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This final report describes for the first time the research
performed during the last three and a half months of Contract No. AF41(609)-
2439, Project Task No. 775402. It also summarizes the work completed dur-
ing the preceding 14-1/2 months and already presented in five informal

reports dated 1 April 1966, 8 July 1966, 6 October 1966, S January 1967,
and 6 April 1967.
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SUGARY

Six unique methods for the rapid identification of virus have
been devised and investigated to determine their potential suitability
for use in the fabrication of a new virus identification system. In the
phagocytosis in vitro studies we prepared immune WBC and observed their
response when challenged with virus. Impedance measurement. or phospho-
1ipid bilayer membranes in buffer sclutions have been used to detect the
immune reaction. The effects of virus challenge on the electrophoretic
migration rate of antibody coated plastic particles and tanned sheep red
blood cells have been measured. Hydrogen overvoltage measurements have
been performed on solutions conteining antibody and antigen-antibody
complexes. Fluorescent tagged antibody has been employed in the single
and double immuno-diffusion techniques in an effort to visualize the
“soluble" virus-antibody conjugates. Virus has been tagged with rhodamine °
to permit its use with immobilized antibody for a viral identification
process. Molecular sieves and ion exchange resins have been employed in
studies for the separation and detection of "soluble" virus-antibody
complexes.

From these studies we have concluded that the im vitro phago-
cytosis approach is likely to lead to a very sensitive virus identification
system if methods for obtaining uniformly sensitive WBC can be developed.
The phospholipid bilayer menbrane approach alsc suffers from the 4iffi-
culty of being difficult to control or reproduce. Fundsmental research
on both of these approaches is recommended slthough immediate success is
not anticipated.

The use of flucrescent antibodies in combination with the im-
munodiffusion process is not expected to be valusble for the identification
of virus; however, this approach for the detection of insoluble antigen-
antidody conjugates is expected to yleld at lgast s tenfold incresse in
sensitivity over the usual immunodiffusion methods.

Our results with the “soluble” virus-antibody complexes are of
e preliminary nature but they are most encouraging. We are recommending
that a high pricrity be given to an extension of these studies and that
the nev studies include specifically:

1. The labeling of viruses with a multiplicity of fluoresocent
tags. .

2. The use of molecular sisves for the separation of "soluble”
virus-ant ibody complexes.




3. Quantitative estimates of the minimum level of virus which
can be identified by the combined use of fluorescent-tagged virus and/or
eutibody and gel filtration techniques.

In eddition, studies should be conducted Lo determine the suitability of
fluorescent tegging of virus to replace isotopically-tagged virus in the
identification system based on the use of immobilizel antidbodies.
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I. INTRODUCTION

On a previous contract (AP¢1(609)-2439) a series of 20 unique
methods of virus collection and identification were devised arnd evaluated
in a preliminary manner in order to select those methods which show promise
for the identification of fewer than 100 virus particies in 6 hr. and
which would be suitable for incorporation into an automatic identification
system. Identification methods which require repiication of the virus as
the first stage of the identificetion process were not considered in this
study since most viruses require more than 6 hr. for the replication process
alone. On the basis of information found in the literature and also on
the basis of exploratory studies, three of the 20 methods were selected
as candidates for more intensive study. It was upderstood st the outset
that if these methods became unpromising in terms of meeting the project
objective that we would re-investigate some of the other methods or con-
sider new methcds not then nnder consideration.

For six months we concentrated our efforts on the application
of the following four methods to the identificatinn of virus:

1. Phagocytosis jp yiirg: Imsune and hyperimmune white blood
cells (iBC) were prepared and allowed to react with viral antigea to produce
cellular changes or lysis which could be monitored cither amicroscopically
or by the release of fluorescent particles or other fluorescent materials.

Synthetic phospholipid membraneg: Phospholipid bilayer
membranes were prepared under the surface of a buffer solution from

unoxidized egg lecithin and ox brain proteclipid dissolved in tetradecane.
The effectsof antidbody, viral and non-viral antigens, and guinea pig ,
complemsnt on the electrical impedance of these membranes were investi-
gatel.

3. Particle electrophoresis: Plastic spheres in the 8 - 14
micron sise range with antibody chemically bdound to its surface and tanmed
sheep red blood cells costed with antibody were used to determine the
change in electrophoretic mobility resulting when the partizles were chal-
lenged by viral or non-viral sntigens.

4. Hydrogen overvoltage: A greduslly incressing direct curreat
was applied to s pair of working platinum electrodes. The potential at -

the working cathode was measured against e standard hydrogen elsctrode to
deternine the hydrogen overvoltage produced by the presence of antibodies,
antigens, or cambinstions of them. Although this approach was not origi-
nally included in ‘he methods chosen for investigation in tals period, !t
mn-hnuﬂpt«ltotuwmmwmnmchnct
the preceding study.d’ s
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At the end of six months of intensive investigation on these
four methods, the principal investigators together with the sponsor agreed
that we canould concentrate our remasining efforts of the phagocytosis

in vitro approech. ‘owever, at the end of an additional eight months of
study on the seaaitization and lysis of white blood cells, there seemed
little hope that we could develop a reliable and reproducible identifica-
tion procedure within the remairing four months of our contract. There-
fore, at a joint confrrence with ihe asponsor at Brooks Air Force Base a
decision was made to conaider epproaches to identification which might de-
tect 10% virus marticles or less in 6 hr. The two methods investigateu
during the lasc four months o the contract were as follows:

1. Immmod ¢fusion: We had postulated that "soluble" virus-
antibody conjugates produced in either single or double immunodiffusion
process:s might be visible as fluorescent bands provided that fluorescent
antiboLy was employed in place of non-labelled antibody. We also hoped
that the use of fluorescent antibody would improve the sensitivity of those
immuncdiffusion processes in which precipitin reactions are normally ob-
servad. We therefore prepared fluorescent-tagged antibodies and investi-
gated them for both viral and non-viral systems.

[~

2. Studies of virus-antibody complexes: The standard immuno-
diffusion procedures are unsuited for virus identification because many
of the viruges do not give vizible bands or precipitates; this is in con-
trast to puctorial and other antigens which do give precipitates. Rec-
ognizing that we would need to measure "soluble" complexes of virus and
their antivodies, we investigated methods for tagging, separating and id-
entifyiag such complexes from the two individual components used to pre-
pare t.e complexes. .

II. EXPERIMENTAL

In the following sections will be found descriptions of each of
the identificstions eystems, the results obtained with that system and our
recammendationg for futivre ..rk with some of these methods.

A. Phagocytosis In Vitro

1. Introduction

In the previous studyy one of the more promising of a number of
potential methods for the identification of small numbers of viral particles
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was based upon the phagocytic changes observed when immune white tlood
cells were exposed to the antigen to which they (the WBC) were sensitized.
Sensitized WBC for such studies may be obtained by the active immuniza-
tion of animals providing the WBC or the normal WBC of a normal animal may
be "passively" sensitized in vitro by appropriate treatment with immune
sera. These WBC changes (i.e., reaction with virus) occur "in vitro" as
well as "in vivo" and the cellular reactions are very rapid. The efforts
in the present study were aimed at developing an "in vitro" procedure which
would be cgpable of meeting the goals outlined for the project.

Since the phagocytic changes in WBC produced by the antigen-
antibody reaction are immunological in nature, the method offered the
specificity needed to pruvide an identification of an unknown virus. The
earlier data indicated that the method =ppeared promising since lytic and
cellular changes were obtained in WBC exposad to the specific virus for
whica they were sensitized. The currently reported studies were made in
an effort to improve the regularity, sensitivity, and ease of performing
the in vitro test procedures. Emphasis has been placed on improving the
techniques for the readout of the cellular lysis and/or changes.

Expansion of the preliminary studies to include multiple virus
and cell systems wes done in order to determine the suitability of the e
method for a broad application in viral identification. §§5

As an iutegral part of the study many facets of the test proper,
the properties of reagents, and the preparation of the sensitized WBC sus-
pensions were investigated since it was hoped that the composite result
would be a simple, rapid, easily monitored in vitro procedure.

The following sections present the methods, experimental ap-
proache:;, results, discussion and conclusions of the studies on phagocytosis
in vitro for viral identification.

Materials and methods: The basic methods for viral growth,
titratic : and immunization of animals for the in vitro phagocytic studies
were those used for the previous contract (AR$1(608)-2439).1/ Also, the
basic principles and methods for the current phagocytic tests were similar
to those described in the quarterly and final reports of this same con-
tract.

However, in these later efforts to develop virus identification
techniques through use of phagocytic methods, we obtained and utiligzed a
new cell line and a new immunclogical system for an arthropod-borne virus,
Semiiki Forest Virus.
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a. WISH human amnion cell line: This cell line was obtained
from the American Type Culture Collection and adapted to MRI cultivation

~ techniques using Medium 199 and 2 percent calf serum. It was obtained so

that some of the viruses being studied could be cultivated in two different

-cell systems. This permitted us to eliminate or prevent an antigen-

antibody reaction in the phagocytic reactions due to cellular antigens.
Calf serum was utilized in the propagation of the WISH cells for a similar
reason. Our LLC-MKp (monkey kidney line) cells were cultivated in M-199
and horse serum. By use of these two different sera in the two-cell sys-
tems we did not have to worry about an antigen-antibody reaction in the
phagocytic tests due to the serum used in cultivation of the cells.

The WISH éell line was satisfactorily stored in the frozen state
by using glycerin as a stabilizer. This procedure was also used with the
LLC-MKp monkey kidney cell line.

b. Preparation of new poliovirus pools and immunization of
rabbits: We produced new virus pools using the WISH cell line and used
these pools for the immunization of newly acquired rabbits. These were
immunized by incorporating the appropriate virus in complete Freund's
adjuvant and injecting the emulsions subcutaneously on each of two oc-
casiong. Four weeks after the second adjuvant dose the rabbits were given
booster injections of an aqueous suspension of virus. These rabbits and
several rabbits previously immunized during the previous study were the
source of immune white blood cells (WBC) for our phagocytic studies.
Normal control rabbits were also kept as a source of normal WBC.

¢. Application of WBC procedure for Semliki Forest Virus system:
Since we needed to expand our previous phagocytic observations (made with
poliovirus) to another viral system, we obtained Semliki Forest Virus and
prepared the appropriate antisera, virus, and immune animals for additional
phagocytic tests. Semliki Forest Virus (SFV), a member of the anthropod-
borne virus group, is a virus which can be utilized as a simulant for one
group of viruses of biologic importance both in biological warfare and in
¢linical virology; yet, it may be handled with relative ease and freedom
in the laboratory.

Although we studied Semliki Forest Virus in a number of cell
systems, we found that primary chick embryo cultures were the best for
our work; therefore, we prepared Semliki Forest Virus pools in chick embryo
tissue cultures. Virus in the form of mouse brain suspensions was obtained
by intracerebral inoculation of mice and harvest of the infected brains.
Thus we had two distinct tissue sources of SFV for our phagoeytic work and
for the immunization of animals. '
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A group of rabbits were immunized with chick embryo tissue cul-
ture grown 3FV virus. The virus, in Freund's complete adjuvants was used
for the primary antigenic stimulus, but the rabbits were boostered with
aqueous virus,

Semliki Forest Virus infects adult white rats, generally without
apparent disease, yet produces antibody and immunity demonstrable by stan-
dard complement fixation, hemagglutination inhibition and neutralization
techniques.?_é/ Young rats, less than 23 days, usually succumb to infec-
tion. We have taken advantage of this inapparent infection in adult rats
as a means of obtaining immune animals as & source of lmmune sers and
WBC. A group of albino rats (Carworth All Purpose Albinoc Rats) were in-
fected intraperitoneally with 3.5 x 107 LDgq:, (determined intracerebrally
in mice) of Semliki Forest Virus in the form of an infected mouse brain
suspension. No illness was ocbserved in these rats but four such rats
were titered for neutralizing antibody in primary chick embryo tissues
and had antibody levels of 1 - 32 or higher when tested against 3170
TCIDgg+g (tissue culture infective dose 50 percent) of Semliki Forest
Virus. Sera from control, non-infected rats 4id not neutralize the virus.
Thus, these rats immune to Semliki Forest Virus were used as a source of
sera and immune WBC for phagocytic tests. Control non-infected rats were
also used.

2. Experiments -

a. Semliki Forest Virus tests using Rabbit WBC: Three rabdits
hyperimmunized with SFV grown in chick embryo tissue were tested for their

SFV antibody levels. Two rabbits had serum titers of 1 - 32 and the third
rabbit had a 1 - 64 level of antibody when tested againat 50 TCIDgg
(tissue culture infectious doses -~ 50 percent) of SFV. These neutrali-
2ation tests were done in primary chick embryo cultures, and end-points
were read by cbserving the .cytopathologic changes of stationary tube cul-
tures. The levels of antibody cited were ohtained after two doses of ad-
Juvant-emulsified virus at two-week intervals snd two subcutansous doses
of aqueous virus 45 and 63 days after the first injection of virus. The
sera tested were cbtained 11 days after the last virus injection. (These
rabbits were later re-injected in order to maintain their hypersensitive
state.)

Phagocytic tests were meds, using WBC from the SIV immunised
rabbits. In each test WBC from a normal rabbit were run simultansously
with the immune WBC.. 8ince the SFV immune radbbits had deen immunised
with chick embryo tissue culture grown virus, the test SJV for the phago-
cytic tests was a brain suspension from mioe infected with SFV (except




i&mr‘l special trials). Therefore, the brain suspension of SFV was
. “uged to circumvent such problems relating to common antigens in the immuni-
. -3ing end test antigens.

s The first test of the MBC from an SFV immune rebbit was prelimi-
. naxy in nature and the results were observed by both bright field and
flucrescent microscopy. For the fluorescent observations acridine-orange
was added and fluorescence was observed by means of a microscope equipped
- with a dark field condenser and appropriate filters. (These fluorescent
methods will be discussed more fully later in the report.) Immune WBC
‘separated by several different methods were tested by mixing them in hang-
" ing Arop preparations with 0.25 x 105 TCIDgy doses of SFV (mouse brain
suspension). Gramulation, swelling, clumping and lysis were observed with
the bright field microscope. Such changes were not observed with prepara-
tions of WBC from a normal rabbit. Although the results were similar to
those with poliovirus and reported earlier,y the cellular changes were
not quite as pronounced. By fluorescent microscopy cellular changes were
also noted, but the fluorescent changes which could be seen were only in
the nuclei. The nuclei of immune WBC in the presence of SFV became larger,
more yellow, and more intensely fluorescent than the nuclei of normal WBC
treated with 8FV. This fluorescence intensity later faded. In some im-
mune WBC exposed to virus, red (RNA) fluorescence appeared, but this was
irregular in quantity, size, and occurrence. The red RNA fluorescence
was not observed in normal WBC treated with SFV. We think that these
fluorescent observations are exceedingly preliminary, and considerable ex-
perience needs to be obtained before interpretations can be considered
as valid.

In another test, WBC from a SFV immune rabbit were tested for
their phagocytic reactivity 33 days after a booster dose of antigen. The
WBC preparation was observed to contain much fewer large mononuclear cells
than usual. When this WBC suspension was exposed to 8FV in the form of
1 - 10 mouse brain suspension, the results were quite equivocal. When the
antigen (SFV mouse brain) was diluted 1 - 100, the WBC from the SFV immune
rabbit were affected more than WBC from a control normal rabbit. Similar
preparations examined by fluorescence microscopy using 0.001 percent
acridine-orange as the dye also exhibited minor differences between the
WBC from immun: and normal WBC upon exposure to SFV. These fluorescent
changes were mainly in the nuclei, and consisted of more intense yeilow
and more red RMA granules in the immune cells in contrast to a yellow-
green fluorescence in the normal cells. The results of this test seem to
indicate the importance of booster antigenic stimulus shortly before the
WBC are used. Minor Aifferences in WBC will be difficult to observe by
fluorescence microscopy unless the changes are in the nuclei.
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After the test results reported above were available, we thought
that an additional booster dose of virus would improve the quality of the
phagocytic tests. Consequently each SFV immune rabbit was given an
intravenous injection of aqueous SFV (grown in chick embryo tissue cul-
ture), and the WBC reactions were studied six days after this additional
immunization., Tests were made with WBC from each of the three SFV immune
rabbits and a normal (control) rabbit using & number of dilutions of
mouse brain virus and other antigens. The results were exceedingly en-
couraging since all three immune rabbits demonstrated the type of cellular
changes which we had observed in our earlier studies wiih poliovirus, yet
the WBC from the normal rabbit were not affected. These observations were
made using bright field microscopy and are difficult to describe; however,
the results were corroborated by two separale individuals. Table 1 sum-
marizes the variables and observations. We would like to stress that
microscopic observations are very difficult to incorporate into a table
of this type, and we recognize the subjective nature of such observations.
This is one of the handicaps of the phagocytic tests and a factor to be
considered in evaluating various methods of viral identification.

Tests with the WBC of all three SFV immune rabbits were easier
to read when the virus was more dilute, and we observed positive changes
even when the 1 - 100,000 mouse brain virus was added to the immune cells;
yet the WBC from the normal rabbit did not react. Added complement was not
essential to the phagocytic test, but the results were somewhat faster and
easier to read when guinea pig complement was added.

Two tests with WBC from Semliki Forest Virus (SFV) immune rabbits
illustrate the variability of results of jn vitro WBC viral identification
tests, A test performed with the WBC of three rabbits on August 2, 1966,
yielded moderately good results but another test on August 11, 1966, of the
WBC from one of the same rabbits failed to produce satisfectory identifica-
tion of Semliki Forest Virus.

In the test of August 2, 1966, the WBC from each of three SFV
immune rabbits reacted with 250 TCIDg, and higher concentrations. of SFV.
These tests were performed in the absence of guinea pig serum (complement)
since the WBC were found to be lysed by guinea pig serum. The interpreta-
tion of these tests was complicated by the fact that the WBC count had
dropped rapidly in the first few minutes of the test -- presumsbly by spe-
cific lysis. Morphological changes in the WBC were observed and the WBC
counts continued to drop over the 2 to 3 hr. period that the slide prepara-
tions were observed. Normal rabbit WBC did not demonstrate similar morpho-
logical changes and WBC count reductions when exposed to SFV. Data for
part of the slides run on the 2 August 1966 test for the identification
of SFV are incorporated into Table 2.
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The negative results of August 11, 1966, for identifying SFV by
immune WBC cannot be explained. The rabbit supplying the WBC was one of
the same ones used in the 6 August 1966 test; therefore, it had been
bled and the WBC tested just nine days earlier. It also had been given an
intravenous-booster dose of SFV on August S5, 1966, just six days before the
second groups of WBC were used. The booster dose of virus may have ad-
vergely affected the response of the WBC rather than enhanced their sensi-
tivity to virus. Much needs to be learned relating to the proper timing
of antigenic stimulatiocn and use of WBC for viral identification.

b. Semliki Forest Virus tests using rat WBC: The WBC from one
Semliki Forest Virus immune ret .and one normal rat were studied for their
abilitr to shcw phagocytic changes when exposed to the antigen, Semliki
Forest Virus. The Semliki Forest Virus used was a chick embryoc tissue
culture virus preparation. Since this was only a preliminary test, we
did not fully determine the extent of the reactions. Specific cellular
changes and lysis occurred with the immune rat WBC that did not occur with
the WBC from the normsl rat. The extent of changes was not as great as
observed earlier with polio immune cells but we attributed this partly to
the bleeding and WBC separation techniques used. Use of a 50-fold dilution
of the virus antigen increased the cellular changes and made them more
easily observed.

Earlier in this report, we indicated that white rats infected
with SFV developed antibody to tkes virus but did not develop clinical
symptoms of disease. The W3C of one such rat were tested for their re-
action to SFV in in vitro phagocytic tests. Specific cellular changes and
lysis occurred with the immune rat WBC that did not occur with WBC from a
normal rat. The extent of the immune cell changes was not as great as had
been observed with poliovirus.

Tests were subsequently completed on three more rats possessing
neutralizing antibody to SFV. These tests were made four months after the
rats had been infected with SFV. No booster immunizgtion had been at-
tempted since we desired to determine if WBC sensitivity existed in animals
which had been infected, and thereby had not been hyperimmunized. The
WBC from each of the three rats tested exhibited some cellular changes when
exposed to SFV, but these changes were not very pronounced and were not
sufficlently strong to be used to identify a virus. The changes in WBC
from the immune rats were apparent only when compared with the morphology
of normal rat WBC tested with the same virus. Immune WBC from SFV rats
reacted more strongly when tested against SFV in the form.of a mouse brain
suspension than when SFV from chick embryo tissue culture was used. From
these resu’'ts we believe that the infection in rats had not led to a hyper-

sensitivity reaction even though specific antibody was formed during the
infections.
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c. WBC from rats after SFV infection and re-injection of antigen:

In the previcus section we indicated that the WBC obtained from white rats
- after infection with SFV exhibited cellular changes upon in vitro exposure
to SFV. However, the changes were much less than observed with polio-
virus immune WBC and the rat WBC were not considered sensitive enough for
- use in viral identification procedures. We studied WBC from one of these
same white rats after further antigenic stimulation. Seven days after an
; additional antigenic stimulation by intravenous injection of SFV (mouse

4 - brain tissue suspension) the WBC from the SFV immune rat reacted to SFV

- and normal rat WBC did not. The reaction was not sufficiently strong for
use in viral identification procedures. In attempting to enhance the SFV
reaction by addition of guinea pig serum (complement) it was observed that
i WBC from rats were very quickly lysed by guinen pig serum. This will be
discussed more fully later in this report.

- Seven days following a second intravenous injection of SFV, the
WBC's of the ssme rat were again studied for their phagolytic reactions.
The extra antigenic stimulation stiil did not erhance the reactions of the
rat immune WBC to SFV; therefore, further study of WBC from infected rats
aces not seem warranted at this time.

»)

o
&

k 1 These SFV results extended the phagocytic technique to at least

i tw; viral systems, and offered encouragement to the possibility of epply- ’
ing the technique to other viruses to which we can hyperimmunize animsls. :

! The SFV rabbit and rat studies suggest the importance of the
hypersensitive state of the animals providing the WBC for phagocytic tests.
? : Booster doses of antigen are important, and it may be necessary to keep

! the animals highly immunized by regular booster doses of antigen.

