
C O L D SPRING H A R B O R SYMPOSIA 
O N QUANTITATIVE B IOLOGY 

V O L U M E X L I - P A R T 2 





COLD SPRING H A R B O R SYMPOSIA 
ON QUANTITATIVE B IOLOGY 

V O L U M E X L I 

Orig ins of Lymphocyte Divers i ty 

C O L D SPRING H A R B O R L A B O R A T O R Y 

1977 



C O L D S P R I N G H A R B O R S Y M P O S I A O N Q U A N T I T A T I V E B I O L O G Y 

V O L U M E X L I 

© 1977 by The Cold Spr ing Harbor Laboratory 

Internat ional S tandard Book N u m b e r 0 -87969-040-2 (clothbound) 

L i b ra r y of Congress Cata log C a r d Number 34-8174 

P r i n t e d i n t h e U n i t e d S t a t e s o f A m e r i c a 

A l l r i g h t s r e s e r u e d 

C O L D S P R I N G H A R B O R S Y M P O S I A O N Q U A N T I T A T I V E B I O L O G Y 

F o u n d e d i n 1 9 3 3 by 

R E G I N A L D G . H A R R I S 

D i r e c t o r of the B i o l o g i c a l L a b o r a t o r y 1 9 2 4 to 1 9 3 6 

P r e v i o u s Symfwsia V o l u m e s 

I (1933) Surface Phenomena 
II (1934) Aspects of Growth 
III (1935) Photochemical Reactions 
IV (1936) Excitation Phenomena 
V (1937) Internal Secretions 
VI (1938) Protein Chemistry 
VII (1939) Biological Oxidations 
VIII (1940) Permeability and the Nature of Cell Membranes 
IX (1941) Genes and Chromosomes: Structure and Organization 
X (1942) The Relation of Hormones to Development 
XI (1946) Heredity and Variation in Microorganisms 
XII (1947) Nucleic Acids and Nucleoproteins 
XIII (1948) Biological Applications of Tracer Elements 
XIV (1949) Amino Acids and Proteins 
X V (1950) Origin and Evolution of Man 
XVI (1951) Genes and Mutations 
XVII (1952) The Neuron 
XVIII (1953) Viruses 
XIX (1954) The Mammalian Fetus: Physiological Aspects of De­

velopment 
X X (1955) Population Genetics: The Nature and Causes of Genetic 

Variability in Population 

XXI (1956) Genetic Mechanisms: Structure and Function 
XXII (1957) Population Studies: Animal Ecology and Demography 
XXIII (1958) Exchange of Genetic Material: Mechanism and Con-

sequences 
XXIV (1959) Genetics and Twentieth Century Darwinism 
X X V (1960) Biological Clocks 
XXVI (1961) Cellular Regulatory Mechanisms 
XXVII (1962) Basic Mechanisms in Animal Virus Biology 
XXVIII (1963) Synthesis and Structure of Macromolecules 
XXIX (1964) Human Genetics 
X X X (1965) Sensory Receptors 
XXXI (1966) The Genetic Code 
XXXII (1967) Antibodies 
XXXIII (1968) Replication of D N A in Microorganisms 
XXXIV (1969) The Mechanism of Protein Synthesis 
X X X V (1970) Transcription of Genetic Material 
X X X V I (1971) Structure and Function of Proteins at the Three-

dimensional Level 
XXXVII (1972) The Mechanism of Muscle Contraction 
XXXVIII (1973) Chromosome Structure and Function 
XXXIX (1974) Tumor Viruses 
X L (1975) The Synapse 

The Sympos ium Vo lumes are publ ished by the Co ld Spr ing Harbor Laboratory, Co ld Spr ing Harbor , New York 11724, and 
may be purchased direct ly from the Laboratory or through booksellers. Pr ice of Vo lume X L I —2-part set $60.00 (inc. 
postage). M a y be purchased only as a complete set. Pr ice subject to change without notice. 



F i r s t Row: A . and B . Benacerraf/N. K . Jerne , G. J . Thorbecke 
Second Row: R. Rib le t/H. 0 . McDev i t t , W. Bodmer/R. J . Pol jak 
T h i r d Row: E . Haber , K . Rajewsky/N. A . M i t ch i son , B . A . Askonas 
F o u r t h Row: D . Dressler, H . Potter/H. Wigze l l , G . M . Shearer 



F i r s t Row: A . E . Bussard/P. Doherty/W. E . Paul/D. W. Scott 
Second Row: J . F. A . P. Mi l l er/O. Mäkelä/C. Mi ls te in/L. Hood 
T h i r d Row: J . Schräder, G. J . V . Nossal/H. Cantor , P. Matzinger/ . and F. Haurowi tz 
F o u r t h Row: D. R. Davies, M . Potter/J. J . van Rood, M . Raff 



Contents 

Part 1 

Symposium Participants 
Foreword 

I n t r o d u c t i o n 

The Common Sense of Immunology N. K . J e r n e 

L Y M P H O C Y T E F U N C T I O N 

T - c e l l M a r k e r s a n d D i f f e r e n t i a t i o n 

Thymopoietin and Bursopoietin: Induction Signals Regulating Ea r l y Lympho-
cyte Differentiation G. G o l d s t e i n , M . S c h e i d , E . A . B o y s e , A . B r a n d a n d D . G. 
G i l m o u r 

Normal and Neoplastic Maturat ion of T-l ineage Lymphocytes /. L . W e i s s m a n , 
S. B a i r d , R . L . G a r d n e r , V. E . P a p a i o a n n o u a n d W. R a s c h k e 

Regulation of Ce l lu lar and Humora l Immune Responses by T-cel l Subclasses 
H . C a n t o r a n d E . A . B o y s e 

Surface Markers and Functional Relationships of Cel ls Involved in Mur ine 
B-lymphocyte Differentiation L . A . H e r z e n b e r g , L . A . H e r z e n b e r g , S. J . 
B l a c k , M . R . L o k e n , K . O k u m u r a , W. v a n d e r L o o , B . A . O s b o r n e , D . H e w g i l l , 
J . W. G o d i n g y G. G u t m a n a n d N. L . W a r n e r 

A n U n u s u a l Kappa Immunoglobulin Ant igen Present on the Membrane of T and 
B Lymphocytes A . B . G o t t l i e b , M . E n g e l h a r d , H . G. K u n k e l a n d S. M . F u 

Rat Thy-1 Antigens from Thymus and Bra in : The i r Tissue Distribution, Purifica-
tion, and Chemica l Composition A . F . W i l l i a m s , A . N. B a r c l a y , M . L e t a r t e -
M u i r h e a d a n d R . J . M o r r i s 

Specialized D N A Polymerases i n Lymphoid Cells D . B a l t i m o r e , A . E . S i l v e r s t o n e , 
P. C. K u n g , T. A . H a r r i s o n a n d R . P. M c C a f f r e y 

Studies on the Interactions between Viruses and Lymphocytes B . R . B l o o m , 
A . S e n i k , G. S t o n e r , G. J u , M . N o w a k o w s k i , S. K a n o a n d L . J i m e n e z 

H e l p e r a n d S u p p r e s s o r T C e l l s a n d T h e i r P r o d u c t s 

The Hermaphrocyte: A Suppressor-Helper T Ce l l R . K . G e r s h o n , D . D . E a r d l e y , 
K . F . N a i d o r f a n d W. P t a k 

Suppressor T Cel ls i n Tolerance to Non-self and Seif Antigens A . B a s t e n , R . L o b ­
l a y , E . C h i a , R . C a l l a r d a n d H . P r i t c h a r d - B r i s c o e 

Tolerance: Two Pathways of Negative Immunoregulation in Contact Sensitivity 
to D N F B H . N. C l a m a n , S. D . M i l l e r a n d J . W. M o o r h e a d 

vi i 



vi i i C O N T E N T S 

Current Concepts of the Antibody Response: Heterogeneity of Lymphoid Cells, 
Interactions, and Factors M . F e l d m a n n , P. B e v e r l e y , P. E r b , S. H o w i e , S. 
K o n t i a i n e n , A . M a o z , M . M a t h i e s , I . M c K e n z i e a n d J . W o o d y 113 

Suppressive and Enhanc ing T-cel l Factors as J-region Gene Products: Properties 
and the Subregion Assignment T. T a d a , M . T a n i g u c h i a n d C. S. D a v i d 119 

B - c e l l D i f f e r e n t i a t i o n a n d C o m m i t m e n t 

In V i t ro Studies on the Generation of Lymphocyte Diversity J . J . T. O w e n , 
R . K . J o r d a n , J . H . R o b i n s o n , U. S i n g h a n d H . N. A . W i l l c o x 129 

Studies of Generation of B-cell Diversity in Mouse, M a n , and Chicken M . D . 
C o o p e r , J . F . K e a r n e y , P. M . L y d y a r d , C. E . G r o s s i a n d A . R . L a w t o n 139 

Ontogeny of Mur ine B Lymphocytes: Development of Ig Synthesis and of Reac-
tivities to Mitogens and to Anti - Ig Antibodies F . M e l c h e r s , J . A n d e r s s o n 
a n d R . A . P h i l l i p s 147 

Development and Modulation of B Lymphocytes: Studies on Newly Formed B 
Cel ls and The i r Putative Precursors in the Hemopoietic Tissues of Mice 
M . C . R a f f 159 

Induction of Immunoglobulin Synthesis in Abelson Mur ine Leukemia Virus -
transformed Mouse Lymphoma Cel ls in Culture B . J . W e i m a n n 163 

The Interplay of Evo lut ion and Environment i n B-cell Diversifikation N. R . 
K l i n m a n , N. H . S i g a l , E . S. M e t e a l f , S. K . P i e r c e a n d P. J . G e a r h a r t 165 

Synthesis of Mult ip le Immunoglobulin Classes by Single Lymphocytes B . P e r 
n i s , L . F o r n i a n d A . L . L u z z a t i 175 

Immunoglobulin Receptors on Mur ine B Lymphocytes E . S. V i t e t t a , J . C a m b i e r , 
J . F o r m a n , J . R . K e t t m a n , D . Y u a n a n d J . W. U h r 185 

Functional and Structural Characterization of Immunoglobulin on Murine B 
Lymphocytes R . M . E . P a r k h o u s e , E . R . A b n e y , A . B o u r g o i s a n d H . N. A . 
W i l l c o x 193 

Or ig in and Differentiation of Lymphocytes Involved in the Secretory IgA Re­
sponse J . J . C e b r a , P. J . G e a r h a r t , R . K a m a t , S. M . R o b e r t s o n a n d J . T s e n g 201 

Mechanism of B-cell Activation and Sel f -Non-sel f Discr imination G. Möller 217 
Growth and Maturat ion of Single Clones of Normal Mur ine T and B Lymphocytes 

In Vitro J . A n d e r s s o n , A . C o u t i n h o , F . M e l c h e r s a n d T. W a t a n a b e 227 
Hapten-specific B Lymphocytes: Enr ichment, Cloning, Receptor Analysis, and 

Tolerance Induction G. J . V. N o s s a l , B . L . P i k e , J . W. S t o c k e r , J . E . L a y t o n 
a n d J . W. G o d i n g 237 

Regulation of Clonal B-lymphocyte Proliferation by Anti - immunoglobul in or 
Anti - Ia Antibodies P. W. K i n c a d e a n d P. R a l p h 245 

Ce l lu lar and Molecular Interactions i n Control of B-cell Immunity and Tolerance 
E . D i e n e r , C. S h i o z a w a , B . S i n g h a n d K . - C . L e e 251 

R e c e p t o r s 

Lymphocyte Surface Immunoglobulins: Evolutionary Origins and Involvement 
in Activation J . J . M a r c h a l o n i s , J . M . D e c k e r , D . D e L u c a , J . M . M o s e l e y , 
P. S m i t h a n d G. W. W a r r 261 

Antigen-binding, Idiotypic Receptors from T Lymphocytes: A n Analysis of Their 
Biochemistry, Genetics, and Use as Immunogens To Produce Specific Im­
mune Tolerance H . B i n z a n d H . W i g z e l l 275 

O n the Structure of the T-cel l Receptor for Ant igen U. K r a w i n k e l , M . C r a m e r , 
C. B e r e k , G. Hämmerling, S. J . B l a c k , K . R a j e w s k y a n d K . E i c h m a n n 285 

The Immune Response to Staphylococcal Nuclease: A Probe of Cellular and 
Humora l Antigen-specific Receptors D . H . S a c h s , J . A . B e r z o f s k y , C. G. 
F a t h m a n , D . S. P i s e t s k y , A . N. S c h e c h t e r a n d R . H . S c h w a r t z 295 

Functional Characterization of Rabbit Lymphocytes Car ry ing Fe Receptor P . A . 
C a z e n a v e , D . J u y a n d C. B o n a 307 

Structural and Functional Heterogeneity of Fe Receptors H . M . G r e y , C. L . 
A n d e r s o n , C. H . H e u s s e r , B . K . B o r t h i s t l e , K . B . V o n E s c h e n a n d J . M . C h i l l e r 315 



