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1. Concept1. Concept
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The Nobel Prize in The Nobel Prize in Physiology or MedicinePhysiology or Medicine
 

19011901

"for his work on serum therapy, especially its 
application against diphtheria, by which he has opened 
a new road in the domain of medical science and 
thereby placed in the hands of the physician a 
victorious weapon against illness and deaths"

Emil Adolf von Behring
Germany
Marburg University 
Marburg, Germany 
b. 1854 
d. 1917 

Behring(1890/1901):  anti-toxin 
 

antibody
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The Nobel Prize in Chemistry
 

1903

"in recognition of the extraordinary services he has 
rendered to the advancement of chemistry by his 
electrolytic theory of dissociation"

Svante August Arrhenius
Sweden 
Stockholm University 
Stockholm, Sweden 
b. 1859 
d. 1927

Svante August Arrhenius(1903):
Reaction of antigen and antibody
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The Nobel Prize in The Nobel Prize in ChemistryChemistry
 

19481948

"for his research on electrophoresis and adsorption 
analysis, especially for his discoveries concerning the 
complex nature of the serum proteins"

Arne Wilhelm Kaurin Tiselius
Sweden 
Uppsala University 
Uppsala, Sweden 
b. 1902 
d. 1971

Tiselius and kabat(1938/1948):


 
globulin
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Electrophoresis of Gamma GlobulinsElectrophoresis of Gamma Globulins

Grabar and Williams(1953):
, , 

 
band
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WHO(1964):
Immunoglobulin, Ig: structure and chemistry

Antibody, Ab: biology and function
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2. Structure2. Structure
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Fractionation of a papain digest of rabbit IgG on carboxymethyl 
cellulose in sodium acetate buffer at pH 5.5, with a radient from 
0.01 to 0.9M. Fractions I and II (Fab) carry the antibody 
combining sites, and fraction III (Fc) will crystallize easily.

Porter RR. Structural studies of immunoglobulins. Science. 1973 May 18;180(87):713-6. 
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Porter RR. Structural studies of immunoglobulins. Science. 1973 May 18;180(87):713-6. 

Crystals formed from a papain digest 
of rabbit IgG, the Fc fragment.
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Porter ( Bio Chem J; 1959/1972):
papain

Fragment antigen binding, Fab
Fragment crystalizable, Fc
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Edelman GM. Antibody structure and molecular immunology.
Science. 1973 May 25;180(88):830-40 

Comparisons of light chains isolated 
from serum immunoglobulin G 
myeloma proteins with urinary Bence 
Jones proteins from the same patient. 
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Edelman(Am Chem Sci; 1959/1972):
2-ME

Light Chain, L
Heavy Chain, H
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Antibody:   150,000

20,000

50,000

Molecular weight of IgG
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Porter RR. Structural studies of immunoglobulins. Science. 1973 May 18;180(87):713-6. 

Double diffusion of the heavy and light chains of rabbit IgG against 
goat antiserum to rabbit Fab and goat antiserum to rabbit Fc. The light 
chain reacts only with antiserum to Fab while the heavy chain reacts 
with both antiserums; that is, Fab contains parts of heavy and light 
chains while Fc contains only parts of the heavy chain.
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Porter and Edelman (1962/1972)
L2H2, basic structure

By Porter By Edelman
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Antibody DomainsAntibody Domains
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The Nobel Prize in Physiology or Medicine 1972The Nobel Prize in Physiology or Medicine 1972
"for their discoveries concerning the chemical structure of 
antibodies"

Gerald M. Edelman
1/2 of the prize 
USA 
Rockefeller University 
New York, NY, USA 
b. 1929

Rodney R. Porter
1/2 of the prize 
United Kingdom 
University of Oxford 
Oxford, United Kingdom 
b. 1917   d. 1985
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Major Classes of Human Major Classes of Human ImmunoglobulinsImmunoglobulins



21

Structure of Structure of SecretorySecretory
 

IgAIgA
 

AntibodyAntibody
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EffectorEffector
 

Functions of Functions of IgAIgA
 

AntibodiesAntibodies
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Major Major IgGIgG
 

Subclasses of Human Subclasses of Human ImmunoglobulinsImmunoglobulins
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Antigenic Determinants of Antigenic Determinants of ImmunoglobulinsImmunoglobulins

http:///
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Variable region, V region
hypervariable region, HVR
complementarity-determining 

region, CDR
framework region, FR

3. V and C region3. V and C region



27

Structure of an Structure of an IgGIgG
 

MoleculeMolecule
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Variability of the VH and VL domain sequences gives rise to 
three complementarity-determining regions (CDRs) 
of the Heavy (H) and Light (L) chains
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V FR1 HV1/
CDR1 