7 With the sensitivity of the WBC high, as was the case with the
SFV rabbit, WBC (and in the earlier poliovirus studiea), it may be pos-
sible to identify 1,000 or perhaps fewer viral particles witnin a few
hours, perhaps even within a few minutes after the test is set up. The
development of methods to increase the sensitivity and reliability of the
read-out are necessary, particularly if any type of instrumented unit is
to become possible.

d. Poliovirus tests using rabbit WBC: Using WBC from the new

groups of poiliovirus immune rabbits, additional tests (previous tests under
Contract AF41(609)-2439) were 'performed toc verify the esrlier cbserva-
tions and in an attempt to utilize a fluorescent dye in the read-out.




Thnc newly immunized reboits were injected with polio-
vzl.m grown in the WISH human amnion cell line cultivated in Medium 199
* (M-199) supplemented with calf serum during the cell growth phase. For
virus to challenge the WBC preparstions, the poliovirus strains were
grown in the LIC~-MKp monkey kidney cell line. The LLC-MK2 cells were
cultivated in M-199 supplemented with horse serum during the cell growth
period. Thus (as pointed out earlier in this report), we maintained sep-
arste culture conditions for the antigens used for immunization and for
in vitro challenge of the WBC. This was done to eliminate any false re-
sults due to antigens other than the virus itself.

In one test we reconfirmed our earlier results that polio-

virus 1 will cause swelling, granular changes and lysis of WBC from a polio-

virus 1 immune rabbit. Similar changes were not obtained when polio-
virus 1 was added to WBC from a normal rabbit. By bright-field microscopy
these changes occurred within 15 - 60 min., and the results were easier
to observe when more dilute virus was added to the WBC. Changes were ob-
served with about 10,000 TCIDg,y of poliovirus 1, but no tests were made
using less virus. These tests were made four weeks after an aqueous
booster dose of poliovirus 1 had been given to the immune rabbits. We
are certain that immune status of the rsbbit can be improved over that
possessed by the rabbit used for this test. The rabbit had received two
doses of virus in adjuvant and one aqueous booster dose. Aliguots of
thege same WBC preparations from the poliovirus 1 immune rabbit and the
normal rabbit were reacted with virus and srent tissue culture fluid in
the presence of acridine-orange (0.001 percent) and observed by fluo-
rescence microscopy. Fluorescent changes were observed in the immune WBC
treated with poliovirus that did not occur in normal WBC. The nuclear
material in the immune WBC became enlarged and more diffuse, and bright
yellow granules appeared, then faded. Normal WBC treated with virus did
not become bright yellow but remsined a more pale yellow-green. Their
color also faded with time. Evidently the acridine-orange (A0) did not
prevent cellular changes.

Similar results were cobtained in a test performed 35 days after
a rabbit had been given a booster dose of poliovirus. Photographic tech-
niques for the fluorescent examination were only partially successful.
The cytoplasm did not fluoresce and appesred as a dark (black) halo around
the yellow-green nucleus,

Unfortunately we failed to get any results when an additional
repeat was tried using WBC from a rabbit which had been given a booster
dose of antigen seven days before the test. The WBC from both the normal
rabbit and the immune rabbit had badly deteriorated, and it was impossible
to use them for either fluorescent or bright field microscopic studies.
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We have no explanation for this failure to get usable WBC, but the test
illustrates the problems occasionally encountered in WBC work.

(1) Poliovirus type 1: Two additional series of experiments
with WBC from poliovirus 1 immne rabbits were performed and illustrate
the variation in results obtained with cells from the same animals. Data
obtained with WBC tests run July 26, 1966, were the most favorable we ob-
tained, yet the results observed in tests run on September 9, 1966, with
WBC from the same rabbits were equivocal and definitely not of the quality
necessary to help solve the virus identification problem within the limits
defined in the scope of the project. On July 26, 1966, two rabbits bled
14 days after their last injection of poliovirus 1 antigen (intravemously
administered) provided WBC sensitive to poliovirus 1. Cells separated
from the bloods by use of a Locke-Citrate solution/ were relatively free
of platelets. These cells when exposed to virus showed minor changes,
clumping, swelling, and changes in cellular morphology; dbut not much evi-
dence of lysis was obtained. Such changes were observed in tests with
5 x 106, 5 x 105 and 5 x 10% TCIDgy (50 percent tissue culture infectious
dose) of poliovirus 1 but not with spent tissue culture medium (control).
When the WBC from these same two rabbits were removed by centrifugation
from their serum-Locke-Citrate suspending fluid and resuspended in 0.85
percent NaCl, the WBC were highly sensitive to poliovirus 1 and phagolytic
reactions were observed (Table 3). The cells from one rabbit reacted pos-
itively when only 250 TCIDggy of virus was added to the WBC. Unfortunately
we did not test below 250 TCIDgy. These tests were run in the presence
of guinea pig serum as a source of complement, but the complement and/or

spent tissue culture medium used in control slides did not cause WBC changes

or lysis. The addition of homologous poliovirus immne serum from the
rabbit used as the source of WBC seemed to enhance the lytic response, In
these studies we attempted to quantitate the reaction. The average number
of WBC present per microscopic field was determined for each slide. Lysis
then could be more reliably assessed through use of such counts. Data in
Table 3 indicate the reduction of WBC in positive reactions. This count-
ing procedure was extended in later studies. .

WBC from the same two rabbits were obtained on Septesber 9,
1966, and used in viral identification tests. The rabbits had been in-
Jected intravenously 235 days earlier with poliovirus 1 in an effort to
raise their antibody level. The WBC in these tests were only weakly re-
active and the lytic response was essentially absent. Cellular changss
were observed when 5 x 10° of poliovirus 1 was added, but the changes ob-
served were not pronounced enough to be satisfactory for an identification
test. During this test (September 9, 1966) we observed that guinea pig
serun (complement?), was lytic for the rabbit WMBC. This nonspecific lytic
action will be discussed more fullyilater in the report.
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(2) Foliovirus type 2: Two additional sets of data were
obtained for WBC preparations from poliovirus 2 imwwne rabtits. The WBC
from two rebbits obtained seven days after an intrivenous sntigenic booster
failed to detect 5 x 106 virus particles. We used s different anticoagu-
lant on these bleedings, 4 percent citrate-saline, rather than citrate
only; yet we cannot be sure the negative results were due to the anticoagu-
lant. The 4 percent citrate-saline is slightly hypertonic but it has been
used by others in WBC work,_s,/ and we removed the WBC from the anticoagulant-
plasma mixture before they were used in the tests. The WBC in this study
were less affected by guinea pig complement than WBC in other similar tests.
Specific immune rabbit serum (antipolio 2) “rom the same rabbit supplying
the WBC did not enhance the specificity or sensitivity of the tests. The
possibility exists that the intravenous virus injection seven days earlier
may have reduced the WBC reactivity rather than enhanced the phagolytic
WBC reaction,

Similar tests were run ,just two days later on the WBC from
one older rabbit (from our earlier studies) which had been given an intra-
venous booster dose of virus seven days befoure but which had had a pro-
longed period with no bocster doses before that. WBC from this animal
after washing and resuspending in 0.8€ percent NaCl were lysed by normal
guinea pig serum (complement). .iwever, even in the absence of complement,
these WBC were affected by 103 TCIDgy and higher concentrations of virus.
Table 4 summarizes the results of the experiment and illustrates the WBC
changes observed. Lysis occurred in the various mixtures ol WBC and virus
but it was not by any means complete. Cellular changes vwere observed in
the WBC exposed to viyus but these were not as clearly discernible as in
previous tests. We ¢id not consider the slides on this test to be nearly
as easy to read or as positive as several previous tests; yet the effects
were sufficient to permit observation of differences between the controls
and the virus treated cells uhen as little as 105 TCIDg, were used.

e. Tests with WBC from immune rabbits using cell counts: Five
tests were performed with WBC from immune rabbits utilizing cell counts

to follow the reactions. In some of our earlier work we had obtained a
significant drop in the number of immune WBC reacted with the virus for
which the WBC were sensitive; therefore, we wanted to investigate such re-
actions with quantitative methods. In four of these tests the cell counts
for the WBC -- antigen mixtures and appropriate controls were made using
hemacytometer slides and actually determining the number of WBC by counis
with the bright field microscope. The various WBC preparations were counted
immediately after aixing of the appropriate reagents and again after desig-
nated incubation periods. Soms counts were even made after the WBC mixtures
had been incubated overnight at 37°C.
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Table 5 depicts the counts for WBC from one normal and two SFV
immune rabbits, immediately and at various periods of time after the cells
were exposed to saline or SFV (four different corcentrations). For these
experiments, WBC were obtained from citrated whole blood. After washing
the WBC in a Locke-Citrate solution, the WBC were mixed with the appropri-
ate dilution of virus and incubated at 37°C. The erratic results depicted
in Table 5 illustrate the variability we have encountered and we conclude
that the data in Table 5 represent a failure to identify SFV with WBC
from two rabbits immune to SFV. The WBC counts varied greatly between
operators, between counts on the same mixture, and for different concen-
trations of virus (no effect of dilution noted) and the counts with normal
WBC-virus mixtures also gave widely varying results. These rabbits had
been given a subcutaneous booster dose of virus (aqueous) Just nine days
before the WBC were obtained for these tests. When aliquots of these same
suspensions of immune WBC (for SFV) were mixed with SFV and observed for
morphologic changes only a few granular, round cells were observed; other-
wise, there were no cellular changes as a result of the viral-WBC inter-
action.

Data from the four experiments in which the hemacytometers were
used are recorded in Tables 6, 7, 8, and 9. These will be discussed more
fully in the following paragraphs. We feel that such data are much more
reliable than that which we obtained in earlier tests in which the counts
were obtained by averaging the number of cells in five microscopic fields
of coverslip preparations similar to those used in these tests.

Unfortunately, none of the tests we ran during this period were
made with highly sensitive test systems; in fact, most of the results
must be considered as unsatisfactory identifications. This is true in
spite of the fact that we know the WBC were obtalned from rabbits possessing
neutralizing antibody. For three experiments we also tested the same WBC
suspensions by the coverslip methods used in our previous work and by which
we had been agble to detect virus as low as 250 to 1,000 mmso" (tissue
culture cytopathic infectious dose -- 50 percent end point). By these
simultaneous microscopic observations of coverslip preparations for morpho-
logic changes in the immune WBC exposed tc the homologous virus we only
were able to detect virus when relatively large amounts of virus were added,
and in some cases we failed to detect virus when we should have had a pos-
itive reaction. These results are further illustrations of the variability
encountered with immune WBC detection of viral antigen.
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Table 6 illustrates data obtained when WBC counts were made
using a hemacytometer chamber immediately and 1-1/4 to 1-1/2 hr. after
the cells were mixed with saline or SFV. Five different concentrations
of virus were tested against the WBC from a normai rabbit and against
the WBC from an SFV immune rabbit. The WBC preparations used in this
experiment were obtained from citrated whole blood, but the WBC had been
washed and resuspended in Locke-Citrate plus serum from the rabbit supply-
ing the WBC. (Final concentration of serum = 50 percent of diluent.) The
WBC-virus and WBC-saline mixtures were slowly rolled at 37°C during the
1-1/4 to 1-1/2 hr. incubation. (A standard tissue culture roller drum
was used for this mixing.) This method of testing did not permit us to
obtain any observations of clumping since the cells were completely dis-
persed for the counts. Any change in cocunt reflected a phagolytic ef-
fect, which is the type of reaction we had obtserved in the past. The data
in Table 6 do not suggest any significant lytic reaction. In fact, the
WBC counts are remarkably close when compared to the standard errors
usually encountered in WBC counts. In the later counts made after the
mixtures had been incubated, platelets were reduced and some of the SFV
immune cells exposed to SFV were swollen or smaller than in earlier ob-
servations. The WBC counts made after 24 hr. at 37°C indicated good sta-
bility of these two WBC preparations. This WBC stability has not always
been observed with incubated WBC. :

Data for the reactions of poliovirus 2 and appropriate control
solutions with WBC from a poliovirus 1 immune rabbit and WBC from a normal
rabbit are presented in Table 7. These WBC counts were made using the
hemacytometer technique and again no lytic effect of poliovirus 2 on im-
mune WBC was detected. In fact, the WBC counts probably all fell within
the standard error encountered in such tests. From this test we might con-
slder the standard error to be about 15 percent, although we did not feel
it was necessary to calculate the value. The WBC from this test were
nearly all dead when checked with methylene blue on the following morning;
therefore, they were not as stable as those used for the tests recorded
in Table 6. The poliovirus 1 immune rabbit used for the WBC in the tests -
recorded in Table 7 hed been injected with an aqueous suspension of anti-
gen 20 days before she was bled.

Similar deta are presented in Table 8 for WBC tests with polio-
virus 1 using (1) normal rabbit WBC, and (2) WBC from a poliovirus 1 im-
mune rabbit six days after an antigenic booster with poliovirus 1 in.
incomplete Freund's adjuvant. Again we obtained no evidence of a lytic
action when immune WBC were exposed to virus. However, in coverslip prep-
arations made from these same cells and virus preparations, the polio-
virus 1 immune WBC demonstrated morphologic changes when exposed to a
1-100 dilution of poliovirus 1. Many of these cells became granular and
had a gray sheen typical of the WBC damaged by virus (as observed in
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esrlier studies); however, high dilutions of poliovirus 1 and control
preparetionc, saline or spent tissue culture medium, did not cause these
W3C changes. Thus by morphologic changes we saw a positive reaction with
a large amount of virus dut still got no lytic chenges in the immune cells.

Teble S summarizes the date from another similar study in which
we studied the homologous and heterologous reactions between poliovirus
1 and poliovirus 2 and the corresponding two types of immune rabbit WBC.
In these studies the WBC were obtuined from citrated blood witi the aid
of 2 percent (finasl concentration) of dextran (molecular weight 200,000
to 300,000). Again we obtained no significant evidence of a specific
lytic action when cell counts were made. However, the observer of these
s1ides felt that "there appears to be some reaction with the poliovirus 1
and poliovirus 1 immune cells." A second microbiologist set up the
corresponding virus-cell mixtures in coverslip preparations and observed
a positive morphologic change in the WBC in the poliovirus 1 and polio-
virug 1 immne cell mixture but not in the other test mixtures. Thus,
this test again gives a suggestion that WBC can be used to identify virus
but the optimum conditions must exist for these observations to be pos-
sible. Dextran separated cells appear to be much more active (motile)
and contain a larger variety of WBC types; however, they may be more
fragile -- note the lower counts of WBC after 2-1/2 to 3-1/2 hr.

An additional phagocytic test for the identification of virus
will be described later in this report under the discussion of
fluorescent-labeled cells. (See page 37.)

f. Phagocytic tests with mouse WBC: In our previous studies
using WBC from immune animals, we employed WBC obtained from rats after sub-
clinical viral infection and from rabbits following hyperimmunization. In
order to study WBC from another species and also WBC isolated from animals
following a rapid active immunization, we investigated the use of mice.
Separate groups of mice were immunigzed with poliovirus 1, poliovirus 2,
and with spent tissue culture medium. Each mouse was given an intravenous
injection on 30 January, 1 and 3 February 1967. Eleven days after the
last injection, WBC were obtained by cardiasc bleeding and used in phago-
lytic tests. The WBC from each mouse were separated by the dextran-
citrate method described in our previous work.y These WBC suspensions
were then tested in slide tests for their sensitivity to the homologous
and heterologous antigens. Due to the small numbers of cells, the re-
actions could only be evaluated by the observation of morphological changes
using 350 X bright field microscopy. Specific data will not be presented
since no significant results were obtained. Occasional morphological
changes similar to those seen in the earlier rabbit WBC tests were observed
but no viral identification was possible by these cells. Because of the
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difficulties of WBC preparation from mice, we feel that this method 1s
not worthy of further evaluation.

g- Passive sensitization of WBC for viral identification: One
partially successful experiment encouraged us to give further considera-
tion to the passive sensitization of WBC for use in viral identification.
WBC from a normal rabbit were divided and one-half incubated at 36°C with
poliovirus 1 immune serum (rabbit). The other half of the WBC were treated
with normal rabbit serum. When these cells were exposed to poliovirus 1
in microscopic hanging drop preparations, the WBC treated with poliovirus
1 immune serum behaved as if they were from a poliovirus 1 immune rabbit.
The WBC treated with normal rabbit serum behaved as WBC from a normal
rabbit. Spent tissue culture medium added to both types of treated WBC
falled to elicit a response. Both & 1 - 10 and 1 - 100 poliovirus dilu-
tion produced the phagocytic WBC changes with the poliovirus antiserum
treated WBC. Thus, 10° and 10% ICID5p of poliovirus 1 produced the
changes. Studies of the treated WBC with more dilute virus were prevented
by clotting problems in the WBC preparation. Passive sensitization of
WBC has the advantage of eliminating the need for immunized animals as a
source of immune WBC.

It would greatly simplify the techniques and increase the pos-
sibility of rapid viral identification if WBC could be made sensitive to
viral action by means of passive sensitization with knowr. antisera. In
the previous paragraph we indicated that one attempt at passive sensiti-
zation of WBC by poliovirus 1 immune rabbit serum was partially successful.
Four more attempts were made to passively sensitize WBC with immune sera.
Two experiments were made with poliovirus 2 antibody, one experiment with
ppliovirus 1 and one experiment with SFV antisera,

In none of these studies were we successful in develop..g &
method for passive sensitization of WBC capable of permitting viral
identification; however, many procedures for studying this phenomenon
were not tried. For poliovirus 2 identifications, we tried a partially
purified immune globulin and a nonpurified rabbit antiserum as agents for
passively sensitizing the WBC from a normal rabbit. The results were neg-
ative for all attempts including mixtures containing guinea pig complement.
In another experiment, we attempted to sensitize WBC with rabbit antipolio-
virus 2 antibody obtained on the same day the WBC were used, yet the WBC
treated with this immune sera failed to provide viral identification.
Neutralization on this antipolio serum demonstrated it to have a respectable
antibody level; a 1 - 1280 dilution neutralized approximately 562 TCIDSO
of virus. The sera and gamma globulins used in all the other tests had
appreciable neutralizing titers. Thus, it may not be the level of virus
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neutralizing antibody that is important but the type of antibody may be the
eritical factor. In the passive sensitization tests we have continued to
encounter problems of clotting when the WBC are incubated with the sera.

. The use of a Locke-Citrate diluent/ helps eliminate this problem but its
action on the immune phenomens must be investigated further.

The antipoliovirus 1 antisera used for passive sensitization ex-
periments on September 15, 1966, were obtained from the same bloods that
served as the source of the immune WBC which were sensitive to poliovirus
1l in lytic tests on August 26, 1966. Thus, our negative results with pas-
sive gsensitization were independent of the fact that the antisera used in
the tests had come from the same rabbits that had demonstrable activity in
WBC lytic tests. The temperature, time, and method of passive sensitiza-
tion of WBC need considerable investigation. The temperature and times of
incubacion of WBC in antisera for antibody adsorption were limited by the
clotting problems mentioned earlier.

The rabbit antiserum to SFV used in the passive sensitization
experiments had not been titered for neutralizing antibody, but should
have contained significant antibody. It was obtained from a rabbit which
had earlier been demonstrated to have neutralizing antibody. This rabbit
had been giv:n a number of booster doses of SFV between the original anti-
body titration and time it was bled for antibody to be used for the pac-
sive sensitivity WBC tests. This serum also came from the same rabbit
which had given highly sensitive WBC in the lytic reactions reported
previously. As reported in the previous paragraph (which discussed polio-
virus 1 passive sensitization) the presence of SFV neutralizing antibody
in a serum does not mean that it is a good reagent for passive sensitiza-
tion of WBC.

h. Use of fluorescent dyes: As an approach to help or even
eliminate the subjective observations of these microscopic tests, we in-
vestigated the use of two fluorescent dyes: acridine-orange (A0) and
fluorescein diacetate (FDA). Acridine-orange has been used for following
cellular changes particularly of neoplastic cells.E/ It causes the WBC
in blood to fluoresce, yet the red blood cells in the same smears do not
fluoresce.!/ (The red cells may give a faint red-brown background, de-
pending upon the light conditions.)

Fluorescein diacetate has been observed to be taken up by cells
of a number of types.g/ The FDA is then hydrolyzed and the accumulation of
the fluorescein within the cell results in the fluorescence of the cell.
FDA treated cells are still viable and may be cloned after fluorescent
treatment.8/
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Bertalanffxﬁ/ and others have used acridine-orange as a fluores-
cent cellular dye but most, if not all, of the work has been on fixed
preparations. We tried to use the fluorescent dye as a label for viable
cells.

Preliminary fluorescent dye studies were done with three types
of cells: WBC, WISH human amnion cells, and peritoneal exudate cells
from L1210 leukemia in DBA mice. Saline (0.85 percent NaCl), M/15 phos-
phate buffer (pH 6.0), pH 7.0 saline-glycerine buffer, and M-199 have been
satisfactorily used as diluents for AQ; but pH 7.4 tris buffer was not sat-
isfactory. With tris buffer the cells were fluorescent, but a fuzzy halo
effect arcund each cell was obtained and caused difficulty in observation.
For most of our A0 fluorescent studies we used 0.85 percent saline as
diluent. Phosphate buffered saline was used as the diluent for the
fluorescein diacetate studies because it was used by the original investi-
gators y It appeared to work quite satisfactorily for staining WBC. For
microscopic observation of fluorescent cells we used the dark field con~
denser and a mercury arc lamp equipped with an ultraviolet filter trans-
mitting light at 365 mu (B & L #7-51 excitation filter). T-2 barrier
filters (B & L) are used in the eye-pieces.

By titration studies we found that an acridine-orange concentra-
tion of 0.001 percent produced good fluorescence when mixed with an equal
volume of cells. 0.0002 percent A0 dyed the cells but not as strongly as
did 0.001 percent and the fluorescence required a few minutes to develop.
Only an occasional cell became fluorescent after 0.00004 percent AQ treat-
ment, and this was weak and required a half hour or so to develop. Simi-
lar data on FDA indicated that either 0.5 ug: or 0.1 pg/ml produced good
fluorescence in cells. The fluorescence was observed immediately with the
higher concentration, but 2 or 35 min. were required with the 0.1 ug/nl dye.
Even after a number of minutes 0.02 yg/ml FDA only caused an occasional
cell to fluoresce. Thus at least 0.1 ug/ml FDA and 0.0002 percent AO were
necessary for good specimen observations. The fluorescence observed with
FDA appeared to be slightly superior to A0, but much needs to be learned
concerning both reagents.