C O N T E N T S ix 

T H E M A J O R H I S T O C O M P A T I B I L I T Y C O M P L E X 

S t r u c t u r e o f t h e M o l e c u l a r P r o d u c t s o f t h e M H C 

Structure of H L - A A and B Antigens Isolated from Cultured H u m a n Lympho­
cytes J . L . S t r o m i n g e r , D . L . M a n n , P. P a r h a m , R . R o b b , T. S p r i n g e r a n d 
C. T e r h o r s t 323 

Structural Studies of ß 2-Microglobulin-associated and Other M H C Antigens 
P. A . P e t e r s o n , H . A n u n d i , B . C u r m a n , L . K l a r e s k o g , S. K u i s t , L . Östberg, 
L . R a s k , L . S a n d b e r g a n d K . S e g e 331 

Comparative Chemical Analyses and Partia l Amino Ac id Sequences of the Heavy 
Chains of H L - A Antigens E . A p p e l l a , N. T a n i g a k i , O. H e n r i k s e n , D . P r e s s -
m a n , D . F . S m i t h a n d T. F a i r w e l l 341 

Structural DifFerences between Parent and Var i ant H - 2 K Glycoproteins from 
Mouse Strains Carrying//-2 Gene Mutations S. G. N a t h e n s o n , J . L . B r o w n , 

B . M . E w e n s t e i n , T. N i s i z a w a , D . W. S e a r s a n d J . H . F r e e d 343 
Structure of Mur ine Histocompatibility Antigens B . A . C u n n i n g h a m , R . H e n ­

n i n g , R . J . M i l n e r , K . R e s k e , J . A . Z i f f e r a n d G. M . E d e l m a n 351 
Structural Studies of H-2 and T L Alloantigens J . W. U h r , E . S. V i t e t t a , J . K l e i n , 

Af. D . P o u l i k , D . G. K l a p p e r a n d J . D . C a p r a 363 
Chemica l Characterization of Products of the H-2 Complex J . S i l v e r , J . M . 

C e c k a , M . M c M i l l a n a n d L . H o o d 369 
H u m a n Ia Antigens —Purification and Molecular Structure D . S n a r y , C. B a r n -

s t a b l e , W. F . B o d m e r , P. G o o d f e l l o w a n d M . J . C r u m p t o n 379 
Chemi ra l and Immunological Characterization of H L - A - l i n k e d B-lymphocyte 

Alloantigens T. A . S p r i n g e r , J . F . K a u f m a n , L . A . S i d d o w a y , M . G i p h a r t , 
D . L . M a n n , C. T e r h o r s t a n d J . L . S t r o m i n g e r 387 

The Guinea P ig M H C : Functional Significance and Structural Characterization 
B . D . S c h w a r t z , A . M . K a s k a n d E . M . S h e v a c h 397 

Part ia l Amino Ac id Sequences of M H C Products J . S i l v e r 405 
Ana lys is of Lymphocyte Surface Ant igen Expression by the Use of Var i ant Cel l 

Lines R . H y m a n a n d I . T r o w b r i d g e 407 



Part 2 

G e n e t i c s o f t h e M H C a n d A s s o c i a t e d P r o d u c t s 

Polymorphie B-cell Determinants i n M a n J . J . v a n R o o d , A . v a n L e e u w e n , 
M . J o n k e r , A . T e r m i j t e l e n a n d B . A . B r a d l e y A l l 

Cel lu lar Recognition of Major Histocompatibility Complex Antigens F . H . B a c h , 
M . L . B a c h , O. J . K u p e r m a n , H . W. S o l l i n g e r a n d P. M . S o n d e l 429 

Genetics and Serology of H L - A - l i n k e d H u m a n Ia Antigens C. J . B a r n s t a b l e , 
E . A . J o n e s , W. F . B o d m e r , J . G. B o d m e r , B . A r c e - G o m e z , D . S n a r y a n d M . J . 
C r u m p t o n 443 

Histocompatibility-2 System of Wi ld Mice. IV. Ia and Ir Typ ing of Two Wi ld 
Mouse Populations J . K l e i n , C. F . M e r r y m a n , P. H . M a u r e r , M . H a u p t f e l d 
a n d M . B . G a r d n e r 457 

Genetic Control of Specific Immune Responses and Immune Suppressions by 
7-region Genes B . B e n a c e r r a f a n d M . E . D o r f 465 

Serological and Functional Evidence for Further Subdivision of the / Regions of 
the H - 2 Gene Complex D . C. S h r e f f l e r , C. S. D a v i d , S. E . G u l l e n , J . A . F r e ­
i i n g e r a n d J . E . N i e d e r h u b e r 477 

Functional and Genetic Analysis of Ia Antigens H . O. M c D e v i t t , T. L . D e l o v i t c h 
a n d J . L . P r e s s 489 

Selective Expression of Separate 7-region Loci in Functional ly DiiFerent Lympho­
cyte Subpopulations D . B . M u r p h y , K . O k u m u r a , L . A . H e r z e n b e r g , L . A . 
H e r z e n b e r g a n d H . O. M c D e v i t t 497 

R o l e o f H i s t o c o m p a t i b i l i t y G e n e P r o d u c t s i n T - c e l l C y t o l y s i s 

The Concept That Surveil lance of Seif Is Mediated V i a the Same Set of Genes 
That Determines Recognition of Al logenic Cells R . M . Z i n k e r n a g e l a n d 
P. C. D o h e r t y 505 

Fj Hybr id Antiparental Cell-mediated Lympholysis : A Comparison with Bone 
Marrow Graft Rejection and with Cell-mediated Lympholysis to Alloantigens 
G. M . S h e a r e r , G. C u d k o w i c z , A . - M . S c h m i t t - V e r h u l s t , T. G. R e h n , H . W a k s a l 
a n d P. D . E v a n s 511 

Cytotoxic T-cel l Response to Histocompatibility Antigens: The Role of H-2 M . J . 
B e v a n 519 

Recognition of Alterations Induced by Ea r l y Vacc in ia Surface Antigens and 
Dependence of Virus-specific Lysis on H-2 Ant igen Concentration on Target 
Cel ls U. K o s z i n o w s k i , H . E r t l , H . W e k e r l e a n d R . T h o m s s e n 529 

The Influence of H - 2 Gene Products on Cell -mediated and Humora l Immune Re­
sponses H . v o n B o e h m e r , J . S p r e n t a n d W. H a a s 539 

The Recognition of H-2 and V i r a l Antigens by Cytotoxic T Cells J . W. Schräder, 
R . H e n n i n g , R . J . M i l n e r a n d G. M . E d e l m a n 547 

O n the Possibility of Mult ip le T-cell Receptors D . B . W i l s o n , E . H e b e r - K a t z , 
J . S p r e n t a n d J . C. H o w a r d 559 

x 



C O N T E N T S xi 

A n t i g e n P r e s e n t a t i o n a n d T - B C e l l I n t e r a c t i o n s 

Genetic Restriction of Macrophage-Lymphocyte Interactions in Secondary A n t i ­
body Responses In Vitro C. W. P i e r c e , J . A . K a p p a n d B . B e n a c e r r a f 563 

Genetic Restriction in T-lymphocyte Act ivat ion by Antigen-pulsed Peritoneal 
Exudate Cells W. E . P a u l , E . M . S h e u a c h , D . W. T h o m a s , S. F . P i c k e r a i a n d 
A . S. R o s e n t h a l 571 

Ant igen Activation of T Lymphocytes: Influence of Major Histocompatibility 
Complex J . F . A . P. M i l l e r a n d M . A . V a d a s 579 

Regulatory Mechanisms i n the Immune Response to Cell-surface Antigens 
P. L a k e a n d N. A . M i t c h i s o n 589 

The Significance of T - B Collaboration across Haplotype Barriers S. L . S w a i n , 
P. E . T r e f t s , H . Y.-S. T s e a n d R . W. D u t t o n 597 

The Role of the Histocompatibility Gene Complex in Lymphocyte Differentiation 
D . H . K a t z 611 

Comparison of B-cell Act ivat ion Factors J . K l e i n 625 

I M M U N O G L O B U L I N S 

A n t i b o d y C o m b i n i n g S i t e 

Model-bui lding Studies of Antigen-binding Sites: The Hapten-binding Site of 
M O P C - 3 1 5 E . A . P a d l a n , D . R . D a v i e s , I . R e c h t , D . G i v o l a n d C. W r i g h t 627 

Three-dimensional Structure and Diversity of Immunoglobulins R . J . P o l j a k , 
L . M . A m z e l , B . L . C h e n , Y. Y. C h i u , R . P. P h i z a c k e r l e y , F . S a u l a n d X . Y s e r n 639 

Origins of Antibody Diversity: Insights Gained from Amino Ac id Sequence 
Studies of Elicited Antibodies E . H a b e r , M . N. M a r g o l i e s a n d L . E . C a n n o n 647 

Pr imary Structural Differences i n Mye loma Proteins That B ind the Same Hap­
tens M . P o t t e r , S. R u d i k o f f , M . V r a n a , D . N. R a o a n d E . B . M u s h i n s k i 661 

Folding, Association, and Interactions of Domains in the Antibody Molecule 
D . G i v o l , J . S h a r o n , J . H o c h m a n , M . G a v i s h , D . I n b a r , I . P e c h t , L Z . S t e i n b e r g 
a n d J . S c h i e s s i n g e r 667 

A l l o t y p e s a n d I d i o t y p e s 

Rabbit Immunoglobulin Allotypes: Complexities of The i r Genetics, Expression, 
Structural Basis, and Evolut ion R . G. M a g e , G. O. Y o u n g - C o o p e r , J . R e j n e k , 
A . A . A n s a r i , C. B . A l e x a n d e r , E . A p p e l l a , M . C a r t a - S o r c i n i , S. L a n d u c c i - T o s i 
a n d R . M . T o s i 677 

V-region Genes for Rabbit Ig Heavy Chains K . L . K n i g h t , W. J . H o r n g a n d 
S. D r a y 687 

The Response of Rabbits to Streptococcal Hyper immunizat ion B . A . Fräser, A . P. 
J o h n s t o n e , S. M . G o r d o n a n d T. J . K i n d t 689 

Structure and Immunosuppression of a Cross-reactive Idiotype Associated with 
Anti-p-azophenylarsonate Antibodies of St ra in -A Mice S.-T. J u , F . L . O w e n 
a n d A . N i s o n o f f 699 

Idiotypes and Anti-idiotypes as Probes i n Analys is of Immunoregulation H . C o -
s e n z a , A . A . A u g u s t i n a n d M . H . J u l i u s 709 

Immune Responses of B A L B / c Mice to the Idiotype of T15 and of Other Myeloma 
Proteins of BALB/c Or ig in : Implications for an Immune Network and A n t i ­
body Multispecificity N. S a k a t o , C. A . J a n e w a y , J r . a n d H . N. E i s e n 719 

Uni formity in a Clonal Repertoire: A Case for a Germ-l ine Basis of Antibody 
Diversity J . L . C l a f l i n a n d S. R u d i k o f f 725 

Inheritance of Antibody Specificity. IV. Control of Related Molecular Species by 
One V H Gene O. Mäkelä a n d K . K a r j a l a i n e n 735 

O n the Genetic Dissection of a Specific Humora l Immune Response to a(l,3) 
Dextran W. G e c k e i e r , B . B l o m b e r g , C. d e P r e v a l a n d M . C o h n 743 



xi i C O N T E N T S 

G e n e r a t i o n o f D i v e r s i t y : 1 . B i o l o g i c a l A s p e c t s 

The Life Style of B Cells — Ce l lu lar Proliferation and the Invariancy of IgG B . A . 
A s k o n a s a n d J . R . N o r t h 749 

Evolut ion in Microcosm: The Rapid Somatic Diversifikation of Lymphocytes 
A . J . C u n n i n g h a m 761 

The Ontogenesis of Lymphocyte Diversity i n A n u r a n Amphibians L . D u P a s -
q u i e r a n d M . R . W a b l 7 7 1 

Regulation of Immunoglobulin Expression in Mouse Myeloma Cells D . H . 
M a r g u l i e s , W. C i e p l i n s k i , B . D h a r m g r o n g a r t a m a , M . L . G e f t e r , S . L . M o r r i s o n , 
T. K e l l y a n d M . D . S c h a r f f 781 

Somatic Cel l Genetics of Antibody-secreting Cells: Studies of Clonal Diversifica­
tion and Analysis by Ce l l Fus ion C. M i l s t e i n , K . A d e t u g b o , N. J . C o w a n , 
G. Köhler, D . S. S e c h e r a n d C. D . W i l d e 793 

The I B-peptide Marker and the Ly-3 Surface Al loantigen: Structural Studies of a 
V K - reg ion Polymorphism and a T-ce l l Marke r Determined by L inked Genes 
P. D . G o t t l i e b a n d P. J . D u r d a 805 

G e n e r a t i o n o f D i v e r s i t y : 2 . S t r u c t u r a l A s p e c t s 