FR2 HV2/
CDR2

FR3 HV3/
CDR3

FR4

H

L

1-30 31-35 36-49 50-65 66-94 95-102 103-113

1-23 24-34 35-49 50-56 57-88 89-97 98-107
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Herceptin的人源化改造



31

VH+VL, CH1, CH2, CH3
Hinge region
Joining chain
Secretary piece

4. Domain
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Polypeptide Chain and Domain Structure of Immunoglobulins
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3D Domain Structure of Antibody Molecules
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The Immunoglobulin FoldThe Immunoglobulin Fold

-strand
-pleated sheet
-barrel
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Immunoglobulin Immunoglobulin SuperfamilySuperfamily
 

of Moleculesof Molecules
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Immunoglobulin Immunoglobulin SuperfamilySuperfamily
 

of Moleculesof Molecules

http://bbs.ustc.edu.cn/cgi/sf?s=694af4e4&bn=Photography&fn=M4BBB1B1E&an=04801.jpg
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5. Production of Antibody5. Production of Antibody
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The Nobel Prize in The Nobel Prize in Physiology or MedicinePhysiology or Medicine
 

19081908

"in recognition of their work on immunity"

Paul Ehrlich
1/2 of the prize 
Germany 
Goettingen University; Goettingen, Germany; 
Königliches Institut für experimentelle Therapie
(Royal Institute for Experimental Therapy) 
Frankfurt-on-the-Main, Germany 
b. 1854 
d. 1915

Paul Ehrlich(1908): 
Immunity & Side Chain theory
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Each lymphocyte bears a single type of receptor of unique specificity.
Antigen interaction leads to lymphocyte activation.

Daughter cells bear identical antigen specificity to the parent cell.

MacFarlane Burnet(1957) : 
Clonal selection theory
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The Nobel Prize in Physiology or Medicine 1960
"for discovery of acquired immunological tolerance

Sir Frank Macfarlane Burnet
Australia
Walter and Eliza Hall Institute 
for Medical Research 
Melbourne, Australia
b. 1899    d. 1985
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The Nobel Prize in Physiology or Medicine 1984

Georges J.F. Koehler
Federal Republic of Germany 
Basel Institute for Immunology 
Basel, Switzerland 
b. 1946  d. 1995

Car Milstein
Argentina and United Kingdom 
MRC Laboratory of Molecular Biology 
Cambridge, United Kingdom 
b. 1927(in Bahia Blanca, Argentina) 
d. 2002 

Koehler & Milstein (1984) : 
monoclonal antibodies
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The Nobel Prize in Physiology or Medicine 1984

Niels K. Jerne
Denmark 
Basel Institute for Immunology 
Basel, Switzerland 
b. 1911  d. 1994 

Niels Jerne(1974) : 
Immunological network theory
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6. Immunoglobulin gene 6. Immunoglobulin gene 
rearrangementrearrangement

Susumu Tonegawa
利根川進利根川進

Pillars of Immunology article
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探针1：碘标记MOPC321细胞全长κmRNA，含V区和C区
探针2：碘标记MOPC321细胞3’端κmRNA(一半)，含C区
实线:  Balb/c鼠胚胎细胞DNA,含V区(Mr=3.9)和C区(Mr=6.0)；
虚线：Balb/c鼠浆细胞瘤MOPC321DNA,含重排的V+C区(Mr=2.4)

Pillar of Immunology article
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胚系DNA中V、C基因分离
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Hozumi N, Tonegawa S. Evidence for somatic rearrangement of immunoglobulin genes 
coding for variable and constant regions. PNAS,1976;73(10):3628-3632
J Immunol. 2004 Oct 1;173(7):4260-4. 
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The genetic foundation of antibody diversityThe genetic foundation of antibody diversity

The Nobel Prize in Physiology or Medicine 1987
"for his discovery of the genetic principle for generation of 
antibody diversity"

Susumu Tonegawa
Japan 
Massachusetts Institute of Technology (MIT) 
Cambridge, MA, USA 
b. 1939
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Immunoglobulin gene
H-chain gene:

V 65   D 27   J 6   C 9
κ-chain gene :

V 40   J 5   C 1
λ-chain gene :

V 30   J 4   C 4
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During B cell maturation, immunoglobulin genes undergo rearrangement.

Immunoglobulin Immunoglobulin HH--chainchain gene rearrangement:gene rearrangement:
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During B cell maturation, immunoglobulin genes undergo rearrangement.

Immunoglobulin Immunoglobulin HH--chainchain gene rearrangement:gene rearrangement:



52Variable-Region Gene Rearrangements

Immunoglobulin Immunoglobulin HH--chainchain gene rearrangement:gene rearrangement:
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What mechanism ensures correct joining of gene segments during
rearrangement of the heavy and light chain loci?

Recombination signal sequences - conserved sequences in regions just
upstream or downstream of gene segments.

