 0.1761 0.03101 

47 320 320 - - - - 

48 960 960 - - - - 

49 320 240 2.5052 2.3802 0.1250 0.01562 

50 80 80 - - - 

51 32 32 - - - 

52 640 640 - - - - 

53 240 240 - - _ - 

" 54 1280 960 3.1072 2.9823 0.1249 0.01560 

55 240 160 2.3802 2.2041 0.1761 0.03101 

56 40 40 - - 

57 24 24 - - 

58 640 640 - - 

59 60 60 - - 

60 1280 1280 - - 

61 160 160 - - 

62 40 40 - - 

63 32 32 - - 

64 48 48 - - _ 

102 65 480 480 - - 

" 66 480 640 2.6812 2.8062 0.1250 0.01562 

" 67 120 120 - - - - 

" 68 80 80 - - - - 

" 69 48 48 - - 

" 70 960 960 - - 

" - - 

- - - 

f 

- - 

- 
It - - - 

- - 

- 

" 
" 
It 

" 
" - 
" - 

_ _ 

- - 

_ 

- - 

_ _ 

: _ 

" - 
" - - 
." 

_ _ 

_ _ 

_ _ 

- - - - 

- 

- 

- 

- 
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Table I - continued 

Reciprocal Difference 

of dilution Log10 of between 

Exp. no. at end point reciprocal A and B (diff)2 

A B A B 

102 
" 

" 

71 

72 

73 

160 

640 

160 

160 

640 

160 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

" 74 80 60 1.9031 1.7782 0.1249 0.01560 

75 48 48 - - - - 

" 76 960 960 - - - - 

103 77 1280 1280 - - - - 

" 78 120 120 - - - - 

79 1280 1280 - - - - 
It 80 160 160 - - - - 

It 81 80 80 - - - - 

" 82 32 32 - - - - 

83 1280 640 3.1072 2.8062 0.3010 0.0906 

" 84 320 320 - - - - 

" 85 640 640 - - - 

" 86 240 240 - - - - 

87 120 120 - - - - 

" 88 32 32 - - - - 

It 89 640 640 - - - - 

90 120 120 - - - - 

91 640 640 - - - - 

" 92 160 160 - - - - 

93 60 80 1.7782 1.9031 0.1249 0.01560 

94 32 24 1.5052 1.3802 0.1250 0.01562 

95 320 320 - - - - 

" 96 120 120 - - - - 

97 320 320 - - - - 

" 98 60 60 - - - - 

" 99 40 60 1.6021 1.7782 0.1761 0.03101 

" 100 40 40 - - - - 

112 101 1280 1280 - - - - 

" 102 640 960 2.8062 2.9823 0.1761 0.03101 

" 103 320 320 - - - - 

" 104 120 80 2.0792 1.9031 0.1761 0.03101 

" 105 64 64 - - - - 

" 106 1280 1280 - - - - 

" 107 960 960 - - - - 

" 108 240 240 - - - - 

" 109 80 80 - - - - 

" 110 48 48 - - - - 

" 111 1280 1920 3.1072 3.2833 0.1761 0.03101 

. 

" 

" 

" 

It 

,, 

" 

" 

" 

" 

" 

. 

. 
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Table I continued 

Reciprocal Difference 
of dilution Log10 of between 

Exp. no. at end point reciprocal A and B (diff)2 
A B A B 

112 

" 

" 

112 

113 

114 

1280 

160 

120 

1280 

240 

120 

- 

2.2041 

- 

2.3802 
- 

0.1761 
- 

0.03101 

Range: 24 -1920 HA units per ml 
Sum of squared differences in logs: 0.50629 
Number of pairs: 114 Divisor: 228 
Variance or mean square: 0.50629 = 0.00222 

228 

Estimated standard deviation, S.D. = 0.00222 
= ±0.04713 

at P = 0.05, n = 114, "t" = 2.00 
Accidental error limits for single measurements at 95% probability 
level = "t" x S.D. 

= 2.00 x ±0.04713 
= ±0.09426 log10 units 

Accidental error limits for means of duplicate measurements at 95% 
probability level = "t" x S.D. 

= 2.00 x +- 0.04713/1.414 
= t0.06667 log10 units 

Standard error of difference, S.E. of difference = '(S.D.)2 +(S.D.)2 
= V0.00444 
= ±0.0666 log10 units 

Least significant difference between single measurements at P = 0.05: 
"t" x S.E. of difference = 2.00 x ±0.0666 0.05 

= ±0.1333 log10 units 

Least significant difference between means of duplicate measurements 
at P = 0.05: "t0,05" x /(S.D.) + (S.D.)2 = 2.00 x ±0.04713 

2 2 = ±0.0943 log10 units 

- - - 

' 

. 

rinur 

- 

1/ 
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'ft0.05't for the appropriate number of items is used in place of 2 

to give a better estimate of the range. Here for the 114 items, 

2 x S.D. = ±0.0943 log10 units, indicating that any single measure- 

ment will be unlikely to differ from its true value by more than 

this amount in 95% of the measurements examined. This represents a 

variability of 1.24 -fold for any single measurement. When means of 

duplicate titrations are used to express results, the variability 

is reduced somewhat. For this sample ±0.0667 log10 units represents 

the range of difference from a true value of a mean result obtained 

from duplicate measurements to be expected at the 95% probability 

level. This is seen to be a 1.17 -fold variability. 

To be considered significantly different from one another, 

individual results must differ by an amount which is more than twice 

the standard error of such a difference. The standard error of the 

difference, calculated from the standard deviation as shown in the 

table, is used in computing the least significant difference between 

two results. For single measurements, the least significant differ- 

ence has been found to be ±0.1333 log10 units and for means of 

duplicate measurements, -0.0943 log10 units. 

In order to make some of the figures more meaningful in terms 

of the reciprocal values usually used in reporting titration re- 

sults, the following examples are given. At an endpoint determined 

as 256 HA units per ml by a single measurement, the evaluation of 

accidental error of the method permits this result to be defined 

by the log10 values, 2.4082 ±0.0943 or by 2.3139 and 2.5025. 
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Converted to reciprocal values these are 206 and 318, showing that 

a single measurement of 256 HA units per ml would indicate a true 

value unlikely to be less than 206 or more than 318 HA units per ml. 

However, if 256 represents an average value derived from duplicate 

measurements, then it can be expressed by the log10 values 2.4082 

1:0.0667 or by 2.4749 and 2.3415, denoting that its true value is 

unlikely to be less than 220 or more than 280 HA units per ml. 

For establishing whether any result differs significantly from 

another the limiting reciprocal values may be obtained in a similar 

way using the appropriate log10 value representing the least dif- 

ference required for significance. 

The results of a separate but similar analysis on 34 samples 

of CF -5 virus are shown in Table II. Here duplicate three -row 

sets of dilutions were made in order to measure the hemagglutinat- 

ing activity of the eluted column fractions which contained most 

of the purified virus. Activities ranged from 200 to 1920 HA 

units per ml and differences were observed in 18 of the 34 pairs of 

endpoints. As noted in the analysis on the table a standard 

deviation of ±0.07443 was found for the within class differences. 

at P =0.05, "t" at n =34 is 2.03. Thus it could be said that 2.03 

x 10.07443 = 10.1511 log10 units which defines the range of dif- 

ferences likely to occur in 95% of all cases examined. This is a 

1.42 -fold variability when single measurements are used as final 

results. The corresponding measure of accidental error when means 

of duplicate titrations are being used to express final results is 

- 
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TABLE II 

Evaluation of accidental error in 34 paired hemagglutinin measurements 

by three row titrations on fluids containing Lee influenza virus 

Reciprocal Difference 
of dilution Log10 of between 

Exp. no. at end point reciprocal A and B (diff)2 
A B A B 

TC-131 160G 1280 3.2041 3.1072 0.0969 0.00939 

1280 1280 - - - - 

TC-130 200 200 - - - - 

1280 1920 3.1072 3.2833 0.1761 0.03101 

1280 1280 - - - - 

TC-125 960 800 2.9823 2.9031 0.0792 0.00627 
1280 960 3.1072 2.9823 0.1249 0.01560 

480 480 

1280 800 3.1072 2.9031 0.2041 0.04166 

TC-120 960 960 - - - - 

640 640 - - - - 

960 800 2.9823 2.9031 0.0792 0.00627 
640 640 - - - - 

TC-119 1600 1280 3.2041 3.1072 0.0969 0.00939 

960 1920 2.9823 3.2833 0.3010 0.09060 
1920 1920 - - - - 

1280 1280 - - - - 

TC-114 960 960 = - - - 

1280 1280 - - - _ 

1280 1600 3.1072 3.2041 0.0969 0.00939 
800 800 - - - - 

TC-113 320 400 2.5052 2.6021 0.0969 0.00939 
320 320 - - - - 

640 640 - - - - 

TC-112 1600 1280 3.2041 3.1072 0.0969 .00939 
1280 1600 3.1072 3.2041 0.0969 .00939 
1280 1600 3.1072 3.2041 0.0969 .00939 

. 

- - - - 

. 
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Table II - continued 

Reciprocal 
of dilution Log10 of Difference 

Exp. no. at end point reciprocal between 
A B A B A and B (diff)2 

TC-107 960 640 2.9823 2.8062 0.1761 0.03101 
480 640 2.6812 2.8062 0.1250 0.01562 
800 1280 2.9031 3.1072 0.2041 0.04166 
960 960 - - - - 

TC-105 480 480 - - - - 
480 640 2.6812 2.8062 0.1250 0.01562 
640 480 2.8062 2.6812 0.1250 0.01562 

Range: 200 - 1920 HA units per ml 
Sum of squared differences: 0.37667 
Number of pairs: 34 Divisor: 68 
Mean square or variance = 0.37667 

68 

= 0.005539 
Estimated standard deviation, S.D. =1 0.005539 

= ± 0.0744 log10 units 
At P = 0.05, n = 34, "t" = 2.03 
Accidental error limits for single measurements at 95% probability 
level: "t0.05" x S.D. = 2.03 x ±0.0744 

= ±0.1511 log10 units 
Accidental error limits for means of duplicate measurements at 95% 
probability level: x S.D. = 2.03 x ±0.0744 

1.414 
= ±0.1068 log10 units 

Standard error of difference: S.E. of difference = (S.D.) +(S.D.)2 
= 0.01108 
= ±0.1052 Log10 

units 
Least significant difference between single measurements: 
At P = 0.05: "t0.05" x S.E. of difference = 2.03 x ±0.1052 

= ±0.2136 log10 units 

Least significant difference e .ween mens of duplicate measurements 
At P = 0.05; "t0.05 x /(S.D.) + (S.D.) = 2.03 x ±0.0744 

2 2 

= ±0.1511 log10 units 

. 

"t0.05" 
- 

y 
-2 
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±0.1068 log10 units, or a variability of 1.28 -fold. 

This means that the result of a single measurement found to be 

1200 HA units per ml is bounded by the log10 values 3.0792 410.1511, 

3.2303 and 2.9281 and would indicate a true value not likely to be 

more than 1699 nor less than 847 at the 95% probability level. If 

1200 is a result obtained by averaging duplicate measurements it could 

be said that its true value is unlikely to lie beyond the log10 values 

3.0792 ±0.1068 or be more than 1535 or less than 938 HA units per ml. 

Similar calculations may be made to illustrate the range beyond which 

any result is considered significantly different from another. 

The variability of results obtained from the three -row sets of 

titrations is observed to be somewhat greater (e.g., 1.28- compared to 

1.17 -fold for means of duplicate measurements) than that of results 

obtained from the two -row sets. This was probably due to the require- 

ment for an extra set of dilutions to be prepared for the former, 

thus introducing an additional source of error. 

Tissue culture methods 

Tissue culture in the sense that it is employed in this inves- 

tigation implies maintenance of surviving fragments of chorioallantoic 

membranes, rather than long term cultivation or subcultivation of 

cells or tissues in media designed to enhance growth and reproduction. 

The basic fluid for the maintenance of the tissues was the glucosol 

solution described which contained glucose and inorganic salts in a 

phosphate -buffered solution. 

. 
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The techniques employed for the cultures were similar to those 

used by Tamm, Folkers and Horsfall (61). The method of cleaning glass- 

ware already has been described. Rubber stoppers, caps and instru- 

ments were treated similarly. Additionally, all glassware which came 

in contact with C14- labeled material was soaked in sulfuric acid- 

dichromate cleaning solution under a hood for at least 48 hours for 

solubilization of carbon -containing material and release of C1402 

from carbonates. This treatment was followed by immersion of the 

glassware for two hours in 25% sulfuric acid solution in water to aid 

in the removal of any remaining acid -soluble material before the glass- 

ware was put through the routine cleaning procedure. 

For sterilization instruments were held overnight in a drying 

oven at 110 °C. Culture tubes and petri dishes were sterilized by 

dry heat for two hours at 180 °C. Pipets, rubber stoppers and bottles 

were autoclaved at 121 °C for 30 minutes. 

Carbon -14 labeled compounds were usually received in the dry 

state in small vials. The weight of a compound was checked by first 

weighing the vial containing it; then carefully reweighing the dried 

empty vial after its contents had been transferred to a suitable 

volumetric flask with repeated rinsings to ensure complete removal of 

any adherent material from the vial. Thus the weight of the labeled 

compound was determined by difference. The minimum quantity of any 

compound considered acceptable for accurate weighing was 5 mg. 

Solutions of the amino acids, pyrimidines, lipid components and car- 

bohydrates tested were made in Solution A of the glucosol medium by 
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thus dissolving the labeled material and a sufficient amount of non - 

labeled material for the desired molarity and diluting to an appro- 

priate volume. Each stock solution of radioactive compound was ster- 

ilized by passage through a sterile sintered glass filter and was held 

in sterile containers at 5 to 7 °C until used for the preparation of 

a final culture medium. Some solutions of glucose- UL -C14 were pre- 

pared using Solution B as the diluent. Either passage through 

sterile sintered glass filters or autoclaving for 10 minutes at 121 °C 

was done for such solutions of glucose. 

In setting up tissue cultures for studying the incorporation of 

C14 either into Lee -R virus or into tissues, glucosol medium was the 

fluid routinely employed and the test compounds were dissolved as 

described above in one of the two solutions from which the final 

medium was composed. Usually, equal portions of Solution A and 

Solution B were combined aseptically to prepare the complete medium. 

If the adjustment of C14 activity to a desired level in the medium 

required additional dilution with unlabeled compound, a medium was 

made up from three sources, as follows: 

1. A sufficient quantity of the stock solution of C14 compound 

in Solution A was used that would provide the activity required, 

calculated as total CPM in the completed medium. 

2. A quantity of Solution B was added that would represent one - 

half the required total volume of final medium. 

3. A quantity of another lot of Solution A was used, equal in 

volume to the difference between the volumes of Solution B and 
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C14- labeled Solution A already used. This solution was also filter - 

sterilized and contained an amount of non -labeled test compound nec- 

essary to adjust its molarity in the final medium to the desired level. 

Culture tubes used were pyrex, had dimensions of approximately 25 

x 150 mm and were closed with #4 gum rubber sterile stoppers. The 

volume of medium in each culture tube was 2.4 ml. 

Tissue fragments were obtained from the chorioallantoic membranes 

of 10 or 11 day old chick embryos. After candling to ascertain vi- 

ability of the embryos, the egg shell over the air sac was painted 

with 2% tincture of iodine and a sterile forceps was used to remove 

that portion of the shell. A second sterile forceps was used to strip 

off the parchment -like membrane overlying the chorioallantoic mem- 

brane. The contents of the egg were next emptied into a sterile petri, 

dish and the allantoic membrane was grasped with a sterile, bent - 

tipped forceps and pulled free from the rest of the contents of the 

egg. With a second pair of sterile forceps the membrane was freed 

as much as possible from clinging bits of albumen and blood and was 

transferred to a sterile petri dish containing sterile blucosol 

medium for washing. After gentle agitation the membranes were washed 

in two more changes of sterile glucosol medium, then cut into 2 x 2 

cm pieces, using sterile scalpels. Tissue fragments were pooled and 

randomly dispersed in a dish of sterile glucosol medium where they 

remained until added to the culture tubes. Two fragments were added 

to each culture tube. Cultures were infected with Lee -R virus by 

adding 0.1 ml of an appropriate dilution of the stock virus to each 
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tube. The stoppers were seated firmly and taped down with cellophane 

adhesive tape. Incubation of cultures was at 35 °C for 44 to 48 hours 

on a reciprocal stroke shaker having a stroke length of 6.3 cm and 

frequency of 90 strokes per minute or on a rotary shaker with an 

approximately comparable action. After incubation both tissues and 

fluids were harvested and studied for hemagglutinin and /or C14 

activity depending upon the objective of the experiment. 

When measurement of tissue incorporation of C14 from labeled 

metabolites was the experimental objective, tissue fragments from 

the incubated cultures were rinsed with two changes of glucosol 

medium and were distributed into weighed vials for drying. The vials 

containing the tissues were placed at 110 °C for 12 hours and then 

transferred to a vacuum desiccator containing P205 and left for 24 

hours or longer at room temperature. The vials were reweighed and 

the difference in weight considered to be the dry weight of the tissue 

fragments. When measurement of C14 incorporation into virus was the 

aim a procedure for obtaining highly purified virus was essential. 

The development of the purification procedure is described in section 

A of Experimental Results. The details of the method are given under 

Virus isolation and purification in this section. 

Virus isolation and purification 

The development and modification of the purification methods 

discussed in section A, Experimental Results, resulted in the use of 

the following three steps for obtaining final purified virus 

preparations: 
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1. Adsorption of virus on and elution from chicken erythrocytes. 

2. Centrifugation of eluted virus from step 1 at high speed 

for sedimentation. 

3. Adsorption on and elution from ECTEOLA- cellulose anion 

exchange material. 

The infected culture fluid was first clarified by centrifuging 

in Rockefeller centrifuge tubes at 2400 rpm for 30 minutes in a bench 

model Clay -Adams centrifuge equipped with 4 -place standard horizontal 

head. Sedimented material was discarded. Adsorption on chicken 

erythrocytes was effected by adding a sufficient quantity of a 20% 

suspension of chicken red blood cells suspended in physiological saline 

to the clarified fluid to give a mixture having a final concentration 

of 2% chicken red cells. In most experiments the volume of the 

mixture was 40 -45 ml and could be contained in one Rockefeller tube. 

Adsorption was allowed to proceed for nine minutes at room temper- 

ature (22 -24 °C) and then the mixture was quickly cooled to 4 °C by 

immersing the tubes in an ice -salt water bath. The chilled tubes 

were centrifuged for 3 to 5 minutes at 2400 rpm in the cold. The 

supernatant fluid was removed and titrated for hemagglutinating ac- 

tivity as a check on the completeness of adsorption. Titers of super- 

natant fluids after adsorption usually were less than 8 HA units per 

ml. To the sedimented erythrocytes was added a small quantity, 

usually 5 ml per tube, of 0.1 Molar phosphate buffer solution at pH 

7.0 to serve as eluant. The tubes were stoppered and swirled to 

mix cells and buffer, then placed at 40 °C for 3 to 32 hours to release 
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the virus from the cells. During this time the tubes were agitated 

every half hour to facilitate the elution process. At the end of the 

time the cells were sedimented by centrifuging the tubes for 3 to 

5 minutes at 2400 rpm in the centrifuge which had been warmed to 35 °C 

in the incubator. Each supernatant, now containing eluted virus, 

was transferred to a separate 15 ml conical graduated centrifuge 

tube. The sedimented cells were rinsed twice using one or two ml 

portions of warm (35 °C) buffer solution and centrifuged after each 

rinse. The rinsings were added to the rest of the eluted material. 

The eluted material was next centrifuged for 20 minutes at 2400 rpm to 

remove any remaining red cells and the clear supernatant was treated 

by the high speed centrifugation process next described. 

For the second step in the isolation and purification of the 

virus, high speed centrifugation at 24,000 rpm (about 38,000 x g) 

for 30 minutes in the number 40 rotor of a Spinco preparatory ultra- 

centrifuge was carried out. The fluid containing the eluted virus 

was transferred by needle and syringe to the assembled lusteroid tubes 

used for ultracentrifugation. Additional fluid needed to completely 

fill a tube (total capacity about 13 ml) was supplied as 0.02 Molar 

phosphate buffer at pH 7.0. Center seals were fixed in the tube 

caps and centrifuging was done, using care to remove tubes from the 

rotor as soon as the centrifuge had stopped, to avoid slipping of the 

virus pellets. After centrifugation, the center seals were removed 

and each supernatant fluid was withdrawn to within 0.5 ml of the 

sedimented virus using a 10 ml syringe and 32 in, 18 -gauge needle. 

- 
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The cap assembly was completely removed from the tube and the remain- 

ing fluid poured off quickly into a small Kahn tube and saved. To 

the virus pellet was added one drop, about 0.05 ml, of 0.02 Molar, pH 

7.0 phosphate buffer solution and three small glass beads. Upon 

gentle rocking of the tube the virus pellets could be seen to come 

free from the inner surface of the tube. Next, the saved portion of 

supernatant fluid was added back to the virus sediment plus about two 

ml of 0.02 Molar, pH 7.0 buffer which was used for rinsing the small 

tube which had held the supernatant. The lusteroid centrifuge tube 

now contained the virus sediment, 0.5 ml of supernatant fluid, glass 

beads and the rinsings of phosphate buffer. It was stoppered tightly 

with a rubber stopper and was shaken on a reciprocating shaker with a 

22 in stroke length and a frequency of 240 strokes per minute for 10 

minutes to resuspend the virus. Tubes were oriented so that the tube 

length was parallel to the direction of the shaker motion during 

shaking. 

After resuspension the virus material was transferred with rins- 

ings of .0.02 Molar, pH 7.0 phosphate buffer to a clean conical 15 ml 

graduated centrifuge tube and brought to whatever volume was desired, 

usually 8 to 10 ml, using more of the same buffer solution. The 

preparation was now ready for column passage. 

A column was prepared for the adsorption of the virus in the 

following way: A small quantity, 0.5 g, of previously washed ECTEOLA- 

cellulose anion exchange material (see Ion -exchange cellulose material, 

this section) was suspended in 20 to 30 ml of 0.02 Molar, pH 6.4 
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phosphate buffer and this slurry was poured into a glass chromatog- 

raphy tube having an internal diameter of 1.0 cm and a length of about 

20 cm. The bottom support was a thin mat of glass wool. The ECTEOLA- 

cellulose was washed successively before using it for virus adsorption 

with the following fluids drawn through the column with the aid of 9 

to 10 lbs of negative pressure supplied by a small electric vacuum 

pump: 40 ml of 1 N NaOH, 40 ml of 1 N HC1, 40 ml of 0.5 Molar NaC1, 

and 60 to 80 ml of 0.02 Molar phosphate buffer at pH 6.4. The cellu- 

lose material was tamped firmly in the column near the end of the 

washing procedure and the flow rate adjusted to about 1.5 ml per 

minute by reducing the pump pressure sufficiently. This rate was main- 

tained throughout the passage of the virus through the column. 

Just as the last drop of wash fluid disappeared into the upper 

surface of the exchanger material a convenient quantity, usually about, 

8 ml, of the partially purified, resuspended virus was loaded onto 

the column using a long Pasteur pipet with rubber bulb for the trans- 

fer. The fractions coming through the column were collected in grad- 

uated conical centrifuge tubes. It was established in tests with both 

allantoic fluid virus and tissue culture virus that the virus would 

be held by the exchanger under the conditions of pH and molarity set 

up by the washing and in the virus resuspension fluid, and would be 

eluted by the addition of 0.02 Molar phosphate buffer solution at 

pH 7.0, containing 0.5 Molar NaCl. Hence, elution conditions were 

adjusted to include first the drawing of a considerable quantity, 

about three times the volume of the added virus, of weak phosphate 
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buffer solution (0.02 Molar, pH 7.0) through the column while the virus 

remained adsorbed. This effected the removal of some non -adsorbed, 

non -viral C14- labeled material which might have been carried over from 

the two preceding steps in the purification procedure. Next a series 

of small fractions, ranging in volume from 1.5 to 5.0 ml were eluted 

from the column by adding the required volume of 0.5 Molar NaCl in 

buffer and collecting the fraction in the appropriately labeled tube. 

A total of nine fractions was collected including fractions 

designated CF -0, 1, 2, and 3 which represented fractions eluted with 

only buffer, and those designated CF- 4,5,6,7, and 8 which were col- 

lected following the addition of 0.5 Molar NaC1 to the column. 

(It was possible to recover in the column fractions 60 to 80% of the 

total virus added to the column, as evaluated by HA measurements.) 

CF -5 was the fraction which nearly always contained most of the virus. 

This virus was also found to be the most highly purified in terms of 

hemagglutinin and nitrogen content as is discussed in section A of 

Experimental Results. 

Hemagglutination and radioactivity measurements were routinely 

made on all final fractions from experiments testing C14 incorporation 

into virus and at several points during the preceding two steps of 

the procedure. Numerous non -labeled experiments were also done in 

which HA and nitrogen measurements were made to evaluate the purity 

of virus at successive steps in the procedure. As is shown in Table 

X -A in Experimental Results, the average per cent recovery in CF -5 of 

virus from the original fluid was 27% and the mean purity of this 

- 



45 

final virus, in terms of HA units per mg of N was 614,500, for 14 

experiments using the three step method for virus isolation and puri- 

fication just outlined. 