The Structure and Genetics of Mouse Immunoglobulins: A n Analysis of N Z B 
Myeloma Proteins and Sets of B A L B / c Mye loma Proteins Binding Particular 
Haptens L . H o o d , E . L o h , J . H u b e r t , P. B a r s t a d , B . E a t o n , P. E a r l y , J . F u h r -
m a n , N. J o h n s o n , M . K r o n e n b e r g a n d J . S c h i l l i n g 817 

Genetic Control of Antibody Var iab le Regions M . W e i g e r t a n d R . R i b l e t 837 
Identical Hypervariable Regions in L ight Chains of Differing V K Subgroups 

J . D . C a p r a , D . G. K l a p p e r , A . S. T u n g a n d A . N i s o n o f f 847 
Or ig in of Immunoglobulin Gene Diversity: The Evidence and a Restriction-

Modification Model P. L e d e r , T. H o n j o , J . S e i d m a n a n d D . S w a n 855 
The Significance of Hybridization Kinet ic Experiments for Theories of Antibody 

Diversity G . P . S m i t h 863 
Somatic Changes i n the Content and Context of Immunoglobulin Genes S. T o n -

e g a w a , N. H o z u m i , G. M a t t h y s s e n s a n d R . S c h u l l e r 877 

S u m m a r y 

Understanding Selective Molecular Recognition G. M . E d e l m a n 891 

Name Index Ii 

Subject Index 17i 



Recogn i t i on of A l t e ra t i ons I n d u c e d by E a r l y V a c c i n i a 
Sur face A n t i g e n s and Dependence of V i rus -spec i f i c 
L y s i s on H-2 A n t i g e n Concen t r a t i on on Target Ce l l s 

U . KOSZINOWSKI, H . ERTL , H . W E K E R L E * AND R. THOMSSEN 

H y g i e n e - I n s t i t u t d e r Universität, K r e u z b e r g r i n g 5 7 , D - 3 4 Göttingen, West G e r m a n y ; : ] M a x - P l a n c k - I n s t i t u t für I m m u n b i o l o g i e , 
Stübeweg 51, D - 7 8 F r e i b u r g , West G e r m a n y 

Mice generate cytolytic T lymphocytes (CTL) 
after sensitization with infective virus (Zinkernagel 
and Doherty 1974; Gardner et al. 1975; Koszinow­
ski and Thomssen 1975; E r t l and Koszinowski 1976). 
C T L lyse virus-infected target cells in vitro. The 
reaction is specific for the sensitizing virus; there is 
no cross-reactivity against cells infected with v i ­
ruses of another group. In addition to virus specific-
ity, H-2 homology of antigenic products of the K or 
D region is required for specific lysis (Zinkernagel 
and Doherty 1975). T h e same requirements have 
been found in the effector phase against chemically 
modified cells (Shearer 1974; Shearer et al. 1975; 
Forman 1975; Rehn et al. 1976) and cells bearing 
the male-specific antigen (H-Y) (Gordon et al. 1975) 
as well as in the reactivity against minor histo­
compatibility antigens (Bevan 1975). The question 
arose whether this restriction is due to a dual recog­
nition process of syngenic H-2 structures and viral 
antigens or to a Single T -ce l l receptor which recog-
nizes a virus-specific altered H-2 antigen. Recent 
experiments with radiat ion chimeras favor the 
second possibility since reaction against "modified" 
alloantigens is possible provided the C T L is tolerant 
to the al loantigen which is present during the sen­
sitization phase (Pfizenmaier et al. 1976). 

It must be considered, however, that determina-
tion of 5 , Cr-re lease in certain combinations reflects 
only the requirements of the lethal-hit stage (Gol­
stein and Smith 1976). The inference as to recogni­
tion requirements can only be drawn indirectly 
from cytolysis data. Requirements for recognition 
can be tested by specific absorption on monolayers 
(Wekerle et al. 1972; Golstein et al. 1972). Data 
presented here show that absorption is possible only 
on monolayers bear ing "modif ied" H-2 determinants 
present dur ing the sensitization phase. Another 
question is whether C T L can lyse virus-specific 
infected cells which lack H-2 antigenic determi­
nants. To investigate the relationships between 
H-2 antigenic concentration and degree of virus-
specific lysis, infected target cells treated with 
proteolytic enzymes were tested. In a third ap-
proach, we looked for the m in ima l changes that 
must be induced on cells by the vaccinia virus in -
fection to sensitize C T L in vivo and to enable cyto­
lysis in vitro. O u r data demonstrate that induction 

of early vaccinia virus surface antigens is sufficient 
for sensitization and specific lysis. 

M A T E R I A L S A N D M E T H O D S 

M i c e . Mice of the inbred strains C 3 H (H-2 k), 
DBA/2 (H-2 d), and C57BL/6J (H-2 b) at the age 
of 6-10 weeks were used throughout. These were 
purchased from Bomholtgard, Denmark. 

V i r u s e s a n d s e n s i t i z a t i o n . Stocks of vaccinia 
virus strains W R and EIstree were grown in V E R O 
( C e r c o p i t h e c u s a e t h i o p s ) kidney cells. V i rus t i -
trations were performed on the same cells. Stock 
Solutions of vaccinia virus strains W R and Elstree 
(Lister strain) contained 1 x 10 6 T C I D 5 0 (tissue-
culture infective dose) per mil l i l iter. Strain DIs, an 
attenuated vaccinia virus mutant which derived 
from the Dairen 1 (DIE) strain (Tagaya et al. 1961), 
was provided by Dr. Ueda, Tokyo. DIs was propa-
gated in 12-day-old fertile eggs at 35-36°C for 2 
days. Titrations were done on primary chicken 
fibroblasts (Tagaya et al. 1974). DIs was used in a 
concentration of 1 x 10 5 T C I D 5 0 per mill i l iter. 
Purification of strain W R was performed according 
to the method of Jok l ik (1962). Inactivation of 
vaccinia virus W R was obtained by incubation at 
56°C for 120 minutes, three times interrupted by a 
short sonication procedure. 

L C M virus strain WE -3 , kindly provided by Dr. 
Lehmann-Grube, Hamburg , was propagated i n 
L929 cells. 

V i rus of vesicular Stomatitis (VSV) strain Indi­
ana was propagated in V E R O cells; stock Solutions 
contained 10 6 T C I D 5 0 per mill i l iter. Mice were 
sensitized by intraperitoneal injection of the 1-ml 
virus Suspension. Spleen cells were harvested 6 
days later. 

A n t i s e r a . Ant i se rum to strain W R (No. 8) 
was obtained from rabbits immunized with W R 
strain vaccinia virus. The animals were injected 
intradermally, and, after a period of 2 weeks, three 
booster injections were given at intervals of 10 
days. Sera were inactivated and stored at — 70°C. 
The cytolysis titer of the sera measured in a 5 1 C r -
release assay, using infected L929 cells as targets 
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and guinea pig serum as complement source, was 
about 1024-2048. A n anticomplementary activity 
of the sera was demonstrable to a di lution of about 
1:8. 

Ant i serum to late vaccinia virus surface antigens 
(anti-LS): serum No. 8 was extensively absorbed 
with DIs-infected primary chicken fibroblasts. 
Ant i serum to early vaccinia virus surface antigens 
(anti-ES): rabbit serum against early vaccinia virus 
surface antigens was prepared by injection of crude 
soluble early antigens of DIs-infected rabbit kidney 
cells into rabbits (Ueda et al. 1972; Ueda and 
Tagaya 1973). Ant i se rum to structural antigens of 
the vir ion (anti-VA) was obtained from rabbits 
injected with purified inactivated vaccinia virus. 
One optical density unit (ODU) (Joklik 1962), 
containing about 64 f i g v i ra l protein, was injected 
intramuscularly, and a booster injection of the 
same dose was given 14 days later. Neutral iz ing 
antibody titers were determined by 80% plaque 
reduction in V E R O cell cultures. 

Ant i -H -2 serum was obtained from D. J . G. Ray, 
Transplantation and Immunology Branch, N IAID , 
N I H Bethesda, Mary land. We used charge 3b(Snell 
1974) , raised in recipient-donor strains (C3H-H-2 0 x 

129) ant i -C3H, genotypes (H-2 d / k x H-2") ant i -H-2 k . 
The serum is directed mainly against specifici-
ties coded by H-2 K genes. No cross-reactivity with 
other private H-2 specificities could be observed 
by immunofluorescence or complement-dependent 
antibody-mediated cytolysis. 

D e m o n s t r a t i o n o f v i r a l s u r f a c e a n d i n t r a c e l l u l a r 
a n t i g e n s . Indirect immunofluorescence was per­
formed as reported previously (Koszinowski and 
E r t l 1975). Demonstration of D N A synthesis in 
vaccinia-virus-infected cells was performed with 
D A P I (4,6-diamidino-2-phenylindol) (Russell et al. 
1975) . 

Ea r l y and late surface antigens of cells infected 
with vaccinia virus were studied by mixed hemag-
glutination technique (Ito and Barron 1972) and 
by cytolytic antibody assay. 

T a r g e t c e l l s : L929 cells (haplotype H-2 k ) and 
mastocytoma P-815-X2 cells were cultivated in 
Eagle's M E M supplemented with 10% inactivated 
calf serum and 100 /xg/ml streptomycin and peni-
ci l l in (1% SP). For infection of target cells, about 
5 x 10 6 to 1 x 10 7 L929 cells growing as monolayer 
cells in glass bottles were washed with fresh serum-
free medium and then incubated with 10-15 ml 
virus Suspension on a rocker platform at 37°C. 
After 2 hours, the virus dilution was discarded and 
fresh serum-free medium was added. The cells were 
used 3-12 hours later, depending on virus and test 
conditions. 

E n z y m a t i c t r e a t m e n t : The following enzymes were 
used: (1) papain, water-soluble, 3.5 mAnson units 
per mi l l ig ram (Merck, Darmstadt, W. Germany, 

lot 7144); and (2) neuraminidase from vibrio 
comma (VCN) , 500 neuraminidase units per 
mil l i l i ter (Behringwerke, Marburg/Lahn, W. 
Germany). The enzymes were dissolved and diluted 
in serum-free M E M . 

Cells prepared for enzymatic treatment were 
washed twice with serum-free medium and diluted 
to a concentration of 2.5 x 10 K cells/ml. The enzy­
matic treatment was performed at 37°C, p H 6.5-
7.0, with intermittent shaking for 20 (papain) or 
30 minutes (VCN). Treatment with papain was 
carried out in the presence of 0.01 M cysteine 
(L(+)-cysteine chloride, Merck, lot 2839). Follow­
ing enzymatic treatment, the cells were washed 
three times with M E M supplemented with 20% 
fetal calf serum (FCS). 

Cel ls were counted and viabi l ity was determined 
by the trypan blue exclusion test. W i th the enzyme 
concentrations used, viabil ity did not fall below 
70-80%. The cells were stored before use in Eagle's 
M E M supplemented with 20% F C S . For virus-
specific cytotoxic assays, carried out 4 hours 
after enzymatic treatment, cells were labeled 1 
hour before with 100 jxCi 5 1 C r (sodium Chromate; 
Amersham, Buchler, Braunschweig, W. Germany; 
No. CJS1P , specific activity 100-200 mCi/mg Cr) 
per 5 x 10<; cells. For allogenic cell-mediated 
cytolysis (CMC), cells were labeled before enzy­
matic treatment and used as targets immediately 
after treatment. 

S e n s i t i z a t i o n t o a l l o a n t i g e n s . Mitomycin-C-treated 
stimulator cells, 1 x 10 6, were incubated with 
4 x 106 responder cells in 3 m l Dulbecco's modified 
medium supplemented with 5% F C S and 100 /xg/ml 
penici l l in and streptomycin in a C 0 2 atmosphere 
at 37°C. Allogenic spieen cells or tumor cells were 
used as stimulator cells. F ive or six days later, 
the cells were harvested, and their effect on the 
appropriate 5 , Cr - labe led target cells was tested 
in a 5-10-hour assay. The ratio of attacker to target 
cells ranged between 20:1 and 50:1. 

A d s o r p t i o n o f effector c e l l s o n m o n o l a y e r s . Mouse 
peritoneal exudate cells were harvested after 
thioglycolate Stimulation and plated in plastic 
petri dishes (100-mm diameter, Greiner, Nürtin­
gen, W. Germany). Confluent monolayers were in ­
fected 24 hours later. The medium containing virus 
was replaced by fresh medium after an adsorption 
time of 1 hour. About 6-12 hours later, monolayers 
were washed carefully and used for lymphocyte 
absorption. Spleen-cell suspensions, treated for 
10 minutes with ammonium chloride Solution 
(0.14 M , p H 7.5), were added to the monolayers in a 
quantity of 2 x 10 7 cells in 2 m l medium. The Sepa­
ration procedure was performed according to the 
method of Wekerle et al. (1972). Adsorption time 
was 3 hours at 37°C. Controls were run at 4°C. 
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A n t i b o d y - m e d i a t e d c y t o l y s i s . Antibody-mediated 
lysis of virus-infected cells was performed as de-
scribed by Kib le r and ter Meulen (1975). 