Cells treated with either of the two fluorescent dyes appeared to
be viable since we watched cellular changes take place and amoeboid move-
ment was not stopped.

Earlier in this report we mentioned the fluorescent read-out of
the various WBC reactions. These were made possible by incorporating one
drop of the 0,001 percent AO in each slide preparation used for fluorescent
observation. We feel that considerably more data are needed by this method
before it can be adequately evalunted. The biggest handicap of these
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fluworescent microscopic read-outs of WBC reactions was the inability to see

the cytoplesmic changes that occurred but which could be seen by bright
field microscopy.

Several investigations were made to determine if the two fluor-
escent dyes could dbe incorporated into cells, and a subsequent dye release
monitored. Use of the Aminco-Bowman Spectrophotofluorometer for following
such reactions was studied since it permits an exceedingly sensitive read-
out of a flwrescent material.

WISH human amnion cells were treated with A0, washed twice, and
then frozen and thawed. After centrifugation to sediment the cell frag-
ments, acridine-orange fluorescence was observed in the supernatant of the
frozen and thawed cells.

In several other experiments, (1) WBC treated with fluorescent
dye and (2) WBC treated with diluent only were washed twice, submitted
to three cycles of freezing and thawing, and the cell sediments removed
by centrifugation. The washes and the supernatants from the disrupted
cells were checked for fluorescence by means of the Aminco-Bowman Spectro-
photofluorometer (SPF). Plots of the emission spectra were made by means
of an automatic recorder (Electro Instruments, Inc.). The charts thus
obtained permitted comparison of the various fractions. In some cases it
was possible to compute the relative intensity of the fluorescence.

With acridine-orange the optimal excitation wavelength was found
to be 365 mu and the peak emission was obtained at 525 mu. Saline-glycine
buffer for the acridine-orange studies caused some problems since an extra
fluorescence peak at 425 mu occurred. However, the presence or absence of
A0 could be detected by the occurrence of a "hump" or second peak at the
525 my emission band. This problem was circumvented by use of M/15 phos-
phate buffer. In the WBC tests with A0 dye the fluorescent intensities
were fairly low but we succeeded in demonstrating the release of the fluo-
rescent dye from the intact cells by the freezing and thawing procedure.
It appeared that 0.00005 percent A0 was close to tihie minimum AQ detectable
by the 8PF. Although we were able to detect release of AO from frozen and
thawed cells, we were measuring that amount of dye released from a large
number of cells (50 x 106 cells).

In similar WBC studies with FDA as the fluorescent dye, the fluo-
rescence measurements were more intense, easier to quantify, and perhaps
more adaptable to smsller numbers of WBC. In addition, ways exist to in-
crease the sensitivity of fluorescein assay by seversl orders of magnitude
over those used in the experiments. As pointed out earlier, the FDA was

hydrolysed by the cells to yisld fluorescein, which wns the product observed
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or measured. Thus our measurements with the SFF were done by excitation
at 490 mu and the peak of emission was observed to be between 510 to 525 ms.

At these excitation and emission wavelengths control (non-dyed) cells ex-
hibited no fluorescence.

From the FDA studies it was very apparent that the WBC readily
picked up the FDA and hydrolyzed it rapidly. The WBC containing the
fluorescein could be separated and the fluorescein libverated by freezing
and thawing. The cell stroma or sediment did not retain any fluorescence
and was negative by the SPF assay. A complication encountered in these
studies must be mentioned. Immediately after the WBC were treated with
FDA, the supernatant became fluworescent. This was apparent even to the
naked eye. Part of this conversion of FDA may have been due to WBC en-
zymes and part may have been due to esterases present in the serum. Ad-
ditional studies are necessary to determine the effects of the various
enzyme systems on the conversion of the non-fluorescent FDA to the
fluorescent fluorescein. Studies are also needed on washed WBC which are
free of the esterases from serum.

Although we cannot yet cause a consistent release of a fluorescent
material from WBC by viral action, we now have two compounds which can be
worked with at the same time and assayed fluorometrically. The assays can
be done spectrophotometrically by using two different excitation wavelengths.
Thus these two compounds, A0 and FDA, might be used as labels for WBC im-
mune to different viruses if such WBC can be used for viral identification.
These two dyes must be considered along with the fluorescent plastic parti-
cles previously studied}/ as possible means for monitoring WBC lysis.

i. Fluorescent-labeled protein pickup by WBC: In order to learn
more about the pickup of protein by WBC, we have studied the adsorption
and/or absorption of fluorescent-labeled proteins by rabbit WBC. Informa-
tion from such studies was desired in order to better control the pasaive
sensitization of normal WBC. It also had potential value in our labeling
of immune WBC since a fluorescent read-out could enhance the sensitivity
of the lytic or other WBC reactions for viral identification. In earlier
studies we observed that WBC could be made fluorescent with acridine-orange
and with fluorescein diacetate. Acridine-orange has the disadvantage that
it may be damaging to the WBC. Fluorescein diacetate is hydrolyzed by the
cell esterases and this is difficult to control or monitor in actively
metabolizing WBC.

We studied rhodamine-labeled bovine serum aldbumin, fluorescein
isothiocyanate (FITC) labeled human serum albumin, FITC labeled rabbit
serum, and FITC labeled calf serum. The latter two were prepered by us at




MRI for this project. The FITC-labeled human serum albumin was prepared
by Dr. D. A. Ringle for another MRI project. The rhodamine-labeled
bovine albumin used was the commercial product of Microbiological Associ-

ates and it is regularly used as a counter etain for fluorescence mi-
Croscopy.

Normal rabbit WBC separated by four different procedures, in-
cluding citrate, dextran, and combinations of the two, were treated with
rhodamine-labeled bovine albumin at two different temperatures and the
cells observed with the fluorescence microscope. Rhodrmine bovine albumin
wes successfully used to label WBC. The method of WBC separation did not
affect the fluorescent labeling. The rhodamine is probably both on the
surface and taken up internally by the WBC. The labeling was rapid and
occurred at both room temperature and at 37°C. It was stronger and more
complete at 37°C and also stronger after longer incubation, i.e., 1 hr.
stronger than 20 min. By proper light filtration only the rhodamine-labeled
cells were observed through the fluorescent microscope (T-2 and 7-37
filters, B & L). By substituting the D-2 (density filter) for the 7-%7
filter, the WBC can be differentiated into several types; also platelets
and the red bdblood cells can be observed. This last combinetion of filters
(T-2 and D-2) permits observation of both natural and rhodamine fluo-
rescence. Also by the use of the D-2 and T-2 filter combination, the
natural fluorescence of the unlabeled cells was visible in the fluorescence
microscope. This method of observation may be valuable for WBC work
even in the absence of a fluorescent compound such as rhodamine.

The normal rabbit WBC failed to pick up the FITC fluorescent-
labeled human serum albumin; therefore, it was not useful for passive label-
ing of WBC.

Normal rabbit serum and normal calf serum werc cunjugated with
FITC by a modification of the method of Spemllova?_/ and were freed of un-
conjugated FITC by dialysis and passage through a Sephadex-G25S column.
In our studies neither of these two conjugated proteins was picked up by
normal rebbit WBC during incubation at room temperature or 37°C (1-3/4 hr.).
The addition of normal rabbit serum as a source of "accessory" factors for
the phagocytic reaction did not help bring about the uptake of the labeled
serum. Thus, the FITC conjugated sera, ome homologous for rabbit WBC
(rabbit serum) and ore heterologous to rabbit WBC (calf serum) were neither
one adsorbed onto or taken into the normal rabbit WBC. The FITC-labeled
sera, therefore, behaved as did the FITC-labeled human aldbumin. These re-
sults are in contrast to positive phagocytosis by WBC of rhodamine-labeled
bovine albumin.
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The significance of these observations must await further in-
{] vestigations. However, Parker and Schmiql®/ -eported that particulate com-
. Rlexes of labeled Y-globulin and rheumatoid factor were required before
phagocytosis occurred. They found that fluorescein-labeled globulin alons
wvas not phagocytized. The rhodamine bovine albumin used by us did have
a slight turbidity but none of the FITC-labeled proteins had noticeadle
turbidity. Our results might thus be correlated with this difference in
phagocytosis depending upon the presence or absence of particulates. If
this is true, then we can readily overcome the failure to label the WBC
by using particulate complexes. Plastic particles, bentonite, or antigen-
antibody complexes such as were used in our earlier sttﬂhc,}/ combined
with or reacted with a fluorescent-labeled antibody may be readily phago-
cytized. Thus by this method passive sensitization or labeling of WBC
may be accomplished. ‘
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After the above observations, we repeated our previous study of
trying to label the normsl WBC with 1.1 y ellipsoidal fluorescent plastic

particles. This was rapidly accomplished and the WBC still appeared to be L :
visble.

!

Prowomn §

J. Use of rhodamine-lsbeled bovine albumin as an indicqtor for
WBC reactions: WBC from one poliovirus 1 and one poliovirus 2 immne reb-

bit were obtained by the citrate-2 percent dextran method, snd these were
used in viral identification tests. Rhodamine-ls! ied bovine albumin (es
described in previous section) was added to each WBC preparation. After
25 to 85 ain. at room temperature -- to permit fluworescent ladbeling of the
WBC -- these rhodsmine-labeled cells were used to make coverslip prepare-
' tions by mixing immune cells and virus. These WBC preparations were not
z‘ highly reactive when tested with virus. The poliovirus 2 immune WBC were
affected by 1 - 10 poliovirus 2 and this could be observed in the fluo-
rescence microscope by following cellular changes with the rhodsmine fluo-
rescence. WBC disappesared and those vhich remained were elongated and
swollen, and clumps were observed. WBC changes slso were observed by
15 fluorescence microscopy for poliovirus 2 immine WBC treated with 1-100

! ' poliovirus 2 dut these changes were certainly insufficient for virel
identification purposes. Similar morphologic changes in nmn-flucrescent-
labeled poliovirus 2 immune WBC were observed by bright field microscopic
cbservations set up simultansously with the tests using the rhodamine-
labeled WBC.
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Complement lysis and cellular changes in rebbii WBC were suc-
cessfully followed using rhots~!:z-ladeled bdovine albumin treated WC.
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k. Pragocytic tests with costed und unccared particles: Earlier
in this report we presented evidence and cited literature indicating that

WBC 4id not appear to pick up antibody or labeled protein unless the
foreign matsrial was particulate in nature. BExperiments were corducted
to deternine wvhether it might bde possible to transport serum proteins into
the WBC, i.e., passively senzitize the WBC, by using bentonite or fluo-
rescent plastic particles ss particulate carrier:z of the protein.

Bentonite particles were prepared as described by Bozicevich
ot al.,1}/ using Bentone 33 (Naticnal Lead Company) as the starting mate-
rial. Bentone 38 particles are 0.5 to 1.0 in size. Aliquots of these
bentonite particles were coated with (1) fluorescein isothiocyanats (FITC)
labeled normal rabbit serum, and (2) FITC-labeled normal calf seruz Room
temperature adsorption for 30 min. was used. This procedure wes rim’l--
0 that employed by Potter and Stollerman in their studies or phagocytosis
of bentonite-coated particles _{2_/ In slide reactions betwecn norme. sabbit
WBC and both the FITC-lgbeled normal rabbit serus and FITC-labeled normal
calf serum, we failed to observe & significant phagoc-tin pickup of the
coated dentonite particles. Our cbservations were made by means of Lhe
fluores.ent microscope and the WBC were observed aft:r incubstioa for
1 hr. at room temperature had been allowed for th- particle pickup to taks
place. Thus, our results are somevhat different tian Poiter and Stollermar
obtained wvith non-FIIC-ladeled Y-globulin. They had obtained phugocytosis
of globulin-coated particles. However, thry obaerved wile variations in
phagocytosis of globulin-coated bentonite purticles depending upon the
source and method of processing the globuiin. ‘

Yo made a sixilar study using WBC from a normel rat. Bentonite
particles in three different buffers (glycine, ricaphate, and Locke- '
Citrate) were coated with normal rubbit serum. The sar-cokied bentonite
particles were then added to aligquots of Lhe norwal ret W3C. The phago-

eytic pickup wvas checked immediately and agein after 1-1/2 2o 2 hr.incubu‘ion.

Nith the bright field microscope, we obsarv-d the bentonite particles in
and around the cells ismediately after mixing. After incubetisn, methyliene
blus staining of the WBC demonstrated numerous bentonite particies ia the
large WBC and lymphocytes. The WBC suspinded in the glycine and LoCks-
Citrate buffers were more sctive than WBC in the phosphate buffer. The
WBC pickup of the serum-coated particles was also checked by fluorescence
microscopy. To do this wve added a drop of TIIC-labeled antiradbit gloduiin
to the WBC mixtures and observed the fluorescent staining of the particles
and cells. By this fluorescent staining procedure, we could dsmsnstrste
that the serum-coated particles were quickly attached to the outside of the
rat ¥BC a2 by 1-1/2 to 2 hr. large aggregates of particles were observed
inside tie WBC.
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Based on the varied results obtained with these bentcnite parti-
cles, it appears that the FITC treatment of the serum before it is adsorbed
on the bentonite particles may prevent the phagocytic pickup of the
coated particles. A second factor may have also influenced the WBC re-
actions with the costed particles. Th s related to the use of serum .
homologous or heterologous to the WBC for coating the particles. In the one
experiment rabbit WBC failed to pick up bentonite particles coated with
rabbit serum. Thus, the WBC might have considered the rabdit serum as
homologous; therefcre, the particles were not picked up. In the rat WBC
studies, the rabbit serum (on the bentonite perticles) was heterologous;
theretore, the rat WBC phagocytized the coated particles due the “foreign"
protein. However, we had expected the WBC used in the first experiment to
phagocytize the bentonite particles coated with calf szerum, since the calf
serum protein was "foreign” to the WBC. Yet this did not occur.

In two other experiments WBC were tested for the pickup of
fluorescent plastic particles. Contrasting results were obtained. WBC
from a normal rabbit were tested against three concentrations (0.1 ag/ml,
0.Vl rg/ml and 0.001 mg/ml) of plastic particles in pH 8.2 glycine buffer.
Practically no particles wers phagocytized. When similer tests were made

- with WBC from a normal rat, phagncytosis of the fluoreacent plastic parti-

cles was ovserved nearly ilmmeiately after the addition of the particles
to the cells and afi2r 1-i/¢ hr, incubation st 37°C the WBC contained
nuzerous fluorescert particles. These jhagocytized particles were re-
legsed vhen the rat WBC cells were lysed by the addition of guines pig
cogplemerit. It should be pointed out thet about SO percent of the rat
WBC contalning phagocylized fluoncccnt plastic particles wers still vi-
able after 2U hr. at 37°C.

It beceme readily appersnt from these studies with fluorescent

plastic particles that considarstle varistion in phagocytic action occur-
red.

Shortly after these phagocytic tests were done, the article by
Bona et al.}3/ appeared. Their interesting results demonstrated that .
phagocytic cells are capadle of recognizing as "foreign" altered autologous
constituents but the alteration must be “sdequately” displayed. We Deliewve
that to bave satisfactory pessive pickup of antibody by MBC the antibody
will have to be "foreign® to the MBC; timrefore, we should use a heterol.
ogous antidody for the WBC, i.e., antidody from one species and VOC from
another species.




‘ 1. Use of antiglobulins to study WBC: Two experiments were
performed to test whether FITC-labeled antirabbit glebulin (of goat

origin) could be used to locate rabbit globulin in rormsl rabbit WBC and
in rat WBC passively sensitized to rabbit serum. WBC were obteined from
a normal rabbit vsing two different WBC separation procedures. Dextran
(200,000 - 300,000 molecular weight) wes used to separate the WBC in one
fraction of citrated blood. The WBC suspension was then divided and part
of the cells were washed to get rid of the dextran and plasma; the other
fraction of WBC was left in the dextran-citrate diluent. WBC were also
obtained by differential centrifugation of citrated whole rabbit blood.
Suspensions of each of the three WBC fractions were then exposed to the
action of FITC-labeled antirabbit globulin. Immediately after the addition
of the labeled antiglobulin, aliquots of each suspension were obgerved

under the fluoreascent .iicroscope and only a rare WBC exhibited fluorescence.

After 1-i/2 hr. of incubation on a roller drum at 37°C, aliquots of each
suspension were again observed and all three preparations had large clumps
of fluorescent material. The cells were even obscured by the material.
This material was granular and was & typical. antigen-antibody precipitate;
thus the antiglobulin had reacted with the normal rabbit serum (globulin)
present in the suspension and on the surface of the WBC. However, the
precipitate prevented sdequate determination of where the reaction took
place. After 20 hr. incubation at 37°C, fluorescent observations were
again made of the treated WBC suspensions and fluorescent particulates
were observed inside the WBC. All cells separated by the differential
centrifuga®tion citrate method ware dead but many of the dextran separated
cells were vigble and contained fluorescent granules both inside and on
the surface of the WBC. Thus we did get a reaction between the FITC-
labeled antirabbit globulin and the globulin present in or around the
normal rabbit WBC; however, the results of these tests were of little
value in our passive sensitization work.

In studies with ra. WBC passively sensitized with normal rabbit
serum, three different suspending fluids were used for the WBC. (These
WBC were obtained Ly the dextran-citrate procedure.) WBC packed and re-
suspended in (1) Locke-Citrate buffer; (2) wedium 199, pH 7.0; and (3)
0.85 percent NaCl were each passively sensitized with normal rebbit serum
by incubation at 37°C for 1-1/2 hr. Aliquots of each suspension of WBC
were treated with a 1-100 dilution of FITC-labeled antirabbit globulin.
This FITC-labeled antirabbit globulin was used to serve as an indicator
of the location of the normel rabbit serum used to passively sensitize the
WBC. By fluorescent microscopy, we were able to show that the normal
rabbit serum appeared to be attached to the surface of many of the WBC.
The small W.C (lymphocytes) appeared to pick up more serum (or stain
brighter) than the larger WBC.
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From these two studies, we feel that the use of FITC anti-
globulin will only be helpful in passive sensitivity studies for systems :
in which a heterologous serum is used to sensitize the cells. BEven then ]
the antiglobulin appears to us to have limited use or value.

m. Skin tests for assessment of rabbit immunity:. We had |
wondered if there was a way to predict a good WBC rabbit source so we
skin-tested all of our immune rabbits to determine if skin reactivity
might be used an an indicator. Each immune rabbit was shaved sand un-
diluted, 1-10 and 1-100 dilutions of the corresponding immunizing antigen
were injected intradermally (0.1 ml. per injection). After 24, 48, 96, and
144 hr., erythema, edema, and hemorrhage were measured for each site of
inoculation. No induration nor necrosis occurred at any injection site.

The complete results will not be given in this report but merely summarized.
All immune animals responded with erythema and most of them with edema;
however, the degree of reaction was much more pronounced with the 8FY
immune rabbits. Only one poliovirus immune rabbit responded  to the 1-100
dilution of virus. Approximate readings for the animals are tabulated as

I‘ follows:

sl e end b 0w e

Lot

r m—u’

Virus Dilution Injected
Undiluted 1-10 1-100

eyt

Poliovirus 1 - Immune Rabbits

Erythema 8-15 mm. - 6-10 mm. 0-6 mm.
Edema S-15 mm. 0-10 mm. O mm.

ey

gy

Poliovirus 2 - Immune Rabbits
Erythems 7-16 mm. 0-8 mm, O mm.
Edema 4-13 mm. O-Trace O mm,

e

SFV Immune Rabbits

b3

Erythema 29-33 mm. 9-17 mm. 5-9 mm.
Edema 25-32 mm. 7-12 mm, 0-8 mm.

] It sppears that all the rabbits had skin sensitivity to their
corresponding antigens; however, we could not predict eny difference in
reactivity of WBC from any single rabbit upon the basis of these tests.

The SFV immune rabbits were more skin sensitive probably due to the presence
of a small amount of serum in the antigens used to immunigze them. It

would have been desirable to test the SFV rabbits with mouse brain SFV,

but we did not want to cause them to develop a WBC senasitivity to brain
tissue such as the SFV in mouse brain. These skin tests only indicated

a1




that the animals were sensitive to the antigen injected. Whether this
antigen vas the virus per se was not proved. These data were not supris-
ing since we xnew the animals all possessed neutralizing antibody to the
virus used to immunize them; however, skin sensitivity is more closely re-
lated to the hypersensitive state than the mere presence of antibody. We
believe the WBC reactions will be more likely in a hypersensitized animal
than in just an immune animal. Our rat WBC work previously reported bears
on this point.

n. Ip yiyo labeling of WBC: Two simple experiments were per-
formed to see if it were possible to label the WBC in vivo by the in-
travenous injection of fluorescent particles or a fluorogenic compound.
Thirty minutes after the intravenous injection of mice with 0.2 to 0.25 ml.
of a suspension of fluorescent plastic particles (1.1 ellipsoidal
particles) no fluorescent particles were observed in blood smears examined
with the fluorescent microscope. However, smears prepared by mashing a
small piece of spleen tissue between two slides revealed numerous fluo-
rescent plastic particles in the splenic tissue. These particles were
apparently in the splenlic macrophages and also seemed to concentrate in
the splenic nodules. These results are not surprising since the spleen
is the main reticuloendothelial organ for removal of foreign materials.
Liver smears prepared from these mice also contained fluorescent particles
but not to the extent seen in the spleen. These results are quite in-
teresting when one considers that the spleen became very fluorescent after
the injection of only 20 ug. - 25 pg. of the plastic particles., We believe
these fluorescent plastic particles will make ideal RES clearance mate-
rials but they will not label the circulating WBC for more than a few
minutes.