Radioactivity measurements 

In early experiments in this study, radioactivity from carbon -14 

was measured by first converting the carbon in tissues and solutions 

14 
to C 02 using a wet combustion method described by Katz et al 

(32). The CO2 released by persulfate oxidation was trapped in strong 

NaOH solution in a closed flask system and then precipitated in the 

form of BaCO3 into thin metal planchets. These were dried and placed 

for counting under a suitably mounted Geiger -Mueller tube of the thin 

end -window type. As the work progressed and the isolated labeled 

virus preparations increased in purity, the small amount of radioac- 

tivity associated with the virus became more and more difficult to 

measure by this method. The cost of obtaining larger quantities of 

labeled virus by greatly increasing the size of the cultures would 

have become prohibitive so a change in instrumentation was made to 

secure greater sensitivity of measurement. A Tri -Carb Liquid Scin- 

tillation Spectrometer, model 314 -DC, obtained from the Packard In- 

strument Company, became available and was used for the incorporation 

experiments herein reported. Under the conditions established for 

optimum counting of the aqueous samples suspended in scintillation 

counting gel, an approximately 3 -fold increase or more in sensitivity 

was observed for this method compared to the G -M tube counting 

method. Table III shows counting data which helped establish high 
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TABLE III 

Merit values for different high voltage tap and window settings of the 

Tri -Carb spectrometer, using an aqueous gel sample containing C14 

High voltage 
tap setting 

Sample 
CPM 

Bkda 
CPM 

Square 
root 

of bkd 

CPM 
Merit 
valueb 

C14 standards 
in toluene 

Tap 3 

10 -55V 1963 18 4.24 463 12,419 

10 -100V 2019 22 4.69 430 12,425 

Tap 4 

10 -55V 3220 15 3.87 832 17,026 

10 -100V 3660 20 4.47 805 17,896 

Tap 5 

10 -55V 3495 18 4.24 824 14,790 

10 -100V 4382 22 4.69 934 19,714 

Tap 6 

10 -55V 3137 18 4.24 740 10,417 

10 -100V 4451 23 4.79 929 17,108 

Tap 7 

10 -55V 2565 34 5.83 440 6,467 

'10 -100V 3887 42 6.48 600 12,038 

Tap 8 

10 -55V 1851 38 6.16 300 4,010 

10 -100V 3018 44 6.63 455 7,779 

Tap 9 

10 -55V 1251 41 6.40 195 2,406 

10 -100V 2274 51 7.14 318 4,746 

Tap 11 

10 -100V 1109 98 9.90 112 2,119 

10 c 7058 179 13.38 528 not done 

a Background counting obtained from inert sample in gel. 

bMerit value = sample count 

Bkd count 

c Standard supplied by Packard Instrument Company. DPM = 27,900 

1 

ÿ 
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voltage tap 5, at 940 V, and a 10 -100V window: opening as the settings 

used for all of the incorporation experiments done, unless otherwise 

noted in the description of an individual experiment. As the table 

shows, a single typical sample containing C14 and an inert background 

sample were each counted at the different tap and window settings. 

A merit value was obtained by dividing the sample count rate by the 

square root of the background count rate at each setting. Optimum 

counting conditions are said to prevail when the merit value reaches 

a maximum. This, for the type of samples described, was at the high 

voltage tap 5, with 10 -100 V window settings. 

Liquid scintillation counting is designed to give maximum acti- 

vation of the scintillating fluors because of the extreme proximity of 

the sample and fluor molecules in the liquid system in which they are 

mixed. Wherever practicable the sample is dissolved in a solvent 

identical or miscible with the solvent used as the carrier for the 

fluors. Toluene is a commonly used, low quenching solvent satisfac- 

tory for such a purpose. Sometimes a mixture of ethanol and toluene 

can be used if a sample is more readily dissolved in the former. 

However, in the case of many biological materials Soluble only in 

aqueous media, special conditions must be provided for dispersing the 

sample in the toluene -fluor system. The samples of virus, media and 

tissues prepared from the experiments in this study were of the latter 

type. 

To meet the need for dispersing aqueous samples in toluene -based 

scintillation media, a thickened gel preparation has been devised 

- 

-- 
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(Bell 6, pp. 96 -100) which creates a condition of emulsion and suspen- 

sion of the sample in the counting medium. Many modifications are 

possible. In this study the gel was prepared in the following way: 

to 500 ml of toluene containing 2 g of terphenyl and 25 mg of POPOP 

was added, while stirring at low speed in a Waring Blendor, 12.5 g of 

Cab -O -Sil thixotropic gel powder. Then with stirring speed somewhat 

increased, 5.0 ml of glycerol and 4.0 ml of a 1:9 mixture of Tween 

80 and Span 80 were added. The mixture was beaten at moderate speed 

for three minutes and formed a thick translucent gel. The speed of 

blending was controlled by using a rheostat. Freshly prepared gel was 

used in each experiment although no loss in efficiency was noted from 

the storage of the prepared gel at 5 to 7 °C for several days if care 

was taken to prevent evaporation of the toluene. Some loss in ef- 

ficiency was noted if the toluene solution of terphenyl and POPOP 

was stored for longer than one month before being used for gel prep- 

aration. 

Samples were counted by placing 0.5 ml of aqueous sample in a 20 

ml Wheaton counting vial and adding 14.5 ml of the gel. The vial was 

capped tightly, shaken vigorously and placed at 0 °C on the Tri -Carb 

sample changer. No counting was accepted until the samples had been 

in the sample changer for at least 24 hours to allow for dark adapta- 

tion and temperature equilibration. If sample volumes of more than 

0.5 ml were to be counted, each was pipetted into a counting vial 

and evaporated to dryness in a desiccator over P205. Then 0.5 ml of 

an appropriate diluent was added to redissolve or resuspend the sample 
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and the usual amount of gel was added. 

When it was desired to measure incorporation of carbon -14 into 

fragments of chorioallantoic tissues from cultures, the tissues were 

solubilized and sampled in the following way: dried tissues for which 

the dry weight had been carefully determined by the procedure de- 

scribed under Tissue culture methods, were left for solubilizing in 

the small screw- capped vials in which they were dried. Each vial 

contained 4 to 6 fragments, totalling 5 to 20 mg dry weight. To each 

vial was added 0.2 ml of deionized water and 0.8 ml of 1 Molar Hyamine 

10 -X. Each vial was covered with a small piece of aluminum foil and 

the cap was screwed down tightly over this to prevent evaporation. 

The vials were held at 56 -60 °C for 3 hours and then at 40 °C overnight. 

This resulted in a completely clear, slightly brown solution. The 

fluid from each vial was then diluted, using a 1:25 dilution of 

glucosol medium in water, to 10 or 25 ml in a volumetric flask, de- 

pending on the level of incorporation expected. After thorough 

mixing, 0.5 ml samples of the solubilized diluted tissues were placed 

in counting vials and 14.5 ml of the scintillation counting gel was 

added to each in preparation for the counting. 

For each incorporation study, preliminary counting of all samples 

was done for a survey of C14 activity present. Four ten -minute counts 

were collected per sample and the results averaged, corrected for 

background activity, and expressed in terms of net counts per minute, 

per ml or per mg of the material sampled. The data appearing in 

Tables I -B, IV -B, VI -B, VII -B were obtained from such survey counting. 
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However, because different labeled materials such as proteins, 

amino acids, pyrimidines, and carbohydrates may vary markedly in their 

abilities to quench or depress the C14 activity in samples being 

measured by liquid scintillation counting, the preliminary measurements 

were not considered adequate for the purpose of deriving quantitative 

information regarding incorporation of labeled compounds into virus 

and tissues. Hence, samples of labeled media, the CF -5 samples of 

labeled virus which had been demonstrated to contain the bulk of the 

most purified virus, and tissue samples were subjected to further in- 

vestigation so that corrections for differences in quenching might be 

made. A procedure making use of the 'spiking' technique involving 

addition of an internal standard to the critical samples was employed. 

This consisted of re- counting selected sample vials and then adding to 

each a measured amount of a toluene solution of a standard Benzoic- 

C14OOH preparation having a known number of DPM per mg and then re- 

peating the counting after the addition of the standard material. 

Subtracting the average sample CPM before addition of standard from 

the average CPM after addition gave a value for CPM due to the stan- 

dard material alone. This CPM value of the standard divided by the 

actual DPM of the standard gave an index of the efficiency of count- 

ing of C14 activity for each type of sample. The net average CPM for 

each material was then corrected to a theoretical 100% value by the 

per cent efficiency value derived from these quenching corrections. 

Only in this way, it was believed, could comparisons be made on an 

equal basis between Ci4 content of medium and virus, or between C14 
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content of medium and tissues, or among samples labeled from different 

C14 sources. Efficiency values for tested compounds ranged from 33 

to 48 %; the average value was about 41 %. 

In each virus incorporation experiment counting before addition 

of standard was done on the five replicate samples of medium on the 

CF -5 virus sample, and on the four tissue samples. Addition of in- 

ternal standard and re- counting was done for two samples of medium, 

the CF -5 virus sample and two tissue samples. For each experiment 

investigating tissue incorporation only, three replicate samples of 

medium and four tissue samples were counted before addition of the 

internal standard; addition of standard and re- counting was done on 

two samples of medium and two tissue samples for each compound tested. 

In each case, three 10- minute counts were taken and the averages 

expressed as CPM. The average CPM after subtraction of an average 

background CPM value became the average net CPM. The usual background 

level for the counting conditions used was 16 -20 CPM. A minimum ratio 

of 5:1 for average net CPM to average background CPM was considered 

acceptable for use in making incorporation calculations. This meant 

that 80 was the minimum average net CPM required for a sample vial 

representing 2.0 ml of a purified virus fraction and that the smallest 

total number of counts collected to obtain the average was about 3000. 

For most samples total number of counts collected ranged from 5,000 

to 250,000. 

Final calculations of incorporation are described in more detail 

in sections B and C of the Experimental Results and Tables II -B and 
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and II -C are summaries of such calculations made for typical virus and 

tissue incorporation experiments. Final results were expressed as 

micromoles of test compound per million hemagglutinating units of virus 

or as micromoles of test compound per 100 mg of dry tissue, whichever 

was appropriate. 

Nitrogen measurements 

In order to be able to present evidence regarding the purity of 

any virus preparation, it is desirable to measure some biological 

activity of the virus and to compare it with some physical or chemical 

property which can be quantitatively estimated. It was obvious that 

the extremely small quantities (about 20 -100 micrograms) of influenza 

virus isolated from tissue cultures of a convenient size would not 

allow estimates of purity to be based, for example, on hemagglutin- 

ating units per milligram of dry weight of the particles themselves. 

However, sensitive methods for the detection of very small amounts of 

protein and, more particularly, of nitrogen were known to be available. 

Thus it was decided to base estimates of virus purity upon the hemag- 

glutinating activity, expressed as HA units, and the total nitrogen 

content of virus samples which could be measured at several points 

during the purification procedure. 

A microkjeldahl method for nitrogen measurement which included 

a microdiffusion procedure described by Seligson and Seligson (58) 

for use in clinical investigations, was modified and adopted for use. 

The method measures nitrogen in the range of 2 to 25 micrograms. 
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The reagents for the method were the following: 

Nitrogen standard 

Ammonium sulfate 0.4716 g per liter, in 

deionized water. This solution provides 100µg N per ml, 

Acid digestion mixture 

Sulfuric acid, conc. C.P. 

Potassium sulfate, anhyd. 

Mercuric sulfate 

160 ml 

104.4 g 

5.05 g 

The salts were dissolved in 100 -200 ml of deionized water, the 

sulfuric acid added cautiously, and the mixture diluted to 1000 ml, 

using deionized water. 

Alkaline wash solution 

Sodium thiosulfate, anhydrous 50 g 

Sodium hydroxide, reagent grade 40 g 

Deionized water to 1000 ml 

Koch- McMeekin Nessler's Solution (Kolmer, 36, p. 967) 

Nessler's solution was diluted 1:10 with deionized water 
for use. 

Sulfuric acid, approximately 11\1 in dropper bottle. 

Additional apparatus required included: 

1. Small hard glass bottles of about 25 ml capacity, of a type 

commonly used for packaging penicillin or streptomycin solutions in- 

tended for parenteral use. Each was fitted with a tight rubber 

stopper having a center depression into which was fitted a short glass 

rod. When the stopper was in place, the rod reached to about one 

centimeter from the bottom of the bottle. The lower end of the rod 

was flared or footed and roughened with sandpaper so it would retain 

a thin film of acid. 

2. An electric hot plate provided with a continuous dial -type 

heat control; Temco, type 1900, made by the Thermo Electric Mfg. 
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Company, Dubuque, Iowa. 

3. A Beckman model B spectrophotometer, with standard cuvettes. 

4. A motor -driven revolving drum for rotation of bottles during 

the microdiffusion process. 

The nitrogen analysis was performed in the following way: A 

sample, 0.2 to 1.0 ml in volume, was pipetted into a bottle and the 

volume adjusted, if less than 1.0 ml, to 1.0 ml by the addition of 

deionized water. One ml of the acid digestion mixture was added and 

the bottle was placed on the hot plate and warmed to drive off all 

water. The temperature control was kept below 2 so that the solution 

did not boil. When all water was gone, as indicated by the dry inner 

walls of the bottle, a marble was placed over the mouth of the bottle 

and the temperature was gradually increased until the mixture turned 

slightly brown and white fumes appeared in the bottle. Strong heating 

at 5 on the control dial, was continued for about two hours until the 

acid could be seen refluxing on the inner walls approximately to the 

shoulder of the bottle. Heating was continued for 20 minutes longer, 

the heat turned off, and the bottle allowed to cool in place. Next, 

2.0 ml of alkaline wash solution and three sodium hydroxide pellets 

were added and the bottle was quickly stoppered using the rubber 

stopper -glass rod assembly already described. When a number of deter- 

minations were being done, addition of alkaline wash solution, NaOH 

pellets, and stoppering were completed for one bottle at a time, to 

avoid loss of ammonia. Just before insertion of the stopper and rod 

into each bottle, the roughened portion of the rod was dipped into 
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the 1 N sulfuric acid solution to coat it with a thin film of acid for 

collecting the ammonia that would be released in the microdiffusion 

process. The stoppered bottles were rotated several times to help 

dissolve the NaOH pellets and then placed in a horizontal position 

on the revolving drum (12 cycles per hour) and rotated over night in 

a 35° incubator. Each determination of unknown samples was accom- 

panied by a set of standards consisting of bottles containing 5, 10, 

15 and 20p.g of nitrogen provided by the standard ammonium sulfate 

solution and a blank consisting of 1.0 ml of deionized water. Stand- 

dards and blank were digested and treated like the unknown samples. 

After the microdiffusion process, the bottles were cooled to 

room temperature; each was opened, the glass rod carefully removed 

and dipped into a small beaker containing 10.0 ml of the diluted Nes- 

sler's solution. After five minutes the yellow -colored solutions 

were read in a Beckman model B spectrophotometer at 420 millimicrons, 

with sensitivity setting at "1" and the reagent blank at 100% T. 

A standard curve was prepared from the optical density values and 

micrograms of nitrogen of the standards. Nitrogen values for un- 

knowns were obtained from the curve. 

Whenever sufficient material was available, duplicate analyses 

were made to investigate the error of the method. The results of 

42 pairs of duplicate measurements are given in Table IV. 

Computations analogous to those made for the evaluation of the 

accidental error of the hemagglutinin measurements were done for the 

nitrogen measurements also and are shown in Table IV. The standard 
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TABLE IV 

Analysis of accidental error in a microkjeldahl method, using 42 pairs 

of measurements of total nitrogen in purified virus samples and 

tissue culture fluids 

Exp. no. 

Sample size 
in ml 

Acg N 

measured 
A B 

Difference 
(A -B) (Difference)2 

TC-36 1.0 22.30 19.30 +3.00 9.0000 

1.0 8.26 8.30 +0.04 0.0016 

TC-37 0.3 5.48 4.20 +1.28 1.6384 
0.2 10.30 11.20 -0.90 0.8100 

TC-38 0.4 4.40 5.00 -0.60 0.3600 

TC-39 0.4 5.21 4.88 +0.33 0.1089 

TC-40 0.4 2.44 1.98 +0.46 0.2116 

1.0 1.70 1.25 +0.45 0.2025 

TC-41 0.4 6.67 7.41 -0.74 0.5476 

TC-42 0.9 36.4 37.6 -1.20 1.4400 

TC-44 0.6 11.8 14.4 -2.60 6.7600 

TC-46 0.9 3.33 3.82 -0.49 0.2401 

TC-48 0.4 6.05 6.58 -0.53 0.2809 

TC-50 1.0 1.46 1.34 +0.12 0.0144 

TC-54 0.5 19.5 19.2 +0.30 0.0900 

TC-55 0.5 1.70 1.40 +0.30 0.0900 

TC-63 0.4 15.2 15.7 -0.50 0.2500 
TC-67 0.6 24.5 22.7 +1.80 3.2400 
TC-68 0.7 7.2 7.3 -0.10 0.0100 

TC-72 1.0 2.1 3.5 . -1.40 1.9600 
TC-73 0.3 25.4 26.8 -1.40 1.9600 

1.0 5.8 6.7 -0.90 0.8100 
1.0 1.7 1.1 +0.60 0.3600 

TC-76 0.5 7.9 7.0 +0.90 0.8100 

TC-77 0.3 6.2 5.6 " 
+0.60 0.3600 

No no. 0.8 2.5 2.9 -0.40 0.1600 
0.7 6.2 7.0 -0.80 0.6400 
1.0 1.5 2.5 -1.00 1.0000 
1.0 12.7 13.2 -0.50 0.2500 

TC-91 0.9 5.75 5.50 +0.25 0.0625 
1.0 1.50 1.20 +0.30 0.0900 

TC-94 1.0 3.00 3.75 -0.75 0.5625 
TC-95 0.5 ' 2.9 2.5 +0.40 0.1600 

1.0 7.2 6.8 +0.40 0.1600 
0.2 28.6 29.3 -0.70 0.4900 

TC-78 0.3 17.2 18.0 -0.80 0.6400 
0.3 25.2 23.9 +1.30 1.6900 

' 

, 

, 
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Table IV continued 

Exp. no. Sample size pug N Difference (Difference)2 

measured (A -B) 

A B 

TC-79 0.3 6.2 6.3 -0.10 0.0100 

0.7 19.0 20.0 -1.00 1.0000 

TC-80 1.0 2.8 2.0 +0.80 0.6400 

TC-81 0.4 6.3 5.4 +0.90 0.8100 

TC-115 1.0 1.8 1.8 0.00 0.0000 

-3.21 39.9210 

Sum of squared differences: 39.9210 

Number of pairs: 42 Divisor: 84 

Mean square or variance = 39.9210 
84 

= 0.4752 

Estimated standard deviation, S.D. = 0.4752 
±0.6893 

At P = 0..05, n = 42, "t0.05T' = 2.02 

Accidental error limits for single measurements at 95% probability 

level: "tQ05 x S.D. = 2.02 x ±0.6893 
_ ±1.3924 
= 1.39A N 

Accidental error limits for means of duplicate measurements at 

95% probability level: "t0,05" x S.D. = 2.02 x ±0.6893 
1.414 

±0.9848 
= t0,98/g N 

Standard error of difference, S.E. of difference = V(S.D.)2 +(S.D.)2 
0.9504 

= ±0.9749 

Least significant difference between single measurements at P = 0.05 

"t0.05" x S.E. of difference = 2.02 x ±0.9749 
= t1.9693 
= +1.9Ng N 

Least significant difference between means of duplicate measurements 

At P = 0.05 

"t0.05" x /(S.D. )2+(S.D. )2 = 2.02 x ±0.6893 

(/ 2 2 = +1.3924 
= -1.39/kg N 

, 

= 

= 

yr72- 
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deviation for the items in this sample was found to be t0.6893pg N. 

This meant that any single measurement would be unlikely to differ 

from its true value by more than about twice this value or by more 

than ±1.39pg N as shown by "t" x S.D. This represents an error of 

about ±14% at the 10 microgram level. If means of duplicate analy- 

ses are used as final results, as has been done in the present 

work in order to express the purity of virus preparations such as 

those included in Table X -A, the true value of a result is defined more 

closely. In this case it may be said that 95% of results expressed 

as means from duplicate analyses would be unlikely to differ from 

their true values by more than 10.98pgN which is a variability of 

about *-10% at the 10 microgram level or about ±20% at the 5 microgram 

level. Thus it may be seen that samples of highly purified virus 

which often contained from five to ten micrograms of nitrogen per ml 

could be measured with only a fair degree of precision by this method 

even when duplicate measurements were made and averaged to obtain 

results. The accidental error of this method plus that of the hem - 

agglutinin measurements are reflected in the variability among results 

of the purification experiments reported in section A of Experimental 

Results. 
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EXPERIMENTAL RESULTS 

A. Development of a satisfactory method for virus purification 

For a convincing demonstration that incorporation of labeled 

material into virus has actually taken place it is, of course, first 

necessary to show that the virus has been isolated with as little ex- 

traneous non -viral material accompanying it as possible. In early 

experiments in the study before scintillation counting was avail- 

able it was relatively simple to show that when glucose- UL -C14 

was present in the tissue culture medium throughout the incubation 

period, C14- labeled virus from the culture could be adsorbed onto 

chicken erythrocytes and the radioactivity could be detected using a 

Geiger -Mueller tube and scaler. Such experiments also showed that 

radioactivity from such preparations was many times greater than 

that coming from non -infected labeled culture fluid treated in an 

identical way. However, it appeared impossible to evaluate the purity 

of virus preparations while the virus was adsorbed to the chicken 

erythrocytes even though these cells are believed to adsorb virus 

quite specifically from the fluid medium. It was soon obvious that 

cogent evidences for both the purity of the virus and the incorpora- 

tion of C14 would require other and better methods of isolation and 

purification. It was mentioned in the Methods section while describ- 

ing the method of making nitrogen measurements that these as well as 

hemagglutination titers were chosen as the values by which the purity 

of the virus preparations was to be estimated. As soon as the 
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methods for obtaining these two kinds of measurements were worked 

out and became familiar and reproducible, investigations were begun 

to develop an adequate purification procedure. 

One method commonly used for the isolation of viruses is ultra - 

centrifugation, usually carried out with infected fluid from which 

large particles have been removed by one or more low speed centri- 

fugation treatments. Together the two centrifugation steps consti- 

tute one cycle of differential centrifugation. Such a process has 

the advantage of not subjecting the virus to any chemical treatment 

which might alter biological properties and thus interfere with an 

assay of these properties which are of such importance in the evalu- 

ation of purity as the isolation progresses. A number of experi- 

ments were done in which infected tissue culture fluids were har- 

vested and subjected to one low speed centrifugation at 2400 rpm 

for 30 minutes for removal of coarse impurities and then to one high 

speed centrifugation at 24,000 rpm (38,000 x g) for 30 minutes in a 

number 40 rotor of a Spinco Model L preparatory ultracentrifuge. 

The sedimented material was resuspended to a suitable volume; 

then samples were taken for hemagglutination titration and nitrogen 

measurement. Table I -A gives the results of nine such experiments. 

The mean recovery of virus as measured by the hemagglutination ti- 

trations was 101% of that present in the original material, the 

infected tissue culture fluid. The average purity of these prepara- 

tions expressed as HA units per mg of nitrogen was 47,000. Since 

the nitrogen and HA measurements on the clarified starting fluids 
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TABLE I -A 

Summary of virus isolations from tissue culture by a single 
ultracentrifugation at 24,000 RPM for 30 minutesb 

Exp.No. 
T.C. 

Fluid 

Pellet from 
ultracentrifuge 
resuspended 
to volume 

% Virus 
Recovery 

HA units 
per mg N 

TC -13 128a 160a,c 125 26,500 

TC-14 256 384 150 60,800 

TC-15 288 256 89 41,200 

TC-16 112 128 114 36,900 

TC-17 224 192 86 53,000 

TC-18 128 128 .100 45,900 

TC-19 192 192 100 44,100 

TC-20 394 192 49 45,500 

TC-21 192 192 100 70,000 

Mean 101 47,100 

a 
Figures in table represent HA (hemagglutinating) units 
per ml unless otherwise stated. 

b Preceded by centrifugation at 2400 rpm for 30 min. 
c Virus in pellet resuspended by mechanical shaking with 

glass beads in phosphate buffered saline. 

. 
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gave an average value of 3500 HA units per mg N, this represents a 

13.4 -fold increase in purity. The considerable variation in HA 

per mg N values from the different experiments was believed to be 

contributed to by several factors, including a wide range of error 

in the hemagglutination assay and the degree of error in the nitrogen 

method. This one step purification procedure, by itself, was felt 

to be inadequate for obtaining sufficiently pure virus. For one 

thing the possibility of carrying over contaminating labeled mater- 

ial from the original tissue culture fluid was thought to be too 

great since the virus was being isolated directly from the fluid 

medium which, in the case of C14 experiments, would be highly label- 

ed. Dialysis of the isolated virus sediments was considered and tried 

as a means of freeing preparations from soluble labeled material 

but recovery of such minute quantities of virus from dialysis mem- 

branes was difficult and unsatisfactory. 

Hence, some experiments were designed in which a single cycle 

of differential centrifugation was the first of three steps; the 

second being adsorption of the resuspended virus to chicken erythro- 

cytes with subsequent elution; the third step, another ultracen- 

trifugation to concentrate the virus. A summary of ten experiments 

in which these three steps were tested for virus purification and con- 

centration is given in Table II -A. Here the mean recovery of virus 

is 56% of the total in the original material, but the purity has in- 

creased to a mean value of 110,000 HA units per mg N or is roughly 

double that found for the previous method employing only high speed 

r 

- 

- 
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TABLE II -A 

Summary of virus purification experiments using a three step method: 

One cycle of differential centrifugation, adsorption with CRBC, 

ultracentrifugation 

Exp. 

Virus in 

culture 
No. fluida 

Ultracentrifuge 

pellet resuspended 
to volumea,b 

% virus 
recoveryc 

HA units 
per mg N 

TC-22 224 128 57 - 

TC-23 160 128 80 70,200 

TC-24 160 160 100 233,000 

TC-25 128 80 63 58,000 

TC-26 320 128 40 63,400 

TC-27 192 ' 60 31 80,000 

TC-28 128 64 50 43,700 

TC-29 224 96 43 88,800 

TC-30 256 112 44 185,000 

TC-31 384 192 50 - 

Mean 56 110,100 

a Figures represent HA (hemagglutinating ) units per ml unless 

otherwise indicated. 
b Virus resuspended as in Table I -A. 

c Total HA content of final preparations compared with total HA 

content of original culture fluid. 

. 

. 

' 

' 
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centrifugation. Hence, the increase in purity of the final virus 

compared to that of the starting material was about 35 -fold, using 

the average value of 3500 HA units per mg N for the crude starting 

fluid virus. The procedure involving the three steps for purifica- 

tion was considered more satisfactory than the one step method, both 

because of the higher HA per mg N value and because of the greater 

likelihood that labeled non -viral material would be eliminated during 

the first two steps of the procedure, yielding a preparation free 

from contaminating carryover from the original fluid. 

At about this time, however, attention was drawn to some rela- 

tively new developments in cellulose exchange materials which 

Peterson and Sober (50) had demonstrated to be useful for separat- 

ing protein components in serum, and which other workers were finding 

to be of considerable value in the adsorption and chromatographic 

separation of enzymes, nucleic acids, and for the purification of a 

few animal viruses (Hoyer, et al., 24). It was decided that some 

investigation of the possibilities of at least two of these ex- 

change materials should be made before finally accepting the three 

step purification method for Lee virus which was just described. 