C o l d - c e l l i n h i b i t i o n assay. The assay was per­
formed according to the method of Herberman et 
al. (1976). Inhibition was calculated as follows: 

% Inhibition 
of specific 

lysis 

% specific 
lysis in 
immune 
control 

% specific 
lysis in 

presence of 
inhibitory 

cells 
% specific lysis 

in immune control 

x 100. 

Table 1. Inh ib i t i on of Specific Lys i s by Cold Inhibi tory 
Cel ls 

Third-party cells infected 
with virus 

Percent inhibition of lysis" of 
vaccinia-virus-WR-infected 

L929 cells 

L929 7.1 3.2 
L929 vacc in ia v i rus W R 91.0 ± 1.4 
L929 ves icular Stomatitis 

v i rus 3.8 ± 2.8 
L929 L C M v i rus 14.8 1.6 
P-815-X2 vacc in ia v i rus W R 18.7 3.1 

a Effector cells derived from a pool of six C3H mice sensitized 
to vaccinia virus strain WR 6 days previously. Mean of percentage 

5 lCr-release ± S.D. of four tubes per group. Specific lysis of target 
cells without cold cells added, 52.0%. Ratio of attacker to target 
cells, 100:1; ratio of cold inhibitory cells to target cells, 50:1. 

C e l l - m e d i a t e d c y t o l y s i s . Var ious numbers of 
lymphocytes from sensitized mice and control mice 
were incubated with a constant number (1 x 104) 
of 5 l Cr - l abe led target cells (Wagner 1973). Specific 
5 1 Cr-release was determined (Koszinowski and 
Thomssen 1975) using the formula: 

5 1 Cr-release 5 1 Cr-release 
by immune — by normal 

% Specific _ cells control x Q 

lysis maximal 5 I Cr-re lease 

Results show that adsorption of virus-sensitized T 
cells is possible on syngenic monolayers infected 
with the sensitizing virus (Table 2). If virus-specific 
effector cells have two receptors, one for syngenic 
H-2 and one for the vira l antigen, adsorption should 
be possible on normal syngenic monolayers as well 
as on allogenic vaccinia-virus-infected cells. How-
ever, specific adsorption on normal syngenic mono­
layers or allogenic vaccinia-virus-infected mono­
layers was not seen, which favors the modified -
self hypothesis. 

The Standard deviation (S.D.) was calculated from 
at least a triplicate assay. Some data are given 
without S.D. because, under the test conditions used, 
the S.D. values of percent lysis were less than 5%. 

R E S U L T S 

Cold -ce l l Inhibition and Monolayer Adsorpt ion 

Inhibition tests with cold target cells were per­
formed to test which antigens have to be expressed 
for specific lysis. To the test assay consisting of 
1 x 10 4 5 1 Cr- labeled target cells and 1 x 10 6 effector 
cells, different amounts of nonlabeled target cells 
infected with different viruses were added. In the 
concentration of 50 inhibitory cells to one target 
cell, inhibition of 91.0% could be achieved when 
syngenic cells infected with the sensitizing virus 
were added (Table 1). Normal syngenic cells or 
syngenic cells infected with unrelated viruses 
showed no inhibitory activity. Allogenic cells in ­
fected with the sensitizing virus had only slight 
inhibitory activity. 

Since in cold third-party cell experiments block-
ing of specific lysis is measured, a hypothetical 
recognition process without subsequent lysis can-
not be tested. Requirements for specific recognition 
can be tested by adsorption of sensitized effector 
cells on monolayers; this has been shown after 
sensitization to alloantigens (Golstein et al. 1972). 

Enzymatic Treatment of Target Cells 
and Anti -v i ra l C M C 

Target cells were treated with enzymes to investi-
gate the necessity of H-2 antigenic determinants for 
anti -viral C M C . The effect of papain and V C N on 
the amount of surface antigens directly after treat­
ment and 4 and 24 hours later was controlled by 
indirect immunofluorescence. H-2, as well as virus-
specific fluorescence, was reduced or even abolished 
directly after treatment. Repetition of immuno-

Table 2. Adsorpt ion of Vaccinia-virus-speci f ic Effector 
Ce l ls 

Percent specific lysis 
of vaccinia-virus- Percent change 

Macrophage monolayers infected C3H relative to 
used for adsorption macrophages control 

Contro l 17.4 ± 1.3 100 
C 3 H 16.3 ± 2 . 4 94 
C 3 H vaccinia-v irus-

infected 8.1 ± 2.9 47 
DBA/2 vaccinia-v irus-

infected 18.9 ± 1.6 109 
C 3 H vaccinia-v irus-

infected 
(4°C control) 18.6 ± 2.3 107 

Supernatant (nonadherent) lymphocytes were collected from 
macrophage monolayers after 3 hr incubation at 37°C on a rocker 
platform. Attacker-to-target-cell ratio, 50:1; assay time 8 hr. 
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Table 3. Antibody-mediated Lys is of Vacc in ia -v i rus - in ­
fected Ce l l s after Treatment w i th Enzymes 

Enzyme concentration" Papain V C N 

Contro l 13.6 ± 1.8 8.8 ± 1.3 
5 24.6 ± 0.2 13.9 ± 2.4 

10 33.7 ± 1.4 9.3 ± 2.3 
20 24.4 ± 1.8 14.2 ± 2.4 
50 23.4 ± 0.3 15.6 ± 3.6 

100 29.1 ± 2.5 66.8 ± 2.1 

L929 were infected 6 hr before enzymatic treatment; f , , Cr -
release test was performed 4 hr after treatment; antiserum to 
vaccinia virus (No. 8) originated from rabbits, and complement 
originated from guinea pigs. Assay time was 4 hr. Spontaneous 
5 1 Cr-release of enzymatically treated cells, 20-25%. Each value 
represents the mean of four tubes ± S.D. 

a Papain, /ng/ml; V C N , u/ml. 

fluorescence (IF) after 4 and 24 hours indicated 
resynthesis of v i ra l antigens but, due to host-cell 
protein synthesis inhibition, not of H-2 antigens. 
Enzymatic treatment of noninfected target cells 
was followed by resynthesis of H-2 antigenic deter-
minants 4 to 24 hours later. V C N treatment had 
no effect on either H-2 or virus-specific determi-
nants; IF was even found intensified. 

Results of IF were repeated in complement-
dependent antibody-mediated lysis using an anti -
vaccinia serum and infected target cells 4 hours 
after enzymatic treatment. The results verify the 
IF observations (Table 3). Virus-specific antigens 
are resynthesized and lysis is even increased after 
treatment with high doses of enzymes, especially 
in the case of V C N . 

Enzymatic activity on H-2 antigenic determi-
nants was tested. Absorption studies were per­
formed because concentration differences of surface 
antigens cannot be distinguished easily by anti ­
body-mediated lysis (Lesley et al. 1974). Equa l 
numbers of nontreated and enzyme-treated (4 hr 
previously) infected target cells were used for ab­
sorption of an H-2 alloantiserum. Absorbing capac-

ity was demonstrated by comparing the cytolytic 
activity of the alloantiserum before and after ab­
sorption. The nearly identical slopes of cytolytic 
activity of absorbed and nonabsorbed serum after 
papain treatment of absorbing cells (Fig. 1) demon­
strated the reduced capacity of these cells to adsorb 
H-2 alloantiserum. VCN- t reated cells, however, 
had nearly the same absorbing capacity as n o n -
enzyme-treated cells. Th is means that papain is 
effective in reducing H-2 antigenic sites. The reduc-
tion of H-2 antigenic determinants is constant when 
vaccinia-virus-infected target cells are treated. 

T cells sensitized to vaccinia virus were incubated 
with enzyme-treated or nontreated infected and 
noninfected target cells. Enzymat ic treatment i n -
fluenced lysis of syngenic infected cells. Removal of 
sialic acid resulted in enhanced C M C . Digestion 
of target cells with papain diminished the lysis of 
target cells (Fig. 2). 

To prove the efficiency of enzymatic digestion on 
H-2 antigenic determinants and to exclude possible 
toxic activities of enzymes on the effector cells, un-
infected L929 cells were subjected to papain treat­
ment in both the same and higher concentrations 
than those of infected target cells. These cells were 
incubated with allogenic ant i -H-2 k ki l ler T cells for 
either 5 or 10 hours. The results (Fig. 3) show that 
papain treatment does in fact reduce the sensitivity 
of target cells to lysis by T cells directed to H-2 
antigens. Since noninfected L929 cells are less frag­
ile than infected cells, higher concentrations of 
papain could be used. Nonspecific effects of enzyme 
on effector cells could be excluded by the 10-hour 
assay. Dur ing this incubation period, H-2 antigenic 
determinants are resynthesized (Schwartz and 
Nathenson 1971), and effector cells are effective 
under these conditions. This means that T-ce l l -
mediated lysis of virus-infected cells is dependent 
on expression of H-2 antigenic determinants on 
these cells. V i r a l surface antigens do not suffice for 
virus-specific C M C . 

164 1128 1256 1512 
SERUM DILUTION 

11024 12048 14096 

Figure 1. Res idual cytotoxicity of an t i -H -2 k al lo­
ant i serum after absorption on enzymat ica l ly treated 
cells. (• •) Cytotoxic act iv i ty of the nonabsorbed 
serum control; (A Ä ) res idual cytotoxic act iv i ty 
after absorption of 0.5 m l serum on 5 x 10 7 vaccinia-
virus-infected L929 cells; (O O) absorption on 
200 U/ml VCN- t r ea t ed infected L929 cells; (• •) 
absorption on 200 /xg/ml papain-treated infected 
L929 cells. The plateau act iv i ty of the an t i -H-2 k 

serum (44.8 ± 3.2) was taken as 100%. Da ta represent 
the mean of at least four tubes ± S.D. 
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Figure 2. A l t e ra t i on of cell-mediated lysis after 
enzymatic treatment of target cells. The figure 
represents data from four tubes ± S.D. (O O) 
VCN- t rea ted target cells (background lys is of 
enzyme-treated cells, 18-23%; specific lys is of non­
treated infected L929 cel l controls, 37.2%); (• •) 
papain-treated target cells (background lys is of 
treated cells, 29.3%; specific lys is of nontreated 
infected L929 cel l controls, 44.0%). Rat io of at­
tacker cells to target cells was 100:1; assay t ime, 
16 hr . ENZYME CONCENTRATION 

Role of Early V i r a l Surface Antigens in 
Cellular Immune Response to Vaccin ia V i rus 

Experiments were performed to test the min imal 
"alterations" that must be induced on cell surfaces 
to induce specific sensitization or to render cells 
sensitive to virus-specific T-cell-mediated lysis. The 

60-

50-

,40. 

± 30-
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E N Z Y M E CONCENTRAT ION 

20 

Figure 3. Influence of target-cell treatment w i th papain 
on allogenic C M C : (• • ) 5-hr assay (background lysis , 
12.5-18.3%; percent specific lys is of nontreated control 
target L929 cells, 56.4%); (• •) 10-hr assay (back­
ground lysis, 17.5-23.9%; percent specific lysis of non­
treated control target L929 cells, 63.6%). A t tacker cells 
were DBA/2 lymphocytes sensitized i n v i tro to C 3 H l ym­
phocytes for 5 days. Rat io of attacker cells to target cells 
was 20:1. 

virus strains we put into test varied in the expres-
sion of v ira l surface antigens. Characteristics of the 
three strains used are given i n Table 4. Stra in W R 
was positive for early and late surface antigens, 
strain DIs did not propagate in mouse cells but it 
did induce early surface antigens, and strain 
Elstree gave mixed hemagglutination of the single-
cell type (Ito and Barron 1972) with an ant i -ear ly -
surface-antigen serum. 

Spleen lymphocytes of C 3 H mice sensitized to any 
of the three virus strains ki l led al l infected target 
cells (Table 5). Also, lymphocytes from mice sensi­
tized with a low dose of DIs were active, despite the 
fact that virus propagation did not take place in 
vivo. This means that D N A replication and produc-
tion of late surface antigens is not a prerequisite 
for cellular anti-vaccinia-virus sensitization. 
Lymphocytes from mice sensitized to DIs or Elstree 
showed cross-kil l ing of their relevant infected target 
cells. A l though early antigen expression is suffi-
cient, our data give no clear-cut results about the 
role of late surface antigens, since strain Elstree is 
only partial ly defective i n production of early sur­
face antigens. 