In the other {p vivo labeling study, we utilized a dilute solu-
tion of fluorescein diacetate (FDA). This compound is fluorogenic and
fluorescein produced by its hydrolysis fluoresces. FDA was dissolved in
acetcne and then further diluted in 0.85 percent NaCl to a final concentra-
tion of 0.05 mg/ml. This solution (0.l ml.) was injected intravenously
into each mouse without obvious harm. Thirty minutes later blood smears
and spleen pulp smears were prepared and examined with the fluorescent
microscope. If the FDA had been taken up by the WBC and hydrolyzed we
would have expected to see some fluorescence in the blood smears. This
did occur but only a few cells were fluorescent. Since FDA has only
limited solubility under aqueous conditions, we suspected that the mate-
rial became insoluble in the blood stream and w s then taken up as a
"particulate" which was later converted within the cells to the fluorescent
compound. Similar fluorescent cells or aggregates were observed in the
spleen smears, but ageain relatively few cells or nodules contained the
fluorescent material.
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The sbove results may have valuable applications in other work
but not for reaching the goals of this project.

o. Lysis of WBC by guinea pig sera: In the previous sections
of this report, we have frequently mentioned the use “f guinea pig serum

as a source of complement and/or other heat-labile components. The use of
such normal guinea pig sera to enhance lytic reactions has been reported
for many antigen-antibody systems and no attempt will be made at this time
to review the literature on the effects of complement nnd/or guinea pig
heat-labile substances. However our studies, particularly with the rat

WBC, indicated that we must be concerned with the potential cellular changes
induced in WBC by normal guinea pig sera and the effects of complement on
the immune reactions involving WBC.

(1) Effect of guinea pig sera on rat WBC: Earlier in this
report we noted that rat WBC were lysed rapidly by normal guinea pig sera.
WBC from both normal and immune rats were affected and all the WBC were
lysed within a matter of minutes after the guinea pig sera were added to
the WBC. The guinea pig sera were obtained from normal guinea pigs and
had been processed so as to retain a high complement level, i.e., the sera
were sepsrated rapidly and frogen :immediately after they were separated
from the cellular components of the blood. In the rat WBC studies re-
ported, two separate guinea pig sera were tested and both were highly
lytic to the rat WBC. WBC from two different rats at each of two dif-
ferent bleedings were lysed; therefore, we felt additiocnal investigation
was needed concerning the problem. Although the literature has not been
fully checked, we have not found a specific reference to this particularly
lytic phenomenon. Walfordl4/ in his book "Leukocyte Antigens and Anti-
bodies" discusses leukolysins and mentions that a rapid leukolytic re-
action occurs with the blood of normal humans when suspended in sera of
certain other animals. However, these comments and the other references
to leukolysins in Walford's book dealt mainly with human white cells.

The rats used in the SFV studies cited in the previous para-
graph were Carworth Farms All-Purpose Albinos. The guinea pigs used as a
source of complement were "run-of-the-mill" mixed breed animals. Since a
group of normal guinea pigs from the Hartley Strain and a group of normal
Charles River Albino rats were avilable, we conducted experiments to deter-
mine whether the lysis of rat WBC by guinea pig serum was observed with
WBC and sers from animals of these other sources.

The WBC from each of six Charles River Albino rats were
rapidly lysed by the two guinea pig preparations used in our SFV work. In
most of these slides the WBC were completely lysed in 10-15 min. Inactive-
tion of the guinea pig serum at 56°C for 30 min. prevented the lytic effect
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of the guinea pig serum, but the inactivated serum caused a leukoagglutina-
tion of the WBC and large clumps of WBC were quickly formed when rat WBC
were treated with inactivated serum. Dilutions of 1-10 or higher of the
non-inactivated guines pig serum eliminated the lytic and agglutinating
property of the guinea pig serum.

Normal sera from each of four Hartley Strain guinea pigs*
and two run-of-the-mill guinea pigs lysed the WBC from two Carworth Farm
All-Purpose Albino Rats. Therefore, it appears that the phenomenon of rat
WBC lysis by normal guinea pig sera is not peculiar to the animals used in
our SFV studies. This lytic problem was also cne of the prime reasons
for relegating rat WBC studies to a lower priority for viral identifica-
tion.

(2) Effect of guinea pig sera on rabbit WBC: Problems with

non-specific lysis of rabbit WBC were not encountered in our early work;
however, during the later studies we had a number of rabbit WBC prepara-
tions which were lysed by normal guinea pig serum (as a source of comple-
ment and/or heat-labile components).

In our earlier studies, the WBC preparations were not
packed and then resuspended in a solution free of anticoagulant. During
these later studies most of the WBC suspensions were freed of the anti-
coagulant by an extra sedimentation, decantation, and resuspension in
0.85 percent NaCl (saline) or similar solutions. Such "washed" WBC sus-
pensions were found to be quite susceptible to ‘lysis by fresh normal guinea
sera. This guinea pig serum effect was removed by heat inactivation
(56°C for 30 min.) but inactivated serum retained some leukoagglutinating
activity for rabbit WBC. A fivefold or higher dilution of the guinea pig
serum prevented its lytic action on rabbit WBC.

The enhancing effect of guinea pig complement in some of our
earlier studies was quite beneficial to the read-out; however, in the
light of our later cbservations on the lytic effect of guinea pig sera on
WBC, both rabbit and rat, care must taken in the planning and interpre-
tation of WBC experiments. Our recent observations do not invalidate
any ¢Z our earlierobservations, since the controls run with each test were
sufficient to delineate any non-specific guinea pig serum effects.

3. clusions

In viirg phagocytosis experiments have been conducted in an ef-
fort to develop a procedure which will be useful for the identification
of 100 or fewer virus particles in 6 hr.
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WBC from rabbits immune to poliovirus 1, poliovirus 2, and to
Semliki Forest Virus have been studied for their ability to indicate the
presence of the specific virus for which the cells had been actively sen-
sitized. By the microscopic observation of the morphological changes of
these immune WBC after they are exposed to the specific virus we have been
able to identify 250 to 1,000 TCIDgy of polioviruses (both types 1 and 2)
and Semlikl Forest Virus. However, the regularity of such positive identi-
fications has been poor. Numerous variables affect the capacity of the WEC
to elicit such a specific identification. Many of these variables reflect
the conditions used to immunize the animal supplying the WBC. Our studies
have been conducted with WBC from animals known to contain antibody to the
viruses, yet we cannot correlate our successes or failuras with antibody
levels. Still other variables relate to the in vitro portion of the pro-
cedure. Methods of WBC separation, the diluents, and other reagents are
crly a few of the variables encountered in the final phases of the experi-
ments on viral identification. As mentioned in this report certain ac-
cessory factors such as guinea pig complement or serum have varied effects
on the test system.

A number of attempts to quantify the WBC reactions between polio-
virus 1, poliovirus 2, and Semliki Forest Virus with the corresponding
immune WBC have not resulted in positive identification of the viruses
studied. However, by use of a hemacytometer-counting technique we have
reduced the variations in WBC tests due to the number of cells present at
the time of read-out. We attribute the failure to identify the viruses in
these studies to the lack of sensitivity of the WBC preparations and/or
other factors which are as yet unknown.! The WBC preparations also failed
to exhibit the sams degree of morphologic changes which have been observed
in previous studies and by which we have been able to identify 250 to
1,000 TCIDg, of virus. '

Data obtained by skin tests in the immune rabbits indicate that
the animgls are hypersensitive to the sntigens but we have not yet been
able to utilize this information to help improve the identification pro-
cedures by proper selection of WBC source animals.

We also have varied the timing and method of antigenic stimula-
tion of the rebbits without finding the best method to maintain or in-
crease the sensitivity of the WBC preperations. It appsars that consider-
able investigation will be required to determina the optimum procedure for
obtaining satisfactory imsmne WBC for ip vitro viral identifications.

Data were obtained on the preparation and use of fluorescent-
labeled proteins in the virus identification procedures using WBC. 1In
studies with rhodaming-labeled bovine aldbumin we observed the active
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phagocytosis of the labeled protein by normal WBC and morphologic changes
in immune WBC when they were exposed to virus. In contrast to these posi-
tive results, our studies wi:h three FITC-labeled proteins (human serum
albumin, normal rabbit serum, and normal bovine serum) have been disap-
pointing since the FITC-labeled proteins were not phagocytized by normal
NBC.

Studies on the phagocytic pickup of serum-coated Lentonite
particles indicates that passive sensitization of WBC from normal animals
by means of such bentonite particles will be influenced by the type of serum
used. Apparently, the WBC recognize the difference between homologous and
heterologous serum adsorbed to the particulates. Particles coated with
heterologous serum (such as the antiserum to a virus) will be phagocytized
better than particles coated with serum homologous to the WBC. The FITC
labeling of serum may alter its ability to be used in passive sensitiza-
tion studies.

We observed wide variation of the phagoeytic pickup of fluo-
rescent plastic particles by individuel WBC preparations without any ob-
vious reascas for the different WBC reactions. With rat WBC, it was pos-
sible to follow release of the phagocytized fluorescent particles due te

.guinea pig serum lysis of the rat WBC.

WBC from mice actively immunized egainst poliovirus 1, polio-
virus 2, and spent tissue culture fluid failed to permit viral identifi-
cation by the in vitvo phagolytic test procedure. Thus, with another
species of animals and a rapid method of immunization (intravenous), we
have not improved our possibility for developing this wethod of viral
identification.

Antiglobulins tagged with FITC have been used to locate the serum
globulin in normal and passively sensitized WBC; however, this method has
definite limitations. One of the limitations is the precipitation re-
action occurring if homologous serum is used to passively sensitize the
cells or if the homologous serum has not been completely washed away from
the WBC.

Intravenous injection of fluorescent plastic particles and of a
fluorogenic compound failed to give a good in vivo method of tagging WBC.
However, the injection of the 1.1 mp ellipscidal fluorescent plastic parti-
cles has been found to be a potential new and novel way of following RES
clearance.

All of the data on the ip vitro phagocytosis method for viral
identification emphasizes the variability and difficulties to be encountered
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in the use of such live cell methods. With sufficient work and proper
conditions, this method may eventually be applied for viral identifica-
tion; however, we are not optimietic that the variability can be overcome
without considersble more research than was possible within the time
limits of the current contract. Thus, with the encouragement and advice
of our sponsors, we redirected our efforts during the latter part of the
contract period to investigations of other methods, such as immunodif-
fusion and means of measuring soluble virus-antibody reactions.

B. Synthetic Phospholipid Membranes

1. Introduction

The use of phospholipid bilayer membranes for immunological

‘identification of virus is based on the following assumptions: (1) that

an antigen-antibody-complement complex results in the formation of a
phospholipase from one of the complement components; (2) that the
phospholipase mentioned above will react with the phospholipids of the
bilayer memirane and result in the transformation of these phospholipids
ir* - their lyso-derivatives (e.g., lecithin transformed into lysol-
ecithin); (3) that the resulting lysolecithin or other lyso-compounds
will alter the bilayer membranes, either by promoting rupture of the
membranes or by altering their electrical characteristics.

Recent studies on phospholipid preparations have shown that it
is possible to prepare bilayer phoapholipid membrenes 0.5 to 2.0 mm. in
diameter which are relatively stable and which exhibit a high resistance
to current flow.15-17/ (See Fig. 1.) Membranes as large ss 10 mm. in
diameter have been made }_5/ Although these membranes are only about 60 x
thick, they offer a DC resistance of 0.2 to 4.0 meg (/cm? and cen withstand
voltages up to approximately 200 mv. Thus, by monitoring the resistance
and other electrical characteristics across apertures bearing these mem-
branes, it 1s possible to detect changes in structure and composition of
the membranes. Rupture of the membranes is, of course, accompanied by a
rapid drop in resistance.

A number of investigations have shown that one of the components
of complement may, !n the presence of an antigen-antibody complex, be trans-
formed into an enzyms, phospholipase.l8:18/ There ia evidence that a com-
plement-derived phospholipase is responsidle for the lysis of erythrocytes
(for a brief review see Phillips and luddl.eton),gg/ although some workers
have questioned the role of phospholipase in complement-associated cell
lysis.20,21/ Nevertheless, Klibansky and deVries22/ have shown an effect
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of lysolecithin in phospholipase A-treated blood on erythrocytes. Although
the amount of lysolecithin formed was not adequate t¢ produce nemolysis,

it did cause RBC sphering and some loss of cholesterol from the membrane.
These effects were reversed by albumin but not by fibrinogen, Y-globulin

or hemglobin.ie_/ Since lysolecithin is selectively bdound dy .1»».1:,&'_/

it is probable that at least some of the lack of agreement among investi-
gators on the role of phospholipase in cell lysis is due to a binding of
the lysophosphatidyl compounds by albumin in solution or albumin bound to
the cell surface. Keller,?j/ for example, has pointed out that lysolecithin
effects on cell membranes may be limited to the area of interaction of anti-
gen and antibody. Therefore, if a phospholipase is in fact produced by
complement-fixing antigen-antibody reactions, it is more likely that the
phospholipase produced by this reaction would be capable of hydrclyzing
phospholipids of a manufactured bilayer film if the antigen-antibody-
complement complex were in contact with the film.

Previous studies on monolayered-phospholipids have shown that
these monolayers are affected by phospholipase. In investigations by
Hughes25/ on the effects of venom phospholipases scting on lecithin mono-
layers, it was found that very small quantities of phospholipase could be
detected by the enzyme-induced lecithin-to-lysolecithin transformation.
In these studies the lecithin-to-lysolecithin conversion was detected by
changes in surface potential. Similar studies on the fall of surface po-
tential of spresd lecithin films have been reported by Colaccio and
Rapport.26/ Enzymatically produced changes in monolayered phospholipid
effected by the lecithin-to-lysolecithin conversion have also besn studied
by particle electrophoresis,27,28/ and by an isotope method 29,30/

Although no one to date has reportedly utilised the biiayer
phospholipid membrane of Mueller et al., and of Huang et al.,15;18/ for
the detection of phospholipase activity, it is likely that changes in
electrical resistance produced by the action of phospholipase would ma's
this method one of the most sensitive ones availadle for phosprolipase
activity detection., Therefore, if the union of antigen plus antidody
plus complement causes a complement-to-phospholipase transformation, this
phospholipase might be best detected by its effect on the bilayer phos-
pholipid membrane. Detection of the phospholipase would de facilitated
if the antigen-antidbody combination is in direct contact with the phospho~
1ipid membrane, as indicated above. Thus, one might anticipate that a
single virus particle reacted with specific antibody and complement oould
cause localited changes and/or rupture of such a bdilayer 1ipid mswbrame,
if the immune complex were in contact with the mesbrane. The increased
solubility of the entymutically produced lyso-phosphatidyl cospound would
wveaken the membrane structure. Test specificity (i.e., identification of
the virus type) would be provided by the aveilsbility of highly specific
antibody preparstions against the various types of virus.
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In view of the reasonsble promise of success for virus identifi-
cation with very small numbers of virus particles offered by the bilayer
phospholipid membrane methods, the following study was initiated. The
first part of the study was devoted to investigating the effects of a
known phospholipase preparation on the electrical properties of these
phospholipid membrenes. The second part of the study was devoted to a
study on the effects of antigen (virus)-antibody-complement complexes on
these membranes.

2. Materials and Methods

a. Bilayer membrane cell device: A Lucite chamber fashioned
from sheet Lucite was constructed for holding a polyethylene cup as shown
in Pig. 2. This Lucite chamber was positioned in a Lucite constant temp-
erature bath so0 that the level of the water in the bath was below the top
of the Lucite chamber. Water in the constant temperature bath was held at
36.5°C by means of heated water rassed from s Haake constant temperature
eirculator through a copper tubing coil in the bath (Fig. 3). Concrete
blocks were used in a shock mounting to minimize the effect of vibrations
on the mesbrane,

A portion of the wall of the polyethylene cup was milled frum
the inside as shown in Fig. 1-B and an approximately 1.0 mm. diameter hole
formed at the thinned wall area with s hested needluy guided with a Leits
alcromanipulator. Care was taken to prevent the hot needle from actually
touching the polyethylene. The best polyethylene cup units were prepared
from trimmed screv cap polyethylene sample bottl.e: (33 mm. high pricr to
trimming). These polyethylene cups vere held in a piece of lLucite sheet
cut to £it easily in the Lucite cell and drilled with a hole just large
enough so that the polyethylene cup could be forced into it. This piece
of Lucite served as a base for holding the polyethylene cup in place during
each experiment.

Buffered saline was added to the Lucite cell and the polyethylene
cup so that the level of dbuffer was about 1.5-2.0 mm. below tiie surface of
the cup and sbout 7.0 mm. above the membrane opening in the polyethylene
cup. The phospholipid mixture was added to the membrane opening by means
of a amall cemel's hair or sable artist's paint brush after the electrodes
hed been positioned and the bath had reached the desired constant temper-
ature of 36.5°C. '




S1

Pig. 2 - Lipid Bilayer Nembdrane Apparatus Shoving Polyethylene
Cup With 1 sm. Diameter Meabrane and Klectrodes
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b. Preparation and evaluation of egg phospholipid: The phos-
pholipid used in the experiments reported here was prepared from fresh
egg yolks by the method of Pangborn.Sl/ Lecithin prepared by this method
was colorless and hence presumably relatively unoxidigzed. Lecithin prep-
arations that we obtained commercially were, in contrast, brown in color.
Since oxidation of the phospholipid affects the quality of the bilayer
phospholipid membranes,16,25/ an attempt was made to use only relatively
unoxidized phospholipid materials in this study. Three different batches
of this lecithin were prepared and stored under nitrogen at -60°C.
Portions of each batch were stored either solvent-free or dissolved in
the n-tetradecane-chloroform-methanol sclution of Huang et al.l§/

In some studies we added a-tocopherol to the phospholipid mix~
tures, since Wirth et al. Z’E/ produced stable bilayer membranes for periods
up to 13 hr. with 0.1 percent a-tocopherol in their 1lipid mixtures.

Mueller et al. 15/ also used a-tocopherol in their membrane preparations.

Qualitative examinations of our lecithin preparations were done
with Eastman Chromagram No. K301R2 silica gel thin-layer chromatography
sheets which had been activated by heating for 1 hr. at 100°C. Lecithin
samples (10 mg.) dissolved in 0.5 ml. of chloroform were spotted onto the
chromatography sheets and the sheets developed with a chloroform/methanol/
water (65-25-4) mixture in a chromagram developing apparatus for about
2 hr. The sheets were then sprayed with a solution of rhodamine-B in
ethanol and the phospholipid spots observed under ultraviolet light. The
results of the TLC tests showed that lecithin was present as a major frac-
tion of the total phospholipid in our extracted yolk preparations. '

Since the phospholipid bilayer membranes were used to detect im-
munological reactions, some consideration was given to ionic strength, pH
and divalent cation composition of the saline solution used in the cell
unit. Three buffered salines were used, all with 0.85 parcent NaCl in
distilled-deionized water: pH 7.2, 0.01 M NaHoPO,-NaHPO, (PBS); pH 7.2,
0.05 ionic strength tris; and pH 7.4-7.5 veronal buffer (VBS).. The best
results in regard to membrane formation were obtained with the veronal
buffered saline, which is alsc the buffered saline recommended for com~
plement fixation tests.33/ It is probable that the Ca*+ and Mg** ions
present in VBS serve to stabilize the phospholipid bilayer membranes.

c. Proteolipid: "Ox" brain proteolipid was prepared by the
method of Mueller et al. (1983)15/ and by their later method (1964).36/
After preparation, the 1ipids were placed in chloroform-msthancl (2 ga.
proteolipid per 48 ml. chloroform and 52 ml. methanol) and stored at 4°C.
n-Tetradecane was added to constitute 18 percent of the final mixture by
volume Jjust prior to use in membrane preparation.
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d. Preperation of bilayer phospholipid membranes: Bilayer phos-
pholipid mesbranes spproximately 60 A thick and about 1.0 mm. in diameter
‘were roduced by a modification of the method of Huang et al.16/ Initial
studies were carried out with the polyethylene cell units shown in Fig. 2.
To prepere phospholipid membranes, phospholipid-containing mixtures added
to the aperture in each polyethylens unit and bilsyer membranes formed as
shown in Fig. 1-C. The phospholipid mixture used was the one recommended
‘by Huang et al.:16/ 2.0 percent lecithin; 18.0 percent n-tetradecane;

48.0 percent chloroform; and 52.0 percent methanol.

e. %1@1 evaluation of membranes: A Unitron stereoscopic
microscope (40X) plus a lLeitz microscope lamp as a light source were used
to observe the membrane during the course of the experiments. Electrical
measurements were not made until the lecithin solution pulled away from

the center of the hole to give a "biack” bilayer membrane.

f. DC electrical measurements: Neasurement of current flow
through the phospholipid membranes was done with Ag-AgCl + saturated KC1
glass electrodes connected to a DC voltage source (1-1/2 v. Eveready
battery) via a Beckman Helipot potentiometer and a Keithley model 220
electrometer as shown in Fig. 4. The electrometer in turn was connected
to a Honsywell Electronik 19 recorder in order to obtain a continuous
record of current changes. The voltages applied were kept low (ap-
proximately 350 mv.) in order to minimize membrane breakdcwn due to the
voltage.

€. AC electrical measurements: Changes in voltage drop across
the membrane window, due either to breakage of the phospholipd membrane
or to changes in the electrical characteristics of the membrane, were
msasured with the equipment shown in Fig. 5. A 200-cycle, alternating-
current signal was continuously fed scross the membrane from a Hewlett-
Packard 241A Oscillator. A 106 3 resistance was interposed in the
ceircuit as shown. All lines were shielded and individual pileces of equip-
ment, including the water bath, were grounded to reduce 60 cycle AC noise.

Silver/silver chloride + saturated KC1 glass electrodes were
positionsd in the inner and outer chambers (i.e., on either side of the
membrans window) as for the DC studies described sbove. A Columbia Re-
search Laboratories model 4000 cathode follower (approximately unity gain)
and a Hewlett-Packard model 130 A oscilloscope werw used as shown. When
no membrane was present in the window, there was a smll voltage drop
across the electrodes of approximately 2 mv. in most experiments. This
voltage drop was subtracted from msasured voltages with membranes in the
membrans window.
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Fig. 4 - Nemdrane Cell Device

This figure shows an abbreviated viev of the Lucite-and-polyetlylens mambrane
cell devica positioned in a Iucite canstant teaperature bath, which in twun
is positicned over a magnetic stirrer unit. Asbestos-wick glass electrodes
containing saturated KC1 and a Ag-AgCl strip &re shown in their normal
operating positions (one inside the poliyethylene cup and one in the medium
surrounding the cup). The voltage source is & 1-1/2 v. battery coonected -
to a Beckman Helipot potentiometer (voltage divider); the electrometer is
& Keithly 220 DC VIVM plus & decads m;ummuuw
Electronik 19 unit.
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3. Experiments

a. Membrane stability: Phospholipid membranes were produced
with our lecithin preparations when veronal buffered complement-fixation
saline was used for the cell unit. Much longer lasting membranes were
produced with this VBS as compared with phosphate or tris-buffered saline
(see Table 10, p. 58).