DEAE- cellulose and ECTEOLA- cellulose were chosen for testing follow- 

ing the reports of Hoyer et al (24) of their use in the successful 

adsorption and elution of ECHO -13 viruses. These workers also found 

that while adsorption of polio types 1, 2 and 3 and Coxsackie A9 

viruses did not appear to take place under the conditions used by 

them, removal of extraneous material accompanied the passage of the 

, 
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viruses through the column of exchanger, thus accomplishing further 

purification of the virus materials in that manner. 

Preliminary work with DEAE- cellulose in this laboratory showed 

that the supernatant fluid from buffered aqueous suspension of the 

material up to a dilution of 1:16 had the property of agglutinating 

chicken erythrocytes even when no virus was present so DEAE -cellulose 

was omitted from further trials. However, tests with 

ECTEOLA- cellulose anion exchange material under suitable condi- 

tions of pH and buffer concentration showed that this material 

possessed the capacity of adsorbing Lee virus and of releasing it 

when proper conditions for elution were set up. It was found that 

adsorption of virus readily took place if the virus were resuspend- 

ed in a phosphate buffer solution of pH 6.4 to 7.0 and molarity of 

0.01 to 0.02, and added to a column of the exchanger which had been 

washed successively with IN NaOH, 1 N HC1, 0.5 Molar NaCl, and 0.02 

Molar, pH 6.4 phosphate buffer. Elution of virus was found to take 

place upon the addition of a solution of 0.5 Molar NaC1 prepared in 

0.02 Molar phosphate buffer at pH 7.0. 

Some experiments were then carried out to evaluate the purity 

and per cent recovery of virus when isolated using a three step 

procedure that included (1) adsorption to and elution from chicken 

erythrocytes (2) high speed centrifugation, and (3) adsorption to 

and elution from a column of ECTEOLA- cellulose material. Table III - 

A summarizes the results of six such experiments. It will be seen 

that while the mean value for final per cent recovery of the starting 
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TABLE III.À 

Virus purity and recovery data obtained from a three step purification 

method consisting of adsorption on chicken erythrocytes, ultracen- 

trifugation, and ECTEOLA- cellulose column adsorptiona 

Expt. 

no. 

Original First stepb Second stepc Third stepd 

total HA % virus % virus HA units % virus HA units 

units recovery recovery per mg N recovery per mg N 

TC -37 48,130 85 38 280,000 19 474,000 

TC -38 24,580 83 75 434,000 12 -e 

TC -39 9,200 90 49 101,000 17 126,400 

TC -40 9,600 73 48 350,000 32 354,000 

TC -41 24,060 100 90 291,000 26 303,000 

TC -45 9,400 73 62 90,600 15 161,000 

Mean 84 60 257,800 20 283,700 

a No phosphate buffer washing preceded virus elution from column. 

Eluting fluid was 0.5 Molar NaC1 in 0.02 Molar phosphate buffer, 

pH 7.0. 

b Chicken erythrocyte adsorption and elution step. 

Ultracentrifugation step; virus resuspended in 0.02 Molar phosphate 

buffer with aid of mechanical shaking in preparation for column 
adsorption. 

d ECTEOLA- cellulose adsorption and elution step. Data given are for 

the eluted fraction of highest virus content in each experiment. 

e Nitrogen measurement not considered reliable; based on a single 

sample showing content of 1.2 micrograms N. 
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virus is 20, the mean value for purity had increased to 283,700 

HA units per mg N which is more than double that attained at the end 

of the former three step method described. This seemed to indi- 

cate that a purification procedure which made use of virus adsorp- 

tion and elution with ECTEOLA- cellulose material as a final step 

might be satisfactory for routine use in the contemplated incorpo- 

ration studies using C14- labeled compounds and Lee virus. 

During this time attention was also being directed to a consider- 

ation of the possibilities that final labeled virus fractions, de- 

spite hemagglutination and nitrogen assay evidence attesting to a 

high degree of purity, might still be contaminated with labeled 

soluble material carried over from the original medium or might be 

labeled with material adsorbed to, but not actually incorporated 

into, virus particles. It can be readily understood that either 

possibility unless eliminated by experimental evidence would raise 

serious doubts as to the validity of any demonstration of quantita- 

tive incorporation of label into virus. Therefore, several experi- 

ments were designed and carried out keeping those possibilities in 

mind. It appears appropriate to discuss these experiments here 

before presenting work on the further development of the three step 

purification procedure that was finally adopted and used throughout the 

remainder of the work to be described in the next sections. 

Experiments TC -40 and TC -45 offer examples of tests in which 

virus, labeled from the addition of glucose- UL -C14 to the culture 

medium, was isolated and purified by the three step method outlined 
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above, i.e., a combination of adsorption and elution using chicken 

erythrocytes, one high speed centrifugation, and adsorption and 

elution using an ECTEOLA- cellulose column. The purpose of these 

experiments was to compare the radioactivity of final virus fractions 

with their hemagglutination activity and also to determine the purity 

of such fractions by measuring their nitrogen content. TC -40 rep- 

resents a 20- and TC -45 a 30 -tube tissue culture, each having been 

infected with Lee -R virus, from which infected fluids were harvested 

and treated after 48 hours of incubation. The radioactivity measure- 

ments were still being made at this time by the G -M tube and scaler, 

after planchet preparation of the samples according to the wet 

combustion method described earlier in the Methods section. The 

levels of activity in the original media were 83,270 and 80,260 

CPM per ml by G -M tube counting, respectively, for the two experi- 

ments. The total glucose concentration was 2.86 milliMolar in each 

case. 

Tables IV -A and V -A list the data pertaining to the fractions 

under consideration in each case. It was encouraging to note a rise 

and fall in C14 activity corresponding to the rise and fall in HA 

activity as elution from the column proceeded. However, there was 

no indication from the nitrogen data (see tables) that any increase 

in purity of virus fractions was being achieved at step three during 

the column passage. Recovery of HA activity added to the column was 

54% and of CPM, 63% for TC -40. For TC -45 comparable values were 

59% for HA activity and 49% for radioactivity. 
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TABLE IV -A 

Recovery data for virus and C14 activity in fractions from an infected 

culture labeled with glucose- UL -C14, obtained by a three step virus 

purification processa 

Material 
Volume CPMb 
in ml per ml 

CPM 

total 

HA units 
per ml 

HA units 
total 

Original medium 
TC -40 48 83,230 200 

Pre -column material, 
virus after step 2 2.5 1058 2645 1280 3200 

Column fractionsc 
1 5.1 4 8 441 <8 <41 
2 3.0 335 1005 256 768 

all 3 3.0 173 519 256 768 

eluant 4 2.9 21 61 48 139 

fractions 5 2.9 11 32 16 46 

6 4.9 - - 48 4.40 

7 5.0 - - L8 4 40 

column fraction total 1658 

Recovery of CPM from column: 1658 = 63% 
2645 

Recovery of HA activity in CF 2,3,4,5,: 1721 = 54% 
3200 

Nitrogen measurements: Pre -column material, 350,000 HA units per mg N 

Column fraction 3, 354,000 HA units per mg N 

a Step 1: Adsorption and elution using chicken erythrocytes. 
Step 2: High speed centrifugation of virus eluted from erythrocytes 

followed by resuspension of virus in a small volume of 

weak buffer solution for column passage. 
Step 3: Adsorption and elution using ECTEOLA- cellulose column 

b Counting by G -M tube and planchet method. Counter calibration: 

182,282 CPM per microcurie at 1350 V. Background: 30 CPM. 

CPM values are net CPM values, corrected for background and self - 
adsorption. 

c All column fractions were collected following addition of eluting 
fluid, 0.5 Molar NaCl in 0.02 Molar phosphate buffer at pH 7.0. 

i 

- 

_ 
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TABLE V-.A 

Recovery data for virus and C14 activity in fractions from an 

infected tissue culture labeled with glucose- UL -C14a obtained 

by a three step virus purification process 

Material Volume 
in ml 

CPMb 

per ml 

CPM 

total 

HA units 
per ml 

HA units 
total 

Original medium 
TC--45 75 80,260 125 

Pre -column material, 
virus after step 2 8.0 517 4136 480 3840 

Column fractionsc 
1 10.8 37 400 8 81 

all 2 3.0 341 1023 480 1440 

eluant 3 3.0 111 333 160 480 

fractions 4 3.0 28 84 (80 <240 
5 5.0 24 120 16 80 

6 10.0 6 60 12 120 

Recovery of CPM from column: 2020 = 49% 
4136 

Recovery of HA activity in CF- 2,3,5,6: 2120 = 55% 
3840 

Nitrogen measurements on parallel non -labeled culture: 
Pre -column material, 282,000 HA units per mg N. 
Column fraction 2, 265,000 HA units per mg N. 
Column fraction 3, 285,000 HA units per mg N. 

a Step 1: Adsorption and elution using chicken erythrocytes. 
Step 2: High speed centrifugation of virus eluted from 

erythrocytes. 
Step 3: Adsorption and elution using ECTEOLA- cellulose column. 

b 
Counting by G -M tube and planchet method. Counter calibration: 
182,282 CPM per microcurie at 1350 V. Background: 30 CPM. 

CPM values are net values, corrected for background and self - 
absorption. 

c All column fractions were collected following addition of eluting 
fluid, 0.5 Molar NaC1 in 0.02 Molar phosphate buffer at pH 7.0. 
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To further test the behavior of labeled material upon its pas- 

sage through the column, TC -50 and 50A were done. TC -50 was a non- 

infected culture consisting of 25 tubes set up with tissue fragments 

and glucosol medium but with no virus inoculum. The glucose concen- 

tration in total molarity was the same as for TC-40 and TC-45. The 

radioactivity level in the medium was 67,100 CPM per ml. Again, 

fluids were harvested and pooled as in the other cultures and the 

three step purification procedure followed as for an infected cul- 

ture. There was no HA titer and nitrogen content of the final 

fractions was too small to be measured. However, radioactivity 

measurements were made on comparable fractions and the results are 

shown in Table VI-A. It may be seen that the labeled pre -column 

material from such a control culture had only about one -fifth the 

activity that was obtained from its equivalent fraction in TC- 

45 (see table V -A) and that radioactivity appeared in the control 

culture column fractions earlier and to a more complete degree than 

in infected culture column fractions. Before allowing this data to 

suggest any modifications in the treatment of labeled virus being 

passed through the cellulose column, one more test was made on the 

behavior of soluble labeled material alone. In Experiment 50A 

a small amount of glucose UL -.C14 was diluted with distilled water 

to give approximately 210 CPM per ml and 9.0 ml of this was added 

to a column prepared as if for virus adsorption. The usual NaCl 

eluant was used to collect fractions comparing closely in volume 

with the fractions eluted in TC-45 and 50. Table VII -A gives data 
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TABLE VI -A 

Recovery data for C14 activity in fractions from a non - infected 

culture labeled with glucose- UL -C14, obtained by a three step 

purification processa 

Material 
Volume CPMb CPM HA units 
in ml per ml total per ml 

Original medium 
TC -50 

Pre -column material, 

62 67,100 

after step 2 8.5 96 816 

Column fractionsc 
1 10.7 38 407 

2 3.1 101 313 

3 3.1 3 9 

4 3.1 - 

5 5.5 - 

6 10.1 - 

Recovery of CPM added to column: 729 = 89 %0 

816 

Nitrogen measurements: No measurable nitrogen content in purified 
preparations. 

a Purification process same as used in infected cultures, same steps 

as in Tables IV -A and V -A. 
b Counting by G -M tube and planchet method. Counter calibration: 

182,282 CPM per microcurie, at 1350 V. Background: 30 CPM. 

CPM values are net values, corrected for background and self - 
adsorption. 

c All column fractions were collected following addition of eluting 
fluid, 0.5 Molar NaCl in 0.02 Molar phosphate buffer at pH 7.0. 

- 

- 

- 
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TABLE VII -A 

Recovery of C14 activity in fractions collected from ECTEOLA- 
cellulose column, following passage of soluble glucose- UL -C14 

through column 

Material 
Volume CPMa CPM 
in ml per ml total 

TC -50A 

Dilute substrate, 
Glucose- UL -C14 9.0 221 1990 
for column passage 

Column fractionsb 
1 11.3 144 1627 
2 3.0 121 363 

3 3.0 10 30 

4 3.0 

5 5.0 

6 10.7 

column fraction total 2020 

Recovery of CPM added to column: 2020 

1990 
= 102% 

a Counting by G -M tube and planchet method. Counter calibration: 
182,282 CPM per microcurie at 1350 V. Background rate: 30 CPM 
CPM values are net values, corrected for background and self - 
adsorption. 

b All column fractions were collected following addition of 
eluting fluid, 0.5 Molar NaC1 in 0.02 Molar phosphate buffer 
at pH 7.0. 

- - 

- - 

- 
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obtained from this experiment by the same previously used combustion 

and counting methods. 

The behavior of the soluble material tested in 50A appears to 

be very similar to that of the labeled material derived from the non - 

infected culture, TC -50. It suggested the possibility that treat- 

ment of the adsorbed virus with washings of dilute buffer might re- 

move some labeled soluble impurities while the virus remained 

adsorbed to the cellulose awaiting elution. 

This possibility was made the subject of a number of trials, 

both for labeled and non -labeled cultures. At first the quantity 

of buffer solution tried for washing was small, but was increased 

until in the final method employed, approximately three volumes of 

0.02 Molar, pH 7.0 Phosphate buffer were washed through the column 

following each volume of resuspended virus adsorbed. The elution 

profile for HA activity was, of course, shifted and a typical elution 

schedule in its final form in terms of volumes and HA titers of the 

various fractions, looked something as follows: 

Material Volume 
in ml 

HA units 
per ml 

*Pre -column material 8.0 1280 

Column fractions 0 8.0 ¿ 8 
(wash fractions, 
0.02 M buffer 

1 

2 

10.0 

10.0 
4.8 
4:8 

3 8.0 4.8 

4 1.5 400 

(0.5 M NaCl 5 2.5 -3.0 1280 

as eluant) 6 3.0 256 

7 3.0 80 

8 5.0 20 

. 

/ 

' 
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*Pre -column material is the term employed to describe the resus- 

pended, partially purified virus resulting from the ultracentrifuga - 

tion or second step of the three step method. It is used to desig- 

nate that material in subsequent tables or text without further ex- 

planations. 

As was stated, both labeled and non -labeled cultures were set 

up to test the effect of modifying the final purification step by 

the washing procedure. TC -62 and TC -66 were two labeled experiments 

which were also performed at a time when the transition from G-M tube 

to liquid scintillation counting was being made and counting con- 

ditions were not standardized as they were in later experiments. 

Thus these experiments were not used as a basis for calculating in- 

corporation values in terms of micromoles of compound per number of 

HA units, but they did provide interesting and useful information with 

respect to the behavior of labeled virus upon its passage through 

the column, when measured by scintillation counting, and also helped 

decide the question of what minimal level of C14 activity was re- 

quired in the original medium in order that final virus fractions 

would contain measurable amounts of C14. In TC -62, two activity 

levels for glucose- UL -C14 were compared. The medium was made 3 

milliMolar in final glucose concentration. However, in half the 

culture tubes, 22 in number, designated group A, the level of radio- 

activity was adjusted to 223,400 CPM per ml, in the other half, group 

B, the activity was adjusted to about 1 /10 of this value, 21,900 

CPM per ml. All cultures were infected with Lee -R virus and 
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incubated for 45 hours. The fluids were then harvested and processed 

for each group as described above. Counting was done on the final 

sample using the Tri -Carb Spectrometer set at high voltage tap 3, 

with a range of 10 -50 V. 

Table VIII -A compares the radioactivity and HA measurements for 

the final virus fractions from the two groups of cultures. It 

will be noted that the appearance of C14 activity in fractions 

collected early from the column was accompanied by no corresponding 

HA activity. As the washing with buffer continued, C14 activity 

can be seen to decrease to less than background level for fractions 

of group A, and to a non -measurable level for the fractions of group 

B. Then, as virus activity began to appear in fractions eluted 

with 0.5 Molar NaCl, a corresponding increase in C14 activity took 

place, indicating that here virus- incorporated C14 was being measured 

and that the C14 activity of column fractions 1 and 2 represented 

soluble non -viral impurities which had been separated from the 

labeled virus on the column. The nitrogen data supported this con- 

clusion. On a non- labeled but otherwise identical culture, samples 

were used for HA and nitrogen measurements. Pre -column material 

showed a HA per mg N value of 101,700, while material from column 

fraction 5 had a value of 313,000 HA units per mg of N, a three- 

fold increase in purity for this final fraction. 

TC -66 represents another such culture, again comparing the 

results of testing media having different levels of radioactivity. 

In this experiment the medium for group A had 266,600 CPM per ml 
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TABLE VIII -A 

Virus and C14 activity for fractions from infected cultures labeled 
with glucose- UL -C14, showing the effect of phosphate buffer washing 
on recovery of virus and radioactivity from ECTEOLA- cellulose column 

Material 
Volume 
in ml 

CPMa 
per ml 

CPM 
total 

HA units 
per ml 

HA units 
total 

Group Ab, TC -62 

original medium 
55 223,400 130 

Pre -column material 5.0 1,655 8275 640 3200 

Column fractionsc, A 
1 7.2 148 1066 < 8 < 58 

wash 2 3.0 182 546 < 8 L 24 
fractions 3 4.8 14 67 < 8 t 40 

4 2.2 12 26 < 8 418 
5 2.1 636 1336 512 1075 

eluant 6 2.0 274 548 192 384 
fractions 7 3.0 101 303 64 192 

8 5.0 32 160 12 60 
9 10.0 26 260 8 80 

Group Bb, TC -62 

original medium 55 21,900 128 

Pre- column material 5.0 154 770 640 3200 

Column fractionsc, B 

1 7.0 11 77 4.8 < 56 
wash 2 3.0 18 54 < 8 < 24 
fractions 3 5.0 - - < 8 4,40 

4 2.0 - - <8 <16 
5 2.0 53 106 512 1024 

eluant 6 2.0 28 56 256 512 
fractions 7 3.0 9 27 96 288 

8 5.5 - - 16 88 

9 10.4 2 21 4,8 < 83 

a Tri -carb spectrometer counting: HV tap 3, 10 -50 V spectrum. 
Background: 16 CPM. Net CPM, no quenching corrections. 

bEach medium was 3 milliMolar in final glucose concentration. 
Group A medium C14 level was roughly 10 times that of Group B. 

cColumn fractions 1, 2, and 3 collected after addition of 0.02 
M phosphate buffer at pH 7.0. Fractions 4,5,6,7,8 and 9 col- 
lected after addition of 0.5 Molar NaCl in 0.02 Molar phosphate 
buffer at pH 7.0. 
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and for group B, 113,500 CPM per ml. Table IX -A shows a comparison of 

data obtained similarly to that from TC -62. The total quantity of virus 

in the experiment was smaller, because of the smaller number of cultures 

set up; ten tubes per group in TC -66 compared with 22 per group in 

TC -62. However, even with fractions of low virus content, the pattern 

of appearance of C14 activity is plain. First fractions from the 

column contained measurable amounts of C14 which was not associated 

with virus activity; this C14 activity diminished to a negligible 

value as washing of the column with buffer was continued. When NaCl 

was introduced for elution, virus activity appeared in the collected 

fractions accompanied by a corresponding C14 activity believed to 

represent actual incorporation of label in the virus particles. 

To further demonstrate the improvement in the purity of final 

virus fractions after the adoption of the additional washing steps 

while the virus was still adsorbed to the cellulose exchanger, a 

summary of pertinent data for 14 experiments appears in Table X -A. 

It was obvious that, while little change had occurred in recovery 

values of final virus compared to starting virus, a considerable 

increase in purity had resulted from the slight modification made in 

the final purification step. The mean HA unit per mg N value had 

increased to 614,500, approximately double the value obtained in the 

experiments summarized in Table III -A when the washing procedure had 

not been used. Compared to the average value of 3500 HA units 

per mg N for starting material, this is seen to be a 175 -fold in- 

crease in purity for the final virus preparations. Included in 

Table X -A is a statistical evaluation of the variation encountered 
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TABLE IX -A 

Comparison of virus and C14 activity in fractions from two infected 

tissue cultures having different levels of radioactivity from 

Glucose- UL -C14, demonstrating effect of washing with phosphate 

buffer while virus is adsorbed to ECTEOLA- cellulose column 

Material 

Volume 
in ml 

CPMa 
per ml 

CPM 
total 

HA units 
per ml 

HA units 
total 

Group Ab, TC -66 

original medium 25 266,600 140 

Pre -column material 4.0 763 3052 400 1600 

Column fractionsc 
group A 1 5.5 174 957 < 8 C 44 

wash 2 5.0 90 450 < 8 < 40 
fractions 3 5.3 3 16 < 8 <42 

4 1.3 7 9 < 8 410 
5 2.0 108 216 96 192 

eluant 6 2.0 25 50 16 32 

fractions 7 2.1 9 19 < 8 <17 
8 5.0 7 35 < 8 440 
9 5.0 3 15 8 < 40 

Group Bb, TC -66 

original medium 25 113,200 160 

Pre -column material 4.0 479 1916 400 1600 

Column fractionsc 

group B 1 5.5 82 451 < 8 G 44 
wash 2 5.0 48 240 < 8 < 40 
fractions 3 5.3 8 42 < 8 At 42 

4 1.3 - - <8 .4 10 

5 2.0 92 184 128 256 

eluant 6 2.0 23 46 36 72 

fractions 7 2.1 7 15 <8 <17 
8 5.0 3 15 <8 < 40 
9 5.0 1 5 <8 < 40 

a Tri -carb spectrometer counting: HV tap 3, 10 -50 V spectrum 

background: 13 CPM. Net CPM values, no quenching corrections. 
b Group A and group B media were each 3 milliMolar in final glucose 

concentration, but C14 activity of group A medium was twice that 
of group B. 

e Column fractions 1, 2, 3, collected after addition of wash fluid, 
0.02 Molar phosphate buffer at pH 7.0. Column fractions 4,5,6,7, 
8 and 9 collected after addition of eluant, 0.5 Molar NaC1 in 0.02 

Molar phosphate buffer at pH 7.0. 

, 

. 

1 . 
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TABLE X -A 

Tissue culture virus purification and recovery data obtained using 

a three step method consisting of CRBC adsorption, ultracentri- 

fugation, and ECTEOLA- cellulose column adsorptiona 

Expt. 
no. 

Total HA 
units 

Data on virus after 
second step 

Data on virus after 
third step 

original 
fluidb 

% recovery of HA units 
original virus per mg N 

% recovery of HA units 
original virus per mg N 

TC -59 53,000 50 190,000 13 755,000 

TC -63 93,000 40 81,000 4 263,000 

TC -67 18,500 64 97,000 45 483,000 

TC -68 27,500 82 270,000 38 492,000 

TC -71 12,000 - - 41 700,000 

TC -72 27,000 66 266,600 22 732,000 

TC -73 40,500 44 320,000 22 617,000 

TC -79 27,000 48 123,000 24 492,000 

TC -80 36,000 57 180,000 31 500,000 

TC -81 20,000 71 160,000 17 870,000 

TC -92 25,000 92 202,000 49 655,000 
TC -94 33,000 59 624,000 29 1,130,000 
TC -95 50,000 57 356,000 21 548,000 

TC -115 10,000 61 128,000 18 366,000 

Mean 61 230,000 27 614,500 

a ECTEOLA- cellulose adsorption step modified by washing procedure 
as described in text. 

b 
Mean HA per mg N value of original fluid: 3500 

Statistical analysis for final treatment. 
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Table X -A- continued 

Expt. HA units per 
mg N final 

Deviation from 
mean value 

59 

63 

67 

68 

71 

72 

73 

79 

80 

81 

92 

94 

95 

115 

755,000 
263,000 
483,000 
492,000 
700,000 
732,000 
617,000 

492,000 
500,000 
870,000 
655,000 

1,130,000 
548,000 
366,000 

140,500 
351,500 
131,500 
122,500 
85,500 

117,500 
2,500 

122,500 
114,500 
255,500 
40,500 

515,500 
66,500 

248,500 

Square of 

deviation 
x 10-8 

197.40 
1235.60 
172.93 
150.07 
73.10 

138.06 
.06 

150.07 
131.10 
652.80 

16.40 
2657.40 

44.22 
617.53 

Sum of squares = 6236.74 x 108 6236.74 
Number of items = 14; Degrees of freedom n -1 = 13 
Variance = 6236.74 x 108 = 479.75 x 108 

13 

Estimated standard deviation, S.D. = 479.75 x 108 
= ±21.90 x 104 

At P = 0.05, n = 13, "t" = 2.16 
Range including 95% of items, "t" x S.D. = 2.16 x -21.90 x 104 

= 147.30 x 104 
= 42473,000 HA units per 

mg N 
For estimation of the per cent of preparations likely to have values 
above or below those shown by the group in the table: 

Highest value - mean value = (110.30 x 104)- (61.45 x 104) 
Estimated standard deviation 21.90 x 104 

= 51.55 x 104 = 2,31 
21.90 x 104 

In "t" table, at n =13, this value falls between P =0.05 and P =0.02 
indicating that fewer than 5% of preparations would be likely to 
have values higher than 110.30 x 10 HA units per mg N. 

Mean value -lowest value = (61.45 x 104)- (26.30 x 104) 
Estimated standard deviation 21.90 x 104 

= 35.15 x 104 = 1.60 
21.90 x 104 

In "t" table, at n =13, this value falls between P =0.20 and P =0.10 

' 

. 



82 

Table X -A - continued 

indicating that between 10 and 20% of preparations would be likely 

to have values lower than 26.30 x 104 HA units per mg N. 
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in this series of experiments showing that less than 20% of 

preparations made using this procedure are likely to show values 

above or below those found in the table. 

Returning to consideration of the possibility that the radio- 

activity found intimately associated with the virus in the final 

fractions might be the result of adsorption of label on the par- 

ticles rather than actual incorporation, the results of another 

experiment are of interest to examine at this point. Experiment 

TC -69 was carried out in which glucose- UL -C14 was added to a quantity 

of infected fluid after the completion of incubation, but before 

the purification of virus had begun. The entire purification 

procedure was then carried out and the final fractions measured for 

CPM and HA activity. Counting conditions were the same as were 

used for TC -62 and 66, employing the Tri -Carb Spectrometer at HV 

tap 3, 10 -50 V spectrum. It was felt that this experiment should 

provide ample opportunity for the completed virus particles from the 

non- labeled culture to adsorb labeled material if this should occur. 