Inhibition of Ant iv i ra l C M C by Specific 
Antibodies 

Cytolytic activities against DIs-infected cells 
suggest C T L activities against virus-induced early 
surface antigens. Different antiviral sera were 
prepared to control these results in inhibition 
assays. These antibodies were tested for inhib i ­
tory activities in the antiviral C M C using L929 
cells infected with vaccinia virus strain W R as 
targets and spieen cells from strain-WR-sensitized 
C 3 H mice. Table 6 gives the characterization of the 
antisera and their activity on antiviral C M C . 
Significant inhibition of C M C was seen with a 
serum obtained from rabbits after virus infection 
(No. 8) and ant i -ES serum. A n t i - L S serum and 
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Table 4. Character ist ics of Vacc in i a V i r u s Stra ins 

Strain 
D N A replication 

in L929 cells51 

Cytopathic effects 
in L929 cells 

Titer of virus 
in test" 
(TCID5 0) 

Indirect hemagglutination 
with anti-ES 

Indirect IF 
on surfaces 

anti-ES anti-LS 

W R yes yes 10 6 positive +++ +++ 
Elstree yes yes 10 6 single-cell type + ++ 
DIs no no 10 5 positive ++ — 

a Tested with DAPI and by indirect IF with anti-VA. 
b Strains WR and Elstree were propagated and titrated in V E R O cells; strain DIs was propagated in embryonated eggs (chlorioallantois 

membrane) and titrated on primary fibroblasts of 6-day-old chicken embryos. 

serum directed against antigens of the virus 
particle (anti-VA) had no significant inhibitory 
activities. The inhibition test with 1 O D U of in ­
activated vaccinia antigen, after addition of about 
1.2 x 10 1 0 inactivated vaccinia elementary bodies, 
was negative. Therefore, the virus-specific antigen 
receptor site on the cytolytic T cell does not seem 
to recognize antigens of the virus particle. 

Table 5. A n t i v i r a l C M C of C T L from Mice Sensit ized w i th 
Different Vacc in i a St ra ins 

Percent specific release" from 
L929 cells infected with 

Sensitization DIs WR Elstree 

1 x 10 6 T C I D 5 ( ) W R 45.0 41.8 15.7 
1 x 10 6 T C I D 5 0 E lstree 18.8 27.3 15.1 
1 x 10 5 T C I D 5 0 DIs 27.6 14.2 N .D. 

Lymphocytes were derived from C3H mice sensitized 6 days 
previously. 

a Background lysis ranged between 20-25%; assay time was 
14 hr; ratio of attacker cells to target cells was 100:1; N.D. = not 
done. 

Table 6. Ac t i v i t i es of Ant i - vacc in ia Se rum 

Indirect cell-
surface IF a 

Serum WR DIs CA 1 ' NT«' 
Percent specific 

lysis" 

Ant i - vacc in ia + + 1:1024 1:32 15.0 e 

(No. 8) 
A n t i - E S + + 1:1024 1:<4 17.0* 
A n t i - L S + - 1:512 N .D . 23.7 
A n t i - V A - - 1:<4 1:256 25.8 

N o r m a l serum 24.8 
None 27.4 

1.2 x 10 1 0 vacc in ia particles 32.4 

a Indirect IF was tested on L929 cells infected with vaccinia 
strains WR and DI's 8 hr previously. 

'»CA = cytolytic antibody assay. Cytolytic activity was tested on 
L929 cells infected with vaccinia strain WR in a 4-hr 5 1 Cr-release 
assay. 

c" N.D. = Neutralizing test. Neutralizing activity was tested on 
V E R O cell monolayers. 

Lymphocytes were derived from C3H mice sensitized 6 days 
previously with vaccinia virus strain WR. Ratio of attacker cells 
to target cells, 50:1; incubation time, 12 hr; background lysis, 
22.8%. 

l" Significantly reduced specific 5 1 Cr-release ( P < 0.05). 

D I S C U S S I O N 

Cold-cell inhibition experiments were performed 
to look for blocking activities of cells bearing 
different virus-induced "modifications." Only syn­
genic vaccinia-virus-infected cells had blocking 
activities. No effect was produced by adding allo­
genic vaccinia-virus-infected cells or syngenic 
cells infected with other viruses. The necessity of 
H-2 homology for effective blocking of C M C of 
"modified" cells has also been shown by others 
(Shearer et al. 1975; Rehn et al. 1976). The a im of 
the absorption studies was to discriminate between 
cytolysis and recognition. Monolayer absorption 
can effectively fractionate antigen-sensitive cells 
(Wekerle et al. 1972; Golstein et al. 1972). If virus-
specific C T L have two antigen receptors, one for 
syngenic H-2 and one for the vira l antigen, specific 
adsorption should be possible on normal syngenic 
monolayers or on allogenic vaccinia-virus-infected 
cells. Lysis would occur only i f both antigens are 
expressed on the same cell. The finding that specific 
adsorption takes place only on vaccinia-virus-
infected monolayers sharing K and D structures 
with the effector cells is very much in accord with 
the altered-self hypothesis (Doherty et al. 1976), 
which requires only one antigen receptor site on 
T cells for recognition and cytolysis. There is no 
independent recognition of both Single antigenic 
determinants, or at least a very low affinity of the 
receptors. 

It was next of interest to investigate the reac-
tivity against target cells bearing vira l antigens 
but reduced or even abolished H-2 antigenic sites. 
These target cells could be prepared since vaccinia 
virus infection inhibits the host-cell protein synthe­
sis (Moss 1968). H-2 antigenic sites were not reex-
pressed after enzymatic treatment while synthesis 
of vira l surface antigens took place. The ma in results 
from these experiments were that v ira l antigenic 
determinants which are detectable by humoral 
antibodies (immunofluorescence, antibody-mediated 
antiviral cytotoxicity) did not suffice for the effector 
function of antiviral C T L . 

C M C of virus-infected target cells was found 
reduced after papain treatment but not after V C N 
treatment. As has been shown by Sandford and 
Codington (1971), removal of sialic acid has no 
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inhibitory activity on cellular recognition of H-2 
antigenic determinants while H-2 can be dissolved 
from cell membranes by papain treatment (Nathen-
son and Davies 1966; Yamane and Nathenson 
1970). It could be demonstrated that the inhibi ­
tion of C M C acts on the target-cell level. After 
treatment of normal L929 cells with papain, cyto­
lysis by allogenic ki l ler cells sensitized against H -2 k 

antigens was found reduced, but under test condi-
tions allowing resynthesis of H-2 antigens (Schwartz 
and Nathenson 1971), there was no inhibition of 
effector-cell activity. Th is rules out unspecific 
inhibitory effects of any active enzyme possibly 
remaining on the effector cells. 

These results do not support the finding (Dennert 
1975) that the T cell recognizes the modifying 
hapten on the cell surface. Cytolytic T cells specific 
for new antigens on cells also need H-2 antigenic 
sites on the target cell for their effector function. 
Reduction of H-2 by enzymatic treatment or by 
capping with alloantiserum (Koszinowski and E r t l 
1975; Schmitt-Verhulst et al. 1976) decreases the 
ability of virus-infected target cells to be lysed by 
antivira l C T L . This corresponds to observations 
(Lightbody and Bach 1973; Brondz et al. 1973) 
that proteolytic treatment reduced allogenic C M C . 
Thus the virus-specific C T L act in an analogous way 
to the alloantigen-specific C T L , which are depen-
dent on the concentration of K - or D-region products 
on the target cell (Alter et al. 1973). One can assume 
that C T L can only be sensitized to and recognize 
new antigenic determinants which interact with 
antigens coded by genes of the K or D region of the 
major histocompatibility complex (MHC). 

Investigating the min ima l requirements of cell-
surface alterations by a virus infection, it was found 
that early surface antigens, induced by vaccinia 
virus, give rise to the generation of anti-vaccinia 
C T L . Th i s could be demonstrated using a condi-
tional lethal mutant strain of vaccinia virus 
(Tagaya et al. 1961) which does not replicate in 
mice. The essential role of early vira l antigens for 
induction of cellular and humoral immune mecha­
nisms has been suggested previously (Ueda and 
Tagaya 1973). Also, in the effector phase, target-cell 
infection with strain DIs was sufficient for induc­
tion of cell-mediated specific lysis. 

The inhibit ion experiments with different anti­
v ira l sera outline the significance of early antigens. 
U s ing sera against different v ira l antigens, the 
neutralizing activity could be separated from C T L 
inhibitory properties. Contact with complete virus 
particles is not necessary; they do not inhibit 
the cytotoxic interaction, nor does the injection 
of inactivated virus particles give rise to C T L pro-
duction (unpubl.). C T L recognition is therefore 
specific for plasma membrane alterations but not 
for antigens of the virus surface. 

If C T L have biological functions in vivo, sensiti­
zation and reactivity against virus-induced early 

antigens seem to be advantageous. They are ex­
pressed as early as 1 hour after infection (Ueda 
et al. 1969), whereas maturation of complete in ­
fective virus needs several hours. In the reaction 
against alterations of the cell membrane induced 
by early antigens, the C T L could prevent synthesis 
of virus particles and, in later stages of infection, 
the spreading of virus. 

Vaccinia-virus-specific early surface antigens, 
whose role in virus replication is not clear, per­
form the functional H-2 antigenic alteration which 
gives rise to vaccinia-virus-specific C M C . Charac­
terization of the relevant Polypeptides (Esteban 
and Metz 1973; Pol isky and Kates 1975) that are 
synthesized very early after infection wi l l help to 
clarify the biochemical basis of H-2 antigen "alter­
ation." 

S U M M A R Y 

Specific recognition of antigens by cytolytic T 
lymphocytes sensitized to vaccinia virus was tested 
by monolayer adsorption. Adsorption was possible 
only on monolayers also expressing syngenic H-2 
as vira l antigens present during the sensitization 
phase. 

Vaccinia-virus-infected target cells were sub-
jected to papain and neuraminidase treatment. 
H-2 antigenic determinants could be removed 
by papain treatment. Due to virus-specific inhibi ­
tion of host-cell protein synthesis, reexpression 
of H-2 antigenic determinants did not take place, 
but v ira l surface antigens were resynthesized. 
Susceptibility of target cells to T-cell-mediated 
lysis was decreased after papain treatment. 

Substrains of vaccinia virus were used in order to 
define the min ima l changes induced by vaccinia 
virus necessary for T-cel l sensitization in vivo and 
target-cell lysis in vitro. When the immune response 
to a conditional lethal mutant strain of vaccinia 
virus was investigated, it could be demonstrated 
that expression of early surface antigens is suffi­
cient for induction of the cellular immune reactions. 
These data were confirmed by inhibit ion studies 
with virus-specific antisera. 
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1 6 5 - 1 7 2 

subpopu la t i ons , e x p r e s s i o n of Ia 
antigens on, 4 8 9 - 4 9 1 

surface Immunog lobul in 
dur ing ontogeny, 149—150 
phylogeny of, 2 6 6 - 2 6 8 

tr igger ing. S e e B ce l l , a c t i va t i on 
mechanism of 

B o n e m a r r o w ce l l s , t e r m i n a l t r ans -
ferase i n , 6 4 - 6 7 

Bone m a r r o w graft rejection, F, an-
t iparenta l , 5 1 1 - 5 1 7 

Bursa-equ iva lent , m a m m a l i a n , 159 
B u r s a o f F a b r i c i u s , g e n e r a t i o n of 

a n t i g e n - b i n d i n g c e l l s i n , 
1 4 1 - 1 4 2 

Bursopo ie t in , 5 - 8 

C 

C-determinant (CD) antigens 
C M L tolerance induct ion resu l t ing 

f rom neonatal injection of, 
4 3 6 - 437 

role of i n al lograft rejection i n vivo, 
4 3 7 - 438 

r o l e o f i n t h e g e n e r a t i o n o f 
cytotoxic T lymphocytes i n 
v i t ro , 4 3 2 - 4 3 3 

C e l l interact ions. See specific type of 
i n t e r a c t i o n s u c h a s 
M a c r o p h a g e - l ymphocyte ; 
T - B ; T - T ; etc. 

Ce l l -med ia ted lympholys is , F, ant ipa-
r en ta l , 5 1 1 - 5 1 7 

Ce l ls . S e e specific type of c e l l s u c h as B 
ce l l ; Cytotoxic T cel l ; Helper 
T ce l l ; etc. 

