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SUMMARY

During this:fina$ year of support~~T s : !a r c hpr ect on the mechanism
of action of antigens, very significo~ progress on several fronts hus been made. The
resu lts have met our expectations of this project and have clearly defined the s gnificont
questions for fin?l resolutioti~by1’uture researc h in this area .

L_ . - -_ _
~ A major odvance~~os been the quantitotion of lgG and 1gM immunog lobulins
present in the plasma membranes of thymic lymphocytes which have been considered
unti l now to lack membrane mmunoglobulin. The import of this flnding is that the
evidence for thymic lymphocytes as antigen—react ive ce lls s consistent with the pos-
tulate of immunoglobulin as cell receptor for antigen.) Evidence for surface immuno—
globulin on thymic lymphocytes was lacking becayse’oI a) the failure of surface iodination
to label more than a small fraction of thymic ‘ymphocyte immunoglobulin and b) the
marked ly greater efficien -oL-4od+t lion of periphera l lymphocytes compared to thymic
lymphocytes. ymic lymphocyte membranes are not as efficientl y labelled as membranes
from spler,ic lymahocytas and more specifica lly, lgG immunog lobu tin in thymic lymphocytes is

~~~ e~~- t 4 ~~.q~1-q~- ‘~~~~~~~~~-~~4 .4d-t L 
_ _ _ _  

. .not laoeitea at oil .~ we- ricive co 4t~cJe~~rhot !g G immunoglobulins are buried within the
matrix of the plasma membrane and not accessible to external labelling reagents . Ale .‘ ~~~~

urtng the post year we h ec~1ecttvel y extracte d I ymic ymphocyte glyco—
proteins using the lithium diiodosalicylate method. ~Th s  method of extraction has been
shown to be highly efficient for glycoproteins in pa licular and recent results hove
demonstrated that thymus specific antigen is eni~i~cF~ed in these extracts . The extracted
glycoproteins have beers characterized and the method has been established as an
efficient reproducible technique for the isolation and characterization of the rat
J ymphocyfe~ontigens which ore clearl y associated with genetic ~ ntrol of immune re— V
sponsiveness .

~~rhe delineation of differences between high responder and low responder lym—
photocytes is now being studied by in vitro biosynthesis of !ymphocyte membrane components

- using incorporation of radioactive amino acids. kW~T~ave found in th~~~iT~~~~~ëytes 
V

that two proteins of approximately 30,000 and 15,000 daltons raPidly incorporate amino
acids and have a half—life of approximately 6 hours. These proteins ore being identified

• by immunoçhemical methods already developed in the laboratory. The rates of synthesis
and degradation of the thymocyte membrane lgG immunoglobulin ore also being compared
in high and low responder strains to define metabolic differences which correlate with
in vivo immunological responsiveness. Whether or not these buried immunoglobulins
function as ant igen receptors requires labelling of this mmunoglobulin to a very hgh
specific activ ity with radioactive amiro acids . Final resolution of this question will rest
on future work based on this fundamental work supported by the Research and Development
Command.
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FOREWORD

In conducting the research described herein, the investigators adhered to the
“Guide for Laboratory Facilities ~nd Care as promulgated by the Committee in the
Guide for Laboratory Animal Resources, National Academy of Sciences— National
Research Council.
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Geneticall y regulated d if fer ces in lymphocyte membranes
Since the previous studies on the structure of lymphocyte membranes hove shown

- so far that there ore major differences between fhymus and spleen lymphocyte membranes
but no strain or sex variations which can be correlated with the responder status, we have
postulated that there are genetic differences in the rates of synthesis and degradation
of the antigen receptors between high and low responder strains. For the last six months
we have established methodology for the determination of rates of synthesis and degradation
of membranes proteins in thymic and sp lenic lymphocytes . These in vitro methods have been
tested wit h mitogen—stimu loted thymic lymphocytes and we hove determined the optimal
conditions for cultivation arid preliminary results for two proteins.

Within one hour thymic lymphocytes incorporate radioactive amino acid precursors
into two proteins of molecular weights of approximately 30,000 and 15,000 daltons. These

~roteins con be labelled with various radioactive amino acids including 3H aspartic acid
H—leucine and 3H—serine. We have determined that the half—life of disappearance of

these proteins from thymic Iymphocytes~ is approximately 6 hours. This is consistent with the
• ha lf—l ife of histocompatibility antigens in mouse and man as well as of rapidly synthesized

and secrete d immunoglobulins. The current studies have established the methods for com-
parison between high and low responder lymphocytes from thymus, sp leen and peripheral
lymph nodes. These in vitro methods developed during this final year of support have
provided two vantage points for the extension of our previous work to the ultimate
definition of the structura l basis of the immunological differences between high and low
responders . First , deve lopment of in vitro methods for study of turnover of specific mem-
brane proteins has provided a technique for the measurement of metabolic differences be—

• tweeri membrane proteins in high and low responder lymphoid cells. Secondly, the radio-
active labelling of membrane proteins to a very high specifi c activity hc~ provided a means
for the ultimate isolation and characterization of antigen receptors, for it will be possible
by tracer methods to fractionate minute quantities in sufficient yield to analyze them by
polyacryfamide gel electrophores s and immunochem cal means.