Table XI -A summarizes the results of this test. A rise in HA 

titer appeared at the expected place in the elution schedule, viz., 

in column fraction 5, but no concomitant rise in C14 activity took 

place. About 79% of the label added to the column was recovered 

in the first three column fractions, with about two per cent more 

distributed among the last six fractions collected. In the sample 

counting, none of the fractions from CF -3 to CF -9 showed as much as 

5 counts above background, indicating negligible amounts of radio- 
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TABLE XI-A 

Recovery of virus and C14 activity when Glucose- UL-C14 was added 

to unlabeled virus in tissue culture fluid before purification 

Material Volume CPMa CPM HA units HA units 
in ml in ml total per ml total 

Infected culture 
fluid, TC -69 26 261,150 192 

Pre -column material 4.0 461 1844 320 1280 

Column fractionsb 
1 5.5 219 1204 <8 <44 

wash 2 5.0 41 205 <8 <40 

fractions 3 5.3 8 42 <8 <42 

4 1.5 3 4 (8" <12 

5 2.0 3 6 256 512 

eluant 6 2.0 2 4 64 128 

fractions 7 2.0 2 4 32 64 

8 5.0 1 5 <8 <40 

9 5.0 1 5 <8 <40 

Total recovered in column fractions 1479 

CPM recovery from column: 1479 = 80% 

1844 
HA recovery : 704 = 55% 

1280 

a Tri -Garb Spectrometer counting at HV tap 3, 10 -50 V spectrum 

Background: 13 CPM. Net CPM values, no quenching corrections 
b Wash fractions, CF -1, 2, 3, collected after addition of 0.02 Molar 

phosphate buffer at pH 7.0. 

Eluant fractions, CF- 4,5,6,7,8,9, collected after addition of 0.5 

Molar NaCl in 0.02 Molar phosphate buffer at pH 7.0. 

k 
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activity. This test was fairly conclusive evidence that the 
C14 

activity previously found in virus fractions from labeled cultures 

was not due to simple adsorption or carryover. 

One further question which had not been settled concerned the 

amount of C14 which might be expected to appear in final fractions 

when non -infected cultures were incubated in labeled media and the 

harvested fluids treated according to the modified purification 

method which had by now been worked out for the virus preparations. 

TC -50 (Table VI-A) had been done with somewhat this same question 

in mind but was not considered conclusive because of the changes 

later made in the column elution procedure. Hence, TC -75 was set 

up to compare final fractions of a labeled infected culture with 

fractions of a labeled non-infected culture, treated identically, 

using the modified three -step procedure. The final concentration 

of glucose was 3 milliMolar in each medium. The C14 activity from 

glucose- UL -C14 14 in the medium of the ten infected cultures was 

217,900 CPM per ml and for the ten non- infected, 248,000 GPM per 

ml. 

Table XII- -A lists radioactivity and HA measurements for the 

major fractions. It was reassuring to note that the C14 content for 

CF -4 of the non -infected group was. only 3 CPM per ml contrasted 

with 102 CPM per ml for the same fraction of the infected group, 

which contained the most virus activity. Actually no significance 

was attributed to the absolute value of the lower figure since the 

gross sample count from which it was obtained was only 1.5 CPM 
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TABLE XII -A 

Comparison of recoveries of virus and radioactivity in fractions 

from infected and non - infected cultures, using Glucose- UL -C14 

as the labeled metabolite in tissue culture medium 

Material 
Volume 
in ml 

CPMa 
in ml 

CPM 
total 

HA units 
per ml 

HA units 
total 

Original medium, Expt. 

Infected 
Non - infected 

75 

25 

24 

217,900 
248,000 

200 5000 

Pre -column material 
Infected 4.5 562 2529 160 720 

Non - infected 4.5 233 1048 

Column fractionsb 
1- Infected 5.0 115 575 <8 < 40 
Non -infected 5.0 143 715 - - 

2-Infected 10.1 58 586 < 8 < 80 
Non - infected 10.1 52 525 - - 

3-Infected 1.5 - - <8 4.12 

Non -infected 1.5 - - - - 

4-Infected 3.0 102 306 128 384 

Non - infected 3.0 3 9 - - 

5-Infected 3.0 32 96 32 96 

Non - infected 3.0 1 3 - - 

6-Infected 5.0 12 60 12 60 

Non- infected 5.0 3 15 - - 

CPM recovery from column: Infected 1623 Total CPM recovered = 64% 
2529 Total CPM added 

Non -infected, 1267 = 120% 
1048 

HA recovery from column: Infected, 540 total HA units recovered = 75% 
720 total HA units added 

a Liquid scintillation counting, Tri -Carb Spectrometer, HV tap 3, 

10 - 50 V spectrum. Background: 19 CPM. Net CPM values, no 

quenching corrections applied. 

b Fractions 1 and 2 represent fractions collected after use of wash 
solution, 0.02 Molar phosphate buffer at pH 7.0. Fractions 3,4, 
5 and 6 were collected after addition of eluting fluid, 0.5M 

NaC1 in 0.02 Molar phosphate buffer at pH 7.0. 

' 

- - 
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above the background rate. It was concluded that the contribution 

of non -viral C14 to the final fractions that were obtained from 

control cultures containing only host tissue fragments must be 

extremely small if present at all. 

It now appeared that the experiments discussed in this section 

had made reasonable the following conclusions: 

1. A suitable purification procedure for virus had been de- 

veloped which was simple enough for routine use, yet yielded final 

virus preparations with higher purity than any of the methods prev- 

iously tried. 

2. The modified procedure which was responsible for the in- 

creased purity, reported in terms of HA units per mg N, was also 

responsible for separating non -viral C14 impurities from final prepa- 

rations in labeled experiments, supporting the conclusion that the 

C14 remaining in virus fractions was actually incorporated into the 

virus particles. 

3. Additional evidence gained from Experiment TC -69 (Table 

XI -A) gave strength to the conclusion that C14 found in virus frac- 

tions from incorporation experiments cannot be the result of ad- 

sorption of label onto virus particles nor carryover from the 

labeled medium, since the inert virus isolated from culture fluid 

to which glucose- UL -C14 was added after incubation was shown to have 

no measurable C14 associated with it in the final fractions eluted 

from the column. 

4. Although no direct proof could be obtained that final 
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purified virus preparations from labeled infected cultures do not 

also contain some labeled particles from the host tissues, indirect 

evidence derived from labeled but non - infected cultures such as 

TC -75 (Table XII -A) indicated that the contribution of C14 from this 

source must be very small, if not negligible. 

A complete detailed description of the final three step puri- 

fication procedure which was used in the remaining experiments to 

be reported in the next section has been given in the Methods section 

under the heading Virus isolation and purification. 
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B. Studies of the incorporation of C14 from labeled metabolites 

into Lee influenza virus 

1. Amino acid experiments 

Seventeen amino acids have been reported to be components of 

the influenza virus particle according to analytical data on purified 

preparations reported by Knight (35). However, testing of C14 -amino 

acids in the present work was confined to those compounds which could 

be obtained without long delay and to those which were available as 

the uniformly labeled L- forms. A group of nine compounds was as- 

sembled which included L- alanine, L- arginineHC1, L- glutamic acid, 

L- glutamine, L- histidineHC1, L- leucine, L- lysineHC1, L- phenyl- 

alanine and L- tyrosine, all uniformly labeled with C14. Each was 

tested in at least two experiments, and each, except tyrosine, was 

used at a final concentration of 8 milliMolar in the culture medium. 

The low solubility of tyrosine required its final concentration to 

be 2.4 milliMolar. An effort was also made to adjust the C14 activ- 

ity of each medium containing a labeled compound to a level of about 

400,000 CPM per ml as net CPM, uncorrected for quenching, according 

to the counting conditions established at HV tap 5, 10 -100 V set- 

tings of the Tri -Garb Spectrometer. The adjustment of the radio- 

activity level was made by appropriate dilution with medium contain- 

ing non -labeled compound. Each tissue culture medium also contained 

as a carbohydrate source, glucose, at a final concentration of 4 

milliMolar. Cultures were set up as described under Methods and 

Materials, Tissue culture methods, using two fragments of chorio- 

allantoic membrane tissue and an inoculum of 0.1 ml of a 1:10 



TABLE I -B 

Summary of C14 and HA activity in Lee virus samples from experiments with uniformly 
labeled C14 amino acids 

C14 compound 
and Exp't no.a 

Quantity 
measuredb 

Pre -column 
virus 

Column fractions Original 
medium 0 1 2 3 4 5 6 7 8 

L- Alanine CPM per ml 325 110 49 - - 99 326 61 24 14 406,900 
TC -96 HA per ml 640 <8 <8 <8 <8 240 1120 200 40 24 386 

Volume (ml) 8.0 8.0 10.0 10.0 10.2 1.6 2.4 3.1 3.1 5.1 24 

L- Alanine CPM 366 68 29 - - 20 168 31 18 8 530,480 
TC -98 HA 560 < 8 <8 <8 < 8 80 640 80 60 16 320 

Volume 8.0 8.0 10.0 8.0 8.3 1.7 2.-6 3.1 3.1 5.2 24 

L-ArginineHC1 CPM 496 234 62 - 1 103 160 37 20 13 415,840 
TC-102 HA 960 48 <8 < 8 <8 480 560 120 80 48 426 

Volume 8.0 7.8 10.0 10.0 8.0 1.6 2.5 3.0 3.0 5.0 24 

L-ArginineHC1 CPM 278 54 20 1 - 17 199 40 16 7 400,460 
TC103 HA 1280 < 8 < 8 <8 <8 120 1280 160 80 32 710 

Volume 8.0 7.8 10.0 10.0 8.0 1.7 2.5 3.0 3.0 5.0 24 

L- Glutamic acid CPM 364 48 78 1 - 59 354 91 65 19 395,740 
TC -102 HA 560 4:8 G 8 < 8 <8 80 640 160 100 32 426 

Volume 8.0 7.8 10.1 10.3 7.7 1.6 2.5 3.0 3.0 5.0 24 

L- Glutamic acid CPM 248 42 20 1 - 50 214 53 20 16 361,570 
TC -103 HA 960 <8 <8 G 8 <8 320 640 240 120 32 405 

Volume 8.0 8.0 10.0 10.0 10.0 1.8 2.6 3.0 3.0 5.0 24 

. 

. 

. 

V:, o 



Table I -B - continued 

C14 compound Quantity 
and Exp't no.a measuredb 

pre -column 
virus 

Column Fractions Original 

medium 0 1 2 3 4 5 6 7 8 

L- Glutamine CPM 402 29 11 1 - 32 212 76 15 10 408,300 
TC -105 HA 800 <8 <8 <8 <.8 440 560 200 100 48 426 

Volume 8.0 8.0 10.1 10.0 8.0 1.8 2.6 3.0 3.7 5.0 24 

L- Glutamine CPM 338 26 15 2 1 138 182 68 15 14 430,700 
TC -107 HA 640 <8 4:8 < 8 <8 560 560 160 35 32 267 

Volume 8.0 7.8 10.0 10.0 8.2 1.7 2.6 3.1 3.0 5.0 24 

L-HistidineHC1 CPM 374 77 27 - - 58 87 21 12 5 549,700 
TC-105 HA 640 4:8 < 8 4:8 <8 400 560 100 80 24 530 

Volume 8.0 7.7 10.0 10.0 8.2 1.7 2.6 3.0 3.0 5.5 24 

L- Leucine CPM 608 239 39 128 462 141 55 36 414,700 
TC -102 HA 960 <8 < 8 4:8 < 8 160 640 160 70 48 405 

Volume - 8.0 7.8 9.9 10.0 8.2 1.7 2.5 3.0 3.0 5.0 24 

L- Leucine CPM 424 63 24 - 2 49 412 106 35 19 408,000 
TC -103 HA 640 .e8 < 8 4:8 <8 120 640 160 70 28 416 

Volume 8.0 8.0 10.0 10.1 8.0 1.7 2.5 3.0 3.0 5.3 24 

L-LysineHC1 CPM 240 103 16 - - 76 316 90 20 12 407,800 

TC-97 HA 1320 <8 <8 <8 <8 280 1600 400 80 48 580 

Volume 7.2 8.0 10.0 10.0 9.5 1.6 2.5 3.1 3.0 5.1 24 

L-LysineHC1 CPM 398 280 71 - - 4 16 8 3 3 358,480 
TC-98 HA 60 <8 <8 <8 < 8 c 8 60 < 40 < 20 <20 50 

Volume 8.0 8.0 9.8 8.0 8.0 1.6 2.5 3.1 3.0 5.0 24 

- 

.. 

- - 

. 

" 
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Table 1 -B - continued 

C14 compound Quantity 
and Exp't no.a measuredb 

Pre -column 
virus 

Column fractions Original 
medium 0 1 2 3 4 5 6 7 8 

L-LysineHC1 CPM 538 76 28 1 - 279 398 66 32 26 457,500 
TC-107 HA 1120 <8 <8 <8 1...8 960 1040 160 70 48 1,040 

Volume 8.0 7.9 10.0 10.1 9.3 1.65 2.8 3.1 3.1 5.2 24 

L-Phenylalanine CPM 394 95 30 1 - 112 126 30 17 10 618,200 
TC-105 HA 640 <8 <8 <8 L 8 100 480 200 40 16 530 

Volume 8.0 7.9 10.1 10.3 8.2 1.6 2.7 3.0 3.1 5.2 24 

L-Phenylalanine CPM 240 39 26 - 1 98 154 22 ' 16 7 450,900 
TC-107 HA 1120 <8 <8 <8 <8 800 1040 120 80 28 810 

Volume 8.0 8.0 10.1 10.0 8.3 1.8 2.7 3.0 3.2 4.9 24 

L-Phenylalanine CPM 636 288 98 - - 81 187 43 16 10 432,540 
TC-112 HA 1280 < 8 < 8 4:8 < 8 800 1440 320 100 64 850 

Volume 8.0 8.0 10.2 10.6 7.7 1.6 2.7 3.2 3.0 5.1 24 

L- Tyrosine CPM 277 30 25 1 1 84 331 68 28 11 265,680 
TC-96 HA 800 <8 <8 <8 <8 320 960 280 80 32 580 

Volume 8.0 8.0 10.0 10.3 10.0 1.6 2.5 3.1 3.0 5.1 24 

L- Tyrosine CPM 188 46 11 - - 51 122 32 14 8 266,070 
-TC -97 HA 1024 < 8 <8 < 8 G 8 480 1280 320 120 48 410 

Volume 7.2 8.3 10.0 10.0 8.5 1.6 2.5 3.1 3.1 5.0 24 

L- Tyrosine CPM 268 72 47 1 1 266 318 68 26 16 263,240 
TC -112 HA 1280 <8 <8 4:8 .4.8 960 1440 240 80 48 850 

Volume 8.0 7.8 10.0 10.1 8.6 1.5 2.7 3.0 3.0 5.0 24 

- - - -. 

. 



Table I -B - continued 

a Each labeled compound was used at 8 mMolar in the medium except tyrosine which was used at 2.4 
mMolar. 

b 
All counts per minute are those actually observed as net average CPM, uncorrected for quenching. 
Counting conditions: Tri -Garb Spectrometer settings; HV tap 5, 10 -100 V spectrum. Background 
rate, 16 -18 CPM. 
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dilution of stock Lee -R virus per culture. Incubation was for 44 to 

48 hours at 35 °C. The fluids and tissues were harvested and proces- 

sed. The fluids were used for the isolation and purification of the 

labeled virus and the tissues were treated by drying and solubilizing 

for measurements of C14 activity as has also been previously described. 

By limiting the size of experiments so that one group of ten culture 

tubes was used for each compound being tested, it was possible to 

carry out experiments having as many as three compound test groups and 

one control group at one time. It was planned that the volumes of the 

final fractions would provide sufficient material for duplicate HA 

titrations and for radioactivity measurements. C14 activity of frac- 

tions eluted from the cellulose column was expected to be slight, so a 

2.0 ml sample of each of these fractions (1.0 ml in the case of CF -4 

only) was taken and evaporated to dryness in a scintillation counting 

vial. Then resuspension or solution of these samples was done, using 

0.5 ml of a 1:25 dilution of glucosol medium in water for each vial, 

so that each counting vial would contain 0.5 ml of aqueous sample before 

gel addition. Other materials such as the original media, were 

appropriately diluted if necessary and 0.5 ml samples withdrawn for 

counting. In the case of the labeled original medium, a 1:50 dilution 

was usually made and five 0.5 ml samples were drawn from this and 

placed in separate vials for replicate counting. The final value 

for the activity of the medium was expressed as the mean of the 

five values obtained for the CPM per ml. The first counting data ob- 

tained was chiefly for the purpose of ascertaining whether C14 
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activity was discernible in the virus fractions and whether the final 

purification step had served to separate extraneous labeled material 

from the final virus fractions as expected. Later the counting was 

repeated and the corrections were made for differences in quenching, 

as was discussed in the section Radioactivity measurements under 

Materials and Methods, using the 'critical' fractions- -those fractions 

which were used in deriving final incorporation values. These 

critical fractions included the samples of diluted medium, the sample 

of CF -5 virus of each group, and the samples of solubilized diluted 

tissues. 

Considering first the kinds of data that were collected from the 

C14 and HA measurements in each experimental testing of C14- incorpora- 

tion into virus, Table I -B is provided which summarizes the original 

measurements for the experiments in which the amino acids were used. 

It was planned that duplicate experiments should be carried out with 

each compound. Lack of sufficient labeled material restricted the use 

of histidine to one experiment. In the case of lysine, an unexplained 

failure of virus infection in Experiment TC -98 resulted in the use of 

lysine in a total of three experiments. When final calculations of 

incorporation were tabulated, the results for lysine in Experiment TC- 

98 were omitted. Three experiments were used in testing tyrosine and 

phenylalanine, and the two most widely divergent results were used in 

making the statistical evaluation for the least significant difference 

between means which is show in Table IX -B. Although incorporation of 

C14 from each compound was also measured for the infected tissue 
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fragments for each experiment, presentation of that data is defer - 

ed until part C of this section and will be made along with data 

from other experiments in which the comparison of C14 incorporation 

in infected and non- infected tissue fragments was made. In general, 

it may be seen from an inspection of the table that some incorporation 

of C14 into virus appeared to take place from every compound, al- 

though the CPM rate per ml of even the most active virus sample is very 

small compared to the high level of activity in the starting medium. 

It was usual to find that column fractions 0 and 1 contained some 

non -viral C14 and extremely unusual if fractions 2 and 3 showed activity 

higher than 1 or 2 CPM above background level, indicating the con- 

sistent efficiency of the washing procedure in removing extraneous 

C14 preceding virus elution. It was also usual, with division of 

the column fractions made as noted to find that column fraction 

5, CF -5, contained the most concentrated virus, both by HA and C14 

measurements. According to nitrogen measurements, which were 

done on fractions of non -labeled groups in some of these exper- 

iments, the virus of this fraction could also be expected to show 

the highest purity value, in terms of HA units per mg N. Hence, the 

calculations of incorporation of C14 into the virus were based on the 

observations of the CF -5 virus in each case. 

A sample calculation of incorporation is presented in Table II -B 

to show how final values in terms of micromoles of compound per 106 

HA units of virus were derived. It can be seen that the average 

CPM per ml values for both the compound in the original medium and 



TABLE II -B 

Incorporation of C14 from L- Arginine- UL -C14 into Lee influenza virus from chorioallantoic membrane 
tissue culture 

Material 

Average Total Compound Total CPM 
net CPM % counting Corrected CPM micromoles per fcmole 

per viala efficiencyb net CPMc per mld per ml of compounds 

Medium, 4895 

TC -103 4924 

L- ArginineHC1 4910 

8 mMolar 

mean 

Material 

4894 44.8 

4875 43.8 

4900 44.3 11,060 1,106,000 8 138,250 

net CPM % counting Corrected Total .moles HA units Amoles 
per viala efficiencyb net CPMc CPM compound per ml per 106 

per mld per mlf HA unitsg 

Virus, CF -5, 302 38.8 778 389 2.81x10 -3 1.280x103 2.20 

from Arginine 

labeled 

cultures 

VD 



Table II -B - continuted 

a 
Tri -Carb liquid scintillation counting; high voltage tap 5, 10 -100V spectrum. Each net CPM derived 
from three 10- minute counts, corrected for background count. 

b Determined by use of internal standard as described in Radioactivity measurements, Methods and 
Materials section. 

c Mean net CPM x 100 = corrected or absolute CPM Mean % efficiency 

d 
Each counting vial contained 0.5 ml of sample. In the case of the medium, a dilution of 1 ".50 was made 
before counting. Hence Corrected net CPM x 50 (dilution factor) = corrected CPM per ml 

0.5 ml 

For the virus, a 0.5 ml of sample in the counting vial represented 2.0 ml virus eluted from column 
in final step of purification procedure. Hence, corrected CPM = Total CPM per ml 

2.0 ml 

e 
Total CPM per ml of medium =Total CPM per micromole micromoles per ml 

f Total CPM per ml = micromoles per ml 
Total CPM per micromole 

g micromoles per ml = micromoles per HA unit 
HA units per ml 

2.81 x 10- 3 = 2.20 x 10 -6 micromoles per HA unit = 2.20 micromoles per 106 HA units 1.280 x 103 



TABLE III -B 

Comparison of incorporation of C14 from labeled amino acids into Lee influenza virus 

Compounda Expt. no. 

Corrected 
or absolute 
CPM per ml 

of culture fluidb 

Micromoles 
of compound 

per 106 HA unitsc 

Mean number 
of micromoles 

per 106HA unitsd 

L-Leucine TC-102 1.131x106 8.20 
TC-103 1.148x106 8.42 8.31 

L-Glutamic acid TC-102 0.995x106 7.83 - 

TC-103 1.035x " 4.30 6.06 
L-Glutamine TC-105 1.209x " 4.78 - 

TC-107 1.242x " 3.50 4.14 
L-Alanine TC-96 1.199x " 3.79 - 

TC-98 1.337x " 2.91 3.35 
L-LysineHC1 TC-97 1.082x " 3.10 - 

TC-107 1.706x " 3.03 3.06 
L ArginineHC1 TC-102 1.163x " 3.12 - 

TC-103 1.106x " 2.20 2.66 
L-Histidine.HC1 TC-105 1.760x " 1.57 1.57 
L-Phenylalanine TC-105 2.305x " 1.77 - 

TC-107 1.123x " 1.68 - 

TC-112 1.322x " 1.24 1.56 
L-Tyrosine TC-96 0.731x " 2.22 - 

TC-97 0.721x " 0.69 - 

TC-112 0.848x " 1.15 1.35 

a Each compound was uniformly labeled with carbon -14. Each was present in the medium at 8 mMolar 

except tyrosine which was used at 2.4 mMolar. 

. 

- 

- 



Table III -B - continued 

bCounting was done on the Tri -Carb Spectrometer at HV tap 5, 10 -100 V spectrum. Corrected or absolute 
CPM per ml were obtained using background and quenching corrections as described in Table II -B. 

cBased on the assumption that incorporation of intact molecules has taken place. 

dStatistical analysis (see Table IX -B) shows that least significant difference between means from 
duplicate experiments is 1.97 micromoles per 106 HA units. 

o o 
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for the virus sample were each brought to a 100% theoretical value by 

using the efficiency values obtained using the 'spiking' technique 

with the internal standard, Benzoic- C1400H. Then the value of CPM 

per ml for the compound was transferred to a CPM per micromole value, 

since the medium contained 8 micromoles of compound per ml. Having 

a value for CPM per micromole of compound permitted the calculation 

of the total number of micromoles present in a ml of virus sample 

for which a CPM per ml value was also known. Finally, dividing the 

number of micromoles of compound represented by the CPM in a ml of 

virus sample by the number of hemagglutinating units per ml of the 

same sample yielded a value in terms of micro -micromoles per HA 

unit, which has been expressed for more convenience on a larger scale 

as micromoles per 106 HA units. Rather than to present all of the 

data for each compound in detail, including the quenching corrections 

and calculations of incorporation values, a tabular summary of in- 

corporation values derived as shown in Table II -B has been prepared for 

all experiments with the nine amino acids and is presented in Table 

III -B. Values have been summarized in a similar way for other kinds 

of compounds studied and will be presented as the experiments with 

those compounds are discussed. 

From the Table III -B it is interesting to note that the mean 

incorporation values range from 8.31 to 1.35 micromoles per 106 HA 

units, with leucine providing the highest value and tyrosine the 

lowest. A statistical analysis was made to determine the least 

amount of difference which can exist between the means from duplicate 
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experiments with labeled metabolites in order that one can be said 

to differ significantly from another. As noted in Table IX -B and 

in footnote d of Table III -B, this difference was found to be 1.97 

micromoles per 106 HA units. By this standard, the mean value of 

leucine experiments, 8.31, is significantly different from that of 

glutamic acid and from all others; while the mean value for alanine, 

3.35, is not significantly different from that of lysine, arginine, 

or phenylalanine, etc. Glutamine and glutamic acid, as might be 

expected from their seemingly universal distribution and importance 

in biological systems, ranked moderately high among materials incor- 

porated and do not differ significantly in mean incorporation values, 

suggesting some similarity in their use by the developing virus par- 

ticle. A comparison of this data with the quantitative analytical data 

on the amino acids of influenza virus as obtained by Knight is of 

considerable interest also but is reserved for further comment in the 

section devoted to discussion. 

2. Hexose experiments 

Turning to an investigation of whether certain of the hexoses 

reported to be present in the influenza virus particle could be ex- 

pected to be incorporated into the virus when these compounds, X14_ 

labeled, were made components of the starting tissue culture medium, 

another series of virus isolation and purification experiments was 

done. According to the work of Ada and Gottschalk (2) in analyz- 

ing purified influenza virus, the following sugars were found by 

paper chromatographic analysis: galactose, mannose, glucosamine 
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and fucose. C14- labeled compounds available for investigational 

purposes included these as well as glucose, but not all were to be had 

as uniformly labeled materials. Some investigations had already been 

made using glucose- UL -C14 as was noted in part A of this section. Of 

the remaining compounds, D- mannose, D- galactose and L- fucose could 

all be obtained as the C -1- labeled forms, so these were chosen and 

compared with one another in virus incorporation experiments. Two 

experiments were done involving these three compounds in which un- 

labeled glucose was present as an additional carbohydrate in the 

medium in its usual concentration, 4 milliMolar, and one experiment 

was performed in which each of these three compounds was used in a 

tissue culture medium as the only carbohydrate present. As in the 

amino acid experiments, each test compound was used at a final con- 

centration of 8 milliMolar in the medium, and virus isolation and 

purification was carried out in the usual way. Table IV -B shows 

C14 and HA measurements from the tests made with each of these 

hexoses and includes the results from three experiments in which 

D- glucose- UL -C14 alone was the test compound. 