One problem which frequently occurred during the experimental
runs was the appearance of a small bubble on the membrane. This bubble
produced some disturbances in the electrical measurements. Another problem
which occurred with all of the buffered salines was that membranes fre-
quently ruptured within 5 min. after their application. The results sum-
marized in Table 10 include only those membranes which lasted more than
5 min., although they also include data from membranes which were ac-
cidentally ruptured from unavoidable vibrations.

In order to produce a membrane, it was often necessary to make
a large number of attempts with phospholipid mixtures applied by the aable
brush. Frequently no membrane at all was formed or, if formed, it lasted
only a few seconds. Table 11 summarizes the results obtained in a series
of experiments run from 4 March to 6 May 1966, with lecithin and proteolipid
mixtures. Th: table contains data for membranes which lasted for more than
a few seconds but does not include the total number of dbrush attempts
(i.e., it does not include "membranes" which lasted for very brief inter-
vals or failures to form any membrane at all),

TABIE 11

PHOSPHOLIPID (LECITHIN OR PROTEOLIPID)

BILAYER MENRANE STABILTTY

(Bilayer membranes produced frcm a mixture of puritied egg lecithin or
bovine brain proteoclipid in n-tetradecane, chloroform and methanol
during the period from 4 March to 6 May 1966.)

Membranea
Total No. Lasting % Lasting
No. 5 Min. or $ Min, or
Made Longer Longer
Lecithin 297 87 . 20.8
Proteclipid 14 Sl 35.4
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| reactants on the electrical properties of masbranss subjected to AC cur-

The earlier experiments with egg lecithin for the production of
membranes gave a higher percentage of successful membranes -- ones lasting
over 5 min. -- than the later experiments (see Table 12). Although lecithin
preparations were kept at freezer temperature, approximstely -80°C, until
the day of use, prolonged storage may have allowed a detrimental alteration
of the 1ipid. 1In regard to the brain proteclipid material, lowever, stor-
age at refrigerator temperature (approximately 4°C) for about one month 4id
not seem to change significantly its ability to form mambranes.

* o e o 1 ..
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TABLE 12

LECITHIN BILAYER MEMBRANES: EFFECT OF
' OF LECITHIN ON MEMBRANE STABILITY

_MNembranes - A

Total Fo. Lasting ¥ Tasting 5

Xo. 5 Min. or S Min, or ¥

& Merch to 29 March 154 8s 55.2 B

30 March to 6 April 143 2 1.6

b. DC studies: Both lecithin and proteolipid msmbranes were
tested against immunological reactants (antigen-antibody-complement) cs
well as against snake venom phospholipsse. The substances used in these
tests are summarized in Table 15. Nons of these materials, in mesbranes
testad by the DC voltage methnd, showed any consistent effects on the
membranes. Unfortunately, ‘here was so much variability ia control mem-
brane lifetime (duration prior to breakage) that good evaluation of m— .
logic reactant effects on membrares was rot possidble. S

c. AC stulies: In studies on the effects of these immunological

rent, there wes again too much variability in mesbrane reaction prior to
the addition of immunvlogical reactants to svaluats the results. b npu.
transient electrical effects {less than 0.1-0.5 sec. in durstion) were

cbserved, nor was there any consistent long-term effect (several M
to several mimutes or looger). Toro-Goyoo et al. 35/ reported treasient
effects (reductions in w across their phospholipid dilayer mem-
branes lasting sbout 1/10 sec.) with antigen-sntidody resction as well as
with ensyme-substrate interactions in studies on these msmbrenss with

200 cycle alterating current. Hence, ummmumm
for both transient and long-term OM




TABLE 13

SUBSTANCES (IMMUNOLOGICAL REACTANTS AND VENOMS)

IESTED FOR THEIR EFFECTS ON
PHOSPHOLIPID MEMBRANES

Bumen serum

o Anti-human serum

Buman serum albumin (HSA)
Anti-HBA antiserwm
Heat-denatured HSA complex (CA)
Purified frog yolk protein (YP)
Anti-YP antiserum
Anti-poliovirus immune glodbulin
Complement (guinea pig serum, reconstituted lyophilized)
Control rsdbit serum
. fluva vepnom

Bee naje vencm

- Hale naje venom (heated 100°C, 15 min.)

There was some suggestion of a lower membrane resistance after
the addition of various resctants. However, resistance drops often oc-
curred vith each one of the immunclogicsl reactants alone, thereby making

- any effects by immmne complexes meaningless for purposes of Lsmmune reasc-

tion identification. :

4. Venom studiss: BEaje naja venom waz prepared as solutions of
beated (100°C, 15 min., pHf 6) cr unheated material which were diluted-with
VBS to an equilvalent wanom concentration of 0.5 mg/ml prior to addition to
the mamdrans-containing polysthylens cup. Approximatasly 0.05 ml. of venom
solution was edded to the solution vithin the cup (about 2 =l. volums);
drops in resistance followed the sddition of NeJje naje and Naja flave
venoms. It is interesting that the phospholipases in the snake venoms did
uot seem to promote actual rupture of the phospholipid msabranes, although
again variability in lifespans of untreated phospholipid mesbranes meds

‘aifficult the evaluation of venom effects.

To test the lecithinase activity of our venom preparations the
solutions described adove were added to suspensions of mouse EBC in VS
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and incubated at 37°C for 30-, 60-,and 120-min. periods. Both heated
and unheated Naja naja venom solutions were tested and found to hemolyze

RBC, thus indicating the presence of active lecithinase in these prepar-
ations.

e. Saline solutions: Lecithin and proteolipid membranes were
tested in a number of solutions to determinre whether or not buffered solu-
tions were preferable to unbuffered saline for improved membrane stability.
Isotonic saline (0.15 N and 0.85 percent NaCl), asz well as phosphate buf-
fered saline (PBS) and veronal buffered saline (VBS) were used. The lat-
ter solution, VBS, was selected for most of the studieg since it has been
widely used for complement fixation and, therefore, should be more suitadble
for the investigation of effects of immune reactions involving complement
on phospholipid membranes. VBS contains both Ca** and Mg** ion-, which are
known to be involved in reactions of complement with immune complexws. The
results of the studies reported here showed that VBS is a satisfactory
medium for bilayer phospholipid membrane formstion relative to unbuffered
or to phosphate buffered salines.

f. BRffect of additivez: A seriss of experiments were carried
out to determine whether either cholesterol or a-tocopherol, wvhen added
to the lecithin-tetradecane-chloroform-methancl mixture, would increase
membrane stability. No increass in membrane stability resulted from the
addition of these materials to the lecithin-containing solutions. Tnis

. failure to increase membrane stability may have deen influenced by the

relatively long storage of the lacithin prior to the addition of the
choleaterol or a-tocopherol.

4. Discussion

~ If immnological rescticns do in fact result in a production of
phospholipase from one of the componeilts of complement, this phospholipase
could provide the basis for a very sensitive detsction of immanological re-
actions, since it should be poessidle to detect the resulting phospiclipase
from its ensymatic effects on phosp:olipids of bilayer synthetic mesbrames.
We therefore carried out the studiee described here in the hope of finding
changes in the electricel prupsrties of phospholipid bilayer mssbrenes,
since these mesdranes should provids » sensitive means of detecting enty-
matic effects on the phospbolipids tlhrough changes in electrical propertiss.

The results of the studies reportad hare do not shov any oon-
sistent evidence that it is possidlc to asesure immunclogical resctions
with the system employed. The negutive findirgs do mot, of ocourse, meen
that this system cannot be wsed for msssucring immanologicsl reacticns.
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., It.is intex‘osting that Toro-Goyco et al. __/ have reported that
i:ﬂ.xuu]fix\-smti insulin reactions can be datected with a system similar to
. one of the types (alternating current) used here. J. del Castillo and co-
vorkers__/ have reported success on the use of ox brain phospholipid-
cholesterol mixtures for the preparation of membranes for the detection
of both substrate-enzyme interactions and also antigen-antibody reactions.
Howevar, as we learned from Dr. 'mompson,ﬂ_/ all problems are not solved
and often the results cannot be repeated. Still we believe that the orig-
inal results were correct; the difficulty is that there are so many vari-
ables it is not possible to control them all at this time.

A serious problem which occurs with phospholipid materials is
that they are readily oxidized, particularly the unsaturated fatty acid
chains in the p-position (on the second carbon of the glycerol portion
of the molecule). Huang et al. _/ have called attention to the detri-

. mental effects of oxygen on ghospholipid membranes made from purified

lecithin and Mueller et ai. 5%/ have likewise indicated that exposure to
light aand air causes & deterioration of their proteolipid phospholipid
preparation. Our difficulties encountered in preparing stable membranes,
especially with purified lecithin, may very well have been due to the oxi-
dation of the phospholipids.

Variability in response of our own phospholipid preparations in
regard to erratic duration of membrane survival has made it virtually im-
possible to evaluate the effects of either venom phospholipases or immuno-
logical reactants on these membranes. There were frequent indications that
thege substances were influencing the electrical properties of the mem-
branes, out no quantitative or other reliable estimate of the effects can
be made, Thus membranes often ruptured after the addition of antibody +
antigen + complement (in that order), but rupture was also frequently
effected by any one of the reactants alone, or even without the addition
of any other material.

5. Conclusions

Before any meaningful evaluation of the phospholipid bilayer mem-
brane system for identifying immunological reactions can be performed, it
will be necessary to devote a substantial effort to improving the entire
system. Although some of the additional effort will have to be directed
at the actual physical setup of the bath, polyethylene cup, etc., as well
as to the electrical measuring system, a major effort will have to be
spent on methods for obtaining (and maintaining) a stable and satisfactory
phospholipid material for membrane manufacture. As far as the possible
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utilization of the lipid bilayer mewbrane for the identification of virus
is concerned, however, there is little justification for further immmo- "
logical studies with it until the entire bilayer system is substantially ’ 3
improved. .

C. Particle Electrophoresis

1. Introduction

Charged microscopic particles suspended in an electrolyte read-
ily undergo migration when placed in an electric tield. The rate of mi-
gration is a function of the charge on the surface of the particle, the
strength of the electric field, the viscoegity of the suspending medium
end certain other factovs. It has been shown that the addition of sub-
stances which change the surface . arge of the particles also changes the
migration rates of the particies. sresh red blood cells, white blood
cells, tanned red blood cells, ani ¢.aner particles falling within the size
range easily seen with a microscope ha:.c been extensively studied by the
particle electrophoresis method.38/ ,

Since the reaction of an antibody with its homologous antigen
produces & neutrsliza*ion of charges, we then expected that particles
coated witl artitody and those coated first with antibody end then rescted .
with antigen would pcssess different migration rates in an electric field.
If this reaction of virus with its antibody-coated latex particle can be ..
shown to be specific and sensitive, then by the use of this phenomenon and -
certain additional techniques antibody-coated particles should be mful
for the identification of virus particles.

in order to use electrophoretic mobility muureuenta fbr the
identification of virus we anticipate that it will be necessary to prepare
a series of particles each coated with a different viral antivody. The
particles could be color coded so that each would represent a single anti-
body coating. Addition of an unknown virus to a mixture of these different
colored particles should result in a decrease in the slectrophoretic mi~
gration rate of only those particles bearing the specific virsl antibody.
Determination of which color of particles reacted with the virus should
permit an identification of the viral sgent. The use of an AC particle
electroploresis apparatus of the type described by Sher and Behnn,?_a/
along with a color photographic process to record which color of particle
showed the reduced migration rate, should eomplete the rapid Mnntlﬁ.etticm
process,
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’ %Dofm ‘attempting the construction of an AC particle electro-
jﬁmuu apparatus similar to that of Sher and Schwan to test this identi-

| 23vition method, we chose to establish with more certainty our original

T Mﬂe that a reletively few virus perticles are sufficient to produce a
neutraiization of the surface charge of an antibody-costed particle and
theredy produce a markid decrease in its electropboretic mobility. Thus

. we Beve continued work with the electrophoresis apparatus (Fig. 6) used

- in our earlisr studies and have attempted (1) to establish the quantitative
" relationship between virus and antibody requirements, (2) to determine the
speeificity of viral attechment and (3) to confirm that the change in
~electrophoretic migration rate of a particle coated with antigen and then
- reagted with its antibody#0/ is 1ike the change observed when the antibody-
coated particle is sallowed to react with antigen.

In our search for antibody particles with the best combinetion
of properties for use in virus identification, we have studied the prep-
aration and reactivity of antibody-coated (1) latex particles in the 6 -
14 micron size range, and (2) tanned sheep red blood cells (RBC). In
these studies the particles were coated with antipolioglobulin end they
" were ullowed to react with poliovirus. '

2. Antibody-Coated Latex Particles

a. Materials and methods:

(1) Apparatus: Electrophoretic migration rates wer made
in & cell electrophoresis uppu'atus_/ (see Fig. 6). Silver/silver chlor-
ide electrodes located 190 mm. apart were empioyed along with an applied
voltage of 120 v. The electrophoresis chamber was en~lored in a lucite
box through which water at 30°C was circulated continuously. The DC
-power supply was connected to a reversing switch which permitted reversal
of the polarity of the cell between ewuch ol the measurements. A reticule
in the microscope eyepiece made it possible to 4{ine the movement of the
particles over a 0.10 mm. course. The electrophoresis cell was 0.4094¢ mn.
in average thickness, and all measurements were made in the middle of the
chamber 80 as to minimize the interactions of the charzed particles with
the interior surfaces of the vessel. The migration ratas were calculated
on the dbasis of the following formula:

%.E.‘.’rl = electrophoretic mobility in microns/sec/v/cm
x
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‘Where . 4 = distance the particle travels in microns
. 7.7 D= distance between electrodes in centimeters
t = time for migration in seconds
4wV = total voltage applied

, The antipoliovirus purified Y-globulin was prepared in this
laboratory by multiple injection of rabbits with poliovirus type 2 over a
period of four weeks, followed by an application of the ammonium sulfate
precipitation technique for the preparation of the purified globulin.
Titration of this antiglobulin showed it to possess a potency of 1/100 -
1/100C as determined by virus neutralization tests. Normal rabbit globulin
fractionated by this same procedure was utilized in some of the control
procedures. The 6 - 14 micron styrene-divinylbenzene copolymer latex
particles were obtained from the Dow Chemical Company.

(2) Preparation of antibody-coated latex particles: In an
effort to obtain latex particles with the antibody chemically bound to the
surface, the surface of the latex particles was nitrated, reduced, di-
azotized and coupled with the appropriate antibody or control globulin.
The procedure is a modification of the procedure of Gyenes and Sehon#2/
and 1s describved briefly here.

Two hundred milligrams of 6 - 14 micron spheres, obtained
by centrifugation of 2 ml. of 10 percent styrene-divinylbenzene copolymer
latex, was suspended in 1 ml. of concentrated sulfuric acid and mixed
with 0.5 ml. of concentrated nitric acid. The mixture was next placed in
a water bath at 37°C for 2 hr. and then poured onto about 10 g. of ice.
The resulting particles were washed twice with water by centrifuging and
separating the supernatant. The washed particles were placed in a solution
of 0.5 g. of sodium hydrosulfite in 8 ml. of 2N sodium hydroxide and heated
on a steam bath for three days. The resulting latex particles contain a
layer of aromatic amino groups on their surfaces. The particles were then
washed twice in water and added to ¢.0 ml. of distilled water to which six
drops of concentrated hydrochloric acid had been added. The suspension
was cooled to 0°C during the addition of 1 ml. of 10 percent potassium
nitrite solution. The mixture was shaken occasionally and kept at 0° for
1 hr. At this time the particles were washed twice with ice water and
then used immediately for the coupling with the various protein solutions.
The cold diagotigzed particles were nov suspended in 10 ml. of cold phos-
phate buffered saline, pH 7.2, and divided into two parts. To 5.0 ml. of
this suspension was added 0.2 ml. of antipoliovirus-glodbulin (1/100 -
1/1000). To the remainder of the suspension was sdded 0.12 ml. of normal
rabbit serum. Both were allowed to remain at 5°C with occasional shakxing
for 48 hr. At the end of this tims the supernatant layers were tested for
the presence of excess protein and the tests were both positive. This was

—S T/

[

Emd




considered to be sn indication that sufficient protein was present for re- .
action with the diazonium groups on the surface of the particles.

In the procedure of Gyenes*2/ the entire quantity of poly- *
1 styrene was dissolved in the nitration mixture and then the nitro groups
| were reduced with sodium hydrosulfite. In his procedure titration showéd
that the polymer contained on the average two amino residues per five
styrene residues. In our procedure there was an attempt to avoid destruc-
5 tion of the spherical shape of the latex particles. This meant that with
our milder nitration procedure the chemical modifications are restricted
to the surface of the particles and therefore the weight of the changed

| material is smsll relative to the mass of the particles themselves. Bvi-
dence of the success in diazotization of the particles and their subse-
quent ccupling with protein is given below:

(a) On warming the diazotigzed particles to 30° there
was some evolution of gas.

(b) Reaction of the particles with an aleoholie solu-

] tion of @-naphthol resulted in the darkening of the color of the parti-
L cles but no fluorescence. For comparison benzenediagonium chloride was
_ coupled with g-naphthol to produce a similar colored dye; this also did

not fluoresce in the long wavelength ultraviolet.

(c) Fluorescent antihumen serum (0.1 ml. in S ml. of

] buffer) was reacted with 0.1 g. of diazotized particles. Although the
resulting particles did not fluoresce, the flucrescence of the buffered
- solution fell to gzero thereby indicating the removal of the fluworescein-

labeled antibody from the solution. The lack of fluorescence on the
- particles was presumed to be due to fluorescence quenching.

b. Experiments: In an effort to determine the effect of pelio-
virus on the electrophoretic migration rate of antibody-coated latex parti-
- cles, the experiment shown in Teble 1¢ was oconducted. The latex particlass
in the sampl.: number 1 are more highly charged as a result of the amino
groups on their surfaces and they migrate at a repid rate. Sasples
N . 2 and ¢ shov the reduced migration rates caused by the coupling of the di-
agotised amino groups with globulins; the observed electrophoretic migra-
| tion of 3.021 microns/sec/v/cm for the particles coated with antipolio-

1 r virus 2 and 2.977 for the particles costed with the normal rabbit serum are
{ nearly identicel. The incubation of semples 2 and 4 with tissus culture

; medium prior to the msasuremsnts wvas to compensate for the presence of tis-
sus culture medium in which the poliovirus was suspended (semples 8 and 8).
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The use of normal rabbit serum in samples 4 and 5 was designed to answer :
the question of whether the viral neutralization reaction was specific for
its homologous antibody. Sample 6 was intended to show the stability of B

2 the antibody-coated particles at 37°C in the medium used for the electro- i
‘ phoresis experiment. e

c. Conclusions and recommendations: In the particle electro- d

E phoresis experiments reported above we descridbed our preparation of poly- 'f
aminostyrene-coated latex particles in the 6 - 14 u size range and a pro-

cedure for coating them with viral antibody. Experiments on the identifi- &

[ cation of antigens with these particles indicated that (1) there was not g

enough antibody on the surface of the plastic particles to make them re-
sponsive to viral antigen, (2) the widespread differences in the particle
size and electrophoretic mobilities caused inaccuracies in the migration

Low—ri

rate data, and (3) there was difficulty in keeping the particles in the | x
1 microscope's field of view because of their high density as compared to &
451 a buffered 10 percent sugar solution used as the suspending medium.
1 However, when about four poliovirus particles are added to one

antipoliovirus-coated latex particle there is an easily detectable
reduction in migration rate of that latex particle. However, the reaction
of the normal rabbit serum-coated latex particles with the same ratio of

] poliovirus particles produced the same reduction in migration rate. This
indicates that the action of the poliovirus on the latex particle may bde
non-specific.

The drop in migration rate for the antibody particles incubated
with the sucrose phosphate buffer (sample 6) is not understood, but may be
1 due to the presence of unreacted diggonium chloride groups on the surface
of these particles which are destroyed on warming.

L] On the basis of these experiments it is not possidle for us to
recommend the particle electrophoresis approach for the rapid detection

of a relatively few virus particles. The observation that particles

. coated with normal rabbit serum reacted to poliovirus in the sames manner
and to the same degree as particles coated with antipoliovirus serum is
disturbing but may not present insurmountable difficulties. In the first
place ws are not absolutely sure that there was any antibody on the surface
of the perticles which were used in the experiment. In the second place,
it may be possidle to desensitise the particles with tissue culture fluid
or other material prior to the treatmsnt with the virus. Desensitisation
procedures are used routinely for the preparation of ths sensitised parti-
cles for use in the latex fixatfon tests.43/
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8. Astibody Coated Tanned Red Blood Cells

&. Materials and methods: In the present extension of the
particle electrophoresis study we have investigated the sensitization of
formalin-fixed, tanned sheep erythrocytes with both non-viral and viral
antibodies, and we have investigeted the possibility of using the electro-
phoretic mobilities of these sensitized particles as a means for identifi-
cation of non-viral and viral antigens. Procedures for coating tanned RBC
with antidody have been reported by a number of authors M

Formalin-fixed sheep erythrocytes were obtained from Difco
Leboratories under the name of Bacto Formocells. These were then tanned
with 1:2000 tannic acid and reacted with the appropriate antiserum or
purified Y-globulin from immune animals by the procedure suggested by
Difco Laboratories.

Frog yolk protein (FYP) and anti-FYP antiserum (rabbit) were
prepared by Dr. Ringle on another research study, and the former was dis-
solved in 0.8 molar sodium chloride solution prior to its use in the re-
action with cells which had been sensitized with the anti-FYP.