C e l l u l a r in terac t ion (CI) struetures 
poss ib l e r o l e of i n l y m p h o c y t e -

m a c r o p h a g e i n t e r a c t i o n s , 
5 6 8 - 5 7 8 , 5 8 2 - 5 8 4 

possible role of i n T - B collabora-
t ive interact ions, 6 1 1 - 6 2 2 

C l o n a l s e l e c t i on theory , 2 - 3 , 8 9 2 -
900 

C l o n i n g 
of hapten-speei f ie B lymphocytes 

i n v i t ro , 2 3 7 - 2 3 9 
of n o r m a l l y m p h o c y t e s i n v i t r o , 

2 2 7 - 2 3 6 
C o n c a n a v a l i n A , i n d u c t i o n o f 

c y t o t ox i c T ce l l s by, 5 1 9 -
520 

C o n t a c t s ens i t i z e r s , mechan i sms of 
tolerance to, 105 -111 

Cyc l i c A M P , role of i n T- and B-ce l l 
d i f f e rent ia t ion , 5 - 8 , 1 3 3 -
134 

Cytotox ic T-ce l l response 
H - 2 r e s t r i c t i o n of, 5 0 5 - 5 0 9 , 

5 1 9 - 5 4 1 , 5 4 7 - 5 5 6 
to m i n o r histocompat ib i l i ty ant i ­

gens, 5 1 9 - 5 2 6 
suppression of by cells generated 

i n m i x e d l y m p h o c y t e c u l -
tures , 4 3 3 - 4 3 6 

to syngenic tumor cells, 5 4 7 - 5 5 0 
to v irus-coated cells, 5 5 2 - 5 5 6 
to v i r u s - i n f e c t e d c e l l s , 5 0 5 -

509, 5 2 9 - 5 3 5 
Cytotox ic T cel ls 

detection of by a v i rus plaque as­
say, 7 8 - 8 0 

generat ion of 
role of L D and C D antigens i n , 

4 3 2 - 4 3 3 
r o l e o f T - c e l l s u b c l a s s e s i n , 

2 4 - 3 0 
i n d u c t i o n of by c o n c a n a v a l i n A , 

5 1 9 - 5 2 0 
Ly phenotype of, 2 4 - 3 0 

v i r u s - i m m u n e , s p e c i f i c i t y of, 
5 0 5 - 5 0 9 , 5 2 9 - 5 3 5 

D 

Delayed-type hypersens i t i v i t y 
genetic res t r ic t ion of transfer of, 

5 8 0 - 5 8 7 
mediat ion of by Ly -1 T cells, 584 

a ( l , 3 ) D e x t r a n , g e n e t i c a n a l y s i s of 
antibody response to, 7 4 3 -
748 

D i f f e r e n t i a t i o n . S e e B c e l l , d i f f e r ­
ent iat ion; Lymphocyte , dif­
f e r en t i a t i on ; T c e l l , differ­
ent ia t ion 

D ime thy l sulfoxide (DMSO ) , use of to 
i n d u c e I m m u n o g l o b u l i n 
s y n t h e s i s i n l y m p h o m a 
cells, 1 6 3 - 1 6 4 

D N A polymerases i n l ympho id cells, 
6 3 - 7 1 

D u a l r e cogn i t i on hypo thes i s , to ex-
p l a in genetic restr ic t ion of, 

cy to tox ic T - c e l l responses , 5 0 5 -
509, 5 1 9 - 5 2 6 , 5 4 7 - 5 6 1 

macrophage - l ymphocy te 
i n t e r a c t i o n s , 5 6 8 - 5 7 8 , 
5 8 2 - 5 8 4 

T - B c o l l a b o r a t i v e i n t e r a c t i o n s , 
6 1 3 - 6 2 2 

E 

Enhanc ing T-ce l l factor, 123 - 1 2 5 
F 

Factors 
B-cel l act ivat ion, 625 
carr ier-spee i f ie he lpe r , role of i n 

B-ce l l t r i gger ing , 2 5 6 - 2 5 9 
enhancing T-ce l l , 1 2 3 - 1 2 5 
gene t i ca l l y r e l a t e d ( G R F ) , 1 1 3 -

116 
soluble, role of 

i n the r e g u l a t i o n of an t i body 
responses, 95, 1 1 3 - 1 2 6 

i n suppression of contact sen­
s i t i zat ion, 1 0 9 - 1 1 1 

suppressive T-ce l l , 1 1 9 - 1 2 3 
Fe receptor. S e e Receptor, Fe 
F V antibody fragments 

denaturat ion and renaturat ion of, 
6 6 9 - 6 7 1 

preparat ion of, 6 6 7 - 6 6 8 

G 

Generat ion of ant ibody divers i ty . See 
Ant ibody d ivers i ty , genera­
t ion of 

G e n e t i c a l l y r e l a t e d f a c t o r ( G R F ) , 
1 1 3 - 1 1 6 

Genetic restr ic t ion 
o f c y t o t o x i c T - c e l l r e s p o n s e s , 

5 0 5 - 5 0 9 , 5 1 9 - 5 4 1 , 5 4 7 -
556 

of m a c r o p h a g e - l y m p h o c y t e i n ­
t e r a c t i ons , 114, 5 6 3 - 5 7 8 , 
5 8 2 - 5 8 4 

of T - B col laborat ive interact ions, 
1 2 3 - 1 2 6 , 5 4 2 - 5 4 4 , 5 9 7 -
622 

of transfer of delayed-type hyper­
sensi t iv i ty , 5 8 0 - 5 8 7 

Germ-l ine theory of antibody diver­
s i t y , 6 4 7 - 6 5 8 , 7 2 5 - 7 4 8 , 
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Germ-l ine theory ( c o n t i n u e d ) 
7 7 3 - 7 7 8 , 8 1 7 - 8 5 2 , 8 6 3 -
871, 8 8 6 - 8 8 7 

Goldf ish, surface Immunoglobul ins on 
lymphocytes of, 2 6 1 - 2 6 4 

G P L A B and S antigens, molecular 
structure of, 3 9 8 - 3 9 9 

Graf t rejection 
bone m a r r o w F , a n t i p a r e n t a l , 

5 1 1 - 5 1 7 
r o l e o f L D a n d C D a n t i g e n s i n , 

4 3 7 - 4 3 8 

H 

H-2 antigens. See a l s o Histocompati­
b i l i t y antigens, major 

association of w i t h v i r a l determin­
ants on virus-infected cells, 
5 5 0 - 5 5 6 

molecular structure of, 3 4 3 - 3 7 4 
poss ib le gene t i c m e c h a n i s m s i n 

the evo lut ion of, 3 7 1 - 3 7 4 
regulat ion of antibody response to, 

5 9 0 - 5 9 2 
r es t r i c t i on of cy to tox ic T - c e l l re­

sponse by, 5 0 5 - 5 0 9 , 5 1 9 -
541, 5 4 7 - 5 5 6 

s t r u c t u r a l d i f f e r ences b e tween 
mutant forms of, 3 4 3 - 3 4 8 

H - 2 complex 
g e n e t i c r e s t r i c t i o n o f m a c r o ­

p h a g e - l y m p h o c y t e i n ­
t e r a c t i o n s c o n t r o l l e d by , 
5 6 3 - 5 7 8 , 5 8 2 - 5 8 4 

g ene t i c r e s t r i c t i o n of T - B co l ­
laborat ive interactions con­
trol led by, 123 -126 , 5 4 2 -
5 4 4 , 5 9 7 - 6 2 2 

genet ic r e s t r i c t i o n of t rans f e r of 
delayed-type hypersensit iv-
ity control led by, 5 8 0 - 5 8 7 

I - A subregion of, enhanc ing T-ce l l 
factor determined by, 1 2 3 -
125 

I - E s u b r e g i o n of, d e f i n i t i o n of, 
4 7 8 - 4 8 2 

I - J subregion of 
control of macrophage function 

i n p r imary i n vi tro antibody 
response by, 4 8 4 - 4 8 5 

def init ion of, 4 9 7 - 4 9 9 
mapping of Ia determinants on 

allotype suppressor T cells 
to, 4 9 7 - 4 9 9 

mapp ing of Ia determinants on 
Con-A-responsive T cells to, 
4 8 2 - 4 8 3 

s u p p r e s s i v e T - c e l l fac tor de­
termined by, 121 -123 

H-2 gene products, as seif markers for 
T-ce l l surve i l lance, 509 

H - 2 K and H-2D antigens, comparison 
of mo l e cu l a r s t ruc tures of, 
3 4 3 - 3 4 5 , 3 5 4 - 3 6 0 , 3 7 0 -
374 

Heavy -cha in genes 
mur ine , 8 4 2 - 8 4 3 
rabbit , 6 9 0 - 6 9 1 

He lper mechanisms, i n the immune 
response to cell-surface an­
tigens, 5 8 9 - 5 9 4 

He lper T cells. S e e a l s o T - B interac­
t ions, he lper 

cel l interactions i n the induct ion 
of, 1 1 3 - 1 1 6 

co l l abo ra t i v e responses w i t h a l ­
logenic B cells, 5 4 2 - 5 4 4 

express ion of I - reg ion d e t e r m i n ­
ants on, 5 0 0 - 5 0 1 

L y phenotype of, 2 3 - 2 9 , 34 
r e a c t i o n of a n t i - i d i o t y p e s e r u m 

w i th , 2 8 5 - 2 8 8 , 7 1 4 - 7 1 7 
role of i n antibody responses to a l ­

loantigens, 5 9 0 - 5 9 4 
specificity of for class and al lotype 

commitment of B cel ls, 34 
surface markers on, 2 3 - 2 9 , 34 

Hematopoiet ic stem cells, embryonic 
or ig in of, 9 - 1 1 

Hemopoiet ic -h is tocompat ib i l i ty (Hh) 
genes, 5 1 1 - 5 1 7 

Hermaphrocyte, 8 5 - 9 1 
Histocompat ib i l i ty ant igens. S e e a l s o 

G P L A B and S ant igens; H-2 
antigens; H L - A antigens 

major 
amino acid sequences of, 405 
r e s t r i c t i o n of cy to tox i c T - c e l l 

r e s p o n s e s b y , 5 0 5 - 5 0 9 , 
5 1 9 - 5 4 1 , 5 4 7 - 5 5 6 

minor, cytotoxic T-ce l l response to, 
5 1 9 - 5 2 6 

H L - A a n t i g e n s , s t r u c t u r e of, 3 2 3 -
336, 3 4 1 - 3 4 2 

H L - A complex, genetics of, 4 1 7 - 4 1 9 
H L - A D antigens, detection of, 4 2 9 -

432 
H L - A D l o cus , g ene t i c a n a l y s i s of, 

4 1 9 - 4 2 6 
Homozygous typ ing cel l (HTC ) test, 

4 2 9 - 4 3 0 
H y b r i d cells. See Somat ic ce l l hybr ids 
H y p e r v a r i a b l e r e g i ons of a n t i b o d y 

molecules, 6 4 7 - 6 4 9 , 6 5 4 -
655, 8 1 8 - 8 4 0 , 8 4 7 - 8 5 2 

I 

Ia antigens 
amino acid sequences of, 406 
association w i th specific immune 

response genes, 400, 469 
on B-ce l l subpopulations, 4 8 9 - 4 9 1 
on c o n c a n a v a l i n - A r e spons i v e T 

cells, 4 8 2 - 4 8 3 
on helper T cells, 5 0 0 - 5 0 1 
h u m a n , serologic character izat ion 

of, 4 4 5 - 4 4 8 . S e e a l s o H L - A 
D antigens 

on macrophages, role of i n p r imary 
antibody responses i n v i t ro , 
4 8 4 - 4 8 5 

molecular structure of, 3 3 6 - 3 3 7 , 
3 7 4 - 4 0 1 , 406 

poss ib le f unc t i ons of, 4 5 1 - 4 5 3 , 
4 9 1 , 5 0 1 - 5 0 3 

possible role of i n med ia t ing I g M to 
IgG swi tch, 491 

presence of determinants on sup­
p r e s s i v e a n d e n h a n c i n g 
T-ce l l factors, 1 1 9 - 1 2 6 

somatic cel l genetics of, 4 4 8 - 4 5 1 
o n s u p p r e s s o r T c e l l s , 9 6 - 9 7 , 

1 1 4 - 1 1 5 , 4 9 7 - 5 0 1 
on T - c e l l s u b p o p u l a t i o n s , 4 8 2 -

483,492, 4 9 7 - 5 0 1 
i n w i l d mouse populat ions, 4 5 7 -

463 

Ia.22 spec i f i c i t y , i d en t i f i c a t i on a n d 
use of to define I - E subreg­
ion of#-2, 4 7 8 - 4 8 2 

I - A subregion of H - 2 complex. S e e H - 2 
complex, I - A subregion 

I B peptide marker , 805 -814 
Idiotype 

ant i -/?-azophenylarsonate , 6 9 9 -
706 

ant iphosphorylchol ine, 7 0 9 - 7 3 3 
a n t i s t a p h y l o c o c c a l n u c l e a s e , 

3 0 0 - 3 0 4 
autologous, antibody response to, 

7 1 2 - 7 1 3 , 7 1 9 - 7 2 4 
-spec i f ic T ce l ls , 7 0 4 - 7 0 6 , 7 1 3 -

714, 7 2 1 - 7 2 2 
s u p p r e s s i o n of p r o d u c t i o n of by 

a n t i - i d i o t y p e a n t i b o d y , 
7 0 1 - 7 2 1 

T15, 7 0 9 - 7 2 4 
T ce l l , genetic analysis of, 2 7 8 -

280, 2 8 6 - 2 8 7 
use of as genetic markers , 6 9 3 -

694 
Idiotypic receptors, T cell 

antibodies to, 275 -283 
b i o c h e m i c a l propert ies of, 2 7 6 -

278 
use of to induce specific tolerance, 

2 8 0 - 2 8 2 
I - E subreg ion of H - 2 complex. See H - 2 

complex, I - E subregion 
I g A , s e c r e t o r y , p r o d u c t i o n o f by 

Peyer 's patch lymphocytes, 
2 0 1 - 2 1 3 

IgD 
al lotypes i n mice, 3 9 - 4 3 
on memory B cells, 195 -197 
surface 

an t i gen -b ind ing speci f ic ity of, 
241 

o n B ce l l s d u r i n g d i f f e rent ia ­
t i on , 142 -143 , 185 -190 

o n l y m p h o i d c e l l s s i m u l t a -
n e o u s l y b e a r i n g I g M , 
1 7 6 - 1 7 7 , 2 4 0 - 2 4 1 