It was interesting to note that in spite of the analytical 

evidence from Ada and Gottschalk's work (2) that fucose is present 

in the completed virus, the data here indicate that fucose -1 -C14 

is not contributing significantly to labeled virus formed. Several 

interpretations are, of course, possible. L- fucose may be excluded 

completely from virus biosynthesis, the D -form only being the accept- 

able one; or, some other compounds, such as glucose, present in 



TABLE IV -B 

Summary of C14 and HA activity in Lee virus samples from experiments using labeled hexoses 

C14 compound Quantity 
and Exp't no.a measuredb 

Pre -column 
virus 

1umn F ctio Original 

medium 0 1 2 3 6 i 8 

L- Fucose -1 -C14 CPM per ml 420 143 105 1 1 10 20 9 6 3 414,800 
TC -119 HA per ml 1280 <8 <8 <8 <8 640 1440 320 320 112 790 

Volume (in ml) 8.0 8.0 10.0 10.0 10.5 1.7 2.7 3.0 3.0 5.0 24 

L-Fucose-1-C14 CPM 208 58 14 - - - 8 2 1 1 363,380 
TC-120 HA 1600 < 8 .48 < 8 4:8 60 960 320 120 72 520 

Volume 8.0 8.0 10.0 10.4 9.0 1.45 2.7 3.2 3.0 5.0 24 

L- Fucose -1 -C14 CPM 292 206 61 - - 4 16 5 3 2 349,300 
TC -125 HA 640 48 < 8 <8 <8 400 1120 160 80 32 not 

known 
Volume 8.0 7.7 9.8 9.8 8.4 1.6 2.7 3.0 3.1 5.2 24 

D- Galactose -1 -0.4 CPM 800 108 43 1 2 83 327 75 24 31 365,800 
TC -119 HA 1920 .48 < 8 <8 4:8 320 1280 320 80 80 790 

Volume 8.0 7.8 10.0 10.0 11.1 1.6 2.7 3.0 3.0 5.0 24 

D- Galactose -1 -C14 CPM 174 55 9 - - 18 130 24 12 8 350,300 

TC -120 HA 640 4 8 <8 < 8 4.8 80 640 80 40 32 416 

Volume 8.0 7.8 9.9 10.0 8.5 1.5 2.8 3.2 3.0 5.1 24 

D- Galactose -1 -C14 CPM 396 28 15 1 1 73 386 116 35 23 300,700 

TC -125 HA 640 <8 <8 4:8 < 8 90 1040 280 80 32 unknown 
Volume 8.0 7.8 9.8 10.0 8.1 1.6 2.7 3.0 3.0 5.0 24 

- 

. 

4 5 



Table IV -B - continued 

C14 compound Quantity 
and Expt no.a measuredb 

Pre -column 
virus 

Column fractions Original 
medium 0 1 2 3 4 5 6 7 8 

D-Mannose-1-C14 CPM 714 100 32 1 - 122 492 104 30 20 372,200 
TC-119 HA 1600 4:8 48 48 <8 320 1920 320 80 56 710 

Volume 8.0 7.8 10.0 10.1 11.0 1.5 2.7 3.2 3.6 5.1 24 

D-Mannose-1-C14 CPM 240 34 40 - - - 185 43 19 7 385,700 
TC-120 HA 960 8 < 8 <8 <8 G.8 880 160 70 48 520 

Volume 8.0 8.0 10.1 10.0 9.1 1.5 2.8 3.2 3.1 5.0 24 

D- Mannose -1 -C14 CPM 540 67 29 1 1 303 239 76 50 29 314,400 
TC -125 ' HA 640 4:8 < 8 <8 < 8 640 -480 160 50 32 not 

known 
Volume 8.0 8.0 9.5 9.5 8.1 1.9 2.7 3.0 3.0 5.0 24 

D-Glucose-UL-C14 CPM 500 106 45 - - 222 517 118 36 29 426,600 
TC-96 HA 640 <8 4_8 <8 <8 60 1280 160 40 32 386 

Volume 8.0 8.0 10.0 10.0 10.8 1.6 2.4 3.2 3.0 5.0 24 

D- Glucose- UL -C14 CPM 413 93 28 - - 159 348 78 39 16 448,300 
TC -97 HA 800 <8 < 8 < 8 4:8 640 1280 200 120 40 490 

Volume 8.0 8.0 10.0 10.0 9.0 1.6 2.5 3.0 3.1 5.1 24 

D-Glucose-UL-C14 CPM 600 265 54 - - 48 376 72 26 20 415,600 
TC-98 HA 560 <8 4:8 < 8 4:8 120 640 100 40 24 380 

Volume 8.0 8.0 10.0 8.0 8.0 1.6 2.7 3.0 3.1 5.1 24 

-- 

' 
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Table IV -B - continued 

a The concentration of each compound in the culture medium was 8 mMolar. In experiment TC -125, 

no glucose was present in the medium. 

b All counts per minute are those actually observed as net average CPM, uncorrected for 
quenching. Counting conditions: Tri -Carb Spectrometer settings, HV tap 5, 10 -100 V 
spectrum. Background rate, 16 -18 CPM. 
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abundance, are preferentially utilized to form the fucose demonstra- 

ted in the analytical studies. Another explanation may be that the 

fucose -1 -C14 was utilized in the cell metabolism in such a way that 

some of the molecule, but not the labeled moiety, became part of the 

virus particle. Still other possibilities may be suggested, but 

experimental support for any did not appear to be readily attain- 

able nor within the scope of the studies as planned, and was not 

sought. 

Corrections for differences in quenching and the previously 

described calculations of incorporation values were made for each 

experiment with these compounds and the summary is given in Table 

V -B. 

Mannose -1 -C14 and galactose -1 -C14 were equally efficient in 

contribution to the incorporation of C14 into virus, which is per- 

haps a little surprising in the light of the data of Ada and 

Gottschalk indicating a content of mannose only about three -fifths 

as high as that of galactose in the mucoprotein of the finished 

virus. A marked increase in incorporation with each of these com- 

compounds was found when the glucose was omitted from the starting 

medium, suggesting that either of them can substitute for some or all 

of the glucose contribution to the virus. 

3. Experiments using nucleic acid components 

A brief investigation of three nucleic acid components was made 

for incorporation in Lee virus using the same methods outlined for 

the experiments with the amino acids and carbohydrates. These were 



TABLE V -B 

Comparison of incorporation of C14 from labeled hexoses into Lee influenza virus 

Compounda Expt. no. 

Corrected 
or absolute 
CPMc per ml 

of culture fluid 

Micromoles 
of compoundd 

per 106 HA units 

Mean number 
of micromoles 
per 106HA unitse 

D- Glucose TC -96 1.174x106 6.05 

TC -97 1.179x " 3.66 

TC -98 1.195x " 7.78 5.83 

D- Galactose TC-119 1.OlOx " 5.87 

TC-120 0.893x " 5.70 5.78 

TC-125b 0.674x " (12.7)b 

D-Mannose TC-119 0.968x " 5.62 

TC-120 1.037x " 5.53 5.58 

TC-125b 0.703x " (15.8)b 

L-Fucose TC-119 1.082x " 

TC-120 1.031x " 

TC-125b 0.753x " 

a Glucose was 
the C -1 position. 
and fucose 
glucose at 

uniformly labeled with C14. Galactose, mannose and fucose were labeled only in 

Each compound was used at 8 milliMolar in the medium. Galactose, mannose, 

were tested in Experiments TC -119 and 120 in media which also contained unlabeled 

a concentration of 4 milliMolar. 

' 



Table V -B - continued 

b TC -125 media contained no carbohydrate except the labeled test compounds. These results were not 
included in computing the means for the hexose experiments. 

c Counting was done on the Tri -Carb Spectrometer at HV tap 5, 10 -100 V spectrum. CPM corrected 
for background and quenching as described in Table II -B, footnote d. 

d Based on the assumption that incorporation of intact molecules has taken place. 

e Statistical analysis (see Table IX -B) shows that least significant difference between means 
from duplicate experiments must be 1.97 micromoles per 106 HA units. 
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designed realizing that the low content of nucleic acid, about 1% 

of RNA only, said to be present in the influenza virus particle might 

preclude any definitive demonstration of incorporation. However, it 

was believed that while a negative test for thymine incorporation 

might be reasonably presumed, such a finding would also provide 

further additional evidence for the lack of contaminating host DNA 

in the highly purified virus preparations. Hence, thymine was in- 

cluded in the group of compounds chosen for testing. It then appear- 

ed reasonable that uracil should be the compound of next choice to 

compare with thymine on the basis of the generally observed presence 

of uracil solely in RNA. D- ribose was the third compound of the 

group. The two pyrimidines were available as C- 2- labeled compounds 

while D- ribose was obtained uniformly labeled. The specific activity 

of this group of compounds appeared in preliminary estimations to 

be much higher under the usual counting conditions than that of the 

previously used C14- labeled materials, but no effort was made to 

lower it because of the lower level of incorporation anticipated. 

Thus, the CPM per ml level in the starting media using these compounds 

was closer to 800,000 than 400,000, recorded as observed counts not 

corrected for quenching. Two experiments were carried out, each 

testing the three compounds in cultures infected with Lee -R virus. 

Non -labeled glucose was present in each medium at the usual level 

of 4 milliMolar. Virus isolation, purification and measurements 

were made as have been outlined. 

A tabular presentation of CPM and corresponding HA data appears 
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in Table VI -B. Inspection of the C14 activity found confirmed the 

expectation of negligible thymine incorporation. However, perhaps 

not too unexpectedly considering the low content of nucleic acid, 

only a slight amount of C14 from uracil appears in the major virus 

fractions of those groups of cultures, and it is not sufficient for 

obtaining reliable quantitative estimates regarding incorporation of 

this compound. Even the C14 activity from D- ribose- UL -C14 appear- 

ing in CF -5 of each experiment is at a low level but was high enough 

to permit quantitative calculations of incorporation to be made which 

are summarized in Table VIII -B. It is possible that further testing, 

with modifications of experimental conditions, could have brought out 

more clear -cut evidence either for or against the incorporation of 

C14 from these compounds. Modifications such as further increasing 

the specific activity by lowering the proportion of unlabeled to 

labeled material, or by markedly enlarging the size of the cultures 

to obtain more labeled virus may be suggested. It is also possible 

that other types of nucleic acid components, nucleosides or nucleo- 

tides for example, might have proved to be more demonstrable building 

blocks for viral nucleic acid; but it was not possible, in consider- 

ation of the cost of labeled compounds and the time needed for these 

experiments, to explore the suggested modifications. 

4. Experiments with two lipid components 

The large proportion (about 34 %) of ether -soluble lipid material 

present in the influenza virus suggests that metabolites which might 

be contributing to the lipid- containing portion should be interesting 



TABLE VI -B 

Summary of C14 and HA measurements on Lee virus samples from experiments with labeled thymine, 
uracil and D- ribose 

Compound 
and Exp't no.a 

Quantity Pre -column 
measuredb virus 

column fractions Original 
medium 0 1 2 3 4 5 6 7 8 

Thymine -2 -C14 CPM per ml 472 1374 509 6 - 2 2 2 2 3 736,940 

TC -113 HA per ml 1140 <8 <8 <8 <8 560 640 160 30 28 1,010 

Volume in ml 8.0 7.8 10.1 9.9 8.2 1.5 2.7 3.0 3.0 5.0 24 

Thymine -2 -C14 CPM 1466 2493 875 - - - - - - - 794,520 

TC -114 HA 1120 .48 <8 <8 <8 160 800 240 40 40 640 

Volume 8.0 7.8 10.0 10.0 10.8 1.6 2.7 3.0 3.0 5.0 24 

Uracil -2 -C14 CPM 772 1208 366 1 - 2 6 4 3 2 800,600 

TC -113 HA 1140 <8 <8 4:8 <8 320 320 140 40 48 790 

Volume 8.0 7.8 10.0 10.0 8.4 1.6 2.8 3.0 3.1 5.0 24 

Uracil-2-C14 CPM 2904 2274 846 2 - - 10 2 2 - 814,720 

TC-114 BA 1920 <8 <8 <8 < 8 160 1280 160 140 40 850 

Volume 8.0 7.7 10.0 10.1 10.0 1.6 2.8 3.0 3.0 5.0 24 

D- Ribose- UL -C14 CPM 336 ''334 88 1 - 43 40 14 7 6 809,580 

TC -113 HA 800 <8 <8 < 8 <8 480 360 120 30 28 790 

Volume 8.0 7.9 9.8 9.7 8.1 1.5 2.7 2.9 3.0 5.0 24 

D- Ribose- UL -C14 CPM 280 468 133 - - 17 65 19 6 5 786,180 

TC -114 HA 560 .48 < 8 < 8 <8 320 1440 160 35 48 850 

Volume 8.0 7.8 10.0 10.0 10.6 1.4 2.7 3.5 3.0 5.0 24 

- 



Table VI -B - continued 

a Each compound was used at a concentration of 8 mMolar in the culture medium. 

b All counts per minute are those actually observed, uncorrected for quenching. 

Counting conditions: Tri -Garb Spectrometer 

settings, HV tap 5, 10 -100 V spectrum. 

Background rate, 16 -18 CPM 



114 

to examine. Glycerol and choline are but two of many compounds known 

to play an important role in lipid metabolism. Their ready solu- 

bility, plus their availability as C14 labeled compounds, resulted in 

their use as the first two of a group of such materials to be used in 

virus incorporation studies. Glycerol- UL -C14 and cholineHC1 -C14H3 

were obtained and were each tested in two experiments of the same 

type already described for the investigation of the amino acids, car- 

bohydrates and nucleic acid components. Each material was used at a 

final concentration of 8 milliMolar in the medium and the C14 activity 

was adjusted to give approximately 400,000 CPM (uncorrected for quench- 

ing) per ml of medium. Virus was harvested and isolated at the end of 

the usual incubation period and the procedures carried out for the 

HA and CPM estimations. 

In Table VII -B the results of C14 and HA measurements are given. 

Sufficient C14 activity was found in the case of the glycerol- UL -C14 

groups to allow the application of the usual quenching corrections 

and permit calculations of incorporation values. These are reported 

in Table VIII -B. Values for glycerol were 2.02 and 2.41 micromoles 

per 106 HA units in the two experiments, which was considered good 

agreement. These values, compared to those found for the other 

compounds in the study, ranked glycerol near phenylalanine and arginine 

in the total number of micromoles contributing C14 to the virus, and 

at a level about one -third as high as glucose. 

It will be seen from Table VII -B that the C14 measurements of the 

CF -5 virus fractions from the cholinemethyl- labeled groups were 



TABLE VII -B 

Summary of C14 and HA measurements on Lee virus samples from experiments with labeled 
glycerol and choline 

Compound 
Exp't -no.a 

Quantity Pre -column 
measuredb virus 

Column fractions Original 
medium 0 1 2 3 4 5 6 8 

CholineHC1 -C14H3 CPM per ml 454 438 120 1 - 4 23 4 3 2 403,700 

TC -130 HA per ml 960 <8 <8 < 8 <8 120 1600 160 70 32 448 

Volume (in ml) 8.0 7.8 10.0 10.2 8.4 1.6 2.7 3.0 3.0 5.0 24 

CholineHC1 -C14H3 CPM 670 524 146 2 - 3 14 5 3 2 499,120 
TC -131 HA 1280 <8 <8 <8 < 8 320 1280 280 120 64 470 

Volume 8.0 8.0 9.9 10.0 8.8 1.6 2.6 3.0 3.1 5.3 24 

Glycerol- UL -C14 CPM 692 299 110 2 - - 134 72 13 8 447,860 
TC -130 HA 640 .e 8 < 8 < 8 4.8 < 8 1280 480 40 48 448 

Volume 8.0 7.8 10.0 10.1 8.1 1.6 2.6 3.0 3.1 5.1 24 

Glycerol- UL -C14 CPM 1200 416 142 2 - 51 204 48 22 14 483,800 
TC -131 HA 1280 < 8 <8 <8 L8 280 1280 320 140 64 470 

Volume 8.0 7.8 10.0 10.0 8.7 1.6 2.7 3.0 3.0 5.0 24 

a 
Each compound was used in the medium at a concentration of 8 mMolar. 

b All counts per minute are those actually observed as net average CPM, uncorrected for quenching. 
Counting conditions: Tri -Carb Spectrometer, HV tap 5, 10 -100 V spectrum. Background, 16 -18 CPM 

7 
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TABLE VIII -B 

Comparison of C14 incorporation into Lee influenza virus from choline, glycerol, thymine, 
uracil and ribose 

Compounda Expt. no. Corrected 
or absolute 
CPMb per ml 

of culture fluid 

Micromoles 
of compound 

per 106HA unitsc 

Mean number 
of micromoles 

per 106HA unitsd 

CholineHC1-C14H3 TC-130 0.850x106 (0.33)e 
TC-131 1.027x " (0.21)e (0.27)e 

Glycerol-UL-C14 TC-130 1.023x " 2.02 
TC-131 1.234x " 2.41 2.22 

Thymine -2 -C14 TC-113 2.672x " - 

TC-114 2.407x " - - 

Uracil-2-C14 TC-113 2.751x " (0.04)e 
TC-114 2.170x." (0.06)e (0.05)e 

D-Ribose-UL-C14 TC-113 2.403x " 0.60 
TC-114 2.212x " 0.33 0.46 

a Each labeled compound was used in the medium at a concentration of 8 mMolar. 

b Counting was done on the Tri -Carb Spectrometer at HV tap 5, 10 -100 V spectrum. Absolute CPM 
per ml derived using background and quenching corrections as shown in Table II -B, footnote d. 



Table VIII -B - continued 

c Based on assumption that incorporation of intact molecules has taken place. 

d Statistical analysis (see Table IX -B) shows that least significant difference between means 
of duplicate experiments is 1.97 micromoles per 106 HA units. 

e 
Not considered significant; based on CPM values less than 5 times background CPM. 



118 

only 23 and 14 CPM per ml, respectively, in Experiments TC -130 and 

131. This meant that the average net CPM of the samples counted 

were 46 and 28, considerably less than the level of five times back- 

ground (in this case, 5 x 16, or 80) which was earlier stated to be 

the minimum acceptable value on which to base incorporation calcula- 

tions. Despite the apparently slight contribution of C14 from 

choline to the virus, examination of the tissues from these experi- 

ments revealed that more C14 was present in infected tissues from 

the choline- containing cultures than from the glycerol- containing ones 

(see also Part C, Table VIII -C). Thus it seems that the paucity of 

C14 in the virus might well reflect a difference in the requirements 

of the host cells and the developing virus for the methyl groups of 

choline and is apparently not due to permeability difficulties. 

This group of experiments concluded this portion of the work de- 

scribed. 

The following statements are made in summary of the results of 

the experiments designed to measure incorporation of labeled com- 

pounds into virus: 

1. Sufficient C14 from each of the nine labeled amino acids 

tested appeared in the final purified virus fractions to permit cal- 

culations of incorporation to be made, reported in terms of micro- 

moles per 106 HA units. The differences between mean values from 

duplicate experiments were analyzed to determine the least significant 

difference. This was found to be ±1.97 micromoles per 106 HA units. 

By this standard, the mean for leucine experiments was seen to be 
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significantly higher than for any other means of experiments with 

the amino acids. Glutamine, alanine and lysine formed a group with 

intermediate mean values which did not differ significantly from one 

another. Arginine, histidine, phenylalanine and tyrosine comprised 

a group which included the lowest mean values. None of the means 

within this group differed significantly from one another. Glutamic 

acid ranked second to leucine and had a mean value which was signif- 

icantly different from that of leucine but not from that of glutamine. 

2. Tests with L- fucose -1 -C14 failed to show a measurable contri- 

bution of C14 from this compound to virus in spite of analytical re- 

ports that fucose is present in '. the virus particle. Tests with 

mannose and galactose showed that C14 from these compounds appeared 

in the final virus in amounts adequate for making incorporation cal- 

culations. There were no significant differences between the mean 

values for these two compounds or between either of them and glucose. 

When galactose and mannose were tested in media from which unlabeled 

glucose was omitted, the values for incorporation in the virus for 

both compounds were increased considerably. 

3. Tests with thymine -2 -C14 failed to indicate the presence of 

any C14 at all in virus from those experiments. Very slight C14 ac- 

tivity was found in virus from tests with uracil- 2 -C14; it was insuf- 

ficient for making calculations of incorporation. C14 in the virus 

from tests with D- ribose- UL -C14 was present in small amounts. A mean 

incorporation value of 0.46 micromoles per 106 HA units was found for 

this compound. 

. 
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TABLE IX -B 

Analysis of least significant difference between measurements of C14 
contributed to Lee virus from labeled metabolites 

Expt A Expt B Diff (Diff)2 

Leucine 8.2 8.4 0.2 0.04 
Glutamic acid 7.8 4.3 3.5 12.25 
Glutamine 4.8 3.5 1.3 1.69 
Alanine 3.8 2.9 0.9 0.81 
Lysine 3.1 3.0 0.1 0.01 
Arginine 3.1 2.2 0.9 0.81 
Phenylalanine 1.8 1.2 0.6 0.36 
Tyrosine 2.2 0.7 1.5 2.25 
Ribose 0.6 0.3 0.3 0.09 
Glucose 6.0 7.8 1.8 3.24 
Mannose 5.6 5.5 0.1 0.01 
Glycerol 2.0 2.4 0.2 0.04 
Galactose 5.9 5.7 0.2 0.04 

21.64 

Sum of squared differences: 21.64 
Number of pairs = 13 Divisor = 26 

Variance = 21.64 = 0.8323 
26 

S.D. =f7.7721 
= ±0.9123 

S.E. of difference between 2 measurements = 1(S.D.)2 +(S.D.)2 
= strrl= 
= 1.6646 
= -1.2902 

"t" at P =0.05 for n =13= 2.16 
Least significánt difference must be more than "t" x S.E., 
2.16x ±1.290, ort12.786 between results of single measurements. 
For means from duplicate experiments, the standard error, 

S.E. S.E. = 1(S.D.)2 +(S.D.)2 and t0.05 x S.E. = 2.16 1(2)(0.8323) 
2 2 2 

= ±1.9706 

Thus, the least significant difference between means of duplicate 
measurements is í1.'97j moles per 106 HA units. 

: 

. , 

- 
' 

' . 

. 

- 

" 

- 



121 

4. Glycerol- UL -C14 contributed C14 to virus sufficiently to allow a 

calculation of the mean incorporation value, 2.22 micromoles per 106 

HA units to be made. Measurements of C14 in virus from experiments 

with choliheC14n3 were too low to be used for similar calculation. 

C. Studies of the incorporation of C14 from labeled metabolites 

into infected and non - infected chorioallantoic tissue fragments. 

1. General 

It was possible to collect two sets of data regarding the incor- 

poration of C14 into tissues following their incubation for 44 -48 

hours in culture media containing the labeled compounds. One set of 

data was obtained entirely from infected cultures which were those 

set up primarily for the purpose of studying C14 incorporation in 

the virus. The level of labeling in the original media of these 

experiments was high, ranging from approximately 400,000 to 800,000 

CPM per ml as measured by uncorrected survey counting under the 

conditions stated in the Methods and Materials section under Radio- 

activity measurements. The concentration of each compound in the 

medium was 8 milliMolar, except, as has been mentioned, tyrosine 

which was used at a level of 2.4 milliMolar because of the solu- 

bility difficulty. Each of these highly labeled experiments was com- 

posed of groups consisting of ten culture tubes per group. Each 

culture tube contained two fragments of chorioallantoic membrane 

tissue from 10 or 11 day embryonated eggs. Thus, for each compound 

in an experiment, a total of 20 fragments, representing from 25 to 40 

mg in dry weight, was available for solubilization and analysis 

' 
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for C14 content. These 20 fragments, rinsed twice in fresh unlabeled 

medium to free them from adhering labeled medium were distributed, 

five per vial, into four small vials for drying and subsequent 

solubilization. Solubilization was affected, using distilled water 

and Hyamine 10 -X and heat, as described under Tissue culture methods 

in the Methods section. The contents of each vial were then diluted 

to a final volume of 25 ml and mixed well. A 0.5 ml sample was taken 

from this mixture and used for C14 measurement by liquid scintilla- 

tion counting. Thus, for each C14 labeled compound tested for virus 

incorporation, four accompanying C14 measurements were made on the 

tissue samples from those cultures and these measurements were 

averaged to derive an incorporation value expressed in terms of the 

mean number of micromoles of compound per 100 mg of dry tissue. The 

'spiking' technique of using standard benzoic -C1400 H for an internal 

standard to obtain corrections for differences in quenching was em- 

ployed for tissue counting as it was for virus counting. A statis- 

tical analysis similar to that made for the results of incorporation 

experiments with virus was made using results from calculations of 

tissue incorporation. This is shown in Table X -C. It was calculated 

that the least significant difference between means of duplicate 

experiments must be ±4.94 micromoles per 100 mg dry tissue. 

For the second set of data obtained from tissue sample analysis, 

experiments were designed specifically for the purpose of comparing 

the C14 incorporation of infected tissues with that of non -infected 

or control tissues, using the same metabolites that were used in the 

. 
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virus incorporation studies. The level of radioactivity in the 

starting medium required for this purpose was much lower than that re- 

quired for the demonstration of C14 activity in the isolated virus. 

An effort was made to maintain the radioactivity in the medium of 

these experiments at a level of about 80,000 CPM (as CPM uncor- 

rected for quenching) which was about one -fifth the level used 

in the experiments designed to measure virus C14 incorporation. It 

was already known that little C14 from thymine, uracil or ribose 

could be expected to be found in infected tissues from the results of 

the virus experiments. Therefore, the radioactivity levels of thymine 

and uracil were not reduced in the comparative tissue experiments; 

the level of ribose was reduced to about 200,000 CPM per ml or about 

one -fourth the level of activity at which it was used in the virus 

experiments. Concentration of each compound in the medium was kept at 

8 milliMolar unless otherwise stated. The size of the cultures 

varied slightly from that of the usual virus experiment. Instead 

of 10, 12 culture tubes were prepared for each test medium and each 

tube contained two tissue fragments. Six of the cultures were in- 

fected with Lee virus and six were incubated as non -infected control 

cultures. At the end of the incubation period of 44 to 48 hours, 

infected fluids were titrated for hemagglutinating activity as an 

indication of the degree of infection attained. All tissues were 

harvested, rinsed twice, dried, solubilized, diluted and analyzed 

for C14 activity by scintillation counting. Instead of pooling five 

fragments in one vial for drying, however, the 12 tissue fragments 
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from each group of cultures, infected or control, were divided evenly 

between two vials. Thus, a total of 24 fragments from one experiment 

provided four lots of solubilized tissues, two each for infected and 

control cultures. After solubilization the contents of each vial 

from these experiments were diluted to 10 ml and a 0.5 ml sample was 

withdrawn for counting. Every mean value for C14 incorporation de- 

rived from one of these experiments comparing infected with control 

culture fragments represents an average of two values, each obtained 

from a total of six tissue fragments. The values so obtained from 

infected and non -infected tissues were subjected to a separate statis- 

tical analysis which appears in Table XI -C. It was found that the 

least significant difference between means of duplicate measurements 

in this series is ±3.38 micromoles per 100 mg dry tissue. This was 

used as the standard for determining whether the differences between 

infected and control means could be considered significant. Cor- 

rections for quenching differences were done as before described. 