The in vitro incorporation studies initiated during this past year wflt also enable
systemat ic investigation of histocompotibitity antigens of the rat which are associated with
immunological responsiveness. The specific antisera available against the various h sto—
compat ibility antigens of high and low responder strains, are being used to characterize
these di fferent histocompatibility antigens by a variety of techniques already deve loped
in the laboratory. Previous studies with solubilized erythrocyte membranes have given
var iable results . Our current approach is to extract glycoproteins from the lymphocyte
surface using the lithium diiodosalicylate which extracts from 4—6% of all the membrane
proteins but selectivel y extracts 40—60% of lymphocyte carbohydrates. Since all lympho-
cyte membrane g!ycoprot&ns are extracted in proportion ~ their concentration in the
isolated membranes, this method has been adapted to the isolation and characterization
of rat lymphocyte membrane glycoproteins.

Comparison of thymic arid splenic leukocyte membranes
Previous results hod ~hown that she major difference between thymic and splenic

lymphocyte membranes was the difference in membrane glycoproteins. Specifica lly the
thymus glycoprotein of 27,000—28,000 daltons was identified not only in isolated membranes
but has been extracted in good yield by lithium diiodosalicylot. (LIS). The results are tF~ t LIS
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extracts consist of highly enriched membrane glycoproteins, and the polyacrylamide
gel etectrophoretic patterns of LIS extracted proteins hove shown not only oil membrane
g)ycoproteins in approximately the some proportions as in isolated membrane, but also
the major thymus specific glycoprotein. When tested against specific antithymocyte
antisera, antigenic activity is enriched severa l fold in the LIS extract. We have
demonstrated previously that the precipitate obtained from incubation of detergent—
solubilized membrares with antithymocyte antisera contained two proteins of approximately
33,000 and 27,000 daltons. From these data we earlier concluded that ontithymocyte
antise ra identified at least 2 diffe rent thymocyte membrane proteins. Recent experiments
with immunoprecip itotion of LIS extracted glycoproteins shows these two membrane
proteins as well.

• - The differences between thymic and splenic lymphocyte membranes has also been
studied usi ng speci fic antisera for immunoglobulin chains. lmmunof luorescence studies
wit h antiserum specific for heavy chains of lgG immunoglobulin have been carried out
under a variety of conditions in order to detect low levels of surface . lgG immunog lobulins.
These studies have fai led to detect any external membrane lgG immunog lobulin and these
resu lts with thymocytes are consistent wit h our previous results indicating that this
immunoglobulin comprises about 1% of the membrane protei.n but is largely buried within
the mat~ix or on the interior surface of the membrane .

Turnover of membrane proteins, antigens and receptors
A major part of the research activity duri ng the last several months has been the

deve lopment of methodology for the study of biosynthesis of membrane immunoglobulins,
antigens and antigen receptors . A system has been developed using radiooctive aspartic
acid, leucine or serine for purposes of studying rates of incorporation and degradation
of surface proteins. We have found that radioactive serine is rapidly incorporated into

• proteins to give relatively high specific activity in a short incubation p~riod and this
amino acid is not reuti Uzed rapidly by lymphoid cells. Using i08 to 10 thymic or splenic
lymphocytes in basal medium Eagle ’s tissue culture medium incubated over a period of
1 to 16 hours, we hove been able to identify two rapidly synthes ized proteins of approximately
30,000 and 15,000 daltons. These two proteins have been analyzed by polyacrylamide
gel electrophoresis and their rates of synthesis and degradation are being studied. The
Vrate of disappearance from thymic lymphocytes is in approximately six hours, a finding
consistent with the turnover rates of H—2 histocompatibility antigens of the mouse and
HL—A antigens in man. During this post year we hove also obtained the specific anti—
sera against light chain, gamma chain, chain of rot immunoglobulins, as well as anti-
sera against whole immunoglobulins including lgG, 1gM, IgA, and gE. This study has
been initiated to study the rates of synthesis of each one of these immunoglobulins by
thymic as wel l as splenic lymphocytes in high and low responder animals, and the method
of detection has been already developed. T his detection technique depends upon adid
urea extraction, and concentration of cytop lasmk, nuc lear and secreted proteins for

V analysis by polyacrylamid. gel electropheresis and two dimensional eI.ctrophores s
of the proteins into antibody—containing ogoroce. For solubflized membrane proteins,

F •his analysis required a modification of the two—dimensional mmuno—electrophoresis
method of Lourell, arid this has already been developed in our laboratory according to
the method of Convers, and Pap.rmost.r.

~
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• Thus, the progress in this research program has evolved from the recognition
that there are virtually no compositional, enzymatic, or structural differences be—
tweers high and low responder lymphocyte membranes, but there are major differences
between thymus and peripheral lymphoid cells. From these earlier investigations,
it appears that mechanism of action of antigen involves metabolic differences between
high and low responder lymphoid cells, particularly metabolic differences affecting

• membrane mmunoglobulin and receptors .
Therefore, the approach to the mechanism of action of antigen has evolved

into the study of turnover of lymphocyte membrane proteins using techniques of in
vitro radioactive amino acid incorporation, two dimensional immunoelectrophoresis
of membrane proteins, autoradiography and liquid scinti llation spectrometry. A
major phase of structura l biochemical studies of lymphocyte membrane proteins has been
oancluded, therefore, and we have entered the final phase in the study of the mec hanism
of octiot of antigens in regulat ing the immune response at the cellular level .
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