IgG 
b i n d i n g o f subc lasses of to l y m ­

phoid cells, 3 1 7 - 3 1 9 
p r o d u c t i o n of i n B - c e l l c u l t u r e s 

s t i m u l a t e d w i t h L P S , 
7 5 2 - 7 5 5 

requ i rement for ce l lu lar prolifer­
a t ion preceding production 
of, 7 5 0 - 7 5 5 

synthesis of by lymphocytes s imu l -
t a n e o u s l y s y n t h e s i z i n g 
I g M , 177-182 

I g M 
al lotypes i n mice, 3 9 - 4 3 
cytoplasmic, i n immature B cells, 

1 3 5 - 1 3 6 , 139, 161 -162 
surface 

o n B ce l l s d u r i n g d i f f e rent ia ­
t i o n , 1 4 9 - 1 5 0 , 1 5 9 - 1 6 2 , 
1 8 5 - 1 9 0 

on memory B cells, 195 -197 
modula t ion of on immature B 

cells, 159-162 
synthes is of by Abelson mur ine 

l e u k e m i a v i r u s - t r a n s -
f o r m e d l y m p h o m a c e l l s , 
1 6 3 - 1 6 4 
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I g M ( c o n t i n u e d ) 

synthesis of by lymphocytes s i m u l -
t a n e o u s l y s y n t h e s i z i n g 
o ther c lasses of I m m u n o ­
g l obu l in , 1 7 6 - 1 8 2 

I g M to I gG swi tch , possible role of Ia 
ant igens i n Controlling, 491 

I - J d e t e r m i n a n t s , c e l l u l a r d i s t r i b u -
t i on of, 4 9 9 - 5 0 0 

I - J subregion of H - 2 complex. S e e H - 2 
complex, I - J subreg ion 

Immune response gene product, pos­
sible expression of i n mac-
rophages, 578, 5 8 4 - 5 8 5 

Immune response genes 
assoc i a t i on w i t h spec i f ic Ia a n t i ­

gens, 400, 469 
c omp l emen ta t i on be tween , 4 6 5 -

471 
c o n t r o l o f a n t i b o d y r esponses to 

s y n t h e t i c Po l ypep t i des by , 
4 6 5 - 4 7 1 

c o n t r o l o f i m m u n e r e s p o n s e to 
staphylococcal nuclease by, 
2 9 5 - 3 0 5 

r o l e o f i n a n t i b o d y r e s p o n s e to 
et (1, 3)dextran,"747 

i n wi ld-mouse populat ions, 4 5 7 -
463 

Immune suppressor genes, 471 - 4 7 3 
Immunog lobu l in . S e e a l s o An t ibody ; 

IgA; IgD; IgG; I g M 
allotypes, rabbi t , 6 7 7 - 6 9 5 
amino ac id sequences of, 6 4 7 - 6 6 5 , 

8 1 7 - 8 3 4 , 8 4 7 - 8 5 2 
classes 

changes i n on the surface of B 
cells d u r i n g d i f ferent iat ion, 
1 8 5 - 1 9 0 , 1 9 7 - 1 9 8 

mul t ip l e , synthes is of by s ingle 
lymphocytes, 1 7 5 - 1 8 2 

class heterogeneity, generat ion of, 
1 4 2 - 1 4 3 

d o m a i n s , i n t e r a c t i o n s b e t w e e n , 
6 6 7 - 6 7 4 

e x p r e s s i o n , r e g u l a t i o n o f i n 
mye loma cel ls, 7 8 1 - 7 9 0 

fold, 639 
F v fragments, 6 6 7 - 6 7 1 
heavy-chain 

f ramework, 6 5 5 - 6 5 6 , 8 1 8 - 8 3 4 
h y p e r v a r i a b l e r e g i ons , 6 5 4 -

6 5 5 , 8 1 8 - 8 3 4 
heavy-cha in genes 

mur ine , 8 4 2 - 8 4 3 
rabbi t , 6 9 0 - 6 9 1 

l i gh t - cha in 
f r a m e w o r k , 6 4 9 - 6 5 2 , 8 1 8 -

834, 8 4 8 - 8 5 2 
h y p e r v a r i a b l e r e g i o n s , 6 4 7 -

6 4 9 , 8 1 8 - 8 4 0 , 8 4 7 - 8 5 2 
l i gh t - cha in genes, rabbi t , 692 - 694 
surface 

on lymphocytes of a n u r a n am­
phib ians , 772 

phylogeny of, 2 6 1 - 2 7 1 
ro l e of i n l y m p h o c y t e a c t i v a ­

t ion, 2 6 8 - 2 7 1 
o n T cells, 2 6 1 - 2 7 0 

synthesis 
d u r i n g B - c e l l on togeny , 1 4 8 -

150 
induct ion of i n Abe l s on mur ine 

l e u k e m i a v i r u s - t r a n s -
f o r rned l y m p h o m a c e l l s , 
163 -164 

t h r e e - d i m e n s i o n a l s t r u c t u r e of, 
6 2 7 - 6 4 4 

from T- lymphoma cells, 2 6 4 - 2 6 6 
V and C genes, j o in ing of dur ing 

o n t o g e n y , 8 7 7 - 8 8 2 . S e e 
a l s o V - C Integration 

V H g enes , 6 8 7 - 6 9 1 , 7 3 5 - 7 4 0 , 
8 1 9 - 8 4 5 

V K s u b g r o u p s , a s s o c i a t e d w i t h 
identical hypervar iable re­
gions, 8 4 7 - 8 5 2 

V x g e n e s , m u r i n e , 8 3 7 - 8 4 1 , 
857 — 858 

V L genes, 8 0 5 - 8 1 4 , 8 1 9 - 8 4 5 
V t r eg i on , I B pept ide m a r k e r i n , 

8 0 5 - 8 1 4 
V-reg ion subgroups, 8 1 8 - 8 3 4 

Immunoregulat ion, possible role of Fe 
receptors i n , 3 1 5 - 3 1 7 

Immunosuppression, latent v i r a l i n ­
fection of lymphocytes and, 
81 

I-region gene produets, role of i n reg-
u la t ing antibody responses, 
119 -126 

I-region of H - 2 complex, evidence for 
subdiv is ion of, 4 7 7 - 4 8 6 

I-region loci, expression of i n lympho­
cyte subpopulat ions , 4 9 7 -
503 

K 

K a p p a Immunoglobul in antigen, on T 
and B lymphocytes, 4 7 - 5 0 

L 

L-determinant (LD) antigens 
detection of, 4 2 9 - 4 3 2 
role of i n allograft rejection i n vivo, 

4 3 7 - 4 3 8 
r o l e o f i n t h e g e n e r a t i o n o f 

cytotoxic T lymphocytes i n 
vitro, 4 3 2 - 4 3 3 

L igh t -cha in genes, rabbit , 6 9 2 - 6 9 4 
Lipopolysaccharide (LPS) 

development of B-cel l react iv i ty to 
dur ing ontogeny, 150 -156 

i n d u c t i o n o f I m m u n o g l o b u l i n 
s y n t h e s i s b y , 1 7 8 - 1 8 2 , 
187 -188 , 7 5 2 - 7 5 5 

use of to st imulate growth of B-cel l 
clones i n vitro, 2 3 3 - 2 3 6 

Ly-1 cells 
func t i ona l proper t i es of, 2 3 - 3 1 , 

114 -117 
mediat ion of delayed-type hyper-

sensi t iv i ty by, 584 
Ly-1 , 2, 3 cells, 2 5 - 3 1 , 8 9 - 9 1 , 1 1 4 -

117 
Ly-2, 3 cells 

i m m u n o s u p p r e s s i v e a c t i v i t y of, 
2 4 - 3 1 , 9 6 - 9 7 , 114-117 

k i l l e r Function of, 24 - 31,114 - 1 1 7 
Ly -3 ant i gens , mo lecu la r na ture of, 

8 1 2 - 8 1 4 
L y - 3 locus, genetic l inkage of to locus 

d e t e r m i n i n g I B p e p t i d e 
marker , 8 0 9 - 8 1 4 

L y m p h o c y t e - m a c r o p h a g e i n t e r a c ­
tions, genetic restr ict ion of, 

5 6 3 - 5 7 8 , 5 8 2 - 5 8 4 
Lymphocytes 

B. S e e B cel l 
clones, growth of i n v i tro, 2 2 7 - 2 3 6 
dif ferentiation 

role of major histocompatibi l i ty 
complex i n , 6 1 1 - 6 2 2 

sites of, 130 -131 
Fc - r e c ep t o r -b ea r ing , f u n c t i o n a l 

c h a r a c t e r i z a t i o n of, 3 0 7 -
314. S e e a l s o Receptor, Fe 

m i t o g e n - r e a c t i v e a n d M L C -
reac t i v e , g e n e r a t i o n of i n 
organ cultures of embryonic 
thymus, 1 3 4 - 1 3 5 

Peyer ' s pa t ch , secretory I gA re­
sponse by, 2 0 3 - 2 1 5 

s ing l e , synthes i s of m u l t i p l e Im­
m u n o g l o b u l i n c l asses by , 
175 -182 

subpopulations 
I - r e g i o n d e t e r m i n a n t s o n , 

4 9 7 - 5 0 3 
ontogeny of i n anuran amphi ­

bians, 7 7 1 - 7 7 8 
phylogeny of, 261 

surface Immunog lobu l ins , phy lo­
geny of, 2 6 1 - 2 7 1 

T. See Cytotoxic T cells; He lper T 
cells; Suppressor T cells; T 
cells 

thymic 
m a t u r a t i o n a l l i n e a g e s a n d 

subpopulations of, 1 1 - 1 5 
te rmina l transferase i n , 64 

M 

M a c r o p h a g e - l y m p h o c y t e i n t e r a c ­
tions, genetic restr ict ion of 

i n antibody responses i n v i tro, 114, 
5 6 3 - 5 6 9 

i n delayed-type hypersens i t i v i t y , 
5 8 2 - 5 8 4 

i n T-lymphocyte proli ferative re­
sponses, 5 7 1 - 5 7 8 

Macrophages. See a l s o Adherent cells 
heat-k i l led , use of to block T - T i n ­

teractions, 8 7 - 9 1 
possible expression of immune re­

sponse gene product i n , 578, 
5 8 4 - 5 8 5 

role of i n F, ant iparenta l graft re­
j e c t i o n a n d c e l l - m e d i a t e d 
lympholysis , 5 1 3 - 5 1 4 

ro l e of i n h e l p e r - c e l l i n d u c t i o n , 
113 -116 

role of Ia determinants on, i n p r i ­
mary antibody responses i n 
vitro, 4 8 4 - 4 8 5 

M a j o r h i s t o c o m p a t i b i l i t y c o m p l e x 
( M H C ) . S e e H - 2 c o m p l e x ; 
H L - A complex 

2-Mercaptoethanol, use of to support 
growth of lymphocyte clones 
in v i t ro , 2 2 8 - 2 2 9 

jS 2-Microglobulin 
amino acid sequence of, 357 
association of w i th blastocyst a n d 

s p e r m sur face m o l e c u l e s , 
3 3 7 - 3 3 8 

s e r u m leve l s of f o l l o w i n g s t r ep -
tococcal immunizat ion , 695 

as a subuni t of H-2 and T L a n t i ­
gens, 363 -367 
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ß2-Microglobulin ( c o n t i n u e d ) 

as a s u b u n i t o f H L - A a n t i g e n , 
3 2 4 - 3 3 6 

M i t o g e n . S e e a l s o C o n c a n a v a l i n A ; 
Lipopolysaccharide 

reactivit ies of B cells, development 
of d u r i n g ontogeny , 1 5 0 -
156 

use of to s t imulate growth of l ym­
p h o c y t e c l o n e s i n v i t r o , 
2 2 8 - 2 3 6 

Modified-self, role of T-cel l subclasses 
i n i m m u n e r e s p o n s e t o , 
2 6 - 3 0 

M O P C - 3 1 5 , h a p t e n - b i n d i n g s i te of, 
6 2 7 - 6 3 6 

Mye loma cells 
regulat ion of Immunoglobul in ex­

pression in , 7 8 1 - 8 0 2 
somatic ce l l hybr ids of, 7 8 1 - 8 0 2 
spontaneous muta t i ons i n , 7 9 3 -