2. Incorporation of carbon -14 from amino acids 

As discussed in the previous paragraphs, data for uniformly 

labeled amino acid incorporation into infected tissues was available 

from each experiment in which these were also test compounds for virus 

incorporation. Table I -C is a sample of counting data collected 

from infected tissues obtained from Experiment TC -102 using the 

compound glutamic acid- UL -C14 and illustrates how calculations were 

made to arrive at micromole per 100 mg dry tissue values. Table 

II -C similarly presents counting and incorporation calculation data, 



TABLE I -C 

Counting data and calculation of incorporation of C14 from glutamic acid- UL -C14 into chorioallantoic 
membrane fragments from a tissue culture infected with Lee virus 

Material 
Average net 

CPM per vialb 
% counting 

efficiencyc 
Corrected 
net CPMd 

Total 
CPMe 
per ml 

Micromoles 
per ml 

Total CPM 
per micromole 
of compoundf 

Medium (1) 4380 
TC -102 (2) 4282 
L- Glutamic (3) 4315 
acid, (4) 4289 43.8 

8 mMolar (5) 4270 42.8 

Mean 4307 Mean 43.3 9947 994,700 8 124,335 

Corrected Total CPMe Total Total Micromoles 
Average % Counting total for mg dry CPM per 100 mgh 

Material CPM per vial') efficiencyc net CPMd 20 fragments tissue per mgg dry tissue 

Solubilized (1) 2345 11.6 
infected (2) 1761 9.5 
tissue (3) 1911 38.4 9.4 
fragmentsa (4) 1598 37.9 10.1 

Total 7615 mean 38.2 19,934 996,700 Total 40.6 24,549 19.7 

aTotal number of fragments = 20. These were divided into 4 groups of 5 fragments each. Each 
numbered counting vial contained a 0.5 ml sample from one group of 5 solubilized tissue fragments. 

bTri -Carb liquid scintillation counting; HV tap 5, 10 -100V spectrum Each average net CPM was 
derived from three 10- minute counts, corrected for background count. 

...... 
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Table I -C continued 

cDetermined by use of internal standard as described in Radioactivity measurements, Methods section. 

dFor the medium, Mean net CPM x 100 = corrected or absolute CPM 
Mean % efficiency 

For the tissues, Total net CPM x 100 = corrected or absolute total CPM for the 4 vials. 
Mean % efficiency 

eEach counting vial contained 0.5 ml of sample. In the case of the medium this sample was 

obtained from a 1:50 dilution of the medium. Hence, 

Corrected CPM x 50 (dilution factor) = corrected or absolute CPM per ml 
0.5 ml 

In the case of the tissues, each counting vial held 0.5 ml of sample derived from a 25 ml pool 

containing five solubilized fragments. Hence, total CPM from four vials represented 2.0 ml of 

sample. Also, 2.0 ml of sample represented four 25 ml pools of solubilized tissue. Thus, 

Corrected total CPM x 100 (dilution factor) = total CPM for 20 fragments 
2.0 ml 

Total CPM per ml = Total CPM per micromole of compound 
Micromoles per ml 

gTotal CPM for 20 fragments = Total CPM per mg dry tissue 
Total mg dry tissue from 20 fragments 

Total CPM per mg dry tissue x 100 = Total micromoles of compound per 100 mg dry tissue 
Total CPM per micromole compound 

f 



TABLE II -C 

Summary of radioactivity measurements and calculation of incorporation of C14 from Phenylalanine- 
UL -C14 into chorioallantoic membrane fragments from control tissue cultures and from 

tissue cultures infected with Lee virus 

Material 
Average net 
CPM per viala 

% counting 
efficiencyb 

Corrected 
net CPMc 

Total 
CPMd 
per ml 

Micromoles 
per ml 

Total CPM 
per micromole 
of compounde 

Medium, 
TC -106 

L- Phenyl- (1) 2207 41.2 
alanine, (2) 2317 44.7 

8mMolar (3) 2409 

Mean 2311 mean 43.0 5374 214,960 8 26,870 

Material 
Average net 
CPM per viala 

% Counting 
efficiencyb 

Corrected 
net CPMc 

Total CPM 
6 fragmentsd 

Mg dry 
tissue 

Total CPM 
per mgf 

Micromoles 
of compound 
per 100 mg 
dry tissueg 

Solubilized 
tissue 
fragments, 
infected 

Control 

(1) 
(2) 

(1) 

(2) 

492 
506 

862 

1419 

38.4 

41.1 

1281 

1318 

2097 

3452 

25,620 
26,360 

41,940 
69,040 

8.3 

8.7 

11.6 

15.7 

3086 
3029 

3616 
4397 

11.48 
11.27 

13.46 
16.36 

a Tri -Carb liquid scintillation counting; HV tap 5, 10 -100 V spectrum. Average net CPM derived 
from three 10- minute counts, corrected for background. 

- 



Table II -C - continued 

b 
Determined by use of internal standard as described in Radioactivity measurements, Methods section. 

c Net CPM x 100 = corrected or absolute net CPM. 
% efficiency 

d Each vial contained 0.5 ml of diluted sample for counting. In the case of the medium, the dilution 
was 1:20. Hence, corrected net CPM x 20 (dilution factor) = corrected CPM per ml. 0.5 mi 

In the case of the tissue fragments, each lot of 6 solubilized fragments was diluted to 10 ml 
before a sample was withdrawn for counting. Hence, 

e 

corrected net CPM x 10 (dilution factor) = total CPM for 6 fragments 0.5 ml 

Total CPM per ml = total CPM per micromole 
micromoles per ml 

f Total CPM for 6 fragments 
Total mg dry tissue from 6 fragments 

= total CPM per mg of dry tissue. 

g Total CPM per mg 
x 100 = micromoles per 100 mg dry tissue. Total CPM per micromole 

. 
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but for the second type of experiment described above in which com- 

parison of incorporation of C14 activity into infected and control 

tissue fragments was being made. The example used in preparing 

Table II -C was an experiment which made use of phenylalanine- UL -C14 

as the labeled test compound. For each labeled compound used, then, 

such sets of data were collected and calculations made in the manner 

outlined by the tables. Table III -C is a summary of 18 tests made 

with nine amino acids in which data for infected tissue fragments 

was accumulated along with the information on purified virus samples. 

Mean values for micromole incorporation per 106 HA units of purified 

virus are repeated here to show how they and the tissue mean incor- 

poration values appear to hold similar relative positions for the 

various compounds. The values for leucine, glutamic acid and gluta- 

mine were the highest three in each case, and phenylalanine, histi- 

dine and tyrosine contributed least, in terms of micromoles of in- 

corporated compound as calculated. From lowest to highest among the 

tissue incorporation values, an approximately five -fold range was 

apparent, while for the purified virus values a six -fold range was 

noted. It was not considered surprising to find that the relative 

content of the various amino acids in the virus closely reflected 

that in the host tissue, since analyses of virus and host proteins 

by Knight (35) and by Hoyle and Davies (27) have shown them to be 

very similar in amino acid composition. In Table IV -C a summary is 

presented for eight experiments in which incorporation of C14 from 

labeled amino acids was measured in both infected and control tissue 

... 



TABLE III -C 

Summary of incorporation of C14 from uniformly labeled amino acids into chorioallantoic membrane 
fragments from tissue cultures infected with Lee virus and into purified virus 

Specific activity 
of amino acid in 

Compound medium, 
in mediuma CPM per micromoleb x 103 

Micromoles of 
Micromoles of compound compound per 106 

per 100 mg dry tissuec,e HA units of virusd 

Expt A Expt B Expt A Expt B Mean Mean 

L- Leucine 141 144 24.7 30.1 27.4 8.31 

L- Glutamic acid 124 129 19.7 23.3 21.5 6.06 

L- Glutamine 151 155 20.5 21.4 20.4 4.14 

L- Alanine 150 167 21.0 17.1 19.0 3.35 

L- LysineHC1 135 213 16.3 12.8 14.6 3.06 

L- ArginineHC1 145 138 15.2 19.0 17.1 2.66 

L- Phenylalanine 288 140 7.7 9.9 8.8 1.56 

L- HistidineHC1 220 - 7.8 - 7.8 1.57 

L- Tyrosine 304 301 6.0 5.7 5.8 1.35 

a 
Each amino acid was used at a concentration of 8 mMolar in the medium, except tyrosine which was at 

2.4 mMolar. 

b C14 activity expressed as total CPM per micromole of compound, after background and quenching 

corrections were made. 

c Or the C14 equivalent of this number of micromoles. 

d Values for individual virus experiments are shown in Table III -B. 

- 

-. - -. - 



e 
Least significant difference between means of duplicate experiments was found to be ±4.94 micro - 

moles per 100 mg dry tissue (Table X -C). 



TABLE IV -C 

Comparison of C14 incorporation from uniformly labeled amino acids into chorioallantoic 
membrane fragments from control tissue cultures and from tissue cultures infected 

with Lee virus 

Compound 
in mediuma 

Specific activity 
of compound in 

medium, 

CPM per micromoleb x 10 -3 

Virus activity 
in mediums 

Micromoles of 

per 100 mg dry 
1 2 

compound 
tissued,e 
Meant 

L- Leucine 28.4 Infected 520 27.7 27.0 27.4 

Control - 32.9 30.7 31.8 

L- Glutamic acid 25.1 Infected 520 23.4 22.3 22.9 

Control - 28.7 28.2 28.4 

L- Glutamine 26.8 Infected 576 26.8 29.9 28.3 

Control 26.0 27.7 26.9 

L- LysineHC1 30.2 Infected 704 18.6 19.3 19.0 

Control 22.4 24.0 23.2 

L ArginineHC1 27.1 Infected 850 17.2 16.8 17.0 

Control 18.3 18.7 18.5 

L- Phenylalanine 26.9 Infected 512 11.5 11.3 11.4 
Control 13.5 16.4 14.9 

L- HistidineHC1 31.9 Infected 1024 9.4 8.2 8.8 

Control 10.0 11.5 10.8 

L- Tyrosine 100.6 Infected 896 7.7 7.1 7.4 

Control 10.7 8.1 9.4 

a The concentration of each compound was 8 mMolar except tyrosine which was 2.4 mMolar. 

b C14 activity expressed as total CPM per micromole of compound after background and quenching 

corrections were made. 

' 

- 

- 



Table IV -C - continued 

c Virus activity expressed as HA (hemagglutinating) units per ml of culture fluid. 

d Or the C14 equivalent of this number of micromoles. 

e 1 and 2 represent results of separate analyses on two pools of six tissue fragments each, 
both from one experiment. 

The least significant difference between means of paired measurements was found to be 
*3.38 micromoles per 100 mg dry tissue according to statistical analysis in Table XI -C. 

f 
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fragments after 44 -48 hours of incubation. With the single excep- 

tion of glutamine, the final content of C14 was found to be higher in 

control than in the infected fragments. However, the difference for 

glutamine tissues was not significant according to the statistical 

analysis of Table XI -C. Using the value ±3.38 micromoles per 100 mg 

dry tissue which was found to be the least significant difference be- 

tween means of duplicate measurements, differences between infected 

and control means for leucine, glutamic acid, lysine and phenylalanine 

were large enough to be considered significant, while those between 

infected and control means for arginine, glutamine, histidine and 

tyrosine were not. 

It may be noted that the values found in these experiments 

approximate those found for infected tissues (Table III -C) although 

the level of labeling in the culture fluid is only one -third to 

one -fifth as high as that used in the experiments from which both 

purified virus and infected tissue fragments were obtained. This 

appeared to be added evidence that the methods of analysis and 

instrumentation used served reliably over a broad range of C14 

activity. 

It might be suggested that permeability changes in cells due 

to infection damage and virus release were responsible for the slight- 

ly lower C14 content of infected fragments at the end of such a long 

incubation period, considering the conclusions of Hultin and co- 

workers (31) that the early (1 to 9 hours post- infection) increased 

rate of uptake of labeled glycine which they observed in 
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chorioallantoic membranes infected with influenza virus over that in 

control membranes must be due to an increased intercellular permea- 

bility since they could obtain a similar effect with the enzyme 

hyaluronidase. Rafelson and Arnoff (51) who reported that they found 

no difference in uptake of the C14 -amino acids, lysine, histidine, 

alanine and glycine into mixed proteins of control chorioallantoic 

membranes and those infected with influenza virus in the period from 

4 to 24 hours following infection, were also able to show that in- 

fection for eight hours with virus caused an increased loss of radio- 

activity from the free amino acid pools of tissues prelabeled for six 

hours with C14- alanine or glycine. 

It is certainly not to be inferred from measurements made only 

at the end of a 44 to 48 hour incubation period that the rate of 

uptake for infected fragments was necessarily impaired during the 

course of infection. In fact, since studies such as those made by 

the workers just mentioned suggested that measurements made at earlier 

stages in the incubation period might reveal differences other than 

those found in the present study, one exploratory experiment was 

done using uniformly labeled L- leucine as the test material, to 

investigate the C14 content of infected and control tissues at inter- 

vals during the course of incubation. A total of 42 cultures was 

prepared, 21 of which were infected and 21 of which were control or 

non -infected. This provided for a group of three culture tubes from 

each set to be removed at each of seven time intervals. The fluids 

from the infected cultures were titrated for hemagglutinating 
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activity each time and the six tissue fragments from the three tubes 

were pooled in one vial for drying, solubilization and analysis for 

C14. The results of that experiment, given in Table V -C, were con- 

sidered inconclusive because of the small number of fragments avail- 

able for each sample but were interesting for at least two reasons. 

First was the indication given that the pattern of uptake vs time was 

very similar for control and infected fragments; no difference 

large enough to be considered significant was found between values for 

the two kinds of fragments at any time interval. The second was 

the suggestion that loss of label may have been occurring after about 

the 36th hour of incubation, from both kinds of fragments. If 

time and materials were not so limiting, it would have been interest- 

ing to further study comparative incorporation using this approach. 

3. Incorporation of carbon -14 from hexoses 

The labeled hexoses, D- glucose- UL -C14, D- galactose- l -C14, D- 

mannose -1 -C14 and L- fucose -1 -C14 provided the experimental compounds 

as in the virus incorporation studies. The results of analyses for 

C14 content in the infected fragments from eleven tests in which 

virus incorporation was also the experimental objective appear in 

Table VI -C. Inspection of the incorporation values for tissue 

reveal that glucose and mannose ranked near leucine, glutamic acid 

and glutamine in total quantities estimated as micromoles of com- 

pound incorporated, while fucose appeared to be taken up in smaller 

amounts by tissue than were any of the amino acids. Significant 
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TABLE V -C 

Incorporation of C14 from L- Leucine- UL -C14 into chorioallantoic 
membrane fragments from control tissue cultures and from 

tissue cultures infected with Lee virus measured at 
timed intervals 

Tissue Hours of Virus activity Micromoles of compound 
analyzeda incubation HA units per ml per 100 mg dry tissueb,c 

Infected 4 8 8.6 

Control 4 - 10.2 
Infected 8 24 15.5 

Control 8 - 14.8 
Infected 12 128 18.2 
Control 12 - 20.0 
Infected 18 192 21.1 

Control 18 - 22.2 
Infected 24 256 24.6 
Control 24 - 25.4 
Infected 36 384 32.1 
Control 36 - 30.4 
Infected 48 320 24.4 
Control 48 - 23.7 

a Tissue fragments were obtained from tissue cultures in which 
L- Leucine was used in the medium at a concentration of 8 mMolar 
and at a specific activity of 25.4 x 103 CPM per micromole. 
Each measurement represents one analysis on a pool containing 
six solubilized fragments. 

b Or the C14 equivalent of this number of micromoles. 

c The least significant difference between results of single 
measurements is ±4.78 micromoles, according to the statistical 
analysis in Table XI -C. 



TABLE VI -C 

Carbon -14 incorporation from some labeled hexoses into chorioallantoic membrane fragments 
from tissue cultures infected with Lee virus and into purified virus 

Compound 
in médiuma,b 

Specific activity 
of amino acid in 

medium, 

CPM per micromolec x 10 -3 

Micromoles of 
Micromoles of compound compound per 106 
per 100 mg dry tissued HA unitse of virus 

Expt A Expt B Expt A Expt B Meang Mean 

D- Glucose 147 149 31.8 24.3 28.0 5.83 
D- Galactose 126 112 17.9 12.0 15.0 5.78 
D- Mannose 121 130 23.3 21.4 22.4 5.58 
L- Fucose 135 129 4.2 3.5 3.8 (0.11)f 

Expt C Expt C Expt C 

D-Galactose 84.3 28.8 12.7 
D-Mannose 87.8 35.2 15.8 
L-Fucose 94.1 5.6 (0.4)f 

a Each labeled compound was used at a concentration of 8 mMolar in the medium. In experiments A and 
B unlabeled glucose at a concentration of 4 mMolar was present in media containing labeled galac- 
tose, mannose or fucose. In experiment C, no glucose was present in the media. 

b D- glucose was uniformly labeled with C14. The other three compounds were 1 -C14 labeled forms. 

c C14 activity expressed as total CPM per micromole after background and quenching corrections 
were made. 

d Or the C14 equivalent of this number of micromoles. 

, 



Table VI -C - continued 

e Values for individual virus experiments are given in Table V -B. 

Not considered significant; sample CPM less than 5x background. 

g Least significant difference between means from duplicate experiments is ±4.94 micromoles 
per 100 mg dry tissue (Table X -C). 

f 
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differences between means from these experiments were noted. Omit- 

ting glucose from the medium in a third experiment appeared to in- 

crease the utilization of galactose about two -fold and that of mannose 

about 1.6 fold, indicating that either of these must be able to 

supply in whole or in part the glucose requirements of the tissue. 

This is in accord with the findings of Eagle et al (12) in their work 

with mammalian cell cultures that glucose and mannose were utilized 

equally well for growth and metabolism by seven cell lines tested 

and that six of the seven cell lines were capable of utilizing gal- 

actose in lieu of glucose. Concentration of compounds tested by 

those workers ranged from 0.1 or 0.2 to 20 milliMolar. 

When infected and non - infected tissue fragments were compared 

for C14 content after experiments testing labeled hexoses, results 

were as summarized in Table VII -C. Again, as in the case of nearly 

all of the amino acids, C14 content was higher in control fragments 

than in infected. However, by the statistical method used to analyze 

the variability between means of paired measurements for such groups, 

only the differences found for galactose and for two of the four 

means in the glucose groups were large enough to be considered signi- 

ficant. The results of the four trials using glucose- UL -C14 as the 

labeled substrate are reported in order to show that over a 30 -fold 

range of C14 activity in the starting medium a consistent picture 

of the amount of label in tissues was seen. For glucose C14 in 

infected tissues the values in micromoles per 100 mg dry tissue re- 

corded in Table VI -C were 24 and 32, averaging 28. In the infected 



TABLE VII -C 

Comparison of C14 incorporation from some labeled hexoses into chorioallantoic membrane 
from control tissue cultures and from tissue cultures infected with Lee virus 

fragments 

Compound 
in mediuma 

Specific Activity 
of compound in 

medium, 
CPM per micromoleb x 10 

Virus activity 
-3 in mediumc 

Micromoles of compound 
per 100 mg dry tissued,e 

1 2 Meant 

D- Glucose- UL -C14 175 Infected 768 25.2 23.5 24.4 
Control 26.2 25.4 25.8 

58.2 Infected 512 24.5 29.1 26.8 
Control 29.4 32.2 30.8 

19.4 Infected 512 27.0 26.7 26.8 
Control 25.2 33.4 29.3 

5.8 Infected 384 29.5 30.3 29.9 
Control 37.6 32.6 35.1 

D- Galactose -1 -C14 20.9 Infected 448 15.1 12.9 14.0 
Control 18.0 17.9 18.0 

D-Mannose-1-C14 19.9 Infected 512 24.0 21.1 22.6 

L-Fucose-1-C14 16.1 

Control 
Infected 512 

22.9 

5.8 

25.2 

5.2 

24.0 

5.5 
Control 7.6 7.9 7.8 

a 
The concentration of each labeled compound was 8 mMolar. 

b C14 activity expressed as total CPM per micromole of compound after background and quenching 
corrections were made. 



Table VII -C - continued 

c Expressed as HA (hemagglutinating) units per ml of culture fluid. 

d Or the C14 equivalent of this number of micromoles. 

e 1 and 2 represent separate analyses from two groups of infected fragments and two groups of 
control fragments, within one experiment. 

The least significant difference between means of paired measurements was found to be -3.38 
micromoles per 100 mg dry tissue according to the statistical analysis in Table XI -C. 

f 



143 

tissues labeled from glucose in Table VII -C the range of mean values 

was 24 to 30, averaging 27, and for control tissues, 26 to 35. Mannose 

values were close to those for glucose with a range of 22 to 24 while 

galactose values were about 60% of those found for glucose. 

It would probably be incorrect in the case of hexoses to assume 

that incorporation of the hexose C14 into the virus or tissues has 

taken place as intact molecules; although, for comparison among 

various labeled precursors, results have been expressed as if they 

represented micromoles of parent compound. Actually it is recog- 

nized that the contribution of C14 from glucose and from other 

hexoses, as well as that from some of the other tested compounds, 

must be distributed among a great many constituents of the virus and 

host cells. Rafelson and Arnoff (51) in tracing the fate of labeled 

glucose in the free amino acid pools of control chorioallantoic tissue 

and that infected with influenza virus found that glucose was convert- 

ed to glutamic acid, aspartic acid, serine, alanine, and glycine, 

indicating that the contribution of glucose to just one cell fraction 

is considerable. 

4. Incorporation of carbon -14 from nucleic acid components and 
from choline and glycerol 

Incorporation of C14 from thymine and uracil could not be 

measured in the purified virus from cultures whose media contained 

those labeled compounds. However, by maintaining a high level of 

radioactivity for these compounds even in the media of experiments 
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used for comparing infected and control fragments, it was not dif- 

ficult to measure the C14 content of tissue. Table VIII -C contains 

the results of experiments in which measurements were made for the 

infected fragments from the cultures in which virus incorporation was 

also being studied. It can readily be seen that micromole incorpora- 

tion values for thymine were the smallest found for any labeled com- 

pound tested, including amino acids and the hexoses, and the mean 

value for uracil -2 -C14 was near fucose in the number of micromoles 

per 100 mg dry tissue. Ribose incorporation was at about one -third 

the level recorded for glucose. It is also interesting to observe 

that the mean value for ribose is about 4.4 times the mean value for 

uracil, near the 4 -fold level which might be expected if ribose were 

being utilized solely for RNA synthesis and if the four nitrogenous 

bases of RNA were present in quantitatively equivalent amounts. The 

other two compounds, glycerol- UL -C14 and choline- C14H3, tested be- 

cause of the possibility that they would contribute to the lipid com- 

ponents of tissue and virus, appeared to contribute similarly to 

tissue C14 activity calculated as micromoles per 100 mg dry tissue. 

The differences between the mean values of uracil and ribose, and 

between ribose and any other compound of this group, are large enough 

to be considered significant; but the differences between mean values 

for choline and glycerol, and between thymine and uracil, are not. 

Results of the studies comparing infected and control fragments 

from tissue cultures using the same five compounds mentioned above 

appear in Table IX -C. Here results from the thymine labeled cultures 



TABLE VIII -C 

Incorporation of C14 from some labeled metabolites into chorioallantoic membrane fragments 
from tissue cultures infected with Lee virus and into purified virus 

Compound 
mediums 

Specific activity 
of compound in 

medium, 
CPM per micromoleb x 10 -3 

Micromoles of compound 
per 100 mg dry tissues 

Micromoles of 
compound per 106 

HA units of virusd 

Expt A Expt B Expt A Expt B Meane Mean 

Thymine -2 -C14 334 301 1.17 0.63 0.9 - 

Uracil -2 -C14 344 271 2.31 2.13 2.2 (0.05)f 
D- Ribose- UL -C14 300 276 9.89 9.55 9.7 0.46 
Glycerol- UL -C14 128 154 13.1 13.5 13.3 2.22 
CholineHC1- C14113 106 128 16.7 15.8 16.2 (0.27)f 

a Each labeled compound was used in the medium at a concentration of 8 mMolar. 

b C14 
activity expressed as total CPM per micromole after background and quenching corrections 

were made. 

c Or the C14 equivalent of this number of micromoles. 

d 
Values for individual virus experiments are given in Table VIII -B. 

e Least significant difference between means from duplicate experiments is -4.94 micromoles per 
100 mg dry tissue (Table X -C). 

f Not considered significant; sample CPM less than 5x background. 

. .. . 



TABLE IX -C 

Comparison of incorporation of C14 from various labeled metabolites into 
chorioallantoic membrane fragments from control tissue cultures and from 

tissue cultures infected with Lee virus 

Compound 
in mediuma 

Specific activity 
of compound in 

medium, CPM per 
micromoleb,cxl0 -3 

Virus activity 
in mediumd 

Micromoles of 
compound per 
100 mg 
dry tissuee,f 
1 2 Meang 

Thymine -2 -C14 244 Infected 256 3.2 2.8 3.0 
Control - 16.2 14.8 15.5 Uracil -2 -C14 342 Infected 192 3.9 2.8 3.4 
Control - 4.8 6.2 5.5 D- Ribose- UL -C14 Exp. A 58.7 Infected 256 13.6 16.0 14.8 
Control - 15.7 15.5 15.6 

Exp. B 62.3 Infected 128 14.3 15.1 14.7 
Control - 15.4 16.1 15.8 CholineHC1 -C14H3 21.4 Infected 448 24.7 18.8 21.8 
Control - 28.7 27.2 28.0 

Glycerol- UL -C14 27.2 Infected 512 13.2 12.2 12.7 
Control - 20.2 19.2 19.7 

a The concentration of each labeled compound was 8 mMolar in the medium. In Exp. A 
under D- Ribose, unlabeled glucose was present at 1.3 mMolar; while in Exp. B 
unlabeled glucose was present at 4 mMolar as it was in all other experiments reported here. 

b C14 
activity expressed as total CPM per micromole after background and quenching 

corrections were made. 