The preparation of pcliovirus 2, poliovirus 2 immune rabbit serum

and ammoniun suifate-precipitated antipoliovirus 2 Y -globulin were described

in an earlier report. The preparation and assay of Semliki Forest Virus
(8PV) and anti-SFV serum vere described sarlier in this report.

Purified antihuman Y -globulin, Pentex Brand, was obtained from
Gallard-Schlesinger Chemical Manufacturing Company. Fraction II purified

- human plasma Y -globulin was obtained from Cutter Laboratories.

The apparatus employed for making the electrophoresis measure-
ments was descrided above. All measurements wers made at 30°C with 120 v,
applied between the two silver/silver chloride electrodes. The current
flowing in the system was checked for each sample introduced into the ap-
paratus to make certain that there were no hidden air dbubdles in the sys-
tem; the current ranged from 0.40 to 0.45 ma. Phosphate buffer (0.02 M)
containing 88 g. of sucrose per liter was employed because it restricted
the current flow to levels where heating effects were not a prodlem and
because the specific gravity was high enough to retard the settling out of
ths REC. The polarity of the applied direct durrent was reversed after
each measurement of migration time. Back rate calculation given in the
tables represents data from at lsast 40 migration time measurements.
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After runs with live virus the apparatus vas filled with 10 per-
cent formelin and allowed to stand overnight before cleaning with varm
Alconox solution.

b. BExperimental results: In the first of the current series
of expsriments with the particle electrcphoresis method for identification
of antigens, a study was conducted in which antifrog yolk prote in serum
sensitized PBC were coupared for their _lectrophoretic migration rates
with those which havealso been incubated with frog yolk protein sclution.
As may de seen from Tsble 15, Samples I and II, the "immume" reaction
of the anti-FYP with the FYP hed an insignificant effect on the migration
rate.

In order to determine the posaidble effect of FYP on the migre-
tion of RBC sensitized with non-homologous antisera, RBC which had beén
sensitized with antihuman serum (rabbit) -- not antihumen Y-glodbulins
dascribed in later experiments -- were tested alone, in the presencs of
FYP and also in the presence of buman serum (Semples III, IV amd V).

The FYP hed a greater effect on the migration rate of the entibuman sensi-
tised cells (Semple IV) than on the cells sensitised with the homologous
sntiserum (Sample II). PFrom this we concluded thet the minor changss in
migration rete observed in this experiment are not dus to apocmc in~
mune reactions.

The variability of the results odtained in this first experiment
suggested that no antibody may have becoms attached to the surfecs of the
tanned RBC during the sensitization provedure. To determine if the amti-
poliovirus 2 Y-globulin sensitised cells really possessed s layer of aati-
body on their surfuces, they were tested on a spot plate with poliovirus
2, but they 414 not agglutinate. This result was not altogether.umexpected
sinos agglutination of antibody sensitised JBC has bdeen reported to be mach
more difficult than the agglutination of antigen sensitised XBC; Richter
et al. [have reported that sensitization of NBC vith Y-glcbulin fractions
of antisers gave oells which would not egglutinate on the eddition of
cither small or largs quantitiss of satigen.$8/

An alternative test was coaducted to determiss if gay of the
sensitising glodulins had decoms attached to the surface of the cells
during the tannic scid seasitisation procedure. Sinos doth the amti-
human Y-globulia and the antipoliovirus 2 Y-glcbulin used for NBC sensi-
tisation were of rebdit origia, they were known to contaia sovmal rebbit
glodulins (antigen) in eddition to amtiglobulins; reaction of cells swmsi-
tised vith these materials with extiredbit serum of gost origin vas there-
fore expected to agglutimate the cslls (Tubla 16). The positive agpluti-
nation reactions cdtainsd established the preseace of rebbit glcbulins oa
the surface of the sensitised cslls; hopefully soms of these were the de-
sired antiglobuling which would be datectable by electrophoretic asthods




4 - Difeo Basto-Forwooslls (stadilised sheep erytirocytes) were temned and
: rencted with the antisere shown.
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- with an ogmal volmme of sstigen.
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TABLZ 16

HEMAGGLUTIRATION OF SENSITIZED EBC %

ADDITION OF RABBIT SERUN COMPONENTS OCCURRRD %

Difco Bacto- Source Conc. of Antirabdbit §

Formocells of  _____ Serum (oat) Added g

I Antihuman E
Y-Globulin Rabbit  ++  +++ et e ¥

2

I1 Antipoliovirus 2 :
Y-Globulin Rabbit ¢+ - t

i

g g

In a third experiwent the formalin-fimsd, tanned sheep erythro-
cytas were sensitized with a purified Y-globulin fracvion from antibuman
serum of rabbit origin. We had reasonsd that immune serum contains as
much as 85 percent of aldumins and other non-antidody materials, and that
the use of a purer antibody to sensitise the FBC would increase our chances !
of obtaining a change in migration rate on the addition of antigen. As i
may be seen in Teble 17, sample peirs I and IX and also III and IV, the !
eddition of antigen produces an esasily observed drop in migration rate
of the sensitised particles. Sample V shows the migration rite of the um-
sensitised and untreated formelin fixed and tanned NBC and Semple VI shows
the effect of the purified Y-globulin on "Je migration of the unsensitised
but tanned cells; in this latter case incubation of the tanned cslls with
the Y-globulin probably produced antigen-ssnsitised cells with the migra-

|
|

tion rata shown.

S8ince v had demonstrated that anti-HGG sensitised cells gawe a
lowered migration rate vhen they were coatacted with the homologous anti-
gen, it becams important to learn how the quantity of antigen affected
this response. As may be seen in Tebls 18 anti-N0G sezsitised JIC ware
challanged with various dilutions of HIG. It was mot possible to oaleu-
late the equivalence of the resctants since w hed no informstion on the
quantity of antidody on the surfuce of the senvitised NBC. It will de
seen that the 0.1 percent solution (see Sample :2)' ccuteined sufticienmt
antigen to react with the antidody, on the cells, since the addition of a
mumnormm(mx)”mmhmunmw»
rates. 7The possidility thet “antigen excess,” a situstion which prewents
some precipitin reactions, may bde redusing the amownt of the effect by
nmnummmummmm.uorwunm-u
scedemc viewpoint.
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; AND UNSERSITIZED RBC

Subatence 'gad to Migration

Sennitige thoe Treatment of Time Rate

Seple  Twmed Sheep RBC*  _ Cenigwr  (gec.)  (w/sec/v/em)
I Anti-HX: None 3.95 4.03
II Anti-MOG Fraction II GG 10.39 1.5%
T Anti-HGG fone 5.98 4.01
Ty%e Anti-HGG Fraction II HGG 7.64 2,07
v None None 4.18 3.78
Vi None Fraction II HIG 6.02 2,63

* Difco Bacto-Formocells were tanned and reacted with the purified globulin
shom.

#% The cells were incubated with the globulin or buffer for 1 hr, at 30°C.

#4%  Samples Nos. III and IV represent an attempt to reproduce the results
obtained in the earlier crweriments I and II.

| TABLE 18
. THE EFY:JT OF DIFFERENT CONCENTRATJONS OF HUMAN

GA'™A GLOBULIN (IBG) ON THE ELECTROPHORETIC
MOBILITY OF ANTI-HGG SENSITIZED RBC'S
Conc. of Human Migration )
Jaama Glchulin added Time Rate
Sepple e (wt/volr )% (gec.) (w/gec/v/cm)
1l 1.0 5.474 2.89
e 0.1 5.615 2.82
3 n.01 4,002 3,96
4 0.001 3.558 .45
5 0.0001 3,344 4.74
# In each c2se, 0.9 ml. of the purified HGG fraction II soiutions was

mixed with 0.2 ml. of a 0.1 percent suspension of anti-fGG sensitiged
sheep RBC and incubated for 2 hr, at 37°,
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The effect of poliovirus 2 on the slectrophoretic mobility of

antipoliovirus 2 y-globulin sensitizsd red blood cells is presented in Talle

18 (p.76). Trisls 1 and 2 were conducted so that it would be possible to
avoid any antigen excess and to gain some ides about ths nubere of virus
particles which would be required to produce a measursdle change in mi-

gration rates. Use of more than 10 viable particles per RBC were not in-

vestigated since 1t was aposvent that larger multiplicities of virus'parti-

cles would not be available in the identification of 100 perticles. Lower
concentrations of virus particles were chogen partly because there may be
& number of non-viable but antigenically active particles for each viable
virus particle present. The results of the two trials seem to show that
poliovirus 2 cannot be identified in this manner.

The effect of Semliki Forest Virus on the electrophoretic mo-
bility of anti-SFV serum sensitized red blood ¢=1ls is presented in
Tacle 20, Viral multiplicities of 0.05 to 30.0 per RBC were investigated,
and the resulting slight changes in migration retes are too small and er-
ratic to form the basis of an identification based upon this procedure.

TABIE 20

EFFECT OF SEMLIKI FOREST VIRUS (SFV) ON THE ELECTROPHORETIC
~ MIGRATION OF ANTT-SFV_SERUM SENSITIZED RBC

Ireatment Given to No. of Virus Migration
Anti-SFV Serum Particles Time Rate
Sample Sensitized Sheep RBC* per RBC ‘sec.} sec/v/em
I 1.8 x 108 sFv 30.0 4.27 3,71
I1 1.8 x 107 SFV 3.0 3,90 4.06
III 1.8 x 106 sfv 0.3 5.7 &.27
Iv 1.8 x 105 SFV 0.03 4.10 .83
v 0.02 M Phosphate buffar,
PH 7.2 + 0.2 N sucrose None 3.82 - 414

* A suspension containing about 6 x 106 anti-S8FV serum sensitised tanned
sheep RBC was incubated for 1L hr, at 37°C with the quantity of virus
shown.
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Time
m Gaeitised Cellst _per R  (sec.)  (w/sec/v/em) !

priay 100 ;
. ' |
2 I-X C.02 N Phospiate btutfer Fone 4.26 3.72
X + 0.2 M sucrose ]
g ]
I-I1 Tissue culture fluid None 4.22 .75
(used Medium 199) [
.
- 10* Poltovirus-2 0.00007S 4.0 3.90
: I-v 105 Polfovirus-2 0.0075 416 3.81 L
‘IVI 107 Poliovirus-2 0.075 % 3.18 ]
Trial 2 L
1I-1 107 Poliovirus-2 2.0 5.60 4.40 [
IT-IT 10’ Poliovirus-2 10.0 5.35 .72 i
II-III  Tissue culture fluid None 3.52 ¢.50 *
(used Mrdium 199) '
IZ-IV 0,02 N Phosphate tuffer None 3.18 ¢ 9 s
ﬁ + 0.2 N sucrcse -

% Iacubstion was done at 37* for 2 hr. ]
#* Prials X and I1 were done at different tipes and ore not completely

comparedle,
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¢. Discussion: The objective of this study was to determine if
virus could be identified by measurement of their effect on the electro-
phoretic mobility of antibody sensitized RBC. Rather than limit our virus
sample size to 100 particles for these studies, we elected to use larger
quentities and to determine the approximate sensitivity of the method dy
controlling the ratio of virus particles to the sensitigzed RBC. Use of
the larger guantities permitted us to employ the particle electrophoresis
apparatus which was already on hand, rather than build a micro AC particle
electrophoresis apparatus as we had suggested earlier.

As mentioned above, the sensitization of the KBC with the non-
viral and viral antibodies posed some problems. The two primary wethods
under consideration were (1) the use of the "reversed BIB technique?/ in
which bis(diazotized benzidine) was coupled first to the RBC and then to
the antibody, and (2) the tannic acid technique.$6/ In view of the proof
that globulins were attached to the RBC during the sensitization reaction
(cf. Table 16),we used this method exclusively for the sensitization of
the cells. Recently available information about the possible dissociation
of Y-globulin suggests that several molecular species are important in the
immune reaction;“'_G_/ one might therefore presume that a whole antiserum

would be better for sensitization of cells than highly purified materials.
However, the failure of the particle electrophoresis method to identify RBC

which had been sensitized with whole antisera and the success in identifi-
cation of cells sensitized with purified antiglobulins, leads us to believe
that a further improvement in sensitized cell sensitivity might be achieved
by the use of purified antibody for the sensitization of the cells. This
view is further substantiated by the observation of M. Richter et al.,‘_s/
that unless RBC are sensitized with purified antibodies, they will not
agglutinate on the addition of homologous antigen. It is unfortunate that
time did not permit the production of the purified Semliki Forest Virus and
poliovirus 2 antibodies for use in RBC sensitization and particle electro-
phoresis studies. '

d. Conclusions: The present study has shown that it is possible
to identify some non-viral antigens gquickly by means of the particle elec-
trophoreeis method provided the RBC have besen sensitized with the  -ified

antiglobulins instead of with the whole antisera. Viruses have not yet been

identified by this method pozeibly because the sensitized RBC 044 not
possess a sufficient quantity of antidody. JFurther experimenta..on on
the ldentification of virus with RBC sensitised with purified antibodies
of virus would be of a great deal of scientific interest but would prodb-
ebly not change our present view that the particle electrophoresis
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‘Bathod using antibody coated tanned RBC for the identification of virus

is mot wery promising. On the other hand, use of antigen-coated particles
for the detaction of antibodies appears more promising than the reverse,

" snd may be vorthy of further study.

D. Hydrogen Overvoltgﬁ

1. Iatroduction

In an earlier study_lj we had suggested that it might be possible
to coat a platinum,electrode with antibody and then to determine the
change in hydrogen overvoltage which occurs when an antigen is brought
into contact with that coated electrode. This procedure, if successful,
would provide a direct electrical measure of the immune reaction and would
therefore be an important technique which might be applied to viral identi-
fication. The initial idea on the use of hydrogen overvoltage measure-
ments resulted from the observations of Juda et al.49/ that (1) 10-8
eq/liter of egg albumin produced hydrogen overvoltage measurements of
about 250 mv. greater than that of the solution without the albumin and
that (2) experiments with various substances indicated that larger mole-
cules produced the greater overvoltages. A few very preliminary experi-
ments were conducted with this approach and they are referred to briefly
in our Final Report.l/ At that time we ventured the opinion that this ap-
proach did not appear too promising due to the non-specific nature of the
electrode-~-poisoning phenomena.

More recently we have talked with Dr. David N. Kramer of tha
Edgevood Arsenal Research Laboratories, and have learned from his personal
experience with the hydrogen overvoltage procedure of several modifications
which might increase our chance for success in the detection of the immune
reaction by this technique. One of his important suggestions was that the
protein should be attached to the platinized electrode by electrodeposition
prior to the overvoltage measurements. In order to avoid the possibility
of overlooking a good method for the monitoring of the immune reaction by
electrical methods, we have reconsidered the matter and are presenting a
description of our experiments, the res:lts obtained, and a re-evaluation
of the procedure for virus identification.
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1 2. Materials and Methods

The apparatus employed for these overvoltags studies is showm -
in Pig. 7. Two electrods chambers were employed in an effort to avoid

E possible contamination of the refarence electrods. Experisnoce with the
method showed that it was necessary to pass a stream of hydrogen gas ovez
the working cathode as well aa over the reference elsctrods in order to

[ obtain stable overvoltage measurements. Although Juda et .1.,93/ used

th static and flowing systems, they did not describe the conatruction or
; operation of their equipment; we found that more reproducible Adata were
L obtained when a magnetic stirrer was used in the working elactrode chamber.

] The 1iquid medium used for these experizsnts oconsistel either of

§ 0.1 N veronal buffered saline (VBS), pH 7.5, or 0.1 N sulfuric acid, p 1.8.

The former was selected because it is excellent for obtaining the precipitin
1 reaction._s_oj The sulfuric acid was used because it is the solution previously
| employed when the high sensitivity to large molecules containing nitrogen

was observed.49

i Three platinized platinum electrodes were employed in this study. r

They were made from 18 gauge platinum wire and had en ares of approximately i
1 cm? each. They were platinized by placing them in a solution containing :
3 percent chloroplatinic acid and 0.05 psrcent lead acetate and then apply- 1
ing 1-1/2 v. of alternating polarity betwsen them until tby were lightly
coated with a gray deposit of platinum.

i

In order to scen the effect of various current densities at the
working electrode on the over-potential, the applied voltage was increased
from 0 - 3 v. over a period of 2-1/2 min. by means of a é rpm gear reduc-
tion motor which drove a 10-turn, 1,000 ohm Helipot potentiomste:.

. The differencs in potential between the reference electrode and :
the working cathode was determined with a lLeeds and Northrup Model 7401 pH 4
meter set to measure O - 1,400 mv. and to feed the Y-axis of an Blectro :
Instruments, Inc., XY-Necorder Model 320. The current from ths working
electrodes was fed through a milliammeter and either a 10,100 or 1,000 obm
shunt which was selected on the basis of current density renge desired and
the conductivities of the solutions. The milliammeter was used to cali-
brate the currents flowing to the X-axis of the recorder.

The electrodes were cleaned between experiments by washing in
0.1 N sulfuric acid followed by passage of more than 200 ma. between elesc-
trodas with frequent reversal of polarity. JFollowing this, the electrodes
were washed in distilled water. No test was developed to show that the
electrodes treated in this manner were free of protein contsmination.
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3. Experimental Results

One experiment conducted at a pH of 7.5 using veronal buffered
saline (VBS) as the solution for the working electrode, the agar bridge
end the hydrogen reference electrode, is presented in Fig. 8. Examination
of the legend will show that there are three overvoltage curves obtained
by gradually increasing the current applied to the working electrodes
and measuring the difference in potential between the reference hydrogen
electrode and the working electrode at which hydrogen is evolved. Curve
I represents a scan of the overvoltage when only VBS is present. Curve II
represents the overpotential obtained when 0.1 ml. of antihuman serum
albumin was added to the 25 ml. of VBS in the working electrode chamber.
Curve III represents the overvoltage measurement obtained when 0.1 ml.
of 1 percent human serum albumin was added to the solution used for making
Curve II. Under these conditions this system responded to neither the
presence of protein nor to the immune reaction which should have taken
place under these conditions.

The next experiment was similar to the last except that the
measurements were made using 25 ml. of 0.1 N HySO4 at a pH of 1.8. As may
be seen from Fig. 9, Curve I is the operpotential curve obtained for sul-
furic acid alone. Prior to making Curve II, 0.5 ml. of antihuman serum
albumin was added to the working electrode chamber and an effort to elec-
troplate the platinized platinum electrode with the antibody by passage
of an electric current through the solution for 5 min. was made; it was
assumed that in the acid solution the amphoteric Y-globulins would mi-
grate to the cathode and be deposited upon it; Curve II was obtained with
the "antibody plated" platinum electrode. After making this curve 0.5 ml.
of a 1 percent solution of human serum albumin (HSA) was added to the solu-
tion remaining in the working electrode chamber and the overvoltage was
then measured again, Curve III. In spite of the observed increases in
overvoltage, it is doubtful that an antigen-antibody reaction occurred
under the conditions of this experiment. Kebat et al.50/ have reported
that the precipitin reactions are known to occur in the range of pH 7.5
to 4.6 and immune complexes are known to dissociate at lower pH.51/ It
ie more likely that each of the two additions of protein to the working
electrode solutions caused an increase in the overvoltage.
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4. Gonclusions

The present stuly has confirmed the observation that hydrogen
overvoltage measurements offer a sensitive method for the detection of
-~ the presence of low concentrations of protein. Although the ultimate sen-
sitivity of the method for detection of globulins was not established, no
difficulty was encountered in detecting 0.5 mg. of protein in 25 ml. of 0.1
sulfuric acid. Hydrogen overvoltage experiments conducted at pH 7.5 were
unable to detect either the presence of protein or the antigen-antibody
reaction. We are not sure that additicnal effort to apply this method to
the detection viral antigen is justified at this time. However, it would
be very interesting to determine if there is a pH intermediate between
7.5 and 1.8 vhere the antigen-antibody reaction will occur ani where the
protein and/or antigen-antibody reaction can be detected by the hydrogen
overvoltage method.

BE. JTemunodiffusion

1. Introduction

Since the early work of Oudin52/ end Ochterlony,53/ the immuno-
diffusion techniques for evaluating antigen-antibody resctions have been
applied to an ever-increasing number of systems. Ringle and Herndon (from
Midwest Research Institute) developed a method for the imsunological analysis
of microliter and submicroliter volumes of reactants.54/ During our earlier
workSS/three antigen-antibody systems were investigated by s'ich a double
diffusion procedure., Nc precipitin bands were observed when poliovirus 2
was reacted with antiserum to poliovirus 2. With the Southern Bean Mosaic
Virus one band appeared when it was reacted with its antiserum. Also,
tvo precipitin bands were formed in double diffusion tests detween SP-10
phage of B. subtilis, and an antiserum prepared against the SP-10 rhage.

It was concluded that for same viruses no precipitin bands at all vere ob-
tained and for others the methods were at best capadble of detecting i0% or
108 virel particles. No additional work was conducted then even though ve
speculated that the use of fluorescent antidody might improve the possi-
bility of detecting small quantities of virus.

Several potential sdvantages of microimmunodiffusion tests are
worthy of mention: (1) The procedure may be done repidly (Ringle and
Herndon>d/ obtained precipitin bands in « mstter of hours). (2) This
antigen-antivody reaction may be done with pon-visble material; therefore,
disrupted and non-living materisl as well as viadble cultures cen de used
for immunologicel analysis. (3) The method offers the specificity so es~
sential to an identificstion systea.
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In our attempts to develop an in vitro phagocytic method employ-
ing sensitized WBC for the identification of virus, we encountered a number
of problems which vere insurmountable in the time remaining for their in-
vestigation (see earlier section on Phagocytosis in vitro). Following
consultation with the sponsor, we resumed our investigation of microimmmo-
diffusion and fluorescent-labeled antibody reactions with the hope that
sufficient sensitivity could be obtained to permit us to identify not 100
or fewer, but 104 or fewer viral perticles. The following sections indi-
cate the methods, experiments, and conclusions derived froms our new stud-
ies on immunodiffusion for virul identification.

2. Materisle and Methods

The antisera and antigens for these tests were those utilized end
obtained from the experiments and animels for the phagocytic studies de-
scribed earlier in the report. In some of the immunodiffusion tests these
reagents vere speclally treated or purified and this will be described
in the experimental section.