Consist of a conserved heptamer and nonamer with a 12 or 23 bp spacer.

The one-turn/two-turn rule (12/23 rule) - recombination occurs only
between a segment with a 12 bp spacer and a segment with a 23 bp spacer.

Recombination signal sequences, RSS:

What mechanism ensures What mechanism ensures correct joiningcorrect joining
 

ofof
gene segments during rearrangement of thegene segments during rearrangement of the
heavy and light chain loci?heavy and light chain loci?
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The one-turn/two-turn rule (12/23 rule) - recombination occurs only
between a segment with a 12 bp spacer and a segment with a 23 bp spacer.

Recombination Signal Sequences Direct Recombination

Recombination signal sequences , RSS:Recombination signal sequences , RSS:

23bp               12bp                12bp 23bp
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Recombination Activating Genes ( RAG-1 and RAG-2):
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5'

3' 3'

5'

5'

3'
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A G C T
T A T A
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Terminal deoxynucleotidyl transferase (Tdt)

An enzyme that randomly adds in nucleotides during joining of heavy
chain (NOT light chain) segments.
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Gene Segments Are Joined by Recombinases



61

RAG-1 and RAG-2 mediate recognition of signal sequences and 
rearrangement of DNA segments.

Mice deficient in RAG-1 or RAG-2 are unable to rearrange heavy or light
chain genes.

These mice have no mature B cells.

--> B cells will not mature if they cannot express a BCR.

Recombination Activating Genes ( RAG-1 and RAG-2):
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RAG-deficient mice also lack mature T cells.

--> The T cell receptor is also encoded by loci containing gene segments
that must be rearranged before the TCR can be expressed.

T cells will not mature if they cannot express a TCR.

SCID mice also have a defect that affects rearrangement of BCR and TCR loci.
They also have no mature T or B cells.
（DNA-dependent protein kinase, DNA-PK)

Recombination Activating Genes ( RAGRecombination Activating Genes ( RAG--1 and RAG1 and RAG--2):2):
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Flow cytometry of normal vs. RAG-1 deficient mice:

Lymph node cells

FITC anti-CD19 (B cell marker) and PE anti-CD3 ( T cell marker)

Normal mice RAG-1 - deficient mice

Recombination Activating Genes ( RAGRecombination Activating Genes ( RAG--1 and RAG1 and RAG--2):2):
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The kappa and lambda loci undergo similar rearrangement.

Since there are no D segments, there is a single V-->J rearrangement.

These are included in the RNA transcript but are spliced out during RNA
processing.

The final light chain mRNA contains one VJC unit.

ImmunoglobulinImmunoglobulinκκ--chainchain gene rearrangement:gene rearrangement:
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ImmunoglobulinImmunoglobulinκκ--chainchain gene rearrangement:gene rearrangement:
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Recombination signal sequences, RSS:

3’ of V gene
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Recombination signal 
sequences –

conserved sequences 
in regions just
upstream or 
downstream of gene 
segments.

Consist of a conserved 
heptamer and 
nonamer with a 12 or 
23 bp spacer.

Kuby Figure 5-3

Recombination signal sequences , RSS:

5’ of J gene
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1 Combinatorial diversity: 
65×27×6≈1100

2 Somatic hypermutation
3 Junctional diversity

7. Generation of diversity, GOD7. Generation of diversity, GOD
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How is antibody diversity generated?

Germline hypothesis

The genome contains many loci encoding antibody molecules.
B cells express one of these loci.
Different B cells express different loci.

Somatic mutation hypothesis

There are a small number of antibody genes which undergo mutation as 
the B cell matures - thus giving rise to B cells expressing antibody of
different specificity.

Junctional Flexibility
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Experimental Evidence for Somatic Mutation in the Variable Regions of Ig Genes
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Junctional Flexibility in Immunoglobulin Gene Expression
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Productive and nonproductive 
rearrangements

Joining of segments is not precise 
and may result in loss of the correct
reading frame.

This may lead to introduction of stop 
codons --> nonproductive
rearrangements.

Ig-Gene Rearrangements May Be 
Productive or Nonproductive



73

Two alleles are available at each locus (maternal and paternal).

A B cell expresses only one heavy and light chain allele.

8. ALLELIC EXCLUSION8. ALLELIC EXCLUSION
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First, one allele of the heavy chain is rearranged.

If the rearrangement is successful, the other allele will not be 
rearranged.

If the rearrangement is nonproductive, the other allele will be 
rearranged.

Once a heavy chain allele rearrangement is productive, light chain 
rearrangement will begin.

If rearrangement of both heavy chain alleles is nonproductive, the B 
cell will not mature further but will die of apoptosis within the bone 
marrow. 
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If a heavy chain allele is successfully rearranged, light chain 
rearrangement begins.