Table IX -C continued 

c C14 activity from thymine and uracil was not reduced in medium as was done in the 
case of other tested compounds because of low incorporation values expected. For 
ribose, C14 activity in medium was reduced to one -fifth the level used in experi- 
ments summarized in Table VIII -C. 

d 
Expressed as HA (hemagglutinating) units per ml of culture fluid. 

e Or the C14 equivalent of this number of micromoles. 

1 and 2 represent separate analysis of infected and of control fragments, within 
one experiment. 

g The least significant difference between means of paired measurements was found 
to be ±3.38 micromoles per 100 mg dry tissue according to the statistical analysis 
in Table XI -C. 

f 
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provided an interesting deviation from the generally observed picture 

of a small but consistent increased content of C14 of control over in- 

fected fragments. The mean incorporation value of control fragments 

was found to be five times as great as that of the infected fragments, 

suggesting that normal DNA metabolism is depressed by infection. It 

is interesting to note that Goldfine, Koppelman and Evans (17) study- 

ing nucleoside incorporation into HeLa cells infected with polio- 

myelitis virus using labeled cytidine, showed that within 52 to 11 

hours after infection incorporation of cytidine into RNA was nearly 

the same as for normal cells, but that incorporation into DNA was 

only 10 to 25% of that of the non -infected cells. Another worker, 

Wolff (64), in a cytochemical examination of the changes in DNA 

and glycoprotein content of susceptible mouse -lung epithelial cells 

during infection with a strain of influenza virus reported that the 

DNA content of the nuclei of infected cells decreased for 12 hours 

after infection, then rose briefly and decreased again suggesting an 

effect from a new cycle of infection. Hence it seems reasonable to 

assume for the findings in the present study with regard to thymine 

labeling of tissues that infection by virus affected normal DNA 

metabolism. 

In the two experiments with ribose- UL -C14 which are summarized 

in Table IX -C, the difference in concentrations of the unlabeled 

glucose present in the media appeared to have no effect on the in- 

corporation of C14 from ribose, and the small differences between 

the mean incorporation values for the infected and control fragments 

. 
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were not significant. The differences between the mean incorpora- 

tion values of infected and control fragments from choline and gly- 

cerol experiments considerably exceeded the amount required for sig- 

nificance, i.e., -3.38 micromoles per 100 mg. Again it may be 

questioned whether such differences result from depression of incor- 

poration due to infection or from increased post- infection leakage 

from damaged cells. 

In concluding the reports on experiments covered in this section 

the following remarks may be made: 

1. In comparative studies with infected and control chorio- 

allantoic tissue fragments incubated 44 to 48 hours in the presence 

of various C14- labeled metabolites, incorporation of some label was 

observed for every compound. A small but consistent increase was 

noted in the C14 content of the control fragments over that of in- 

fected fragments for 15 of the 17 compounds tested. In one exception 

to this observation the amount of difference was the striking feature: 

the C14 content of control tissue labeled from thymine was five times 

as high as that of the corresponding infected tissue. In the other 

exceptional case, glutamine incorporation into infected tissue slight- 

ly exceeded that into control tissue. However, this difference was 

not large enough to be considered significant. For seven other com- 

pounds also the differences between mean incorporation values of 

infected and control fragments were too small to be considered sig- 

nificant. These were uracil, ribose, fucose, mannose, tyrosine, 

histidine and arginine. 

' 
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2. Total content of C14 in tissues was measured at the end of a 

44 to 48 hour incubation period in the usual type of experiment and 

therefore no conclusions can be drawn regarding incorporation rates 

in infected and non - infected systems. One experiment was done in which 

C14 activity of leucine- labeled tissues was measured at intervals 

during incubation and which showed a similarity of uptake in the two 

systems at each interval, but the small number of fragments analyzed 

and the absence of additional experimental evidence requires that this 

test be considered inconclusive at present. 

3. The similarity of micromole incorporation values calculated 

for tissues labeled by incubation with one compound, glucose, used at 

four different levels representing a 30 -fold range of C14 activity in 

the starting media, as well as similarities in micromole incorpora- 

tion values obtained for infected tissues from both the highly labeled 

virus incorporation studies and from the comparative tissue experi- 

ments with much lower C14 activity, show that the analytical methods 

used yielded similar information over a wide range of C14 activities. 

Such flexibility allowed a considerable saving with respect to the 

quantities of labeled materials required for the comparative studies 

with tissues and this would be even more advantageous if more time 

interval studies of incorporation were being planned. 

4. Just as in the virus incorporation studies, for the purpose 

of comparing one test compound with another, final incorporation 

values for tissues have been expressed as micromoles of parent com- 

pound as if representing incorporation of those compounds as the 
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intact molecules. Actually this is not known to be so, and is even 

unlikely for the compounds glucose, galactose, mannose, leucine, 

glutamic acid, glutamine, glycerol, choline, alanine and perhaps 

others. It might have been just as convenient for comparison pur- 

poses to express results in terms of moles of carbon incorporated, 

but this still would give no indication of the nature of the compounds 

finally containing the labeled atoms. In the case of most of the 

amino acids, it is easier to assume for this tissue culture system in 

which little or no net protein synthesis is thought to be occur- 

ring, that these are likely entering into exchange and replacement 

reactions as the intact molecules, particularly with respect to host 

tissue. Eagle (10) has noted in studies with mammalian cells that 

labeled amino acids from the medium may be continuously incorporated 

into cell protein in the absence of net protein synthesis at the rate 

of 0.7 to 1.0% per hour, and says that at least 80% of that incorpo- 

ration has been shown to be due to either intracellular protein turn- 

over or amino acid exchange rather than to cell death or protein 

secretion into the medium followed by resynthesis. Of course it 

would be very desirable and informative to be able to subject the 

labeled virus and tissues to suitable analytical and degradative 

studies and to learn the ultimate fate of the labeled carbon atoms 

that have been incorporated. It is even possible to anticipate that 

this will be done soon, for the host tissues at least. Studies like 

that by Manchester and Young (42) using tracer methods to pinpoint 

the location of C14 in the protein of rat diaphragm after its 

.. 
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incubation with various C14 amino acids and with C1402 are becoming 

more numerous, more precise and more productive as methods become 

more refined. 
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TABLE X -C 

Analysis of least significant difference between means from duplicate 
experiments which measured incorporation of C14 from labeled 

metabolites into infected chorioallantoic membrane 
fragments from tissue cultures 

Micromoles per 
dry tissue 

100 mg 
Difference 

Mean of 
(Difference)2 A & B 

Expt A Expt B 

Leucine 24.7 30.1 5.4 29.16 27.40 

Glutamic 19.7 23.3 3.6 12.96 21.50 
Glutamine 20.5 21.4 0.9 0.81 20.45 
Alanine 21.0 17.1 3.9 15.21 19.05 
Lysine 16.3 12.8 3.5 12.25 14.55 
Arginine 15.2 19.0 3.8 14.44 17.10 
Phenylalanine 7.7 9.9 2.2 4.84 8.80 
Tyrosine 6.0 5.7 0.3 0.09 5.85 
Ribose 9.9 9.6 0.3 0.09 9.75 
Uracil 2.3 2.1 0.2 0.04 2.20 
Thymine 1.2 0.6 0.6 0.36 0.90 
Glucose 31.8 24.3 7.5 56.25 28.05 
Galactose 17.9 12.0 5.9 34.81 14.95 
Mannose 23.3 21.4 1.9 3.61 22.35 
Fucose 4.2 3.5 0.7 0.49 3.85 
Glycerol 13.1 13.5 0.4 0.16 13.30 
Choline 16.7 15.8 0.9 0.81 16.25 

Sum of squared differences = 186.38 
Number of pairs = 17 Divisor = 34 
Mean square or variance = 186.38 = 5.4818 

34 

Estimatedstandard deviation 47-477t2.3413 
at P = 0.05, n = 17, "t" = 2.11 
Standard error of difference = /(S.D.)2 + (S.D.)2 

10.9636 
= t 3.3111 

Least significant difference between single measurements at P = 0.05 
= "t" x S.E. = 2.11 x ±3.3111 = -6.9864 = í6.99/u moles per 100 mg 



Table X -C - continued 

Using the means of duplicate experiments, 

S. E. = /(S.D.)2 + (S.D.)2 = /2(S.D.)2 
2 2 V 2 

5.4818 

= ±2.3413 

154 

and the least significant difference 
between means of duplicates = "t" x S.E. 

= 2.11 x 2.3413 
= ±4.9401 
= t4.94Ntmoles per 100 mg of tissue 

V \ / 
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TABLE XI -C 

Analysis of least significant difference between measurements 
on control and virus infected chorioállantoic membrane 

fragments from cultures containing C14 labeled 
metabolites 

A B 

Difference (Difference)2 
(A -B) 

Glucose Infected 25.2 23.5 1.7 2.89 
Control 26.2 25.4 0.8 0.64 

Infected 24.5 29.1 -4.6 21.16 
Control 29.4 32.2 -2.8 7.84 
Infected 27.0 26.7 0.3 0.09 

Control 25.2 33.4 -8.2 67.24 
Infected 29.5 30.3 -0.8 0.64 
Control 37.6 32.6 5.0 25.00 

Arginine Infected 17.2 16.8 0.4 0.16 

Control 18.3 18.7 -0.4 0.16 
Glutamic Infected 23.4 22.3 1.1 1.21 

Control 28.7 28.2 0.5 0.25 
Leucine Infected 27.7 27.0 0.7 0.49 

Control 32.9 30.7 2.2 4.84 
Glutamine Infected 26.8 29.9 -3.1 9.61 

Control 26.0 27.7 -1.7 2.89 
Histidine Infected 9.4 8.2 1.2 1.44 

Control 10.0 11.5 -1.5 2.25 
Phenylalanine Infected 11.5 11.3 0.2 0.04 

Control 13.5 16.4 -2.9 8.41 
Lysine Infected 18.6 19.3 -0.7 0.49 

Control 22.4 24.0 -1.6 2.56 
Tyrosine Infected 7.7 7.1 0.6 0.36 

Control 10.7 8.1 2.6 6.76 
Thymine Infected 3.2 2.8 0.4 0.16 

Control 16.2 14.8 1.4 1.96 
Uracil Infected 3.9 2.8 1.1 1.21 

Control 4.8 6.2 -1.4 1.96 
Ribose Infected 13.6 16.0 -2.4 5.76 

Control 15.7 15.5 0.2 0.04 
Galactose Infected 15.1 12.9 2.2 4.84 

Control 18.0 17.9 0.1 0.01 
Mannose Infected 24.0 21.1 2.9 8.41 

Control 22.9 25.2 -2.3 5.29 
Fucose Infected 5.8 5.2 0.6 0.36 

Control 7.6 7.9 -0.3 0.09 
Glycerol Infected 13.2 12.2 1.0 1.00 

Control 20.2 19.2 1.0 1.00 
Choline Infected 24.7 18.8 5.9 34.81 

Control 28.7 27.2 0.5 0.25 

' 

' 
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Table XI -C - continued 

A B Difference (Difference)2 
(A -B) 

Ribose Infected 14.3 15.1 -0.8 0.64 
Control 15.5 16.1 -0.6 0.36 

Sum of squared differences = 235.57 
Number of pairs = 42 Divisor = 84 

t0.05 at n = 40 = 2.02 

Variance = 235.57 = 2.8040 
84 

Standard deviation = 2.8040 = ±1.674 

Standard error of difference for single measurements 

S.E. = 11(S.D.)2 + (S.D.)2 =45.6080 = ±2.368 

Least significant difference at P = 0.05 = "t" x S.E. 
= 2.02 x ±2.368 
= ±4.783 
= ±4.78 

For standard error of difference for means of duplicate measurements: 

S.E. = f(S.D.)2 + (S.D.)2 =J 2 x 2.8040 
2 2 2 

= ±1.674 

Least significant difference at P = 0.05 = "t" x S.E. 
= 2.02 x ±1.674 
= 3.381 
= ±3.38p moles per 100 mg 
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DISCUSSION 

A considerable portion of the Experimental Results section has 

been devoted to a description of the development of a suitable method 

for the concentration and purification of influenza virus from in- 

fected tissue culture fluids. Although this was not the chief ob- 

jective of the study, an adequate purification procedure was an 

essential preliminary to the C14 incorporation experiments. The gen- 

eral difficulties attending the purification of all animal viruses 

caused this portion of the work to be morelengthy than it otherwise 

might have been. As has been observed, these difficulties arise 

partly from the small amounts of virus in the starting material 

and partly from the necessity of separating virus particles from 

host components of similar size and composition. Some attention 

must also be given to preserving some biological property of the 

virus intact in order that appropriate measurements of virus activity 

can be used to record increases in the purity of the preparations 

throughout the experiment. Hence, methods requiring chemical agents 

or temperatures which could cause denaturation of protein must be 

avoided. The purification procedure that was worked out and used 

in the studies reported here conformed to these requirements. 

Unless virus purification is carried out to the point at which 

the electron microscope can be used to show the virus in crystalline 

array, as a pure homogeneous preparation, some doubt must remain 

regarding the exact degree of purity that has been attained. Few 
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animal viruses have been brought to such a state. Thus it may be 

pointed out that the average value in terms of HA units per mg N for 

final virus preparations made by the method developed, though higher 

than those found by other methods tested, is still not proof of the 

total absence of host cell material. However, no claim is made that 

this is the case. It does appear reasonable to state that the final 

mean value of 614,500 HA units per mg N, representing an increase in 

purity of 175 -fold over crude starting material, was acceptable and 

useful for the purpose of the experiments. A second passage through 

ECTEOLA cellulose might have brought about an improvement in purity, 

but also might have been expected to further reduce the final yield 

which would have been undesirable. 

It appears nearly impossible to compare the results of purifica- 

tion studies undertaken by different groups of workers because of a 

lack of commonly accepted standard methods of measuring and expres- 

sing virus activities and properties. For instance, among the methods 

for purifying influenza virus are included ultracentrifugation, 

filtration through graded pore membranes, chemical precipitation, 

adsorption and elution with red blood cells of different kinds, and 

adsorption and elution using a variety of adsorbents and column 

techniques. In some of the studies infectivity for chick embryos or 

for mice is measured as an indication of the biological activity of 

the virus. In others hemagglutination or complement- fixation tests 

are done. A universally accepted definition of a hemagglutinating 

unit does not exist, and results of measurements of hemagglutination 
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have been recorded following the use of 0.25, 0.50, 1.0 or 1.5% 

suspensions of red blood cells in the titrations. Increasing the 

concentration of the cell suspension usually decreases the sensitiv- 

ity of the reaction. End points of the agglutination reaction have 

been set at 4 plus, 2 plus or 1 plus readings, and are sometimes de- 

termined by visual and sometimes by photometric means. Agglutina- 

tion tests may be set up in tubes or on slides or spot plates. For 

physical and chemical characterization, the measurements have includ- 

ed dry weight, total protein determined by any of a number of ana- 

lytical techniques, total nitrogen, protein nitrogen and others. 

Thus, Stanley (57) evaluating in 1944 the methods for purifying 

and concentrating influenza virus indicated that purity values of their 

preparations were expressed in terms of CCA (chick cell agglutinat- 

ing) units, measured by a photometric technique, per mg of protein 

found by a modified Nessler method. He considered the virus protein 

to contain 10% N and gave a representative value of 22,000 CCA 

units per mg of protein for purified allantoic fluid PR8 virus pre- 

pared by differential centrifugation. He considered this to be the 

method of choice at that time for preparing virus which would contain 

the least non -viral protein and would therefore be the most suitable 

for vaccines and for physico -chemical studies. Miller (45), in 

1956, studying the nucleic acid content of influenza virus purified 

by adsorption and elution from aluminum phosphate -silica gel columns, 

described preparations containing 1014.2ID50 (ID50 = units required to 

produce infection in 50% of a specific host system)per g dry weight. 
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He stated that an average ratio of infectious units to hemagglutinating 

units was found to be 106.46. In other words his preparations with 

1014.2ID50 could also be expressed as containing 107.74 HA units per g 

dry weight. Data from the work of Knight (34)(35) and Taylor (63) 

has led to the conclusion that the total nitrogen content of the Lee 

influenza virus particle is about 10 %. Thus Miller's value of 1014.2 

ID50 per g dry weight could also be expressed as 10152ID50 per g N. 

If, as he points out, 10 viral particles are thought to be necessary 

to constitute one ID50, then this value can be further expressed as 

1016.2 particles per g N and leads to the result that one particle 

is equivalent to 10 -16.2 of N. This is as Miller noted (46), in 

excellent agreement with the estimate by Graham and McClelland, from 

their work with the electron microscope and ultracentrifuge, that the 

weight of one influenza virus particle is 10- 15.2g. Based on the as- 

sumption of 10% N content, their value also becomes 10 -16.2g N per par- 

ticle. Hence, Miller concluded that his preparations with an average 

value of 1015.8 and maximum value of 1016.2 particles per g N were of 

high purity. Returning to the observation that these preparations had 

a value of 10474HA units per mg dry weight, application of the 10% N 

content to this expression converts it to 105.74HA units per mg N. 

This is remarkably close to the mean purity value of 6.14 x 105 or 

105.79HA units per mg N obtained by the method developed in the present 

study. Ada and Perry (3), investigating the base ratios A +U for the 

G +C 
nucleic acids of A and B strains of influenza virus, prepared purified 

virus by a combination of ultracentrifugation, red cell adsorption and 
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elution. Their preparations of A viruses and of one B strain had, 

values ranging from 60,000 to 120,000 HA units per mg dry weight. 

For Lee and MEL viruses of the B strain, purity values were lower, 

showing from 20,000 to 40,000 HA units per mg dry weight. Trans- 

lated into values based on the assumption of a 10% N content in the 

particle these figures would be increased by a factor of 10 and would 

thus appear to be somewhat similar to the results of the present 

work with Lee virus. 

An inspection of results obtained by other workers using various 

chromatographic techniques in purification studies is interesting 

even though comparisons of the purity values can rarely be made, for 

the reasons already mentioned. Muller and Rose in 1952 (49) studied 

the concentration of influenza virus (PR8) by cation- exchange resin 

adsorption. They used a microkjeldahl method to determine total 

nitrogen and a pattern method for hemagglutinin titrations which re- 

quired the use of 1% suspensions of chicken red blood cells. The 

maximum purity value obtained for virus from infected allantoic 

fluid was stated to be 48,000 HA units per mg N. Miller and 

Schlesinger (46) reported on work done on the differentiation and 

purification of three strains of influenza virus using aluminum 

phosphate -silica gel columns. They found an average value of 108'62 

HA units per g N or 105'62 HA units per mg N for purified prepara- 

tions of allantoic fluid virus harvested 14 hours after infection. 

Salk's pattern method using 0.5% chicken red blood cells was employed 

for the HA measurements in their study. In another study, Taverne, 
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Marshall and Fulton (62) tested calcium phosphate columns, using two 

passages for the purification of PR8 influenza virus from allantoic 

fluid. They reported an average value of 485,000 HA units per mg of 

protein, some material having a value as high as 106 HA units per mg 

of protein. In this work, a plate -pattern method using 0.5% red cell 

suspensions was employed in the hemagglutinin measurements. 

More recently, another column purification method using aluminum 

phosphate as the adsorbent was described by Frommhagen and Knight in 

1959 (15). This method yielded values of 29,000 to 35,000 HA units 

per mg N for final purified samples of PR8 virus. Here HA measure- 

ments were made by a photometric technique employing 1% chicken red 

blood cell suspensions. A comparison was made by these workers of 

the purity of virus preparations prepared by column and by red cell 

adsorption and elution. Their findings indicated that the column 

method was superior to the red cell method in the purification of 

PR8, DSP, and Lee strains of influenza virus for six reasons (15, 

p, 207): "(1) it is more rapid and convenient, (2) the infectivities 

and hemagglutinating titers tend to be higher for the column -purified 

preparations than for those obtained by the red cell method, (3) 

greater recoveries of hemagglutinating activity are obtained with the 

column procedure (4) the column method avoids higher temperatures, 

(5) it gives no possibility of contaminating the purified products 

with organic material and (6) the column method yields the sedimentable 

host material as a by- product, thus providing abundant material 

for further studies on host -virus relationships." The approximately 
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3 -fold further increase in purity of virus preparations which was 

observed in the present study when ECTEOLA- cellulose column passage 

followed the red cell adsorption and ultracentrifugation steps 

emphasizes the superiority of column purification methods and sup- 

ports the contention that more extensive use of column methods in 

virus studies is indicated, particularly when tracer -labeled virus 

and host materials are to be studied separately. An increase of 200 - 

fold in the purity of poliovirus preparations in terms of final 

protein content compared to starting protein was observed by Levintow 

and Darnell (39) who also used ECTEOLA exchanger chromatography as 

the final step in their purification procedure. 

The fact that incorporation of C14 into Lee influenza virus from 

each of nine labeled amino acids has been demonstrated and quantita- 

tively measured should stimulate new interest in the search for 

knowledge of how virus protein is produced in a host cell. It has 

seemed reasonable to report incorporation values in terms of micro - 

moles of original compound equivalent to the C14 activity found in 

the virus, although this appears to require the assumption that the 

labeled molecules of amino acids are incorporated intact into the 

virus protein and there is no clear evidence that this is so. How- 

ever, the assumption has some justification from the findings and 

opinions of workers who have studied protein synthesis in other cell - 

virus systems. Thus, Darnell and Levintow (9) have said that their 

studies with the poliovirus -HeLa cell system on the basis of virus 

yields from cells depleted of their amino acid pool permitted the 

. 
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conclusion that poliovirus protein was a product of the free amino 

acid intracellular pool in the host cell and that whole small mole- 

cules were used in preference to degradation of the protein of the 

cell. The same workers gained additional evidence for this conclusion 

from their study of C14- valine labeled poliovirus. Eagle (10) 

has also stressed the importance of the free amino acid pool of the 

cell to viral synthesis in the case of poliovirus. He pointed out 

that "it would appear also that intracellular protein turnover does 

not provide free amino acids either in the amounts required or at the 

sites necessary for virus synthesis." 

With regard to the values found for the amino acids tested, a 

comparison of these with analytical data on Lee virus recorded by 

Knight (35) for the same compounds is interesting to make. Using the 

mean purity value of 614,500 HA units per mg N found for the purified 

preparations of virus in the present work, it may be calculated that 

106 HA units would be equivalent to 1.627 mg of nitrogen. Assuming 

the nitrogen content to be 10% of the total dry weight, it follows 

that 106 HA units would be the equivalent of 16.27 mg of dry pure 

virus. Since the incorporation values for the amino acids are given 

in terms of micromoles per 106 HA units, the percentage composition 

of each compound can be easily calculated and compared with Knight's 

data as is shown in Table V. An inspection of the percentage compo- 

sition values from both incorporation experiments and the analytical 

study reveal them to be surprisingly similar in several instances, in 

spite of the widely different methods used to derive the results. It 
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TABLE V 

Comparison of data on incorporation of C14 from labeled metabolites 
into Lee influenza virus with analytical data on purified virus 

Mean number 
of micromoles 

per 106HA units 

Compound of purified virus 

Incorporated 
compound; 

estimated per cent 
in dry pure virusa 

Per cent of 

dry purified 
virusb 

L- Leucine 8.31 6.7 5.5 

L- Glutamic acid 6.06 5.5 6.2 
L- Glutamine 4.14 3.7 

L- Alanine 3.35 1.8 2.6 

L- Lysine'HC1 3.06 3.4 4.7 

L- ArginineHC1 2.66 3.4 4.0 

L- HistidineHC1 1.57 1.8 1.5 

L- Phenylalanine 1.56 1.6 3.4 

L- Tyrosine 1.35 1.5 2.1 

D- Galactose 5.78 6.4 1.2c 
D- Mannose 5.58 6.2 1.2c 
D- Ribose 0.46 0.4 0.28d 

Glycerol 2.22 1.3 

a 
Estimate based on following: 

1. Mean value of 615,000 HA units per mg N was used as a 

measure of virus purity for each estimate. 

2. The assumption is made that the purified virus in these 
experiments contains 10% N, based on the data of Knight 
(35) and Taylor (63) for Lee virus. Thus, 615,000 
HA units represent one mg N or 10 mg of dry purified 
virus, and 106 HA units must represent 1.625 mg N or 
16.25 mg dry purified virus. For glutamic acid, 
6.06 micromoles = 0.891 mg; 0.891 = 5,5% of this amino 

16.25 acid in virus 

b Per cent values of amino acids are from Knight's data (35). 

c Values for galactose and mannose are from work of Frommhagen and 
Knight (13). 

d Value for ribose based on estimates by Frommhagen and Knight (13) 
and Ada and Perry (3). 

- 

- 
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was expected that much greater discrepancies might be evident since 

the one study (Knight's) was purely analytical and the other involved 

measurement of the contribution to virus of label from a metabolite 

added to the extracellular medium. The comparison has been extended 

to include compounds other than amino acids and it may be observed 

that the per cent values estimated for galactose and mannose are 

about five times as high as those reported by Frommhagen and Knight 

(13) from their analytical work. This suggests that the C14 from 

these two compounds is likely present in the virus in a number of 

other compounds in addition to intact molecules of parent compound 

as a result of following the metabolic pathways in the host cell. 

The per cent composition of ribose in virus by this estimation is 

about one -third higher than that obtained by analyses on purified 

virus. These values for ribose cannot be declared greatly dissimilar 

taking into consideration the difficulty of accurately measuring the 

content of ribose in a virus that contains 1% or less RNA and the 

recognition that it cannot be known from the results of the present 

study whether all the C14 which appeared in the virus from ribose was 

present only in the nucleic acid. 

It is of interest to note that a study of the amino acid compo- 

sition of the different protein components of an A strain of influenza 

virus has been made recently by Hoyle and Davies (27) in which they 

compared the per cent of each amino acid in virus membrane protein, 

HA (hemagglutinin) protein, s antigen protein and the cytoplasmic and 

cell membrane proteins of normal chorioallantoic membranes. A total 

- 
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of 18 different amino acids were identified in all fractions by chro- 

matographic analysis. Nine acids were present in all the proteins 

examined in almost identical amounts. These were alanine, leucine, 

tyrosine, phenylalanine, aspartic acid, glycine, isoleucine, methi- 

onine and serine. Leucine, glutamic acid, aspartic acid and alanine 

were the four most abundant compounds in all the proteins; tyrosine, 

tryptophan, methionine and cystine appeared to be least abundant. The 

s antigen of the virus had a content of arginine which was significant- 

ly higher than the arginine content of any of the other proteins. The 

virus HA protein and virus membrane proteins appeared to be identical 

in composition and very like the normal cell membrane protein except 

these virus fractions had a higher content of histidine than did the 

normal cell protein. In future tracer studies it is to be hoped that 

for each radioactive metabolite used it will be possible to trace 

more exactly the destination of the labeled atoms in the virus in 

order to make comparisons with studies like that mentioned above. 