For the actual immunodiffusion tests, glass microtubes (of S mm.
or smaller diameter) were utilized for the reactions. Yor double diffusion
tests 1.0 percent Specially Purified Difco Agar was added to the capillary
tube and the antiserum and antigen added at opposite ends of the agar plug,
care being taken to be sure to prevent air bubbles between the agar and
the reagent. After addition of the serum and antigen each end of the
capillary tube vas sealed and it was mounted horirontally on a cerrier rack.
For single diffusion tests 3.0 percent Spacially Purified Difco Agar vas
liquefied, cooled to 45°C, mixed with the appropriate amount of antiserum
and the serum-ager mixture added to the capillary tubes. After ihe agar
containing the antiserum had hardened, the appropriate antigen dilution
wvas added to the tude, again being sure that no air bubbles were between
the agar and the antigen layer. The tubes were then sealed snd handled as
vere the double diffusion tests. The diffusion tests were first incudated
at 37°C, then placed at ¢°C. These periods varied depending upon the
tests. Observations wers made for precipitin band development by a number
of methods. These included macroscopic obcervations, microscopic observe-
tions, dark field techniques, "black light" observetions and fluoresceat
alcroscopy.

. Experiments

Double diffusion in sgar was tested by rescting a rabdit ehti-
serum 30 Semliki Forest Virus (SFV) and 8PV which hed deen grown in chick
esbryo tissue cultures. Undiluted antiserum wes used and it wes tested




-

against serislten-fold biral &ilutions; the highest virus concemtration
contained 106 or 107 TCIDgy. Thess teats were performed in meltirg poiat
capillury tubes with 1.6 - 1.8 mx. I.D. The 1.0 percent puritried ager
plug wes ebout 9 mm. long and was added to the tube by capillery action.
Undiluted antiserum was added on one side of the plug and the appropriate
virus dllution on the other side of ths plug. The ends of the capillary
tubes were sealed with parafilm to prevent eveporation. Incubatlior was
at 37°C for 1-1/2 days and then in the refrigerator (5°C) for two weeks.
No precipitin or reaction bands were seen in any cepililary using visal
or daxk ?ield microscopic observation.

Since no precipitin bands were found in the SFV study (cited
sbove), we elected to do our next diffusion studies with FITC-labeled
antisera known to be capuble of forming bands ln sgar. Two such series of
reactions were carried out -- the first with antirabbit globulin (goat
origin) and the second with antirabbit globulin (sheep origin). Normal
racbit serun was used as the antigen.

In capillary tube tests using double diffusion between undiluted
FITC-labled globulin (goat origin) and normal rabbit serum diluted from 1 -
10 through 1 - 1,000,000 no bands were seen by visual, microscopic, dark-
field, or black light observation after overnight incubaticn at 37°C and
three additional days at 5°C. At the sare time and with the saie reagents,
single diffusion tests were set up in capillaries. Agar contsining 1 -

50 FITC-labled antirgbbit globulin was prepared by mixiig 1 - 10 anti-
globulin with agar at shout 4E°C. This was drawn intc the tube by capil-
lary action, allowed to solidify and then overleid with diluted normal
rabbit serum as antigen. Dilutions of normal rabbit serum from 1 - 10
through 1 - 1,000,000 were used. No precipitin bands in the ag-r con-
taining the antiserum were observed; however, the interface between the
agar and liquid (normal serum dilution) became somewhat hazy yet no true
precipitin occurred. The antirsbbit glcbulin used in this test developed
a falr amount of inscluble precipitate upon standing and this may have ad-
versely influenced the test.

With a good quality of antirabbit globulin of sheep origin single
and double diffusion tests were set and definite precipitin bands were ob-
served. These tests werz made in 3 mm, (I.D.) glass tubing. The agar plugs
were made with 1 percent purified agar and were 10 - 15 mm. in length. For
the doudble diffusion tests, undiluted FITC-labeled antiglobulin was placed
on one eide of the plugs and undiluted through 1 - 1,000,000 dilutions of
fresh rabbit serum placed on the oppositq side of the agar. The tuves were
sealed, first with Vaseline, and then by melted peraffin. For single dif-
fusion tests a 15 - 16 mm. agar plug of a 1 - ¢ or 1 - 10 FITC-labeled
antirebbit giobulin was positioned in the tube and overlaid with buffered
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saline (as a control) or the diluted rabbit serum {the antigen). The re-
ections were allowed to take place at 37°C for 18 hr. and thea at 5°C.
Precipitin bands were observed in botk aingle and double diffusion tests.
The band formstion was fester in the single diffusion tests and approxi-
mately 5 hr. after the test was started, bands were cbeerved both by aif-
fuse light and with the flucrescent microscops. Undiluted, 1 - 10,

1 - 100 and 1 - 1,000 dilutions of normal rabbit sera produced bands in this
short time; however, the zcne of precipitin formation was only at the inter-
face and had not moved into the agar to any appreciable degree. When these
tesits had been incubated for 21 hr. et 37°C and then 7 hr. at 5°C, bands
had formed in the tubes containing more dilute antigea (normal rabtbit serum)
and multiple bands appeared in the tubes. Some of the bands had movad into
the agar plug containing the FITC-labeled antiglobulin. By fluorescence
microscopy the reactions were easy to resd and the band formation was
definitely visible at one ten-fold greater dilution of antigen than was vis-
ible by the ordinary methods used for observing immunodiffusion, including
ordinury diffuse light and dark field observaticn. Thus, the fluorescent °
antibody enhanced the sensitivity of these immunodiffusion tests by a
factor of 10.

In double diffusion teets using the tame resgents as t",he tests
cited in the previous paragraph, bands were observed but required.four to

five days to develop. The bands were also easier to read by the ﬂuoretoeqt

technique; however, no greater sensitivity was observed,

FITC-labeled poliovirus 1 antiserum was prepared by a modifica-
tion of the method of Spendlove_g/ and freed of unconjugated FITC by two
passages through a Sephedex G-25 column.f’__s_/ This conjugated antiserum was
utilized in single ard double diffusion studies in 1.6 - 1.8 mm. {I.D.)
capillary tubes. Undiluted FITC-labeled poliovirus 1 antiserum wa: tested
by double diffusion against 106 to 102 TCIDgy of poliovirus 1 (grown in - -
LIC-MKp cell line) and no precipitin bands were formed following overnight
37°C incubation and seven days at 5°C. These reactions were cbserved by
fluorescent techniques as well as by the usual methods for obaerving dif-
fusiocn reactions. Single diffusion tests between the FITC-labeled polio-
virus 1 sntiserum and poliovirus 1 were also negative., For the singie
diffusion studies, the sgar layer contsined a final dilution of 1 - 4 of
the FITC-labeled antiserum.

In the double diffusion tests with antirabbit globulin cited
earlier in this report, the agar zone between the antigen and antibody .
was 10 - 15 mm. long and 3 mm. in diameter and four to five days vere re-
quired for band formation. An experiment was performed to determine if
the bande would form fuster if the agar zone were shorter and of smaller
diameter. Capillary tubing of 1.6 - 1,8 mm, diameter was used and the
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_ugar plugs were only 2 mm. long. When FITC-labeled antirabbit globulin
snd normal rabbit serws were pluced on opposite sides of such 2 mm. plugs,
the precipitin bends formed much faster. Within several hours there was
suggestive evidence of band formation and by 24 hr, very good clear-cut
bands were observed by all methods of observations. However, these were
observed most easily with the fluorescent microscope. Two distinct bands
ware observed when the 1 - 1000 dilution of normal rabbit serum (the anti-
gen) vas reacted with a 1 -~ 4 dilution of FITC-labeled antirabbit globulin.
No bands were observed when the sntigen was diluted to 1 - 10,000, These
- yesults confirmed our belief that a double diffusion test with FITC-labeled
antisera in a small agar plug would become positive more quickly than in
a long plug. However, the double diffusion test appesrs to be slower with
fluworescein conjugated antiserum than a double diffusion test with non-
conjugated antiserum.. This is probably directly related to the fact that
the FITC-labeled antibody does not diffuse as fast an non-conjugated serum.

Based on che test procedure just described, sdditional fluorescent
microimmunodiffusion tests were performed using two different viral sys-
tems, namely, poliovirus 1 and Semlikl Forest Virus. Neither of these
tes%s resulted in a positive viral identification, further substantiating
our earlier work. However, details of these tests are presented in the
following paragraphs in order to demonstrate the type of reagents used
. and to illusirate some interesting corollary observations.

FITC-lubeled poliovirus 1 antibody was prepared by a modifica-
tion of the method of Spendlovey and freed of unconjugated FITC by two
pussages through a Sephadex G-25 column.s_s/ The FITC-labeled antibody was
then fractionated by two passages over a Sephadex G-200 (molecular sieve)
column. At each »f these passages only selected fractions were pooled
80 that the final FITC-labeled antibody fraction probably contained only
the 7-8 antitody component. This labeled antibody neutralized 100 TCIDgq
of poliovirus 1 when diluted 1 - 32 and tested in LLC-MK, monkey kidney
tissue cultures.

Rhodamine isothiocyanate-labeled purified poliovirus 1 was pre-
pured for use in the immunodiffusion and molecular sieve studies. This
will be described later in the report.

Double diffusion tests were performed using the two reagents Jjust
described; namely, a purified FITC-lsbeled poliovirus 1 antibody and a
vhodumine isothiocyanste-labeled purified poliovirus 1 antigen. Two dilu-
tiona of the antibody were used, 1 - 4 and 1 -« 40, and these were each
testad against five ten-fold dilutions of the purified rhodamine-labeled
virus., These dilutions contained 102 - 105 TCIDg, of poliovirus 1. Thus,
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tubes containing antigen excess or antibody excess were used in the double
diffusion tests. Capillery tubing (1.6 - 1.8 mm.) and 2 mm. plugs of
agar were used for these teste, thereby giving the optimum conditions ob-
served in the antiglobulin-globulin tests described above,

In these double diffusion tests with labeled antisera and labeled
virus no precipitin bands were observed following 2 hr. at 37°C, overnight
at 5°C and two weeks at 5°C. Observations were made macroscopically and
microscopically includirg use of the fluorescent microscope with a variety
of filters. Thus, even with reagents with two different fluorescent
labels, we still failed to obteln a positive precipitin band with polio-
virus 1 and its antiserum.

In order to check viral immunodiffusion with the Semliki Forest
Virus system using a fluorescent-labeled antiserum, rabbit antiserum was
labeled by FITC by the modification of the method of Spendlove_?/ and freed
of non-conjugated FITC by two passages over Sephadex G-25.§§/ This anti-
serum had been prepared from rabbits immunized with SFV grown in chick
embryo tissue culture containing calf serum; therefore, it contained snti-
body to the calf serum (and possibly chick embryo tissue) as well as neutral-
izing antibody to SFV.

Double diffusion reactions were set up using the FITC-labeled
antibody to SFV in tests against three different antigens; (1) SFV mouse
brain suspension, (2) SFV from chick embryo tissue cultures, and (3)
normal calf serum. The FIIC-labeled antiserum was equivelent to a1l - 5
dilution of unlabeled antiserum and was used without further dilutions in
the immunodiffusion tests. Each of the three antigens was tested in 1 -
10 through 1 - 10,000 dilutions. The reactions were carried out in the
small *.6 - 1.8 mm. capillary tubes and the agar plugs between the anti-
body and antigens were 2 mm. in length thus providing optimum conditions
based on a known precipitating system. The antigen-antibody reactions were
allowed to incubate at 37°C for 1/2 hr., observed and then placed at' 5°C.
Additional observations were made after 18 hr. at 5°C and up to two weeks
at 5°C.

In the reactions between the SFV antiserum and the SFV mouse
brain suspension no precipitin bands or zones were observed; therefore,
the results for SFV identification were negative. However, reactions were
observed between the SFV antisera and (1) normel calf serum, and (2) the
SFV from chick embryo tissue cultures. We attributed both of the positive
reactions to the calf serum antibody present in the labeled rabddit anti-
serum. In fact, the reactions suggested that the quantity of calf serum
was directly related to the dilutions used in the test. The optimum dand
formation was obtained with a 1 - 1000 dilution of normal calf serum and
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a1l - 10 dilution for the SFV chick embryo tissue antigen. Since the SFV
chick embryo tissue antigen contained 1/50th or less of calf serum, these

results appear to correlate exactly with the calf serum level. The precipi-

tin reactions with the calf serum antigen and the SFV from chick embryo
tissue cultures were positive after 1-1/2 hr. at 37°C but bands were not
distinct even after 18 hr. at 5°C; however, by the fourta day distinct
vands were observed in the higher dilutions of antigen for the two posi-
‘tive reactions. These were much easier to see by fluorescence microscopy
than by cther means of observation.

This experiment emphasizes the importance of controlling all the
antigens in an immunclogic system, since the reaction to the calf serum in
the tissue culture SFV antigen could have been interpreted as a positive
viral identification had we not tested the SFV in the form of mouse brain
extracts.

8ince all of our poliovirus and SFV tests by immunodiffusion
had been regative, we felt that it would be desirable to test an antiserum
prepared in gome other laboratory; therefore, a bivalent antiserum was ob-
tained fromithe School of Aerospace Medicine. The antiserum received wes
a rabbit serum against both poliovirus 1 and poliovirus 3, and had been
made using antigens supplied by the CDC (Communicable Disease Laboratory,
_Atlanta] Georgia).

Details of cur immunodiffusion tests with the bivalent antiserum
will not be given but the rabbit antiserum was tested against both types
1 and 2 polioviruses with completely negative results. We utilized both
FITC-lsbeled antiserum (prepared at MRI) and non-labeled serum against
a graded series of dilutions for polioviruses 1 and 2; thus we should have
gotten a positive reaction with type 1 and a negative reaction with type 2
poliovirus. However, by both double diffusion and single diffusion tests,
we failed to get precipitins or band formation. The immunodiffusion tests
were read by all our usual methods including fluorescent microscopy.

4. Conclusions

These data on immunodiffusion suggest that fluorescent-labeled
antidbody may improve the sensitivity of the procedure; however, this may
only be trus in tests in which a true precipitate is formed. Both the SFV
and poliovirus 1 studies indicate that with virus-viral antidbody reactions
the complex formsd is "soluble” or at least much less prone to form a true
precipitate than is observed in antigen-antibody reactions between bdacter-
ial antigens and antidbody or detween glodulins and their antibodies. It
is obvious that additional research is necessary to develop a highly sensi-

tive immunodiffusion test for viruses particularly at lower levels of virus.
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One possible method of reducing the solubility of "soluble"”
viral antigen-antibody reaction products in the FITC antih;dy virua iden-
tification procedure would involve the use of smmonium sulfate or nther
protein precipitants, but' this has not been studied. We had originrally
hoped that use of FITC-labeled antiserum would enable us to visualige fluo-
rescence bands of the soluble viral antigen-antibody co.ijugates in our
double diffusion tubes.

FITC-labeled antiserum appears to diffuse through agar much more
slowly than unlabeled antiserum as judged by the lccation of the fluorescent
precipitin bands. Whether the migration rates of the lebeled and unlabeled
sera would be more similar in a non-ionic gel hat 20t yat been established.
This property of slower diffusion of the FITC-bagged antidbody must be bornme
in mind when new methods of viral identification such as described in the
next section of this report are considered.

Most of the imsmunodiffusion studies reported were done using
2 mm. agar plugs in 1.6 - 1.8 mm. capillary tubes and 0.05 ml. of the
antigen and/or antibody in the individual tests. As reported by Ringle
and Herndono4/ these immunodiffusion tests can be performed in smaller
capillaries and with smaller quantities by the use of the micromanipulator,
thus increasing the sensitivity of the tests. This will be of greater value
for known precipitating systems such as tlose descrived in the next para-
graph.

We feel that extension of the immurodiffusion studies for viral
identification is not advisahle until some newer methods becomes available.
However, the application of some of tlhiese modified techniques to bacterial
(and possibly fungal) antigens and to hypersensitivity studies may prove
quite bepeficial. This is particularly true for the fluorescent antidbody-
antigen| reactions since they appear to be more sensitive, more rapid, and
easier to read. By proper design of a slit, it should be possible to use
the automatic scanning mechanism available for the Aminco-Bovman Spectro-
photofluorometer to measure these fluorescent band formations. Such a
technique offers a great potential for dacterial ildentification, diagnosis
and possidly for detection. It would also offer the other advantage of
microimmunodiffusion; namely, that it is very rapid.

The application of rhodaming-labeling to viruses has many appli-

cations and should be fully investigated as a means of tagging viruses.
This will be discussed more fully in the next section.

92l

N e s b




F. Studies of "Soluble"” Virus-Antibody Complexes

‘1. Itrodustion

As stated in the previous section, we feel that it may be
necessary to measure "soluble" antigen-antibody complexes in order to
ldentify viruses within the limitations imposed upon the project. We
know that poliovirus and poliovirus antiserum combine tc form a neutralized
complex, since we can readily test the complex in tissue cultures and prove
that the virus is tied up in the complex. Yet, we do not see a visible
precipitate in these neutralized mixtures. Also, we know that complexes-
of antibody and as little as 10 - 100 TCIDg,; can exist, since the neutral-
ized complex fails to infect appropriate tissue cultures. Similar state-
ments can be made for most virus-antibody systems. Thus, we feel that
some mechanism for detecting the virus-antibody complex must exist which
is independent of tissue culture or animal test methods. In fact, the
work of Giron, Hellman and Schmidt at Brooks Air Force Base bears strongly
on this point 2_;5_9_/ In their studies FITC-labeled poliovirus antibody
vas found to be retained on columns of DEAE Sephadex. When poliovirus
was passed through the colwmn containing the tagged antisera it was com-
Plexed and retained in the matrix of the ion-exchange column. The virus
could be released by the low pH dissociation methods applicable to
antigen-antibody complexes.

The complexes of virus and antibody (soluble ?) must be different
from (1) unbound antibody, and (2) unbound virus; otherwise they would not
be "neutralized." This diffarence can be due to a number of chemical,
physical, and biological properties. No attempt to review the literature
on antigen-antibody complexes will be included in this report; however,
we believe that antigen-antidbody complexes may have different charges and
may have different molecular size than either of the two componernts from
which the complexes are derived. If the charge or ionic status of the
complex is altered from that of the antigen (virus), then an ion-exchange
material should theoretically separate the complex from the unbound com-
ponents. The DEAE Sephadex A-25 used by Gironet al. (cited above) is an,
ion-exchange medium and thereby might accomplish the separation. Additional
studies on such media appeared desirgble. Also we felt that such studies
should be supplemented with experiments employing molecular sieves such as
Sephedex (various sieve sizes available) and| agarose materials (SGphu-ou,Eg/
Bio-Gel-A,%0/ etc.). Such materials of various pore sizes separate mole-
cules of differing molecular weight by physical means and constitute one
of the least (if not the least) damaging of the separation methods avail-
adble. Jblecular sieves are available for fractionation of substances with
molecular weights of less than 1,000 up to 150,000,000. Columns prepared
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from such molecular sieves permit the passage of the largsr molecules first,
and a proportionate delay or complete retention of smaller molecules. These
gel filtrations are functionallyrelated to the pore size of the gel bed
(generally spherical beaded agar or agarose materials).

Figure 10 illustrates the range of separations achieved by
Bio-Gel-A (one of newest molecular sieves and only recently available). It
is apparent that enzymes, globulins, and viruses could readily be separ-
ated by passage through such columns. Steeve and Ackers reported on the
use of a wide range of molecules for the calibration of agar gelsf_l/ and the
same authors reported the separation of Tobacco Mosaic Virus and Southern
Bean Mosaic Virus by agar gel filtration._s_a_/

In theory, the molecular sieves should permit the separation of
an antigen or an antibody, or both from a soluble antigen-antibody complex.
This assumes that the antigen-antibody complex has a different molecular
weight (size) from the individual antigen and antibody components. Figure
11 is a theoretical elution curve for a virus, viral antibody and virus-
antibody complex. No report of such a virus-antibody study could be found
in the literature; therefore we felt that we should attempt preliminary
studies aimed at using such methods for viral identification. Our theoret-
ical considerations were bolstered by the report of Boyns and Hardwicke 2/
These two British scientists demonstrated a similar phenomenon with soluble
antigen-antibody complexes of rabbit antibody to bovine serum albumin.

They separated and purified the complex from the other serum fractions by
means of Sephadex G-200 columns. They also demonstrated that the soluble
antigen-antibody complexes were still active when injected into animals.
In their experiment they worked under the condition of antigen excess
while in our work we are more concerned with the antibody excess situation.

Based on the above discussion and the publication of Boyns and
Hardwicke,we did some preliminary studies aimed at molecular separation
of the virus antigen-antibody complex. Since the Aminco-Bowman Spectiro-
photofluorometer was available and had such an exceedingly good sensitivity,
we utilized it to measure protein and the fluorescence dus to the fluorescent
sntibody used in our studies.

The following sections describe the materials and methods, exper-
iments, and conclusions and recommendations for the studies of "soluble"
virus-antibody complexes.
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1. Matarisls end Mpthods

The materials and methods varied corsiderably from experiment to
experimsat depending upon the goal of the study; therefore, many of the de-
tails are descrided in the experimental section which follows.

In general the prepgaration of the columns of the ibn-oxcham

and gel filtration compounds followed those given by the manufacturers.54:65/

Protein and luworescent compounds were assayed by means Of the
Aminco-Bowman Spectrophotofluorometer. £xcitation and emission wavelengths
were varied as needed. In general protein and nucleic acids were measured
at 260 sy and 260 mp. Fluorescein was assayed at 435 my and rnodamine at
365 sp. Virus titers and antidbody levelr were determined in LIC-M(p moinkey
kidney cell cultures using medium 19956/ for culture meintenance.