In humans, the kappa locus is rearranged first.

Rearrangement occurs at one allele at a time and continues until a 
productive rearrangement occurs.

If both kappa alleles rearrange nonproductively, rearrangement will 
begin at the lambda locus.

If all 4 alleles (both kappa alleles and both lambda alleles) 
rearrangements are nonproductive, the B cell will not mature but will 
instead die of apoptosis within the bone marrow.

If either both heavy chain alleles, or all four light chain alleles, 
rearrange nonproductively, the B cell will not mature.
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Regulation by Nuclear Factor:Regulation by Nuclear Factor:
ATGCAAAT( located in the promoter of H chain)
and Oct1,Oct2(OTF2A),OTF2B
GGGACTTTCC ( located in the enhancer of κchain)
and NFκB

Regulation by cytokinesRegulation by cytokines：：
IL-4 → IgG1,IgE
IL-5 → IgA
IFN

 
→ IgG3,IgG2a

TGF
 

→ IgG2b

9. Regulation of 9. Regulation of IgIg
 

gene expressiongene expression
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10. Class switch10. Class switch
Mechanism for Class Switching in Rearranged Ig H-Chain Genes
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Nature Reviews Immunology 4; 541-552 (2004); 
CLASS-SWITCH RECOMBINATION: INTERPLAY OF TRANSCRIPTION, 
DNA DEAMINATION AND DNA REPAIR
Figure 1 | Rearrangement at the immunoglobulin heavy-chain locus.
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Diagram of class switch recombination. The rectangles represent exons (the constant 
regions have been simplified to a single rectangle), whereas the ovals represent class 
switch recombination (CSR) sequences. A single class switch recombination event 
utilizes the Sμ region and one of the downstream “acceptor” switch regions, in this case 
Sγ3. The deleted region is shown in red. The right-angle arrows are promoters. The 
largest right-angle arrow upstream of the VDJ exon is the actual promoter of the gene, 
and the smaller arrows represent sterile transcript promoters. The ends of the deleted 
region appear to be ligated, based on the detectability of such circles. 

DNA Repair Volume 2, Issue 11 , 21 November 2003, Pages 1163-1174 

http://www.sciencedirect.com/science?_ob=PublicationURL&_cdi=7235&_pubType=J&_auth=y&_acct=C000053683&_version=1&_urlVersion=0&_userid=1555926&md5=7e83ac67ed38d5a42054b7c4da88774c
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%237235%232003%23999979988%23467281%23FLA%23&_cdi=7235&_pubType=J&view=c&_auth=y&_acct=C000053683&_version=1&_urlVersion=0&_userid=1555926&md5=19f76ffd3a39528c8b7ff520919a6c19
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DNA Repair Volume 2, Issue 11 , 21 November 2003, Pages 1163-1174 

Murine class switch sequences. Class switch regions have been examined in many vertebrate 
organisms, but have been most fully studied in mouse and human, where they are G-rich on the top, non- 
template strand and C-rich on the bottom, template strand. Each switch region is repetitive for reasons that 
are not entirely clear . For any given switch region, murine Sγ3 for example, an average sequence can be 
derived from the 41 major repeats (there are five degenerate repeats upstream of the major repeat region . 
It is important to note that none of the 41 repeats matches the average repeat sequence precisely, and that 
each repeat deviates from the average repeat sequence at several positions. The algorithm by which the 
average repeat sequence is derived affects the final consensus arrived at. The repeat average or 
consensus sequences shown here are adapted from Gritzmacher. Dunnick has done a careful analysis of 
the murine Sγ3 repeats with a different outcome . Human switch regions have evolved considerably from 
murine switch regions. 

http://www.sciencedirect.com/science?_ob=PublicationURL&_cdi=7235&_pubType=J&_auth=y&_acct=C000053683&_version=1&_urlVersion=0&_userid=1555926&md5=7e83ac67ed38d5a42054b7c4da88774c
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%237235%232003%23999979988%23467281%23FLA%23&_cdi=7235&_pubType=J&view=c&_auth=y&_acct=C000053683&_version=1&_urlVersion=0&_userid=1555926&md5=19f76ffd3a39528c8b7ff520919a6c19
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86Figure 5 | Current model for CSR.
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In the case of the heavy chain…

In naive, mature B cells, the primary mRNA transcript contains VDJ and
BOTH C

 

and C

 

.

This primary transcript can be differentially processed to give rise to
mRNA encoding either IgM or IgD.

This explains why naive B cells express both IgM and IgD.

The variable region of both are encoded by the same VDJ - so they have
the same antigen specificity.

Immunoglobulin gene rearrangement:Immunoglobulin gene rearrangement:
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2010-12-09: B lymphocyte



89

2010-11-04 
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