797 
Mye loma proteins 

b ind ing of different IgG subclasses 
of to l ympho id cells, 3 1 7 -
319 

hapten-binding, 8 2 6 - 8 3 0 
idiotypic s im i l a r i t y to induced an­

t ibod ies of the same spec­
i f ic i ty, 6 6 1 - 6 6 2 

mutant forms of, 7 9 4 - 7 9 7 
N Z B and BALB/c , differences be­

tween, 8 2 1 - 8 2 5 
pr imary structure of, 6 6 1 - 6 6 5 

N 

Nuc lear proteins, synthesis of dur ing 
l y m p h o c y t e a c t i v a t i o n , 
2 6 8 - 2 6 9 

Nuclease, staphylococcal, immune re­
sponse to, 2 9 5 - 3 0 5 

Nuc le ic acid hybr id izat ion, use of to 
d e t e r m i n e n u m b e r o f 
g e r m - l i n e V genes , 8 3 2 -
833, 8 5 5 - 8 8 7 

O 

One, nonspecific s ignal hypothesis of 
B-ce l l act ivat ion, 2 1 8 - 2 2 5 

Ontogeny, B-ce l l dif ferentiation dur­
ing, 139 -162 , 165 -172 

O r i g i n of antibody diversity. See A n t i ­
body d i ve rs i t y , generat ion 
of 

P 

Per i tonea l exudate cells, T-cel l act i­
v a t i o n by, genet ic r e s t r i c ­
t ion of, 5 7 1 - 5 7 8 

P e y e r ' s p a t c h e s , s e c r e t o r y I g A re­
sponse by l ymphocy t es of, 
2 0 1 - 2 1 3 

P h y l o g e n y , of l y m p h o c y t e sur f ace 
Immunoglobul ins, 261 - 2 7 1 

P o l y c l o n a l B - c e l l a c t i v a t o r s , 2 1 7 -
225. S e e a l s o L ipopo lysac ­
charide 

Pre -B cells, 139, 1 6 1 - 1 6 2 
P r i m e d L D typ ing (PLT) test, 4 3 0 -

432 
Pro te in A of S t a p h y l o c o c c u s a u r e u s 

polyc lonal act ivat ion of B cells by, 

2 2 1 - 2 2 3 
use of i n hemolyt ic plaque assays, 

230 
Prothymocytes 

properties of, 7 - 8 
t e rmina l transferase i n , 65 

R 

Receptor 
B-cel l 

I m m u n o g l o b u l i n c l a s s es of, 
176 -199 , 2 4 0 - 2 4 1 

m o d u l a t i o n o f f o l l o w i n g i n ­
teract ion w i th specific ant i ­
gen, 2 3 9 - 2 4 0 

r o l e o f i n B - c e l l a c t i v a t i o n , 
2 1 8 - 2 2 5 

Fe . S e e a l s o L y m p h o c y t e s , F c -
reeeptor-bearing 

f u n c t i o n a l h e t e r o g e n e i t y of, 
3 1 5 - 3 2 1 

physicochemical properties of, 
3 1 9 - 3 2 1 

possible role of i n immunoregu-
lat ion, 3 1 5 - 3 1 7 

for p o l y c l o n a l B - c e l l a c t i v a t o r s , 
221 

T c e l l 
idiotypes, 2 7 5 - 2 9 2 , 7 1 4 - 7 1 7 
mult ip le , 5 5 9 - 5 6 1 
nature of, 1 1 6 - 1 1 7 , 2 6 1 - 2 7 0 , 

2 7 5 - 2 9 2 , 5 8 5 - 5 8 6 , 7 1 4 -
717,897 

S 

Se l f -nonse l f d iscr iminat ion , role of T 
a n d B c e l l s i n , 2 6 - 3 0 , 
2 2 4 - 2 2 5 

Soluble factors. See Factors 
Somatic cell hybrids 

m y e l o m a c e l l x m y e l o m a c e l l , 
7 8 1 - 8 0 2 

myeloma cell x spieen cel l , 7 9 7 -
802 

Somat i c g ene ra t i on of an t ibody d i ­
versity, 6 4 7 - 6 5 8 , 7 6 1 - 7 7 0 , 
7 9 3 - 7 9 7 , 8 1 7 - 8 6 1 , 8 8 2 -
886 

Staphylococcal nuclease, immune re­
sponse to, 2 9 5 - 3 0 5 

S t rep tococca l h y p e r i m m u n i z a t i o n , 
antibody response to, 6 8 9 -
696 

Suppression 
allotype, 3 5 - 3 7 
of antibody responses 

control of by immune suppres­
sor genes, 4 7 1 - 4 7 3 

effector ce l l s r espons ib l e for, 
2 4 - 3 1 , 9 4 - 1 0 2 . S e e a l s o 
Suppressor T cells 

mechanism of, 3 0 - 3 1 , 9 5 - 1 0 2 , 
1 1 9 - 1 2 3 

role of soluble mediator i n , 95, 
1 1 9 - 1 2 3 

of contact s e n s i t i z a t i o n , mecha­
nisms of, 108 -111 

o f c y t o t o x i c T - c e l l r e s p o n s e s , 
4 3 3 - 4 3 6 

of i d i o t ype p r o d u c t i o n , by a n t i -
i d i o t y p i c a n t i b o d y , 7 0 1 -
721 

of i n v i tro immune responses, pos­
sible role of Fe receptors i n , 

3 1 5 - 3 1 7 
of T - B col laborat ive responses be­

t w e e n a l l o g e n i c c e l l s , 
6 0 0 - 6 0 8 , 6 1 4 - 6 1 7 

Suppressive T-ce l l factor, 119 -123 
Suppressor T-cel ls 

ce l l interact ions i n the induct ion 
of, 1 1 4 - 1 1 5 

for the cy to tox ic T - c e l l response, 
generat ion of i n mixed lym­
phocyte cul tures , 4 3 3 - 4 3 6 

Ia determinants on, 9 6 - 9 7 , 1 1 4 -
115, 4 9 7 - 4 9 9 

L y phenotype of, 2 4 - 3 1 , 9 6 - 9 7 
role of i n tolerance to contact sen-

sit izers, 1 0 5 - 1 1 1 
role of i n tolerance to nonself and 

seif ant igens, 9 3 - 1 0 2 
sur face m a r k e r s o n , 2 4 - 2 5 , 36, 

9 6 - 9 7 , 1 1 4 - 1 1 5 , 4 9 7 - 4 9 9 
suppression of T - B collaborative 

responses between allogenic 
cells by, 6 0 0 - 6 0 8 

T 

T - B interact ions 
genet i c r e s t r i c t i o n of, 1 2 3 - 1 2 6 , 

5 4 2 - 5 4 4 , 5 9 7 - 6 2 2 
helper 

between al logenic T and B cells, 
5 4 2 - 5 4 4 , 5 9 7 - 6 0 8 

role of soluble factor i n , 1 2 3 -
126 

ro l e s o f T - c e l l subc l asses i n , 
2 1 - 3 0 

i n the product ion of IgA antibody 
responses, 2 0 3 - 2 0 4 

suppressive 
mechan ism of, 3 0 - 3 1 , 3 5 - 3 7 , 

9 8 - 1 0 2 , 1 1 9 - 1 2 6 
role of soluble factor i n , 1 1 9 -

126 
ro l es o f T - c e l l subc l a s s es i n , 

2 4 - 3 1 , 9 6 - 9 7 
T-ce l l - rep lac ing factor (TRF) , 115 
T c e l l s . S e e a l s o C y t o t o x i c T c e l l s ; 

He lper T cel ls; Suppressor T 
cells 

act ivated, enumerat ion by means 
o f a v i r u s p l a q u e a s s a y , 
7 3 - 8 2 

a c t i v a t i o n of by a n t i g e n - p u l s e d 
per i toneal cells, genetic re­
s t r i c t ion of, 5 7 1 - 5 7 8 

C o n - A - r e s p o n s i v e , genet ic map­
p ing of Ia determinants on, 
4 8 2 - 4 8 3 

di f ferent iat ion of, 5 - 8 , 129 -136 
idiotype-speeif ie, 7 0 4 - 7 0 6 , 7 1 3 -

714, 7 2 1 - 7 2 2 
L y subclasses of, 2 3 - 3 1 
m a c r o p h a g e i n t e r a c t i o n s w i t h , 

g e n e t i c r e s t r i c t i o n of, 
5 6 3 - 5 7 8 , 5 8 2 - 5 8 4 

m e d i a t i o n o f F , a n t i p a r e n t a l 
c e l l -med ia t ed l ympho l y s i s 
by, 5 1 4 - 5 1 7 

mul t ip l e receptors on, 5 5 9 - 5 6 1 
prol i ferat ive response, genetic re­

s t r i c t i o n o f m a c r o p h a g e -
lymphocyte interact ions in , 
5 7 1 - 5 7 8 

receptor 
idiotypes, 2 7 5 - 2 9 2 , 7 1 4 - 7 1 7 
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T-cells ( c o n t i n u e d ) 

nature of, 1 1 6 - 1 1 7 , 2 6 1 - 2 7 0 , 
2 7 5 - 2 9 2 , 5 8 5 - 5 8 6 , 7 1 4 -
717, 897 

subpopu la t i ons , express ion of Ia 
antigens on, 492 

s u r f a c e i m m u n o g l o b u l i n o n , 
2 6 1 - 2 7 0 

Tj cells, role of i n the regulat ion of 
antibody responses, 8 9 - 9 1 

Te rm ina l transferase, 6 3 - 7 1 
T H B ant igen, 3 8 - 3 9 
Thy-1 ant igen 

r a t , t i s s u e d i s t r i b u t i o n a n d 
physicochemical properties 
of, 5 1 - 6 0 

r e g u l a t i o n of t h e a n t i b o d y r e ­
sponse to, 5 9 2 - 5 9 4 

Thy -1 " var ian t ce l l l ines, 4 0 7 - 4 1 1 
Thymopoiet in , 5 - 8 
T L an t i g en , mo l e cu la r s t ruc ture of, 

360, 3 6 3 - 3 6 7 
T L " va r i an t cel l l ines, 4 1 1 - 4 1 3 
T l ymphoma cells 

Immunoglobul ins from, 2 6 4 - 2 6 6 
presence of sur face receptors for 

m u r i n e l e u k e m i a v i r u s e s 
on, 1 5 - 2 1 

Tolerance 

B cel l , use of polyclonal B-cel l ac­
t ivators to detect, 2 2 3 - 2 2 5 

to contact sensitizers, mechanisms 
of, 105 -111 

i n c y t o t o x i c T c e l l s i n d u c e d by 
n e o n a t a l i n j e c t i o n of C D 
antigens, 4 3 6 - 4 3 7 

i n d u c t i o n of v i a c l o n a l a b o r t i o n 
mechanism, 2 4 1 - 2 4 2 

induct ion of i n immature B cells, 
1 5 9 - 1 6 1 , 1 6 8 - 1 7 0 , 1 8 8 -
190 

role of adherent cells i n , 2 5 3 - 2 5 9 
role of suppressor T cells i n , 9 3 -

1 0 2 , 1 0 5 - 1 1 1 
seif, modulat ion of surface I g M on 

i m m a t u r e B c e l l s a n d , 
159 -161 

transplantat ion, induced by auto-
i m m u n i z a t i o n w i t h i d i o -
t y p i c r ecep to r mo l e cu l e s , 
2 8 0 - 2 8 2 

Tr igger ing , B cel l . See Ac t i va t ion , B 
cel l 

T — T interactions 
i n the i n d u c t i o n of he lpe r ce l l s , 

1 1 3 - 116 
i n the induct ion of suppressor cells, 

1 1 4 - 115 
role of i n the regulat ion of antibody 

r e s p o n s e s , 8 5 - 9 1 , 113 — 
116, 125 -126 

T u m o r ce l l s , syngen ic , H-2 r es t r i c -
tions of cytotoxic T-cel l re­
sponse to, 5 4 7 - 5 5 0 

U 
Ub iqu i t i n , 5 - 8 

V 

V - C I n t e g r a t i o n , m e c h a n i s m of, 
8 0 1 - 8 0 2 , 8 6 0 - 8 6 1 , 8 8 1 -
882 

V i r a l surface antigens, early, role of i n 
cytotoxic T-cel l response to 
vacc in ia v irus, 5 3 3 - 5 3 5 

Virus-coated cells, H-2 restr ict ion of 
cytotoxic T-cel l response to, 
5 5 2 - 5 5 6 

V i r u s - i n f e c t e d c e l l s , s p e c i f i c i t y o f 
cytotoxic T cells med ia t ing 
lysis of, 505 -509 , 5 2 9 - 5 3 5 

V i r u s infection of lymphocytes, latent 
or persistent, 77 - 82 

V i r u s plaque assay for enumerat ing 
activated T cells, 7 3 - 8 2 

V„ genes, 6 8 7 - 6 9 1 , 7 3 5 - 7 4 0 , 8 1 9 -
845 

V K - 1 locus, 809 -814 
V,. genes, 8 0 5 - 8 1 4 , 8 1 9 - 8 4 5 