2. Experiments

The experiments performed during this study are all preliminary
in uature and oniy provide a base upon vhich to extend and explcre the
gchersl phenomenon of separstion cf virus-antibody complexes. Much of this

w#ork bas been of a preparative nature and some of reagents were alad used

in t'e studies on microimsunndiffusion summerized earlier in this report.

a. Preparative experisments: An FITC-labeled normal rabdit
serum var fractionated using a Sephadex G-2C0 coluam. Sephadex 3-200 (s
the agar gel for separating compounds with molecular weights of 5,000 to
800,000, By following the flucrescence emitted following ultraviolet
excitation at 260 mi, 200 wu, and 495 mu, we were able to demonstrate
fractions witn various jrotein-fluorescence ratics. These appesred to
follow the distridutiovn of the various proteins found in normal serum.
Thus, we vere able to fractionate a fluwrescein-ledbeled antidody in the
SoMs manier as hus been reported for unladeled un.ﬁ’_'_a_a/

After the sdbove proomdurs had been shown to be feasidle, a
FIIC-tagged poliovirus 1 redbit satiserum ves fractionated by passage -
through a Sephadex §-200 colum. The fractions were again eveluated dy
their fivoresceice at 260 ms, 280 mu, and at 495 au. The first two for
protein and 495 mu for the fluorescein ledel; each fraction was slso
cheched for the davelopment of e Precipitate with saturated ewmonium sul-
fate to deteruine whith frections were glodulins, eldvmin, etc. Pour
fractions vers selected ss Deing the dest sntidody (78); thwse were pooled
and reTun over snotber 3-200 Eephedex columm. Again the four best frac-
txoqm pooled and this purified FITC-tagged ipoliovirus antibody was
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tested for neutrallzing ant.body and used for immunodiffusion and
molecular sieve studies for soluble antigen-antibody conjugates. This
purified labeled antibody in a 1 - 32 dilution was capable of neutraliz-

‘ing approximately 100 ICIDgq of poliovirus 1.

b. Preperation of purified rhodamine -tagged poliovirus 1:
Brunhilde poliovirus 1 was purified by passage ihrcugh a column of DEAE
Sephadex A-25 by the method of Giron and Hellman.S7/ Our results paralleled
‘hose of Giron. A virus pcol was prepared from the three fractions having
the highest virus titer and low protein content. Approximately 99 percent
of the virus was recovered in this pool. It contained a higher ratio of
260 - 260 mu fluorescence than subsequent less pure fractions coming off
the Sephadex A-25 column. Therefore, the ratio of RNA to protein was
higher than for non-purified virus. This was expected on the basis of the
work of Schwerdt and Schafferfg/ for purified poliovirus.

The purified poliovirus 1 was labeled with rhodamine-g-
isothiocyanate (Mann Research Laboratories) following basically the same
modified procedure of Spcndlovag/ that we had used for FIIC-tagging of
antibody. The rhodamine isothiocyanate was suspended in 0.01 M pbosphate
buffer, pH 7.1 and added to the purified poliovirus. (Final concentration =
1 ng. rhodamine/ml. The pH was adjusted to 9.1 with 0.04 N NaOH and the
mixture allowed to stand 0.5 hr. at room temperature. It was immediately
fractiorated by passage over a colurn of Sephadex G-25. The unbound rhod-
anine remained on the column. Ko visual rhodamine was apparent in the firct
10 frections, but by black light rhodamine fluorescence was detected ir
a1l 10 fractions. In fractions 1l and 12 gross amounts of rhodamine were
apparent even by observations under ordinsry light. Assay of the fractions
for fluorescence was performed by excitation at 365 mu. The protein,nucleic
acid and rhodamine curves were proportionste for the first three fractions
and the lavels of each gredually increased. However, from the fifth
through tha tenth fracticns the protein increased much fester than 4id the
rhodamine level. This e interpreted as indicative of less pure virus, and

i borne out when viral asseys in tissue culture were carried out. A pool

the first four fractions contained 60 percent of the virus treated with
wolamine . The pool of fractions five to eight contaimed only 23 percent
of the virus. Thus, we believe that the virus in the pool of freactions

.one to four was viable and labeled wi’) rhodamine.

This pool of rhodimine-labeled poliovirus 1 was subsequently used
in several lmsunodiffusior studies. Although it has not been used as such,

it should be a good fluorescent reagent for gel filtration studies of virus-
antibody mixtures.
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¢. Column tests of virus-antibody mixtures: Sephadex G-200
was used to study the elution patiern of two mixtures: (1) Poliovirus l
and FITC-labeled poliovirus antiserum, and (2) Poliovirus 1 and FITC-
labeled norzal rabbit serum. The mixtures had been prepared the day be-
fore ai. allowed to react overnight at 5°C. This was done in order to
bring about the maximal neutralization of the poliovirus in mixture (1).
Poltovirus (105 - 104 TCIDgy) was used in each mixture. Fluorescence was
measured for 14 sequential fractions coming off the column following ap-
plication of esch mixture. Figures 12a and 12b are graphs of the assay
results. The graph in Fig. 12a plots the relative fluorescence for the
sarples at the various wavelengths listed on the right- and lefthand
ordinates. Figure 12b plots the ratios of the 280 my to 260 my fiuo-
rescence for the various samples. The higher the ratio the more protein
to nuclaic acid is in the sample. Three differences were noted between
the fractions coming from the two mixtures. Fluorescence of mixture (1)
attributable to the FITC on the poliovirus antiserum followed a flatter
curve than the fluorescence from mixture (2) attributable to FITC cn the
normal serum. The protein curve (280 mu) was much different in the frac-
tions from mixture (1) than from mixture (2). Much less protein was eluted
in any one fraction of mixture (1) than in mixture (2) and the mixture of
poliovirus and antiserum did not have a sharp peak of protein release. BRy
far the most noticeable difference between the two mixtures was the com-
parison of the 280 mu to 260 mu filuorescence in the fractions collected
from the two mixtures. A very striking increase in the ratio of 280 mu
to 260 mp fluorescence occurred in the poliovirus-poliovirus antiserum
mixture. 7he increased 280 mu to 260 mu ratio possidbly indicates greater
protein tn virus ratio in these fractions.

Since the work of Giron et al., cited earlier, indicates that
FITC-laceled sera do not move to any extent when placed on a column of
DEARE Sephadex A-25, we decided to see if poliovirus neutralized by a polio-
virug antisera might move through such a column and thus be separated from
the unbound FITC-lebeled serum. To test this hypothesis, we prepared
mixtures of (1) poliovirus 1 (106 TCIDgy) and poliovirus entiserum (FITC~
labeled), and (2) spent tissue culture medium and poliovirus antiserum
(PITC-1abeled). These two mixtures were incubated 1 hr. in a waterbath at
37°C to permit virus neutralization. They were then fractionated on a
DEAE-Sephadex A-25 column and the fractions assayed on the Aminco-Bowman
with 280, 260, and 495 my excitation. Again, differences were cbserved
in the curves for the two mixtures, but we are not sure how to interpret

the results. Figures 13a, 13b, and 13¢ are plots of the relative intensity

in the various fractions. Some protein came off the column quicker in the
spent tissue culture-antibody mixture than in the virus-antibody mixture.
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Also, vhen the poliovirus-poliovirus antibody mixture was fractionated,
there was an extra small peak of fluorescence due to FITC that moved off
the column after the main fluorescein peak. This peak did not occur with
the nxt);ure of spent tissue culture medium and poliovirus antiserum (FITC-
labaled). '

It should be pointed out that the elution of the FITC-labeled
poliovirus antibody from DEAE Sephadex A-25 in this experiment is in con-
trast to that of Giron®'/ in which his tagged antiserum held its position
on DEAE Sephadex A-25. This difference may have been due to the methods of
column preparation, the buffers used, the incubation of the mixtures of
antidody, or other factors.

Sepharose 4B is an agarose gel filtration medium which is used
for fractionation of substances with molecular weights of 300,000 to
2,000,000. Columns of Sepharose B were used to fractionate two mixtures:
(1) purified poliovirus 1 (not labeled) mixed with purified FITC-labeled
poliovirus 1 antiserum, and (2) M/15 phosphate buffer mixed with purified
FITC-1labeled. poliovirus 1 antiserum. The two purified materials, polio-
virus 1 and the purified FITC-labeled poliovirus antiserum, were those
described previously in this section. The mixtures were prepared and in-
cubated in a 37°C waterbath for 1 hr. (for neutralization to occur) before
they were added to the column. Approximately 106:5 TCIDzy of poliovirus 1
were used in each mixture. Fractions were collected from each mixture
and assayed (as described before) for protein and fluorescence due to the
FITC. It had been hoped that the mixture of poliovirus and policvirus
antibody would move off the column at a different rate than the mixture
of FITC-polio antibody and buffer. Within the limits of assay the protein
and fluorescence in both mixtures followed similar elution patterns;
therefore the data did not permit us to distinguish or measure the "soluble"
virus-antibody complex. The possibility must be considered that agarose
columns may be capable of breaking up the virus-antibody complex. If such
separation did occur we should have seen a change in our protein elution
patterns but we did not.

The purified sgar used in our immunodiffusion studies behaves
both as a molecular sieve and as an ion exchange substance. Since during
ion exchange an ion replacement takes place, we felt it would be desirable
to try immunodiffusion with a non-ionic exchange material. We performed
two very preliminary experiments attempting to use the non-ionic Sepharose
4B as the medium for immunodiffusion in capillary tubes and for viral iden-
tification reactions. Due to the beaded nature of the material, Sepharose
4B was difficult to use in the capillary tubeg normally employed for micro-
immunodiffusion. One attempt to react FITC-labeled poliovirus 1 antiserum
with poliovirus 1 failed to work. However, in 3 mm. glass columns,
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Sepharose 4B gave a suggestion that it might be used. We applied a l 4 4
dilution of FITC-labeled antirabbit globulin to the Sepharose 4B and im-
mediately followed this with diluted normal rabbit serum. As soon as the
rabbit serum had been added to the column of Sepharose the ends of the tube
were sealed with paraffin and the column observed for fluorescence using
the "black light." Within 15 min. an area of precipitation (band ?7) formed
at the top of the column. This precipitation became more pronounced by

2 hr. The precipitate was poorly visible by ordinary light but readily
seen with the "black light" and with the ultraviolet microscope. This
latter study with a known precipitating system suggested to us that micro-
columns of Sepharose or other gel filtration medium might be valuable

once we know how to measure or separate the soluble virus-antibody com-
Plexes.

3. Conclusions

Although these experiments on "soluble" virus-antibody complexes
were all of a preliminary nature, the data were sufficiently encouraging
to suggest that these methods merit considerably more investigation. The
different patterns of elution of protein and of fluorescence antibody in
the studies with DEAE Sephadex A-25 and Sephadex G-200 are not completely
understood but a soluble complex may have been demonstrated, particularly
in those fractions in which the protein to nucleic acid ratios were high.

The use of fluorescent-labeled antibody and its altered diffusion
rate may have complicated the studies, yet it provided a good tool with
which to study the complexes. The FITC-labeled antibody was active in
standard neutralization tests; therefore, such tests should be more regu-
larly used in future investigations.

Our preliminary attempt at rhodamine labeling of poliovirus was
very encouraging. Wwe believe that such virus may be easily made and that
by minor procedural changes, high concentrations of purified-labeled virus
can be obtained. Such labeled virus will permit a fluorescent label to
be used on each of tha components of the soluble complexss. This will
permit better evaluation of the relative positions and concentration of
both virus and antibody in the various fractions derived from gel filtra-
tion studies. The tissue culture infectivity of the rhodamine-tagged virus
will permit us vo test fractions for both fluorescence and visble virus.
Tissue culture tests will be necessary to prove that the virus-antibody
complex has been broken or is still intact.

We believe that the rhodamine label (and possibly other fluo-
rescent labels) may be added to an unknown sample and this labeled sample,
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then used for viral identification by such methods as used by Schmidt and
Giron.70/ The latter utilized a radioactive label to follow the retention
of poliovirus on FITC-labeled poliovirus antiserum positioned on DEAE
Sephadex A-25. Fluorescent-tagged virus should have several advantages
over radioactive virus for gel filtration studies.

Puture "soluble" virus-antibody studies must include investiga-
tions of complexes made in antigen excess and in antibody excess in order
to define the parameters of the column fractionations. In such studies we
feel that it is imperative to use tissue cultures for neutralization tests

- and virus titers both before and after the column experiments.

The effect of complement on the gel filtration of "soluble" com-
plexes is an unknown and should be evaluated. The use of complement might
permit an indirect assay procedure to be developed. The indirect assay
of the complexes by means of labeled-antiglobulin sera should also be
investigated.

These gel filtration studies lend themselves to the use of radio-
active labels on either one or both virus and antibody, and radioactive
tags might be worth investigating. As previously mentioned, we believe
the fluorescunt-tagged reagents are easier to use (and possibly get);
however, radiocactive tagging provides a highly sensitive tool.

These "soluble" complex studies are extremely encouraging. By
the application of the correct molecular sieve, labels, and methods of
assay, it may be possible to adapt such methods to extremely small amounts
of virus and antibody. We believe that the utilization of more highly
purified antisera and possibly labeled and/or purified virus may provide
us a system for viral identification that can then be developed for use
with routine samples. This ig particularly true if a preparative pro-
cedure on the viral sample such as the DEAE-25 column method (as developed
at Brooks Air Force Base) can be applied before the antibody reaction is
attempted.

In addition to viral identification by soluble complex assays,
we believe the above techniques and principles will have great potential
for other systems such: as for bacterial and fungal identification and
hypersensitivity studies.
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III. GENERAL CONCLUSIONS AMD RECOMMENDATIONS

In the experimental section of this report we have discussed
briefly our findings concerning the applicability of each of the six
identification methods for the identification of either 100 or 10,000 virus
particles in 6 hr. In this section we are attempting to relate each of
these experimental approaches to the project objectives and to each other.

With the phagocytosis in vitro method we were able, on several
occasions, to achieve positive identification of 250 - 1,000 TCIDgq of
poliovirus (both types 1 and 2) and Semliki Porest Virus in less than 6 hr.
Although these identifications were performed and confirmed by different
operators, extreme difficulty was encountered in repeating the preperation
of the sensitized WBC which possessed the high sensitivity to virsl anti-
gens and which responded in the identification tests. In spite of our
failures, we are of the opinion that basically this approach o virus
ilentification can be made to work if someone will study it for a period
of two or three years. Although we could not assign a high priority to
support of this approach, we do believe that it can become sn effective
virus identification method for as littls as 250 virus particles.

Our experience with the phospholipid bilayer membrane msthtod for
the identification of virus showed us clearly that the preparation of
sensitive membranes is an art instesd of s scieucs. As J. del Casti
pointed out in his paper nct all of the ox-brain phospholipd extracts pro-
duce films which show the impedance changes necessary for the recognition
of antigen by antibody. As he explains it, the varistion is in the indi-
vidual ox brain employed in making the extracts rether than in the tech-
nique for processing the phospholipid. These findings plis our experi-
mental studies add up to the conclusion that no one knows what makes &
phospholipid membrane reactive or inactive. Here again basic ressarch
vill be needed to oxplain the diochemistry of “"reactive” ox brains and
to reduce this aprroach to a well defined and reliadle system. We feel
that the potential applicebility of such a system is sdequate to Justify
continuad studies of this approsch.

The particle electrophoresis method for the idenmtificeticn of
virus vas tried with Semliki Porest Virus antiserum-costed red dlood cells
and with poliovirus £ antiserum-coated red blood cells. BResults of these
studies were negative aven though both high and low concentrations of virus
were used to challenge the antiserum-:i:¢%zd RBC. The failure of the method
cannot be Dlased on the sbsence of antidodias on the particles as their
presence vas demonstrated in egglutination tests. The studies with
ant ihuman-Y-globulin- (redbit serum) coated red dlood cells showed that
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challenge with human serum gave sufficicnt reduction (50 - 60 percent)

of the slactrophoretic migration ret« of the rensitized cells to permit the
ldentification of the presence of the humar Y-globulin. In coneclusion,
our expsriments with the use of particle electrophoresis for the identifi-
cation of virus were unsuccessful. We are not recommending sdditional
studies along this line since it is unlikely that the use of highly puri-
fied 78 antibody in place of the smmonium sulfate precipitated antipolio-
virus 2 antiserum would give encugh of a boost in sersitivity %o make the
method successful. On the other hand, the method may be useful for the
detection of bacterial or other non-viral antigens; in addition, we have
reason to believe that antigen.costed red L1ood cells (possidbly viral or
non-viral antigens) would be usaful by particle electrophoresis for the
datection of antibodies. .

HRydrogein overvoltage messurements were made to detcrmi.e the
ability of antiserum plated on the working cathode to detect the preseuce
of antigens. Our results confirmed the observation that 2-all quartitles
of protein in solution are readily detected by this methou wt pH of 1.8
however, at or near neutrsl pH we were unable to detect =ither the presence
of protein or the antigen-antibody reactlion. PFurther studies on this ap-
proach for virus identification are not recomsended.

The immunodiffusion studies were aimel at finding a method ic
make them moie sensitive and to ensble the viz.alization of the zons of
viral antigen-antidody resction when such a conjugete is "roluble.” Bx-
periments with polioviruses 1 and 2 showed that th- double diffusion method

oo precipitin band was obtained when it wvas allowed %o incudate with ite

antidedy. The use of fluorescent entipcliovirus 1 and fluore:cent anti-

‘poliovirus 2 reacted with poliovirus 1 or 2 show *hai there is no fluc-

rescence bend formed tc indicate the location of the conl.geirs. Alsc,

oo band formation was observed in the Semliki Porest Virus sysiem. There
is, however, awple proof that the fluorescent antitody is adlc to neutral-
fize the virus. An important observation in this study wasz that the tagged
antiserum diffused much more slowly through sgsr than the unlsbeled anti-
serum. Another vasthat vith a precipitating antigen-antibody systea it is
possibla to detect the zone of reactance more quickly and et a tenfcld
greater dilution when the fluorescent-labeled antibody is used in plsce of
the unlabeled antibody and the irmunodiffusicn tudbes are examined with the
&id of the fluoresciunt microscope. The higher sensitivity was cbserved

in singie diffusion tests. We are not nov recomending sdditionsl studies

~ of the immunodiffusion procedure for virus identification but we do velisve

that the method holde great promise in the identification of bactecial or
other non-viral antigens. Also the msthod should provide additional censi-
tivity for antibdody assays.
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Studies on the identification of virus through the separation
and detection of the soluble virus-antibody conjugates are stil)l of a very
preliminary nature and it is too soon to conclude what the ultimate ap-
plication of these procedures to this problem will be. However, we have
been highly encouraged with our experiments on the fluorescence ladbeling
of virus and the retention of the immunological pioperties and visbility
of the labeled virus,

Studies on the use of molecular sieves (Sephadex G-200 and
Bio-Gel-A) and an ion-exchange resin (DEAE Sephadex A-25) have shown that
these materials are useful for the fractionation or purification of anti-
sera, fluorescent-labeled antis~ra, virus preparaticns, and we believe
also, soluble virus-antibody conjugates. In our studies we have observed
the protein and nucleic-acid fluorescence peaks of the various separated
fractions and also the fluorescence of the labels as measures of the
separations achieved. In our cpinion, studies on the developwent of
methods for the separation and identification of soluble virus-antibody
coniugstes through the use of fluorescent tags on either the antibody or
the virus or both, combined with the use of ion-exchange resins end molec-
lar sleves, is a most promising approach to virus identification and we
are now Tecommending thet a concerted effori be made to continue the pro-
liminary studies which are reported nerz. The recoramended studies should
inciude the attachment of a nu-ber of Jifferent fluorescence labels to
different viruses for use in the identification process, quantitative
studies to determine the minimum-jiedelsd virus which can be detected by
their fluorescence snd studies to optimize the lebelirg, separation, and
identification proceduras. wWe anticipete that thess fluorescence label-
ing and gel filtretion techniques will find wide application in studies
of non-viral antigens (bacterisl, fungsl, etc.) ar'lludies and sensitiza-
tion resctions.

Qur denmcnstration that the fluorescent labels are quickly and
easily attached to virus suggeats tha® perhaps fluorescent-labeled virus
could be used in place of the isotopically ladeled virus in the rapid
identification procedure of Schaldt and Giron'0/ esploying immobilized
antivodies. We believe that this substitution would result i a simpli-
fication of the identification procedure and the elimination of the
necessity for handling rediocsctive materiais.
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T"_"-‘-'-W""Shc unique methods for the rapid identification of virus have been devised
and investigated to determine their potential suitability for use in the fabrication
of a new virus identification system. In the phagocytosis in vitro studies we pre-
pared immune WBC and observed th2ir response when challenged with virus. Impedance
measurements on phospholipid bilayer membranes in buffer solutions have been used to
detect the immune reaction. The effects of virus challenge on the electrophoretic
migration rate of antibody coated plastic particles and tanned sheep red blood cells
have been measured. Hydrogen overvoltage measurements have been performed on solu-
tions containing antibody and antigen-antibody complexes. Fluorescent tagged antibody:
has been employed in the single and double immunodiffusion techniques in an effort to
visualize the "soluble" virus-antibody conjugates. Virus hes been tagged with rhod-
amine to permit its use with immohilized antibody for a viral identification process.
Molecular sieves and ion exchange resins have been employed in studies for the separ-
ation and detection of "soluble" virus-antibody complexes. N\From these studies we have
concluded that the in vitro phagocytosis approach is likaly\to lead to a very sensi-
tive virus identification system if methods for obtaining uniformly sensitive WBC can
be developed. The phospholipid bilayer membrane approach also suffers from the dif-
ficulty of being difficult to control or reproduce. PFundamental research on both of
these approaches is recommended although immediate success is not anticipated. The
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use of fluorescent antibodies in combination with the immunodiffusion
process is not expected to be valuable for the identification of virus;
however, this approach for the detection of insoluble antigen-antibody
conjugates is expected to yleld at least a tenfold increase in sensitivity
over the usual immunodiffusion methods. Our results with the “soluble"
virus-antibody complexes are of a preliminary nature but they are most
encouraging. We are recommending that a high priority be given to an ex-
tension of these studies and that the new studies include specifically:

1. The labeling of viruses with a multiplicity of fluorescent tags. 2.
The use of molecular sieves for the separation of "soluble" virus-antibody
complexes. 3. Quantitative estimates of the minimum level of virus which
can be identified by the combined use of fluorescent-tagged virus and/or
antibody and gel filtration techniques. In addition, studies should be
conducted to determine the suitability of fluorescent tagging of virus to
replace isotopically-tagged virus in the identification system based on
the use of immobilized antibodies.
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