A decreasing order in incorporation values was observed for the 

amino acids in virus which also was seen to reflect closely the se- 

quence observed in the host tissue content of these compounds. 

Leucine values were highest in the virus, followed by glutamic acid, 

glutamine, alanine, lysine, arginine, phenylalanine, histidine and 

tyrosine. Experiments with the labeled hexoses showed that glucose, 

galactose and mannose were very much alike in mean incorporation 

values, and that the values for galactose and mannose rose when 

glucose was omitted from the medium in which they were tested to two 
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or three times the values found in experiments in which unlabeled 

glucose was present. Fucose has been reported to be a component of 

influenza virus according to analytical studies. However, C14 from 

L- fucose -1 -C14 did not appear to be incorporated in virus in signif- 

icant amounts under the conditions of these experiments even though 

taken up by the host cells in significant amounts. Two compounds, 

glycerol and choline, which are known to be important in lipid metab- 

olism in animal tissue were also tested in incorporation experiments. 

C14 activity in virus from glycerol experiments was present to a 

significant extent and final incorporation values indicated that this 

compound ranked near phenylalanine and histidine in contribution to 

labeled virus. C14 activity in virus from choline experiments, while 

measurable, was not sufficiently high to be considered significant ac- 

cording to the criterion established for this purpose. Because C14 

incorporation from choline into the host tissue was higher than that 

from glycerol, the very low activity of C14 from choline in the virus 

was believed to reflect a difference between the host tissue and the 

developing virus in the requirements for the methyl groups of choline. 

Thymine, uracil and ribose, all labeled with C14, were tested 

for their possible contribution to virus nucleic acid. No evidence 

was found for C14 incorporation with thymine; only a slight amount 

of activity was found for uracil and slightly more for ribose. 

Measurements from ribose experiments were sufficiently high to permit 

calculation of incorporation values. The findings with these compounds 

were in agreement with the observations that influenza virus has a 
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very small RNA content and probably is completely lacking in DNA. 

Returning to the assumption that the nitrogen content of the Lee 

virus is 10 %, this value and the mean purity value of 614,500 HA 

units per mg N have been used to make an estimate of the molar quan- 

tity per 100 mg of dry purified virus for each of the 14 compounds 

for which incorporation values were calculated. A summary of the 

estimates is seen in Table VI which gives comparable values for the 

host tissue also. For most of the amino acids, by this estimate, 

the micromole per 100 mg values are similar for virus and host tissue. 

Two outanding exceptions are leucine and glutamic acid for which the 

virus values are nearly twice the tissue values. It is suggested 

that these are two of the amino acids which would likely be very 

active metabolically in the host cell and could therefore be ex- 

pected to contribute C -for 
14 

viral synthesis in the form of other 

compounds as well as in the form of the original molecule. Leucine 

is said to be the most actively ketogenic amino acid; hence it may 

be hypothesized that virus- specific synthesis of cholesterol and 

phospholipids may help to account for the apparently higher concen- 

tration of leucine in the virus. The role of glutamic acid may be 

to supply carbon skeletons for such compounds as aspartic acid, 

alanine and glycine for use in virus synthesis besides providing 

intact molecules for the intracellular pool of free amino acids. 

Another marked difference is seen in the virus and host contents of 

galactose and mannose. Again it may be assumed that these compounds 

not only appear in the virus as intact molecules but supply carbon 

:. 
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TABLE VI 

Comparison of incorporation of labeled compounds in Lee virus and in 
host chorioallantoic membrane tissue 

Compound Mean number Micromoles of Mean number of 

of micromoles compound estimated micromoles per 
per 106HÁ units per 100 mg of dry 100 mg dry tissue 

pure virusa 

L- Leucine 8.31 51.1 27.4 
L- Glutamic acid 6.06 37,3 21.5 
L- Glutamine 4.14 26.0 20.4 
L- Alanine 3.35 20.6 19.1 
L- LysineHC1 3.06 18.8 14.6 
L- ArginineHC1 2.66 16.4 17.1 
L- HistidineHC1 1.57 9.6 7.8 

L- Phenylalanine 1.56 9.6 8.8 
L- Tyrosine 1.35 8.3 5.8 
D- Glucose 5.83 35.8 28.0 
D- Galactose 5.78 35.5 15.0 
D- Mannose 5.53 34.3 22.4 
D- Ribose 0.46 2.8 9.7 
D- Glycerol 2.22 13.6 13.3 

aEstimates based on the following: 

1. The mean value of 614,500 HA units per mg N was used 
as the measure of virus purity for each estimate. 

2. Assuming that purified Lee virus has a 10% N content, 
based on the data of Knight (35) and Taylor (63), 
614,500 HA units represent one mg N or 10 mg dry pure 
virus. Thus, 106 HA units are equivalent to 1.627 
mg N or 16.27 mg dry pure virus. 

Then, micromoles per 106 NA units x 100 = micromoles 
16.27 per 100 mg 

For L- Leucine 8.31 x 100 = 51.1 micromoles per 100 mg 
16.27 dry pure virus 

. 

. 
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skeletons for many other compounds needed for viral synthesis through 

the operation of glycolysis and the tricarboxylic acid cycle of the 

cell. Ribose is the only compound listed which appears to be relative- 

ly less abundant in the virus than in the host tissue by the estimate 

as made here. It is assumed that this reflects the difference be- 

tween the amounts of RNA in the virus and host tissue. 

The system used for studying the incorporation of C14 into Lee 

virus using various metabolites had certain advantages and, of course 

certain limitations. It was an advantage to be able to produce virus 

from isolated tissue fragments in a simple medium of known composi- 

tion. This avoided the difficulty of isolating virus from a complex 

milieu such as the whole embryonated egg. It was also an advantage 

to use a system in which little, if any net protein synthesis could 

occur in the cells because of the lack of essential nutrients in the 

glucosol medium. Limitations in the size of cultures, and con- 

comitantly, in virus yields, because of the labor and time involved 

and also because of the cost of labeled metabolites, have prevented 

accumulating purified virus in quantities sufficient to permit frac- 

tionation and degradation analyses to be done. For example, it 

would be informative and interesting to be able to prepare enough 

purified labeled virus so that hydrolysis and paper chromatog- 

raphy could be used to demonstrate which amino acids of virus protein 

contain the label following an incorporation experiment with glutamic 

acid or glucose or any of a number of other compounds. Comparison 

of the specific activities of an amino acid in the virus and host 

. 
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protein should shed some light on the problems of viral protein 

synthesis. It has been convenient to report incorporation values in 

this study as if metabolite molecules were taken up intact and ap- 

peared in the final product in the form of the original compound. 

In the case of some of the amino acids, as has been noted, this has 

been believed to be a reasonable assumption. However, in the case 

of many other metabolites it is unlikely. One of the objectives in 

future experiments should be to find practical methods for producing 

labeled virus in amounts adequate for the analyses mentioned. 

A number of articles have appeared describing the results of 

using radioactive compounds in efforts to discover virus effects on 

tissues and cells. These, plus similar studies on the uptake and 

utilization of both labeled and unlabeled metabolites by uninfected 

tissues and cultured cells, provide interesting information with 

which to compare results gained from the measurements on tissue frag- 

ments from present experiments. In 1954, Hultin, Gustafsson and Wes- 

sel (31) reported the use of labeled materials by chorioallantoic 

membranes infected with influenza virus. Observations were made 

during a 12 hour period following infection. Metabolites tested 

included N15- DL- alanine, N15- glycine and C14- glycine. These workers 

noted that incorporation of isotopes was increased in infected tissues 

over uninfected tissues and that incorporation was at a maximum 

6 -9 hours after infection. Their statements (31, p. 350) follow: 

"It was shown that the increased rate of isotope uptake was mainly 

if not entirely due to an increased intercellular permeability in 

r : 
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the membrane. A similar effect was obtained with hyaluronidase. It 

seems very likely that mucous substances, which can be attacked by 

influenza virus as well as by hyaluronidase, are involved in the in- 

tercellular permeability barrier." In the present work it was observ- 

ed that after 44 to 48 hours incubation, slightly less label was 

almost always found in infected fragments. For eight of 17 compounds 

the differences were judged to be significant. If increased perme- 

ability is associated with infection by the virus, the differences 

could have been accounted for by the loss of more radioactivity from 

the infected tissues. 

In 1958, Rafelson and Arnoff (51) made a study of the free amino 

acid metabolism in chick chorioallantoic membranes infected with in- 

fluenza virus. When tissues were incubated with randomly labeled 

c14 glucose, then sampled and analyzed at intervals up to 24 hours 

after infection, label appeared in the following free amino acids: 

glutamic acid, aspartic acid, serine, alanine and glycine. This 

emphasizes the mobility of the carbon atoms from glucose in a system 

where net synthesis was not occurring. At 24 hours after infection 

the counts per minute of free amino acids from infected tissues were 

slightly higher than those from control tissues. In another type of 

experiment tissues were prelabeled with alanine for six hours, then 

infected and held for eight hours in unlabeled medium. Virus in- 

fection caused the loss of twice as much free alanine radioactivity 

from these tissues as from uninfected controls, but appeared to have 

no effect on the protein bound alanine. This suggests permeability 
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changes may have occurred to a greater extent in infected tissues. 

In yet another kind of experiment, the incorporation into protein of 

control and infected tissues was measured after up to 24 hours in- 

cubation with each of the following amino acids: lysine, histidine, 

alanine and glycine. No difference in the C14 content of protein 

from control and infected tissues was found. These workers concluded 

that the propagation of influenza A virus was associated with in- 

creased metabolic activity of the free amino acids of the host. 

In another study of the effect of virus infection on host cell 

metabolism Levy and Baron (40) in 1957 published their findings on 

the effect of poliovirus on glycolysis and uptake of glycine by 

monkey kidney tissue cultures. They observed that anaerobic and 

aerobic glycolysis appeared to be stimulated by infection, but their 

finding that diphtheria toxin produced a similar effect led them to 

doubt that such changes could be said to be characteristic of virus 

activity. Glycine uptake was found to be inhibited by infection and 

80% of the glycine that was taken up went to the protein fraction of 

the cells. 

The use of leucine -C14 has been recorded in an article by Mueller, 

von Zahn- Ullmann and Schaefer (47) in which these workers showed 

its incorporation into a virus -specific protein of Newcastle disease 

virus. The protein was isolated from infected chick fibroblasts. 

This work affords an example of how preparations of fractions of dis- 

rupted cells may be used in tracing the source of virus synthesis 

in cells. 
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The results of the present experiments with chorioallantoic 

tissue fragments have not been inconsistent with those reported by 

others working with similar materials. Measurement of C14 activity 

at frequent intervals during the course of infection has not been 

done in enough experiments to permit general conclusions to be reach- 

ed regarding the rates of uptake in control and infected tissue in the 

system employed here. An exploratory experiment with leucine in- 

dicated that the rate of uptake for infected fragments was very 

similar to that for control fragments. The markedly higher C14 con- 

tent in uninfected tissue fragments from thymine cultures seems to 

indicate that host DNA metabolism is disturbed in cells infected by 

influenza virus. A difference, though less striking than that for 

thymine, was seen in the C14 content of control and infected tissues 

following incubation with labeled uracil. Other workers have report- 

ed changes in both RNA and DNA of cells which have been infected by 

viruses. For example it has already been noted that Wolff (64) 

in 1957 reported changes in DNA content of susceptible cells of mouse 

lungs soon after infection with influenza virus. Goldfine, Koppel - 

man and Evans (17) working with HeLa cells and poliovirus showed 

also that infection caused a marked decrease in the amount of labeled 

cytidine incorporated into cell DNA for this system. Barry, Ives 

and Cruickshank (5) have done some interesting work using actino- 

mycin D, a substance which is said to combine with cellular DNA and 

to suppress cellular RNA synthesis. It is thought that the compound 

does not halt DNA synthesis but blocks its expression to RNA. In 
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cells incubated in the presence of actinomycin D nucleoli and much 

cytoplasmic RNA fade and appear to be lost. These workers found 

that the compound when added at the time of infection of chorio- 

allantoic membrane cells with influenza virus or within one or two 

hours after infection, depressed virus production. They concluded 

that while DNA synthesis may not be necessary for viral RNA synthesis, 

it did appear that unimpaired DNA function is important for the 

propagation of influenza virus. Ackerman, Loh and Payne (1) in 

their P32 studies on a HeLa cell -poliovirus system found a net in- 

crease in protein and cytoplasmic RNA during infection. However, 

they concluded that the major portion of the newly formed material 

was not virus. It seems probable that marked changes occur in host 

cells during infection which are caused by the virus, but are not 

actually required for its synthesis. In a chromatographic investi- 

gation of RNA components from chick chorioallantoic membranes in- 

fected with influenza virus, Rafelson (52) observed one fraction in 

the elution profile of virus - infected tissue which did not correspond 

to any of five major fractions separated from control tissue RNA. 

Analysis of the bases showed the virus -associated fraction to have 

more uracil and less guanine than was typical of the other fractions. 

When incorporation of C14 into adenine from glycine -1 -C14 was 

measured in the RNA fractions at four and eight hours after infection, 

the virus -associated fraction showed higher activity than any of the 

others. Rafelson concluded that virus infection does alter both 

the metabolic behavior and constitution of RNA. 
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From a number of studies concerned with protein synthesis and 

the metabolism of amino acids in animal cells, four have been selected 

for mention here for at least two reasons. First, studies of other 

animal tissue protein made with the aid of labeled materials are of 

interest both from the standpoint of the actual results obtained and 

for their contribution of suggestions and techniques which may be use- 

ful in further experiments with the present system. Second, as was 

pointed out in the Introduction, there appears to be little hope that 

virus -host studies can make substantial progress without prior ad- 

vances in the understanding of normal cell metabolism. In the present 

study, the compounds which contributed most generously to the final 

C14 content of tissue fragments were L- leucine, L- glutamic acid and 

L- glutamine which ranked very close to glucose when incorporation 

values in terms of micromoles per 100 mg dry tissue were compared. 

The values for all of these compounds, including glucose, in both 

infected and control tissue, fell between 23 and 32 micromoles per 

100 mg of dry tissue. The importance of one of these compounds, 

glutamine, in cell nutrition has been stressed by Eagle et al (11) 

who showed in growth studies with HeLa and mouse L cells that glu- 

tamic acid was only one -tenth to one- twentieth as active as glutamine 

in stimulating growth response. Medium that was 20 milliMolar with 

respect to glutamic acid was necessary to obtain the same response 

obtained from 1 - 2 milliMolar glutamine. This was not seen to be 

due to lack of permeability for glutamic acid but rather suggested 

that glutamine has a special place in the cell economy not supplied 
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by simple replacement with glutamic acid. In a further investiga- 

tion of the role of glutamine, Levintow, Eagle, and Piez (38) re- 

ported that when glutamine was supplied to HeLa cell cultures 

in a nutritionally deficient medium, they found biosynthesis of ala= 

nine, aspartic and glutamic acids, proline and serine from the carbon 

chain of glutamine. Interestingly, the amide N of the glutamine 

did not appear as the 04 -amino N of any amino acid, including glutamic 

acid. It did appear to be taken up as such by asparagine. Somewhat 

similar information was obtained using mouse L cells in work done by 

Kitos, Sinclair and Waymouth (33). They found that C14 -UL- glutamine 

was converted by these cells into glutamic acid and proline with some 

activity going into protein, DNA, RNA, and lipid. There was exten- 

sive conversion of the carbon skeleton of glutamine to CO2 but this 

combustion to CO2 did not appear to spare glucose consumption. 

In 1958 results were published by Manchester and Young (42) of 

a study in which C14 amino acids and C1402 were tested for their con- 

tribution to the protein of isolated rat diaphragm. It is also of 

interest because it points up the interconversions and reactions into 

which the various metabolites can enter in order to produce the 

labeling observed in the amino acids of the final protein. These 

workers tested labeled glutamic acid, aspartic acid, alanine, gly- 

cine and serine, as well as glucose, pyruvate, oxoglutaric acid and 

NaHCi403. They found C14 mainly in alanine and to a less extent in 

aspartic acid and glutamic acid, following incubation of the 

tissue with glucose or pyruvic acid. Diaphragm incubated with 
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labeled alanine showed C14 activity mainly in the alanine of the 

protein although some appeared also in the aspartic acid and glutamic 

acid. Incubation with C14- glutamic acid led to an appreciable re- 

covery of C14 in aspartic and glutamic acids alone. C14 incorporated 

into protein from glycine was recovered almost entirely as glycine- 

C14 with some label found in the serine +threonine fraction. Rapid 

transaminations and operation of the tricarboxylic acid cycle were 

thought adequate to explain these results. 

Reports like those just mentioned illustrate the kinds of 

information that are being obtained from studies with labeled metab- 

olites. It is hoped that the present work adds to the store of useful 

information on influenza virus and will encourage further exploration 

of virus -host interaction. 



180 

SUMMARY AND CONCLUSIONS 

1. A method has been developed for the purification of Lee 

influenza virus. The three steps in this method are: (1) adsorp- 

tion and elution using chicken erythrocytes, (2) .ultracentrifuga 

tins and (3) adsorption and elution using a column of ECTEOLA- 

cellulose anion exchange material. The mean purity value for 14 

virus preparations obtained from tissue cultures of chorioallantoic 

membrane fragments was 614,500 HA units per mg N. It was shown that 

this method was effective for removing some labeled impurities from 

labeled virus obtained in experiments in which it was desired to 

measure the C14 content of purified virus after incubation of in- 

fected cultures in media containing C14- labeled metabolites. The 

purity of final virus preparations was increased about 175 -fold 

over that of virus in infected tissue culture fluids by the use of 

this method. The mean purity of such preparations was higher than 

that obtained by using a single cycle of differential centrifugation 

or by a method employing a cycle of differential centrifugation 

followed by red cell adsorption and elution and by another cycle of 

differential centrifugation. It is believed that the purification 

method developed resulted in preparations which compared favorably 

with preparations of virus which were considered to be highly 

purified by other workers using similar techniques. The method also 

avoided the use of conditions which might be expected to alter the 

biological properties of the virus. 

. 
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2. Eighteen metabolites, most of which were known to be 

present in purified virus and C14- labeled, were tested in experiments 

to compare quantitatively their contribution of C14 to Lee virus from 

infected chorioallantoic membrane fragment tissue cultures. Tissue 

and virus inoculum were added to a medium in which a labeled com- 

pound was present in a concentration of 8 mMolar, and incubated 

for 44 -48 hours at 35 °C. No radioactivity was found in the purified 

virus from experiments with thymine- 2 -C14. For three other com- 

pounds, uracil- 2 -C14, L- fucose -1 -C14 and cholineC14H3, the measure- 

ments of C14 in virus were too small to be considered significant. 

For the nine uniformly labeled amino acids tested, values ranged from 

a high of 8.31 to a low of 1.35 micromoles per 106 HA units 

of purified virus. Ranked in decreasing order of their incorpora- 

tion values the amino acids were: L- leucine, L- glutamic acid, 

L- glutamine, L- alanine, L- lysine, L- arginine, L- histidine, L- 

phenylalanine and L- tyrosine. Three hexoses, D- glucose- UL -C14 

D- galactose -1 -C14 and D- mannose -1 -C14 gave mean incorporation values 

in virus of 5.83, 5.78 and 5.56, respectively. Virus labeled from 

D- ribose- UL -C14 showed a mean value of 0.46 micromoles per 106 HA 

units. The mean value for virus from experiments with glycerol-UL- 

C14 was 2.22 micromoles per 106 HA units. Differences between some 

of the compounds were found to be significant. Among the amino 

acids the incorporation value for leucine was significantly higher 

than for all others. The mean value for the compound, glutamic 

- 
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acid,was significantly different from that for leucine but not 

from that for glutamine. Glutamine, lysine, arginine and alanine 

made up a group within which differences between any two compounds 

were not significant. However, values for the latter three were all 

significantly lower than that for glutamic acid. Histidine, phenyl - 

alanine and tyrosine were included in a group which had the lowest 

incorporation values and within which no significant differences were 

found between compounds. Each member of this group had a value that 

was significantly lower than that for glutamine. 

Tissue fragments from the infected cultures which provided label- 

ed virus for study were also analyzed for C14 content. Measurements 

of radioactivity in tissues were sufficiently high so that calcu- 

lation of incorporation values, expressed as micromoles per 100 mg 

dry tissue, could be made for all 18 compounds tested. The range 

for the uniformly labeled amino acids was from 27.4 to 5.8 micro - 

moles per 100 mg dry tissue. Ranked from highest to lowest in order 

of their mean incorporation values were L- leucine, L- glutamic acid, 

L- glutamine, L- alanine, L- arginine, L- lysine, L- phenylalanine, L- 

histidine and L- tyrosine. Values for the sugars were D- glucose -UL- 

C14, 28.0; D- galactose- l -C14, 15.0; D- marnose- 1 -C14, 22.4 and L- 

fucose, 3.8 micromoles per 100 mg dry tissue. Values for the other 

five compounds were as follows: thymine- 2 -C14, 0.9; uracil -2 -C14 

2.2; D- ribose- UL -C14, 9.7; cholineC14H3, 16.2 and glycerol- UL -C14, 

13.3 micromoles per 100 mg dry tissue. A statistical evaluation of 

the variation among experimental values was done to determine the . 
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least significant difference between means of duplicate experiments. 

Among the amino acids the mean value for leucine was significantly 

higher than for any other. The mean values for glutamic acid, 

glutamine, alanine and arginine were not significantly different 

from one another. Lysine, however, was lower than glutamic acid 

and glutamine. Again, histidine, phenylalanine and tyrosine formed 

a group within which mean values were not significantly different 

and whose values were significantly lower than all other amino 

acids. The mean values for galactose and mannose were both sig- 

nificantly different from that for glucose in contrast to the find- 

ing of almost identical values for virus incorporation with these 

three compounds. 

The findings summarized thus far lead first to the conclusion 

that the main objective of the study was accomplished since quan- 

titative comparisons of incorporation of C14 into virus and tissue 

have been made for most of the compounds tested. It was observed 

that thymine, which was taken up in readily measurable amounts by 

host tissue, did not contribute even trace amounts of C14 to the 

virus. This result appears to confirm the reports of analyses in- 

dicating the absence of DNA from this virus. 

The pyrimidine uracil was taken up by the host cells also in 

appreciable molar quantities but did not contribute significant 

amounts of C14 to the virus. This result is believed to be quite 

reasonable if uracil were utilized only in the virus RNA which is 

itself such a small portion of the whole particle. 

. 

- 

. 

- 
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The C14 content of tissue fragments labeled from choline was 

higher than from glycerol, yet only trace amounts of C14 were con- 

tributed to virus from choline. If, as seems reasonable to assume, 

cells were permeable to this compound, then the results indicate that 

this compound or its methyl groups which carried the label were not 

utilized to any extent in virus formation in spite of the fact that 

this virus has a considerable phospholipid fraction. 

Among the carbohydrates studied, the hexoses D- glucose, D- 

galactose and D- mannose all contributed to newly formed virus to a 

similar which was comparable to the contribution of some of 

the more active amino acids. Although the compound glucose has not 

been reported to be present in the virus by analytical studies, its 

known interconversions in cell metabolism are believed sufficient to 

account for the presence of C14 from this compound in virus. The 

fact that these sugars had incorporation values in tissue which 

differed significantly suggests a marked difference in their utili- 

zation for virus and host components. 

L- fucose, apparently taken up by host cells in molar quantities 

15 to 20% of those observed for the hexoses, contributed only trace 

amounts of C14 to the virus. This is of interest in view of the 

fact that this carbohydrate has been reported to be present in the 

purified virus, and would appear to indicate a selectivity in the 

utilization of metabolites for virus formation. However, it must be 

admitted that without further testing of the D- isomer or of other 

labeled forms of this sugar it is difficult to make a definite 

- 

- 
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conclusion. 

D- ribose was taken up by the host cells in molar quantities 

about one -third as great as the hexoses, but its contribution to 

the virus was less than one -tenth as great. Again, assuming the com- 

pound permeated the cells, a selective process is indicated. If 

this pentose were being utilized only for the formation of RNA in 

the virus, the results observed would be reasonable. 

It is concluded that incorporation of the nine amino acids 

into virus and host tissues must be a selective process since from 

equimolar quantities of these compounds furnished in the media, 

very different molar quantities appeared in the completed virus and 

in the host tissue. The amounts of these compounds in the virus 

seem to be similar to the amounts found in analyses of purified virus. 

This suggests that these compounds may be utilized intact for the 

formation of protein. The amounts of these amino acids in the 

virus, if arranged in decreasing order, form a sequence very similar 

to that formed by comparable values for the host tissues. This is 

in accord with reports from analytical studies which have shown the 

amino acid compositions of virus and host protein to be very similar. 

3. Some experiments were done in order to compare the 04 con- 

tent of control tissue fragments with that of fragments from cul- 

tures infected with Lee virus after incubation of cultures with label- 

ed metabolites. Measurements were made after 44 -48 hours of in- 

cubation in medium containing labeled compound. Radioactivity levels 

in the media of these experiments were much lower than in the 

. 
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experiments which measured the contribution of C14 from these com- 

pounds to the virus, except for the media containing thymine, uracil 

and ribose from which contribution of label was expected to be 

slight. A total of 17 compounds was tested in this type of experi- 

ment. The mean incorporation values obtained for the infected 

tissue in these experiments in most cases was closely similar to 

corresponding values for tissues from virus experiments in spite of 

the differences in the radioactivity levels in the media. In nearly 

all cases the content of C14 in control tissue fragments slightly 

exceeded that in the infected fragments. It is believed that in- 

fection damage with subsequent loss of label from infected fragments 

could have produced these results. The mean incorporation values 

from duplicate measurements on control and infected fragments were 

not significantly different for these compounds: L- glutamine, L- 

histidine, L- tyrosine, L- arginine, D- .mannose, L- fucose, D- ribose and 

uracil. Mean incorporation values were significantly different for 

the following compounds: thymine, choline, glycerol, D- galactose, 

L- leucine, L- glutamic acid, L- lysine and L- phenylalanine. the mean 

value for thymine control fragments was five times as high as that 

for thymine infected fragments. A difference this great suggested 

that infection by this virus interfered with normal host cell DNA 

metabolism. 

In a single experiment C14 measurements were made on control and 

infected fragments from cultures containing L- leucine- UL -C14, at each 

. 

- 

. 
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of seven time during a 48 hour incubation period. The 

uptake of C14 by the two kinds of fragments was very similar at 

each interval. This indicated that infection by virus did not 

result in a different rate of incorporation of this compound by the 

tissue. - 

i 
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